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ABSTRACT

Introduction: International and Danish guide-
lines recommend the use of glucagon-like pep-
tide 1 receptor agonists (GLP-1 RA) and
sodium–glucose cotransporter 2 (SGLT-2) inhi-
bitors already in second line in the manage-
ment of type 2 diabetes (T2D). The objective of
this study was to evaluate the long-term cost-
effectiveness (CE) of subcutaneous (SC)

semaglutide (GLP-1 RA) versus empagliflozin
(SGLT-2 inhibitor) in individuals with T2D
uncontrolled on metformin alone from a Dan-
ish payer’s perspective.
Methods: Cost-effectiveness analyses (CEA)
were conducted from a Danish payer’s perspec-
tive, using the IQVIA Core Diabetes model
(CDM 9.5), with a time horizon of 50 years and
an annual discount of 4% on costs and effects.
Patients received either SC semaglutide or
empagliflozin, in addition to metformin, until
HbA1c threshold of 7.5% (58 mmol/mol) was
reached, following which treatment intensifi-
cation with insulin glargine in addition to
empagliflozin or SC semaglutide plus met-
formin was considered. Baseline cohort charac-
teristics and treatment effects were sourced
from a published CEA. Utilities and cost of
diabetes-related complications were also
obtained from published sources. Treatment
costs were derived from Danish official sources.
Scenario analyses were also performed to test
the accuracy of the base case results.
Results: Individuals with T2D on SC semaglu-
tide plus metformin gained 0.065 life-years
(LYs) and 0.130 quality-adjusted LYs (QALYs),
respectively, at an incremental cost of DKK
96,923 (€ 13,031) compared to empagliflozin
plus metformin, resulting in an incremental
cost-effectiveness ratio (ICER) of DKK 745,561(€
100,239) per QALY gained. The probabilistic
sensitivity analysis (PSA) results showed that
the SC semaglutide plus metformin was cost-
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effective in 19% of simulations assuming a
willingness-to-pay (WTP) threshold of DKK
357,100 (€ 48,011)/QALY gained. Duration of
therapy with SC semaglutide seems the key
driver of results.
Conclusion: The current analyses suggest that
SC semaglutide plus metformin is not cost-ef-
fective compared to empagliflozin plus met-
formin from a Danish payer’s perspective.

Keywords: Cost-effectiveness; Costs and cost
analysis; Denmark; Empagliflozin; GLP-1
receptor agonist; IQVIA Core Diabetes Model;
SC semaglutide; SGLT-2 inhibitors; Treatment
intensification; Type 2 diabetes

Key Summary Points

Why carry out this study?

The cost of management of diabetes is
significant, and most of these costs are
driven by individuals with major
complications such as CVD and heart
failure

In line with international guidelines,
Danish clinical guidelines recommend
metformin followed by either SGLT-2
inhibitors or subcutaneous
injectable medications for the treatment
of T2D

As treatment with injectable GLP-1
receptor agonists or oral delivery of SGLT-
2 inhibitors, in addition to metformin, is
to be continued long term, it is important
to understand the cost-effectiveness of
these therapies in the management of T2D

An analysis of the long-term cost-
effectiveness of treatment with SC
semaglutide added to metformin
compared to the most used SGLT-2
inhibitor, empagliflozin added to
metformin, in people with T2D with
inadequate glycaemic control on
metformin alone was conducted from a
Danish payer perspective

IQVIA CDM version 9.5 model was used to
predict the long-term clinical and
economic results based on literature
findings, clinical trials, and certain
assumptions

What was learned from the study?

SC semaglutide plus metformin does not
seem to be cost-effective versus
empagliflozin plus metformin for the
treatment of individuals with T2D with
inadequate glycaemic control on
metformin alone in the Danish setting

Results of these cost-effectiveness analyses
(CEA) were driven mainly by treatment
duration, reflecting the unit cost
difference between SC semaglutide and
empagliflozin

INTRODUCTION

According to the International Diabetes Feder-
ation (IDF), worldwide 463 million adults were
living with diabetes in 2019, and type 2 diabetes
(T2D) accounted for almost 90% of all the dia-
betes cases [1]. More than 240,000 Danes had
T2D in 2020, which is expected to increase to
430,000 by 2030 [2, 3]. It is further predicted
that the proportion of individuals with T2D will
increase from 43 to 46% for women and from
38 to 45% for men in elderly populations
(C 70 years) in Denmark [4]. In 2020, the cost of
diabetes medication was the largest component
on the primary care drug budget in Denmark,
primarily owing to the rapidly increasing Dan-
ish population with T2D [5, 6].

T2D leads to inadequate glycaemic control,
which is further associated with the develop-
ment of macrovascular complications (cardio-
vascular diseases [CVD], stroke, myocardial
infarction [MI] and angina pectoris) and
microvascular complications (retinopathy,
nephropathy and neuropathy) [7–9]. This was
supported by the results from a previous data-
base survey in primary care in Denmark which
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showed high prevalence (21.4%) of CVD in
individuals with T2D [10]. Evidence suggests
that achieving an early and intensive glycaemic
control can reduce diabetic-related complica-
tions and lead to substantial savings for the
Danish society [5, 11].

Glycaemic control can be achieved, accord-
ing to individualised glycated haemoglobin
A1C (HbA1c) targets, initially using metformin
together with lifestyle interventions [7]. Timely
intensification of the treatment of chronic,
progressive conditions such as T2D is important
to maintain glycaemic control and decrease the
risk of diabetes-related complications and long-
term healthcare costs [7]. When glycaemic
control is no longer achieved with metformin
alone, dual therapy with glucose-lowering
agents (GLP-1 receptor agonists or SGLT-2
inhibitors) is recommended, considering the
clinical characteristics of the patient, according
to the consensus guidelines of the American
Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD)
[7, 12–15]. In line with these international
guidelines, Danish clinical guidelines also rec-
ommend lifestyle changes and advocate a step-
wise approach to achieve glycaemic control that
initiates with metformin, followed by treatment
intensification with dual and triple therapy if
HbA1c is at a certain level (7.5–9.0% and[
9.0%, respectively) [16, 17].

The clinical guidelines, both international
and in Denmark, are based on the 2008 US Food
and Drug Administration (US FDA) recommen-
dation and subsequent European Medicines
Agency (EMA) requirement that all glucose-
lowering drugs should demonstrate a rigorous
cardiovascular safety profile [5, 13, 18–21].
Injectable solution of semaglutide with a dose
of 1 mg once weekly can be added to existing
treatment (i.e. metformin) to improve diabetes-
related effect measurement and outcomes in
individuals with T2D [22]. Empagliflozin is also
recommended at a dose of 10 mg and 25 mg for
the treatment of individuals with T2D with and
without CVD, heart failure and/or renal disease
with an expected improvement in cardiac,
renal, and metabolic outcomes. [23–25].

The Danish Medicines Agency has a history
of promoting rational use of pharmaceuticals,

interpreted as treatments that have the greatest
effect, the fewest and least serious side effects,
and the lowest price [26–28]. Thus, the recent
clinical guidelines from the Danish Health
Authorities recommend SGLT-2 inhibitors over
GLP-1 receptor agonists in individuals with T2D
because they have similar effect and safety
profiles, but prices of GLP-1 receptor agonists
are remarkably higher in Denmark [2].

From a health economics perspective, how-
ever, drug prices should not be the only eco-
nomic input for the definition of rational drug
use [29]. The price of the pharmaceutical is but
one aspect of the total costs of the alternative
treatments, and a full health economic evalua-
tion with a long-term horizon should be con-
ducted before such national recommendations
can be made. It may be the case, for instance,
that long-term savings in public healthcare
offsets the extra short-term budget expenses of
innovative drugs.

Direct clinical comparisons between an
SGLT-2 inhibitor and a GLP-1 receptor agonist
are very scarce. Recently, Capehorn et al. [30]
used pooled data from clinical trials to evaluate
the cost-effectiveness of subcutaneous (SC)
semaglutide versus empagliflozin in the UK
setting. The current study utilized the cohort
characteristics and clinical data presented by
Capehorn et al. [30] to assess the long-term cost-
effectiveness of SC semaglutide plus metformin
versus empagliflozin plus metformin in Danish
settings using the IQVIA Core Diabetes model
(CDM version 9.5). This approach considers
individuals with T2D who have inadequate
glycaemic control on metformin monotherapy.

METHODS

Modelling Approach

Using the IQVIA CDM version 9.5, long-term
projections of clinical and cost outcomes were
performed from the Danish payer’s perspective.
CDM is a proprietary, interactive, internet-
based computer simulation model developed to
determine the long-term health outcomes and
economic implications of therapeutic interven-
tions for type 1 and type 2 diabetes. The CDM
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and its validation studies have been previously
described [31–33]. More information on CDM
version 9.5 is available online (http://www.core-
diabetes.com/).

Projected outcomes include incidence of
complications, rates of clinical events, per
patient costs, life-years (LYs) gained and qual-
ity-adjusted LYs (QALYs) gained over a lifelong
time horizon (i.e. up to 50 years). Cost-effec-
tiveness was described in terms of the incre-
mental cost-effectiveness ratio (ICER), which is
the cost per additional unit of QALY gained for
the intervention versus the alternative. In the
current analyses, a WTP threshold of DKK
357,100 per QALY gained was assumed (equiv-
alent to the Gross Domestic Product per
inhabitant in Denmark in 2020). Both costs and
effects were discounted by 4.0% annually,
according to Danish guidelines for health eco-
nomic evaluation of pharmaceuticals [34]. All
prices were stated in Danish krone (DKK) price-
level 2020 ex VAT and relative conversions to
euros (€) (Currency Converter|Foreign Exchange
Rates|OANDA). All analyses were run with 1000
individuals for 1000 iterations.

Model Inputs

Clinical Data
The baseline cohort characteristics incorporated
in the model were based on the data pooled
from SUSTAIN 2, SUSTAIN 3, SUSTAIN 8 and
PIONEER 2 reported by Capehorn et al., who
evaluated the cost-effectiveness of once-weekly
SC semaglutide 1 mg versus empagliflozin
25 mg for the treatment of patients with T2D
[30]. The target population comprised individ-
uals with T2D with HbA1c values between 7.0
and 10.5% (53–91 mmol/mol) uncontrolled on
metformin alone. The mean age of the pooled
population was 56 years, the mean duration of
diabetes was 7.0 years, the mean HbA1c was
8.2%, and the mean body mass index (BMI) was
32.8 kg/m2 [30]. Baseline characteristics not
reported by Capehorn et al. [35] were taken
from the PIONEER 2 study. A summary of the
baseline characteristics of individuals accounted
in the model is provided in Supplementary
Table S1. The effects of each of these drugs on

physiological parameters such as HbA1c, sys-
tolic blood pressure (SBP), diastolic blood pres-
sure (DBP), total cholesterol, HDL cholesterol
and BMI were also sourced from Capehorn et al.
[30]. The rates for non-severe (NSHE) and severe
hypoglycaemic events (SHE1 and SHE2) were
obtained from the CEA on oral semaglutide
versus empagliflozin based on PIONEER 2
reported by Bain et al. [36], since no data on
hypoglycaemia were reported by Capehorn
et al. [30]. A summary of treatment effects is
provided in Tables 1 and 2.

Treatment Intensification and Long-Term
Disease Progression
All patients start a simulation by receiving
either SC semaglutide plus metformin or
empagliflozin plus metformin. Disease progres-
sion may be observed as a rise in HbA1c while
on the same drug regimen, requiring intensifi-
cation of therapy to regain glycaemic control.
In the current analysis, after attaining HbA1c
threshold of 7.5% (58 mmol/mol), patients
switch to escalation therapy (second line [2L]).
This escalation therapy is a combination of
long-acting insulin glargine (0.7 IU/kg) to SC
semaglutide or empagliflozin and metformin, as
advised by ADA/EASD recommendations
[7, 13, 14]. Reduction in HbA1c was based on an
insulin-naive population derived from the
’Core’ multivariate equations estimated by
Willis et al. [37]. For initial treatment intensifi-
cation, insulin glargine at a dose of 0.7 IU/kg
was assumed for an average body weight of
91.6 kg. The HbA1c thresholds for treatment
switch are in accordance with National Institute
for Health and Care Excellence (NICE) guideli-
nes [38] and clinical guidelines from the Danish
Society of Endocrinology [16, 17]. Progression
over time for HbA1c and blood pressure was
predicted using the United Kingdom Prospec-
tive Diabetes Study (UKPDS) 68 risk equation
[39]. Progression over time for other physio-
logical parameters such as lipid levels was esti-
mated using Framingham risk equations,
available as a default option in the IQVIA CDM
9.5 model. Cardiovascular risk and mortality
were calculated using the UKPDS 82 equations
for CVD and the UKPDS 82 combined mortality
approach equations [40]. The effect on BMI was
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assumed to be maintained while the patient
remained on SC semaglutide or empagliflozin.

Utilities
To quantify the quality of life, CDM uses a
comprehensive set of utility weightings/scores
for estimating the expected QALY gain for each
treatment pathway [41]. Utilities are assessed on
a scale from 0 to 1, where zero represents death
and one indicates a healthy person without
complications. Disutilities due to illness (i.e.
myocardial infarction, stroke, amputation
event, ulcer, and hypoglycaemia event) are
values in the range - 1 to 0 and therefore cause
the quality of life utility to either decrease or
remain constant. In the IQVIA CDM, quality of
life is assessed for each year for each patient
based on current health status, by selecting the
lowest utility value when a patient experiences
multiple complication (the CDM default mini-
mum approach). Supplementary Table S2
depicts the values used for this analysis and data
sources.

BMI as well as the disutility associated with
BMI gain is a core component of the progression

of diabetes complications over time and an
important measure of the impact of treatment
on patients. BMI impact on utility is estimated
through inclusion of disutility based on Bagust
et al. [42], assigning a disutility of –0.0061 per
unit gain BMI over a BMI of 25 kg/m2.

Costs
Unit costs of treatments, including SC
semaglutide and empagliflozin, were obtained
from medicinpriser.dk six pricing periods (i.e.
from 22 February 2021 to 3 May 2021) in
accordance with guidelines for price compar-
isons by the Danish Medicines Agency [43].
Pharmacy purchase prices excluding VAT and
pharmacy fee (in Danish: Apotekets Indkøb-
spriser [AIP]) were DKK 32.73 (€ 4.40) per day
and DKK 11,956 (€ 1, 607) per year for 1 mg SC
semaglutide and DKK 11.20 (€ 1.50) per day and
DKK 4091 (€ 550) per year for 25 mg empagli-
flozin, respectively. Treatment costs of met-
formin at a dose of 1500 mg/day and of long-
acting insulin, i.e. Abasaglar (DKK 0.21/U), were
sourced from medicinpriser.dk. Table 3

Table 1 Treatment effects—first line (1L)

Empagliflozin SC semaglutide Unit References

Physiological parameters, mean (SE)

Change in baseline HbA1c - 0.830 (0.05) - 1.440 (0.03) % points [30]

SBP change from baseline - 4.480 (0.56) - 4.110 (0.36) mmHg [30]

DBP change from baseline - 2.390 (0.37) - 1.270 (0.23) mmHg [30]

T Chol change from baseline 4.140 (1.39) - 6.150 (0.90) mg/dl [30]

HDL Chol change from baseline 2.630 (0.34) 1.530 (0.22) mg/dl [30]

BMI change from baseline - 1.320 (0.09) - 1.920 (0.06) kg/m2 [30]

Adverse effects, mean (SE)

NSHE rate 1.900 (0.00) 2.250 (0.00) /100 pt. yrs [36]

SHE1 rate 0.240 (0.00) 0.250 (0.00) /100 pt. yrs [36]

SHE2 rate 0.000 (0.44) 0.000 (0.00) /100 pt. yrs [36]

BMI, body mass index; DBP, diastolic blood pressure; HbA1c, glycated haemoglobin A1c; HDL Chol, high-density
lipoprotein cholesterol; NSHE, non-severe hypoglycaemia rate; pt.yrs, patient years; SC, subcutaneous; SE, standard error;
SBP, systolic blood pressure; SHE1, severe hypoglycaemia rate (not requiring medical assistance); SHE2, severe hypogly-
caemia rate (requiring medical assistance); T Chol, total cholesterol
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Table 2 Treatment effects—second line (2L) and third line (3L)

2L:
empagliflozin 1 metformin 1 insulin
(0.7 IU/kg) 3L: metformin 1 insulin
(0.9 IU/kg)

2L: SC
semaglutide 1 metformin 1 insulin
(0.7 IU/kg) 3L: metformin 1 insulin
(0.9 IU/kg)

Unit References

Physiological parameters, mean (SE)

Change in

baseline

HbA1c

(2L)

- 0.568 (0.05) - 0.568 (0.05) %

points

[7]

Change in

baseline

HbA1c

(3L)

- 0.711 (0.05) - 0.711 (0.05) %

points

[7]

Adverse effects, mean (SE)

NSHE rate 486 (0.00) 486 (0.00) /100

pt.yrs

[7, 48]

SHE1 rate 1.760 (0.00) 1.760 (0.00) /100

pt.yrs

[7, 48]

SHE2 rate 0.240 (0.00) 0.240 (0.00) /100

pt.yrs

[7, 48]

HbA1c, glycated haemoglobin A1c; NSHE, non-severe hypoglycaemia rate; pt.yrs, patient years; SC, subcutaneous; SE,
standard error; SHE1: severe hypoglycaemia rate (not requiring medical assistance); SHE2, severe hypoglycaemia rate
(requiring medical assistance)

Table 3 Unit cost and annual treatment costs applied (DKK, AIP)

Intervention Costs/day Annual cost DKK (€) References

Empagliflozin 25 mg 11.20 4091 (550) Medicinpriser.dk

SC semaglutide 1 mg 32.73 11,955 (1607) Medicinpriser.dk

Metformin 850 mg 0.23 84.25 (11.32) Medicinpriser.dk

Long-acting insulin 2L 0.7 IU/kg (including administration costs) 13.52 10,036 (1349) Medicinpriser.dk

Long-acting insulin 3L 0.9 IU/kg (including administration costs) 17.38 11,447 (1543) Medicinpriser.dk

Administration costs

Disposable needles (BD Thin Wall Penkanyle 31G 5 mm) 3.29 1203 (161) Webapotek.dk

SMBG testing (FreeStyle Precision) 9.52 3479 (467) Webapotek.dk

SMBG testing (BD Microfine) 1.13 414 (55) Webapotek.dk

DKK, Danish krone; SC, subcutaneous; SMBG, self-monitoring of blood glucose
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summarises the unit costs and total annual
costs of various interventions used in the
model.

Costs associated with preventive interven-
tions of diabetes complications (management
costs) and direct costs for treating diabetes-re-
lated complications were obtained from Ehlers
et al. [5]. More information on the input costs
for clinical management and complications in
the CDM model is available in Supplementary
Table S3.

Analytical Approach

Base Case Analysis
The base case analysis examined the treatment
with SC semaglutide or empagliflozin, in addi-
tion to metformin, until an HbA1c threshold of
7.5% was reached, following which patients
underwent treatment intensification with insu-
lin glargine (0.7 IU/kg) in addition to empagli-
flozin or SC semaglutide plus metformin (2L).

Scenario Analyses

As extrapolation of long-term clinical outcomes
is associated with uncertainty, exploratory sce-
nario analyses were conducted to evaluate how
changes to key parameters in the modelling
analyses influence the results of base case anal-
yses. Four extra scenario analyses were therefore
conducted (Supplementary Table S4).

These scenarios include evaluating the
effects of 2L therapy with treatment switch
occurring at HbA1c threshold of 8% and at a
short time horizon of 5 years. A third scenario
analysis was conducted considering a possible
third line of therapy (3L) to the treatment
algorithm. Patients who subsequently exceeded
the HbA1c threshold of 7.5% underwent further
intensification by discontinuing SC semaglutide
or empagliflozin and switching to a higher dose
of insulin glargine alone (0.9 IU/kg) to achieve
glycaemic control. This additional analysis with
3L therapy was also assessed with treatment
switch occurring at HbA1c threshold of 8%.

Probabilistic Sensitivity Analysis

Probabilistic sensitivity analysis (PSA) was per-
formed with Monte Carlo simulation method
together with a non-parametric bootstrapping
approach to determine parameter uncertainty
around cost-effectiveness outcomes. This pro-
cess involves sampling with replacement of
input parameters by distribution in each boot-
strap iteration of the analysis. The parameters
included in the PSA are as per baseline charac-
teristics, treatment/intervention efficacy, cost
and utility data as well as transition probabili-
ties. The sampling of parameter values repre-
sented the mean and SE as well as SD values (or
20% variation on costs) indicated in each input
table (Supplementary Table S1, Table 1, and
Supplementary Table S2) and determined by
adequate selection of statistics distributions.
Transition probabilities were sampled based on
the variability of each patient’s physiological
parameters and variation around the mean of
risk equation’s coefficients.

Compliance with Ethics Guidelines

This cost-effectiveness study is based on the
CDM model, which was used to simulate the
long-term clinical and economic results of SC
semaglutide and empagliflozin based on exist-
ing literature findings and completed clinical
trials. Moreover, it does not involve any studies
on human participants and animals directly
performed by any of the authors.

RESULTS

Base Case Analysis

The long-term projection of surrogate end-
points using the CDM model showed that, over
a lifelong time horizon (50 years), individuals
with T2D on SC semaglutide plus metformin
gained 0.065 LYs and 0.130 QALYs at an incre-
mental cost of DKK 96,923 (€ 13,031) compared
to empagliflozin plus metformin, thereby gen-
erating an ICER of DKK 745,561 (€ 100,239) per
QALY gained. In this analysis, the treatment
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switch occurred after the 3rd year with SC
semaglutide plus metformin and after the 2nd
year with empagliflozin plus metformin.

The base case analysis also showed higher
treatment-related costs accruing to individuals
using SC semaglutide: DKK 285,289 (€ 38,356)
compared to empagliflozin DKK 181,706 (€
24,430) (Table 4). Contrarily, costs related to
disease management did not differ between the
two drugs. Furthermore, no major difference in
the clinical outcomes (renal disease, CVD, eye
disease, ulcer, amputation, neuropathy and
hypoglycaemia) was seen between the use of SC
semaglutide and empagliflozin added to met-
formin (Supplementary Table S5).

Scenario Analyses

In a scenario where a higher HbA1c threshold of
8% was applied for treatment intensification,
patients on SC semaglutide plus metformin
switched to 2L therapy after the 5th year, while
those on empagliflozin plus metformin swit-
ched treatment after the 4th year. In this
exploration, the use of SC semaglutide plus

metformin was still not cost-effective with some
gains in LYs (0.073) and QALYs (0.130) at an
incremental cost of DKK 98,848 (€ 13,289)
compared to empagliflozin plus metformin.
This was mainly attributed to the large differ-
ence in treatment cost—DKK 104,511 (€
14,051)—between the two arms, leading to an
ICER of DKK 760,369 (€ 102,230). When a time
horizon of 5 years was applied, the use of SC
semaglutide plus metformin was also not cost-
effective, with marginal gains in LYs (0.002) and
QALYs (0.041) at an incremental cost of DKK
23,916 (€ 3215) compared to empagliflozin plus
metformin, leading to an ICER of DKK 583,317
(€ 78,425).

In the scenario analyses with 3L therapy, the
use of SC semaglutide provided additional LYs
(0.060) and QALYs (0.100) at an incremental
cost of DKK 31,922 (€ 4291) generating an ICER
of DKK 319,220 (€ 42,918). Assuming the WTP
of DKK 357,100 (€ 48,011), this implies that SC
semaglutide plus metformin reached cost-ef-
fectiveness compared to empagliflozin plus
metformin. In this scenario analysis, treatment
switch from 2 to 3L therapy occurred after the

Table 4 Cost-effectiveness results of base case analyses

Parameters SC semaglutide Empagliflozin

LY (years) 13.741 13.676

QALY (years) 9.160 9.030

Total costs DKK (€) 506,384 (68,082) 409,461 (55,051)

Treatment costs DKK (€) 285,289 (38,356) 181,706 (24,430)

Comparison: SC semaglutide vs. Empagliflozin

Incremental LY 0.065

Incremental QALY 0.130

Incremental cost DKK (€) 96,923 (13,031)

ICER (DKK (€/QALY gained)) 745,561 (100,239)

NMB DKK (€) - 50,500

DKK, Danish krone; ICER, incremental cost-effectiveness ratio; LY, life-years; NMB, net monetary benefit; QALY, quality-
adjusted life-years; SC, subcutaneous
Net Monetary Benefit (NMB) = WTP * DE-DC, where WTP is the assumed willingness-to-pay threshold for an extra
QALY, DE is the difference in effect measured in QALY, and DC is the difference in cost. A positive NMB means that the
therapy is cost-effective
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4th year and the 6th year in patients with
empagliflozin plus metformin and SC semaglu-
tide plus metformin, respectively. However, in
the scenario where Hb1Ac threshold was
increased to 8%, treatment switch from 2 to 3L
therapy occurred after the 7th year and the 8th
year in patients with empagliflozin plus met-
formin and SC semaglutide plus metformin,
respectively. In this scenario, the use of SC
semaglutide provided additional LYs (0.067)
and QALYs (0.105) at an incremental cost of
DKK 40,971 (€ 5508) generating an ICER of DKK
390,200 (€ 52,461). Assuming a WTP threshold
of DKK 357,100, this scenario indicates that SC
semaglutide was not cost-effective compared to
empagliflozin in T2D individuals with inade-
quate glycaemic control on metformin alone.
This also points out the duration of therapy
with SC semaglutide as the key driver of results.
The results of scenario analyses are detailed
Table 5.

Probabilistic Sensitivity Analysis (PSA)

Differences in costs and health outcomes
between the two drugs resulting from each
simulation are presented in a cost-effectiveness
plane and cost-effectiveness acceptability curve
(Fig. 1). The PSA analysis shows that most
observations fall in the northeast (79%) and
northwest (21%) quadrants of the scatterplot.
The probability of SC semaglutide plus met-
formin as 2L therapy is cost-effective in 19% of
cases compared to empagliflozin plus met-
formin, at the defined WTP threshold of DKK
357,100 per QALY gained [44]. However, when
the hypothetical 3L therapy was considered, SC
semaglutide plus metformin reached cost-ef-
fectiveness in 50% of the simulations compared
to empagliflozin plus metformin at the defined
WTP threshold (Fig. 1).

DISCUSSION

SC semaglutide does not seem to be a cost-ef-
fective treatment option versus empagliflozin
for patients with T2D treated with metformin
requiring treatment intensification. Treatment
costs were considerably higher for SC

semaglutide than for empagliflozin. The
exploratory analyses pertaining to 2L therapy
supported the results of the base case analyses,
demonstrating that SC semaglutide plus met-
formin is not cost-effective compared to empa-
gliflozin plus metformin from a Danish payer’s
perspective. However, in the analyses with 3L
therapy, where empagliflozin and SC semaglu-
tide were discontinued at the time of second
insulin escalation, SC semaglutide plus met-
formin reached cost-effectiveness compared to
empagliflozin plus metformin. Note that this
hypothetical analyses (3L) differs from the cur-
rent international and Danish clinical guideli-
nes, which recommend continuation of
treatment with SGLT-2 inhibitor or GLP-1
receptor agonist [12–14, 16]. However, real-
world data will confirm the extent to which
these guidelines will be implemented.

The recently published CEA, which formed
the basis of our current analysis [30], comparing
SC semaglutide and empagliflozin, reported
once-weekly SC semaglutide 1 mg to be a cost-
effective treatment from a healthcare payer
perspective compared with empagliflozin 25 mg
for the treatment of patients with T2D with
inadequate glycaemic control on metformin
monotherapy in the UK. The analysis con-
ducted by Capehorn et al. differs from ours only
by the definition of next line therapy. Capehorn
et al. switched from GLP-1 RA or SGLT2 inhi-
bitor plus metformin to basal insulin alone at
treatment intensification whereas in the current
analyses we continued GLP-1 RA or SGLT2
inhibitor plus metformin along with basal
insulin. This difference in approach reiterates
the importance of the duration of therapy with
SC semaglutide at the current price. In another
CEA by Gorgojo-Martınez et al. [45], it was
observed that SC semaglutide (0.5 mg and 1 mg)
was more likely to be cost-effective versus
empagliflozin (10 mg and 25 mg), irrespective
of patient’s BMI at the baseline analyses in
patients with inadequate glycaemic control on
metformin in the Spanish setting. It should be
noted that this analysis used the same approach
as the analysis by Capehorn et al.

In a recent CEA conducted by Ramos et al.
[7], empagliflozin plus metformin was proven to
be cost-effective and even dominant (better

Diabetes Ther (2022) 13:489–503 497



Table 5 Cost-effectiveness results of scenario analyses

Scenarios SC semaglutide versus empagliflozin

Second-line treatment

Scenario 1: HbA1c 8% threshold

Incremental LY 0.073

Incremental QALY 0.130

Incremental cost DKK (€) 98,848 (13,289)

ICER (DKK (€/QALY gained)) 760,369 (102,230)

NMB DKK (€) - 52,425

Scenario 2: Time horizon 5 years

Incremental LY 0.002

Incremental QALY 0.041

Incremental cost DKK (€) 23,916 (3215)

ICER (DKK (€/QALY gained)) 583,317 (78,425)

NMB DKK (€) - 9275

Third-line treatment

Scenario 1:3L setting with base case assumptions

Incremental LY 0.060

Incremental QALY 0.100

Incremental cost DKK (€) 31,922 (4291)

ICER (DKK (€/QALY gained)) 319,220 (42,918)

NMB DKK (€) 3788 (509)

Scenario 2: HbA1c 8% threshold

Incremental LY 0.067

Incremental QALY 0.105

Incremental cost DKK (€) 40,971 (5508)

ICER (DKK (€/QALY gained)) 390,200 (52,461)

NMB DKK (€) - 3476

DKK, Danish krone; HbA1c, glycated haemoglobin A1c; ICER, incremental cost-effectiveness ratio; LY, life-years; NMB,
net monetary benefit; QALY, quality-adjusted life-years; SC, subcutaneous
Net Monetary Benefit (NMB) = WTP * DE-DC, where WTP is the assumed willingness-to-pay threshold for an extra
QALY, DE is the difference in effect measured in QALY, and DC is the difference in cost. A positive NMB means that the
therapy is cost-effective
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health outcomes with lower costs) versus oral
semaglutide plus metformin in the UK setting
when effects on hospitalization rate due to
heart failure were taken into account. That
effect, compared to GLP-1 receptor agonists,
was observed in a real-world study [25] and was
not implemented in the current analysis.

Empagliflozin has also shown positive
impact on patients with a history of CV disease
[46, 47]. This resulted in a CEA performed based
on the EMPA-REG OUTCOME trial, suggesting
that empagliflozin is highly cost-effective in the
UK for treatment of people with diabetes and
high CVD compared to placebo [46, 47]. Also,
previous work comparing empagliflozin and
liraglutide has shown cost-effectiveness of
empagliflozin in this population in the Danish
setting [5].

There are certain limitations pertaining to
the present analysis. First, the long-term cost-
effectiveness results for SC semaglutide plus
metformin versus empagliflozin plus metformin

were based on projections of short-term out-
comes on surrogate endpoints as reported in
Capehorn et al. [30] based on pooled data. No
direct comparisons between empagliflozin have
been conducted and as such the short-term
effects are based on a network meta-analysis.
Also, no long-term studies have been conducted
showing the impact on hard outcomes in this
population with inadequate glycaemic control
on metformin alone. This warrants more robust
clinical trials with long-term endpoints among
the comparators of interest to provide all rele-
vant data to healthcare decision makers in
maximizing healthcare benefits and disease
prevention strategies. Second, hypoglycaemia
values were obtained from another study with
similar baseline characteristics (PIONEER 2) as
reported in Bain et al. [36] since these values
were not mentioned by Capehorn et al. [30]. It
is, however, assumed that the rate of hypogly-
caemic events is the same for oral and SC
semaglutide.

Fig. 1 Cost-effectiveness scatterplots and cost-effective-
ness acceptability curves: a Cost-effectiveness scatterplot
for SC semaglutide vs. empagliflozin of the base case
analysis using 2L treatment arm. b Cost- effectiveness
acceptability curve for SC semaglutide vs. empagliflozin of
the base case analysis using 2L treatment arm. c Cost-

effectiveness scatterplot for SC semaglutide vs. empagli-
flozin of the scenario analysis using 3L treatment arm.
d Cost-effectiveness acceptability curve of the scenario
analysis using 3L treatment arm. DKK, Danish krone;
QALY, quality-adjusted life-years; WTP, willingness to pay
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Absence of long-term clinical follow-up data
as one of the limitations in the study was
addressed by running lifelong simulations with
the CDM. It is an efficient and meaningful
approach to integrate and synthesize short-term
clinical trial results with data from multiple
sources to inform healthcare decision-making
regulatory bodies, in turn estimating the clini-
cal outcomes and costs associated with health-
care strategies over patient lifetimes [31–33].
Furthermore, the scenario and sensitivity anal-
yses conducted around the assumptions made
and data inputs chosen show the robustness of
the results obtained and ensure confidence in
the long-term projections.

It is worth noting that the rational drug use
requires that patients receive drugs appropriate
to their clinical needs and that these drugs must
be affordable and at the lowest cost to patients
and the society [26]. Economic evaluations
should be encouraged for the definition of
rational drug use because they provide impor-
tant information of the total costs and effec-
tiveness of alternative treatment pathways.

CONCLUSION

Data from the current study suggest that SC
semaglutide plus metformin showed small gains
or improvements in LYs and QALYs at a high
incremental cost, thereby generating an overall
ICER of DKK 745,561 (€ 100,239). Based on a
WTP threshold of DKK 357,100 (€ 48,011) per
QALY gained, SC semaglutide plus metformin
was not projected to be cost-effective versus
empagliflozin plus metformin for the treatment
of individuals with T2D with inadequate gly-
caemic control on metformin alone from a
Danish payer’s perspective. At the current price
of SC semaglutide, duration of therapy with SC
semaglutide was found to be the key driver of
results.
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