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ABSTRACT

Introduction: In the cardiovascular outcome
trials (CVOT) EMPA-REG OUTCOME, TECOS
and SAVOR-TIMI 53, empagliflozin [sodium/
glucose cotransporter 2 (SGLT2) inhibitor],
sitagliptin and saxagliptin [both dipeptidyl
peptidase 4 (DPP4) inhibitors] ? standard of
care (SoC) were compared to SoC in patients
with type 2 diabetes and established cardiovas-
cular disease (CVD). This study assessed the
cost-effectiveness (CE) of empagliflozin ? SoC

in comparison to sitagliptin ? SoC and sax-
agliptin ? SoC based on the respective CVOT.
Methods: The IQVIA Core Diabetes Model
(CDM) was calibrated to reproduce the CVOT
outcomes. EMPA-REG OUTCOME baseline
characteristics and CVOT specific treatment
effects on risk factors for cardiovascular disease
[glycated haemogloblin A1c (HbA1c), body
mass index (BMI), blood pressure, lipids] were
applied. Three-year observed cardiovascular
events of empagliflozin ? SoC versus sitaglip-
tin ? SoC and saxagliptin ? SoC were derived
from EMPA-REG OUTCOME and an indirect
treatment comparison. Relative risk (RR)
adjustments to calibrate the CDM were esti-
mated after consecutive attempts of running
the model until the observed and CDM-pre-
dicted outcomes matched closely. The drug-
specific treatment effects were considered up
until treatment switch (when HbA1c reached
8.5%), after which, the United Kingdom
Prospective Diabetes Study (UKPDS) 82 risk
equations predicted events based on co-existing
risk factors and treatment intensification to
basal-bolus insulin were applied. The analysis
was conducted from the perspective of the UK
National Health Service. Costs and quality of
life data were derived from UK national sources
and published literature. A 50-year time horizon
and discount rate of 3.5% were applied.
Results: The CDM projected quality-adjusted
life years (QALYs) of 6.408, 5.917 and 5.704 and
total costs of 50,801 GBP, 47,627 GBP and
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48,071 GBP for empagliflozin ? SoC, sitaglip-
tin ? SoC and saxagliptin ? SoC, respectively.
The incremental CE ratio (ICER) of empagli-
flozin ? SoC versus sitagliptin ? SoC and sax-
agliptin ? SoC was 6464 GBP/QALY and
3878 GBP/QALY, respectively. One-way and
probabilistic sensitivity analyses demonstrated
the robustness of the results.
Conclusion: Results suggest that empagli-
flozin ? SoC is cost-effective compared to sita-
gliptin ? SoC and saxagliptin ? SoC at a
willingness to pay threshold of 20,000 GBP/
QALY.
Funding: Boehringer Ingelheim International
GmbH.

Keywords: Cardiovascular outcomes; Cost-
effectiveness; Diabetes type 2; Empagliglozin;
Saxagliptin; Sitagliptin

INTRODUCTION

The goal of type 2 diabetes (T2D) management
is to achieve and maintain target glycaemic
control [haemogloblin A1c (HbA1c)] in order to
avoid or delay the onset of costly macro and
microvascular complications [1]. Glycaemic
treatment targets should be individualized on
the basis of patient preference and goals, patient
characteristics and risk of adverse events asso-
ciated with therapies (hypoglycaemia and
weight gain) [1].

Considering that patients living with dia-
betes have an increased risk of cardiovascular
disease (CVD), in 2008, the US Food and Drugs
Administration (FDA) determined that concerns
about cardiovascular (CV) risk should be more
thoroughly addressed during drug develop-
ment, requiring the industry to conduct post
marketing cardiovascular outcome trials
(CVOT) [2]. This recommendation was later
followed by the European Medicines Agency
(EMA). The EMA established that all new ther-
apies for diabetes must undergo a rigorous
assessment of CV safety through large-scale
CVOT [3].

Schnell et al. reported that CVOT completed
after 2008 demonstrated that new glucose-low-
ering drugs such as the dipeptidyl peptidase 4

(DPP4) inhibitors (saxagliptin, alogliptin and
sitagliptin) and the glucagon-like peptide 1
(GLP-1) receptor agonists (lixisenatide and
liraglutide) do not increase the CV risk in
patients with T2D compared to standard of care
(SoC) [4].

Regardless of the CV safety of all glucose-
lowering drugs tested, in the SAVOR-TIMI 53
study, which assessed saxagliptin versus pla-
cebo, a significantly higher risk for heart failure
(HF) was found in the active treatment group
[5]. In the EXAMINE trial that compared alo-
gliptin versus placebo as add-on to SoC, the
same trend was found [5]. In contrast, there
were no such concerns in the TECOS trial, in
which sitagliptin was assessed versus placebo
[5], and in the CARMELINA trial, in which
linagliptin versus placebo added on top of SoC
was evaluated [6]. As a result, the FDA issued a
safety warning on DPP4 increasing the risk of
heart failure (HF), particularly in patients who
already have heart or kidney disease [7].

In the case of GLP-1 receptor agonists, in
ELIXA, lixisenatide when added to SoC did not
significantly alter the rate of major CV events or
of HF hospitalisation [8]. In the LEADER trial,
liraglutide compared to placebo in combination
with SoC reduced the CV risk as shown by the
composite outcome which included CV death,
myocardial infarction (MI) and stroke. In this
study, a non-significant reduction in hospitali-
sation for HF was observed [9].

With regards to sodium-glucose cotrans-
porter 2 (SGLT2), the EMPA-REG OUTCOME
trial [10] showed that empagliflozin signifi-
cantly reduced CV risk compared to placebo as
shown by the composite primary endpoint
(death from CV causes, non-fatal MI or non-fa-
tal stroke) and secondary endpoints all-cause
mortality and hospitalisation for HF [11] and by
the composite outcome of HF hospitalisation
and CV death [12]. The DECLARE TIMI trial,
which compared dapagliflozin versus placebo,
did not show differences in the composite
endpoint of CV death, MI or ischemic stroke but
did result in a lower rate of CV death and hos-
pitalisation for HF. In the CANVAS trial, cana-
gliflozin also reduced the risk of CV death and
HF hospitalisation compared to placebo [13].
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Given the clinical evidence provided by
these trials, the American Diabetes Association
(ADA), American Heart Association (AHA) and
the American College of Cardiology (ACC) rec-
ommend adding an agent that has proven CV
benefit to reduce major adverse CV events and
CV mortality in patients with long-standing
suboptimally controlled T2D and established
CVD [14, 15]. The aim of the current study is to
assess the cost-effectiveness (CE) of empagli-
flozin versus sitagliptin and saxagliptin in
combination with SoC in patients with T2D and
established CVD.

METHODS

The CE analysis was performed utilising the
IQVIA Core Diabetes Model (CDM). The CDM is
a web-based computer simulation model used
to project the long-term health and economic
outcomes of therapies commonly considered in
the management of T2D. The basic structure of
the CDM was described by Palmer et al. [16] and
the most recent validation was published by
McEwan et al. [17]. CDM version 9.0 was used
in the current analysis and updated information
and description of the structure are available
online (http://www.core-diabetes.com/). Out-
comes of analyses are life expectancy (LY),
quality-adjusted life expectancy (QALY),
cumulative incidence of diabetes-related com-
plications, time to onset of diabetes-related
complications and related costs. This article is
based on previously conducted studies and does
not contain any studies with human partici-
pants or animals performed by any of the
authors. The CDM development is based on
previously published data.

For this study, the standard version of the
CDM (CDM v9.0) was redesigned and calibrated
to reflect the clinical efficacy and outcomes
observed in the CVOT. This calibration process
involved fine-tuning the newly incorporated
relative risk (RR) adjustments that are applied to
the transition probabilities that predict dia-
betes-related complications. The steps to cali-
brate the model are described hereunder and
summarized in an infographic (Fig. S1).

Firstly, the annual progression of diabetes-
related complication risk factors [HbA1c, sys-
tolic blood pressure (SBP), diastolic blood pres-
sure (DBP), low-density lipoprotein cholesterol
(LDL), high-density lipoprotein cholesterol
(HDL), hypoglycaemia rates, body mass index
change, heart rate] per treatment arm were
programmed in the CDM for the follow-up
period of each trial and available endpoints.
These input data were taken from the EMPA-
REG OUTCOME study for empagliflozin, from
the TECOS [18] study for sitagliptin and from
the SAVOR-TIMI 53 [19] study for saxagliptin.

In the CDM, the risk equations (RE) to pre-
dict the risk of macrovascular complications are
informed by risk factor progression values. In
CDM v9.0, many REs are available: United
Kingdom Prospective Diabetes Study (UKPDS)
68 [15], UKPDS 82 [20], Advance [21], Swedish
National Diabetes Register [22, 23], ARIC study
[24], Fremantle [25] and PROCAM [26]. The
different RE were tested and the UKPDS 82 RE
was found to be the best fit to predict the 3-year
clinical outcomes of the EMPA-REG OUTCOME
trial [20].

The second step of the calibration was an
iterative process to identify the best set of RR
adjustments required to align the UKPDS 82 RE
predictions to match the observed 3-year clini-
cal outcomes. The outcomes used to calibrate
the predictions were primary and secondary MI,
primary and secondary stroke, hospitalisation
for angina, hospitalisation for heart failure, CV
death, non-CV death, microalbuminuria (MAU)
and end-stage renal disease (ESRD).

Three-year event rates for empagliflozin ?

SoC were taken directly from the EMPA-REG
OUTCOME trial. Event rates for sitagliptin and
saxagliptin were calculated using the RR from
the indirect treatment comparison (ITC) repor-
ted by Balijepalli et al. (Tables 1, 2) [27]. In order
to match the endpoints specified in the EMPA-
REG OUTCOME trial and those reported by ITC
with the CDM endpoints, some assumptions
were made (Table S1). It should also be noted
that renal outcomes were not included in the
ITC, whereas in the EMPA-REG OUTCOME
study a clear treatment effect on renal function
is observed. Given that neither sitagliptin nor
saxagliptin CVOT assessed the treatment
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benefit on the renal function, the observed
outcomes on microalbuminuria and end-stage
renal disease for both drugs were assumed to be
equal to the placebo arm in the EMPA-REG
OUTCOME study [18, 19, 28]. On the basis of
this calibration, RR adjustments for outcomes
were estimated (Table 1).

Modelling Cohort

The cohort of patients at the start of the analysis
represents the EMPA-REG OUTCOME trial
population. Baseline characteristics are pre-
sented in Table S2. Mean duration of diabetes

was 9 years and determined by the time since
diagnosis data available in the trial.

Clinical Data

Treatment Effects
The impacts of treatments on risk factors which
were tracked in each trial were applied in the
CDM in two steps. First-year benefit was pro-
grammed as change from baseline in the treat-
ment settings, together with the associated
adverse event rates of each treatment (Table 3).
For the following years, progression tables of
risk factors were populated with post 1st-year

Table 1 CDM-predicted 3-year event rates compared to the observed outcomes derived from the EMPA-REG OUT-
COME trial only or both the EMPA-REG OUTCOME trial and the ITC (%) [11, 18, 19, 28]

Empagliflozin 1 SoC Sitagliptin 1 SoC Saxagliptin 1 SoC

From
trial

Calibrated Estimated by
ITC

Calibrated Estimated by
ITC

Calibrated

Death from any cause 5.82 5.78 8.69 8.67 9.70 9.78

Death from CV causes 3.72 3.68 6.20 6.13 6.10 6.14

Myocardial infarction 5.04 5.05 5.04 5.00 5.46 5.44

Hospitalisation for

unstable angina

3.00 3.01 3.00 3.01 3.00 3.04

Stroke 3.69 3.70 3.69 3.69 3.33 3.33

Hospitalisation for heart failure 2.82 2.83 4.34 4.36 5.53 5.57

Microalbuminuria 75.75 75.86 79.8a 79.1 79.8a 79.59

End-stage renal disease 0.3 0.3 0.63a 0.54 0.63a 0.63

a Observed renal outcomes are assumed to be equal to those found for the placebo arm in the EMPA-REG OUTCOME
trial
SoC standard of care

Table 2 Relative efficacy data of empagliflozin versus saxagliptin and sitagliptin derived from the ITC [27]

Comparison

empagliflozin

vs

Cardiovascular-

related mortality

All-cause

mortality

Composite

endpoint

Hospitalisation

due

to heart failure

Non-

fatal

stroke

Non-fatal

myocardial

infarction

Saxagliptin 0.60 (0.46, 0.80) 0.61 (0.49, 0.76) 0.86 (0.72, 1.03) 0.51 (0.37, 0.70) 1.12 (0.76, 1.63) 0.92 (0.69, 1.20)

Sitagliptin 0.60 (0.46, 0.79) 0.67 (0.54, 0.83) 0.87 (0.73, 1.04) 0.65 (0.47, 0.90) – –
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annual treatment effects up to the end of the
study period. The data was taken from the
respective trial publications [11, 18, 19, 28]. Of
note, the treatment effects collected reflect the
impact of both main therapy and the intensifi-
cation of SoC, as specified in the different study
protocols [11, 18, 19].

Treatment Duration/Switch to 2nd Line
The EMPA-REG OUTCOME and other CVOT
were designed to assess the effect of the inves-
tigational drug versus placebo as an add-on to
background therapy. This background therapy
is a combination of other glucose-lowering
drugs (such as sulfonylureas, metformin, GLP-1,
glitazone, glinide and insulin) that were already
administered at study initiation or escalated
over the study duration. The background

therapy was therefore diverse and evolving over
time in the CVOT (Fig. 1).

Nevertheless, as the time horizon for this
analysis was 50 years, it would be inappropriate
and unrealistic to apply the reported combined
therapies throughout the time horizon. As such,
treatment switch was programmed when an

Table 3 First-year treatment effects of first- and second-line treatments [11, 18, 19, 28, 29]

Empagliflozin 1 SoC Sitagliptin 1 SoCc Saxagliptin 1 SoCc Basal bolus

HbA1ca - 0.58 - 0.328 - 0.4 - 0.828

SBPa - 3.9 - 0.62 - 0.62 0

DBPa - 1.72 - 0.78 - 0.78 0

T-Chola 7.81 3.56 3.56 0

HDLa 1.81 - 0.09 - 0.09 0

LDLa 4.79 1.42 1.42 0

TRIGa 0 0 0 0

BMIa - 0.64 - 0.04 - 0.04 0.32

eGFRa - 0.16 0.18 0.18 0

NSHE rateb 13.62 13.98 34.91 2566.83

SHE1 rateb 0.44 0.64 3.97 23.81

SHE2 rateb 0.06 0.14 0.53 3.19

GUIb 10.53 8.95 8.95 -

HbA1c glycated haemoglobin A1c, eGRF estimated glomerular filtration rate, SBP systolic blood pressure, DBP diastolic
blood pressure, BMI body mass index, LDL low-density lipoprotein cholesterol, HDL high-density lipoprotein cholesterol,
T-chol total cholesterol, HR heart rate, GUI genital and urinary tract infection, SoC standard of care, TRIG triglycerides,
NSHE non severe hypoglycemic events, SHE severe hypoglycemia events
a Effect on the surrogate endpoints is applied on the first year of treatment
b Rate per 100 patient-years
c Aside HbA1c effect, all other endpoints are assumed to be equal to placebo described in the EMPA-REG OUTCOME
trial

Fig. 1 Lifetime survival of all therapies
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8.5% HbA1c threshold was reached. As back-
ground insulin regimen was already provided to
half of patients at week 164 of the EMPA-REG
OUTCOME trial (50% in emplagliflozin vs. 58%
in placebo), basal-bolus insulin therapy was
considered to be the most plausible treatment
escalation regimen. HbA1c progression was
programmed to be exactly as described by the
different CVOT and their follow-up period.
After that, it was linearly extrapolated (see the
evolution of HbA1c per treatment arm in Fig. 2).
Treatment effects on risk factors and dose of
basal bolus insulin were taken from Riddle et al.
[29]. High dose mealtime insulin (57 IU) was
combined with high dose glargine (94 IU).

Before treatment escalation, mortality, CV
and renal outcomes in the CDM are predicted as
described in the calibration process. Thus, they
matched the event rates as reported in the
EMPA-REG OUTCOME trial and those deter-
mined with relative treatment efficacy derived
from indirect comparison. After treatment
escalation, the standard UKPDS 82 RE [20] were
applied to predict mortality and CV outcomes.
The default CDM probabilities for developing
renal disease are also applied.

Management Data

Clinical management data include the propor-
tion of patients on preventive medications such
as aspirin, statins and angiotensin-blocking
agents, undergoing routine screening for dia-
betic complications and the sensitivity and
specificity of the screening tests performed.
These data are UK specific, and were sourced
from published literature (Table S3).

Cost Data

This analysis was conducted from the UK
healthcare payer perspective and as such only
include direct costs.

Treatment costs comprised drug cost, needle
cost (where applicable) and the costs associated
with self-monitoring of blood glucose (SMBG).
Unit costs were extracted from the British
National Formulary (BNF) [30] and Monthly
Index of Medical Specialties (MIMS) [31].
Annual treatment cost per arm accounted for
the main therapy and the background insulin
therapy including administration costs. Over
the trial period, the proportion of patients
receiving the different therapies changed. In
some cases, it decreased, but in most cases it
increased. As per trial protocol, physicians were
asked to intensify SoC to keep patients’ gly-
caemic targets under control. The background
treatment costs for insulin regimen were inclu-
ded as it was the main adjuvant treatment
commonly present in all trials and it is associ-
ated with a considerable cost (unlike metformin
or sulfonylurea).

Table 4 outlines the first and subsequent
years’ treatments cost of each alternative ther-
apy under comparison plus the cost of treat-
ment intensification on basal bolus insulin
regimen.

Costs of diabetes-related complications, with
either acute events (event costs) or chronic
conditions of an ongoing disease (health states),
were obtained from published literature
(Table S3). Management cost data include pre-
ventative medications and screening tests for
diabetic complications. All costs were updated

Fig. 2 Progression of HbA1c over time

Table 4 First-year and following year treatment costs of
each alternative (CDM inputs of treatment cost group
setting; GBP)

1st year Subsequent years

Empagliflozin ? SoC 816.65 833.97

Sitagliptin ? SoC 599.84 668.35

Saxagliptin ? SoC 710.97 721.56

Basal bolus 1718.91 1718.91

SoC standard of care
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to 2018 using the Hospital & Community
Health Service (HCHS) Index from the Personal
Social Services Research Unit (PSSRU, 2017)
[32].

Utility Data

The default CDM utility data associated with
events and health states derived from Beaudet
et al. [33] were applied (Table S4). A minimum
approach is applied to estimate utilities, mean-
ing that where a patient has a history of MI and
stroke, the lowest utility value (i.e. associated
with the stroke event) was used.

The impact of utility on BMI changes was
estimated through the inclusion of a disutility
of - 0.0061 per unit gain in BMI for over 25 kg/
m2 based on Bagust and Beale [34]. It was
assumed that BMI remained constant over time
in all arms after treatment.

Mortality Data

The UK age-gender specific life tables were used
to predict non-specific mortality [35]. These
mortality rates represent the risk of death not
covered in the complication and adverse event
sub-models of the CDM.

Analysis Plan

Base Case
A 50-year time horizon was applied unless
otherwise indicated. Lifetime clinical and eco-
nomic outcomes (mean and standard deviation)
were calculated within the model using a non-
parametric bootstrapping approach. This process
simulated the lifetime progression of diabetes in
cohorts of 1000 hypothetical patients on the
basis of the baseline characteristics described
above and the process was repeated 1000 times.
This produces 1000 mean values of clinical
effectiveness and lifetime costs that were used to
estimate the likelihood of the intervention being
cost-effective versus the alternatives.

Costs and effects were discounted at a rate of
3.5% annually, as recommended by the
National Institute for Health and Care Excel-
lence (NICE) [36].

To assess the impact of changing key input
variables on the outcomes, several scenario
analyses and a probabilistic sensitivity analysis
(PSA) were conducted.

Scenarios
The scenario analyses involved a series of sim-
ulations, in which key inputs and assumptions
were varied to assess their impact on clinical
and cost outcomes. The scenarios were exclud-
ing insulin cost from treatment costs, applying
direct CVOT outcomes for 3 years only followed
by the standard UKPDS82 RE for prediction of
events, time horizon equal to 5 years with direct
CVOT outcomes applied up to 5 years, and
changing the HbA1c threshold for treatment
switching from 8.5% to 9%.

Probabilistic Sensitivity Analysis
The CDM uses Monte Carlo simulations with a
non-parametric bootstrapping approach to
capture parameter uncertainty through the
model so that the imprecision of CE results can
be assessed. This process involves sampling with
replacement of input parameters by distribution
in each bootstrap iteration of the analysis.
Cohort baseline values (age, duration of dia-
betes and baseline physiological parameter
levels), the treatment effects on physiological
parameter levels, transition probabilities for CV
events, health state utilities and event disutili-
ties, and direct costs are subject to random
sampling. PSA outcomes are reported in a CE
scatter plot and the CE acceptability curve.

RESULTS

Calibration

The observed (in EMPA-REG OUTCOME and
calculated via indirect comparison) and CDM-
predicted outcomes are presented in Table 1
along with the RR adjustments per outcome
that were used to calibrate the CDM. Differ-
ences between the observed and expected out-
comes were well below 5% for CV, renal and
mortality outcomes at year 3, implying that the
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model has been calibrated to an acceptable de-
gree of accuracy.

Base Case Analysis

Empagliflozin ? SoC provided additional life
years (LYs—0.766 and 1.053) and quality-ad-
justed life years (QALYs—0.491 and 0.704) at an
additional cost of 3174 GBP and 2730 GBP
compared to sitagliptin ? SoC and sax-
agliptin ? SoC, respectively. The resulting
incremental CE ratios (ICER) of empagli-
flozin ? SoC compared to sitagliptin ? SoC and
saxagliptin ? SoC were 6464 GBP/QALY and
3878 GBP/QALY, respectively [36] (Table 5).
These results indicated that empagliflozin ?

SoC is cost-effective and below the NICE rec-
ommended willingness to pay (WTP) threshold
of 20,000 GBP per QALY.

Compared to empagliflozin ? SoC, both
alternatives have lower HbA1c and BMI reduc-
tion in the first year (Fig. 2). On the compara-
tors side, HbA1c and BMI progressed faster,
leading to an increased risk of diabetes compli-
cations and a decline of survival (Fig. 1). Lower
LYs and QALYs were observed in both com-
parator arms.

In the long term, a greater number of
patients remained alive in the empagliflozin ?

SoC arm compared with sitagliptin ? SoC and
saxagliptin ? SoC. As a result, a higher number

of these patients are at risk of developing dia-
betes complications (survival paradox). Conse-
quently, they have slightly higher lifetime
cumulative incidence of stroke, peripheral vas-
cular disease, unstable angina, diabetic
retinopathy, foot ulcer, amputations and neu-
ropathy, but a lower incidence of HF, MI and
end-stage renal disease compared to sitaglip-
tin ? SoC and saxagliptin ? SoC (Table 6). This
is also reflected in terms of costs. Patients on
empagliflozin ? SoC have higher CVD and eye
disease complications costs compared to both
comparators. Additionally, management costs
are higher because of longer survival (Table 7).
On the contrary, as empagliflozin ? SoC slows
down the progression of renal disease, this arm
demonstrated lower costs associated with the
treatment renal disease complications (Table 6).

Scenario Analyses

Excluding the cost of insulin therapy led to
lower treatment costs. Since the use of insulin
was highest in the EMPA-REG OUTCOME
study, excluding the cost of insulin resulted in a
lower ICER.

When a 5-year time horizon was explored,
empagliflozin ? SoC provides added LYs (0.132
and 0.179) and QALYs (0.099 and 0.151), with
additional incremental costs 790 GBP and
256 GBP, which results in an ICER of 7977 GBP/

Table 5 Cost-effectiveness results when CV outcomes are extended up to treatment switch (per average patient)

Empagliflozin 1 SoC Sitagliptin 1 SoC Saxagliptin 1 SoC

LY 10.259 9.492 9.206

QALY 6.408 5.917 5.704

Total costs 50.801 47,627 48,071

Incremental LY 0.766 1.053

Incremental QALY 0.491 0.704

Incremental total cost (GBP) 3174 2730

ICER (GBP/QALY) 6464 3878

CV outcomes benefit before treatment switch
LY life years, QALY quality-adjusted life years, ICER incremental cost-effectiveness ratio, SoC standard of care
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Table 6 Cumulative incidence of events per 100 patient years

Empagliflozin 1 SoC Sitagliptin 1 SoC Saxagliptin 1 SoC

Cardiovascular disease

Peripheral vascular disease 1.30 1.34 1.31

Hospitalisation for heart

failure

1.31 1.72 2.04

Hospitalisation for angina 1.45 1.52 1.57

Stroke 1.07 1.12 1.05

Myocardial infarction 2.02 2.15 2.23

Renal disease

Microalbunuria 7.01 7.57 7.84

Gross proteinuria 2.92 3.18 3.15

End-stage renal disease 1.02 1.15 1.17

Eye disease

Background diabetic

retinopathy

1.24 1.32 1.28

Proliferative diabetic

retinopathy

0.12 0.13 0.12

Macular oedema 1.16 1.23 1.19

Severe vision loss 0.64 0.68 0.66

Cataract 0.60 0.62 0.62

Ulcer/amputation/neuropathy

Ulcer 0.24 0.25 0.25

Recurrent ulcer 0.43 0.42 0.42

Amputation ulcer 0.10 0.10 0.10

Amputation rec ulcer 0.04 0.03 0.03

Neuropathy 4.01 4.26 4.19

Hypoglycaemia (ev/pat)

Non-severe hypoglycaemia

event

13.88 13.41 13.31

Severe hypoglycaemia event

(req. non med. assistance)

0.14 0.13 0.15

Severe hypoglycaemia event

(req. med. assistance)

0.01 0.01 0.01

SoC standard of care
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QALY and 1695 GBP/QALY compared to sita-
gliptin ? SoC and saxagliptin ? SoC respec-
tively. Patients receiving empagliflozin ? SoC
have the lowest CV-related or non-CV-related
mortality (Table 8).

When applying the direct CVOT outcomes
up to 3 years (time horizon of the EMPA-REG
OUTCOME study [11]) and keeping treatment
escalation after an HbA1c of 8.5% is reached,
empagliflozin ? SoC continues to provide
additional LYs (0.346 and 0.467) and QALYs
(0.243 and 0.353) and is more costly compared
to sitagliptin ? SoC and saxagliptin ? SoC.
Empagliflozin ? SoC continues to be a cost-ef-
fective therapy against these comparators
(Table 8). Changing the treatment switch from
HbA1c 8.5% to 9% leads to a higher ICER but
the conclusions remain the same (Table 8).

PSA showed that empagliflozin ? SoC is a
cost-effective therapy in 96% of simulations
versus sitagliptin ? SoC and in 99% simulations
versus saxagliptin ? SoC at a WTP threshold of
20,000 GBP per QALY (Figs. 3, 4).

DISCUSSION

The current analysis based on the CDM and
CVOT evidence showed that, in patients with

an established risk of CVD, empagliflozin ? SoC
is cost-effective versus sitagliptin ? SoC and
saxagliptin ? SoC. It showed that empagli-
flozin ? SoC provides additional LYs and
QALYs, for an additional cost below 3200 GBP.
The incremental CE ratios were below the NICE
WTP threshold of 20,000 GBP per QALY (Fig. 4).

A number of key assumptions were incorpo-
rated into the model. First, despite the fact that
treatment guidelines recommend HbA1c
thresholds of 7% or 7.5% for treatment switch-
ing, a threshold of 8.5% was applied. The reason
for this is that the baseline HbA1c value was
8.07% and the treatment effect with empagli-
flozin was only 0.58%; therefore, testing a lower
threshold would not be inappropriate because
patients would switch to the next treatment
line before the 3-year therapy of the trial was
complete. Additionally, in the trial, there were
several treatment adaptations that are taken
into account in our HbA1c progression and
costing.

Second, as previously discussed, patients
were receiving a broad mix of therapies in
CVOT, continuous adaptations to treatment
were required to keep HbA1c low according
local guidelines, and thus reflected in the CVO
outcomes. Given the combined therapies
administered to patients in the CVOT, a high

Table 7 Breakdown of costs (per average patient)

Breakdown of costs Empagliflozin 1 SoC Sitagliptin 1 SoC Saxagliptin 1 SoC

Total 50,801 47,627 48,071

Treatment 13,017 10,883 10,877

Management 581 537 521

Cardiovascular disease 24,097 22,172 21,830

Renal disease 10,517 11,629 12,432

Ulcer/amputation/neuropathy 430 394 378

Eye disease 1025 995 936

Non-severe hypoglycaemia event 479 425 410

Severe hypoglycaemia event (req. non med. assistance) 504 450 517

Severe hypoglycaemia event (req. med. assistance) 151 142 171

SoC standard of care
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dose of basal-bolus insulin was chosen as the
next line therapy.

Thirdly, the extent of CV benefit beyond the
study follow-up period remains uncertain. In
the base case analysis, the benefit is applied over
8 years as a consequence of the 8.5% HbA1c
switch threshold. To evaluate the impact on
results, separate scenario analyses were con-
ducted: evaluating the effects of treatments at a
shorter time horizon (= 5 years), applying
CVOT benefits for 3 years only (= trial follow-up
period), applying treatment intensification at
an HbA1c threshold of 9%; and excluding
insulin costs from therapy costs. All analyses
confirmed the cost-effectiveness profile of

emplagliflozin ? SoC against sitagliptin and
saxagliptin as add-on to SoC.

PSA confirmed the robustness of results, as
the majority of the simulations (at least 90%)
showed that empagliflozin ? SoC was a cost-
effective therapy against both comparators for a
WTP of 20,000 GBP per QALY.

The short-term clinical benefit of empagli-
flozin was demonstrated in avoiding death due
to CV and other non-CV causes and in reducing
the risk of HF, MI, eye disease, micro and
macroalbuminuria, and ESRD. However, the
life-long analyses showed that these benefits
were partly offset by the extended life expec-
tancy and prolonged time exposure to diabetes
complications (survival paradox) (Table 6). As a

Table 8 Cost-effectiveness results of scenarios

Empagliflozin 1 SoC Sitagliptin 1 SoC Saxagliptin 1 SoC

Insulin costs are excluded

LY 10.259 9.492 9.206

QALY 6.408 5.917 5.704

ICER (GBP/QALY) 4660 3317

Time horizon 5 years

LY 4.254 4.122 4.075

QALY 2.789 2.690 2.638

ICER (GBP/QALY) 7977 1695

Mortality

CV-related 6.70 11.29 11.24

Non-CV-related 3.82 4.52 6.41

All mortality 10.52 15.81 17.65

CVO up to 3 years

LY 9.614 9.268 9.147

QALY 6.036 5.793 5.682

ICER (GBP/QALY) 4354 3636

HbA1c threshold at 9%

LY 10.742 9.604 9.251

QALY 6.776 6.043 5.783

ICER (GBP/QALY) 8888 5506

LY life years, QALY quality-adjusted life years, ICER incremental cost-effectiveness ratio
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result, complication, treatment and manage-
ment costs were greater in the empagliflozin ?

SoC arm compared to sitagliptin ? SoC and
saxagliptin ? SoC.

To conduct this analysis a customized ver-
sion of the CDM was prepared to predict the
results of the EMPA-REG OUTCOME trial [11],
and to use the relative efficacy data of the dif-
ferent comparators produced by the ITC. We
opted for the UKPDS 82 RE to predict lifetime
health outcomes, also after treatment switch.

The rationale to choose this equation was based
on the calibration process which indicated that
this RE predicted most closely the EMPA-REG
OUTCOME trial outcomes. After calibration the
CDM predicted the trials’ outcomes accurately
at 3 years.

As a result of a lack of available head to head
trials, the relative efficacy of the comparators
were obtained via an ITC [27]. Some limitations
concerning its methodology were reported by
the authors of the ITC and which are also
applicable to the current economic analyses.
The included randomised controlled trials dif-
fered with respect to their sample sizes, follow-
up periods, and on some important baseline
patient and design characteristics (e.g. not all
trials targeted only patients with established
CVD). There were notable differences across the
trials in the proportions of patients receiving
various background medications for their CVD
risk. Formal methods to control for these dis-
parities were not feasible, because the evidence
base consisted of only one study per treatment.
Thus, these limitations may add some level of
redundancy to estimates that are not possible to
quantify.

The methodology applied in this study can
also be (and was already) applied to other pop-
ulations as for example to patients with type 2
diabetes free of a history of cardiovascular dis-
ease [37]. The requisite is of course that clinical
evidence on impact on cardiovascular outcomes
is available. Since clinical trials are ongoing in
other indications, like hypertension on top of
type 2 diabetes, we could also study the clinical
and economic benefits of empagliflozin in those
indications [38].

Other health economic studies based on the
EMPA-REG OUTCOME study were published.
Similar findings were found showing that
empagliflozin is a cost-effective therapy in
patients with diabetes and established CVD
[39–44].

CONCLUSION

This study demonstrates that empagliflozin ?

SoC is a cost-effective treatment compared to
sitagliptin ? SoC and saxagliptin ? SoC in the

Fig. 3 Cost-effectiveness scatter plot of empagliflozin
versus sitagliptin (a) and saxagliptin (b)

Fig. 4 Cost-effectiveness acceptability curve of empagli-
flozin versus sitagliptin and saxagliptin
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management of patients with T2D and an
established risk of CVD from the UK NHS per-
spective. The scenario and sensitivity analyses
confirmed the robustness of the findings.
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