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ABSTRACT

Introduction: Few patients with type 2 diabetes
mellitus (T2DM) achieve recommended gly-
cemic control targets in the Czech Republic.
Novel therapies, such as fixed-ratio combina-
tions of basal insulin plus glucagon-like pep-
tide-1 receptor agonists, may contribute to
better glycemic control. In the analysis pre-
sented here, the present analysis assessed the
long-term cost-effectiveness of two fixed-ratio
combinations, IDegLira (insulin degludec/li-
raglutide) and iGlarLixi (insulin glargine/lixise-
natide), for the treatment of patients with
T2DM inadequately controlled with basal insu-
lin from a healthcare payer perspective in the
Czech Republic.

Methods: A cost-effectiveness analysis was per-
formed over patient lifetimes using the IQVIA
CORE Diabetes Model. Treatment effects were
obtained from an indirect treatment compar-
ison as no head-to-head data for IDegLira versus
iGlarLixi are currently available. IDegLira was
compared with two iGlarLixi pens (100 U/mL
insulin glargine ? 33 lg/mL and 50 lg/mL of
lixisenatide, respectively). Direct medical costs
associated with pharmaceutical interventions,
screening and diabetes-related complications
were captured. Deterministic and probabilistic
sensitivity analyses were performed.
Results: IDegLira was associated with gains in
life expectancy of 0.11 years and in quality-ad-
justed life expectancy of 0.14 quality-adjusted
life-years (QALYs) versus iGlarLixi, due to a
lower cumulative incidence and delayed onset
of diabetes-related complications. IDegLira was
also associated with higher projected costs due
to higher acquisition costs; however, these were
partially offset by cost savings from avoided
complications. IDegLira was associated with
incremental cost-effectiveness ratios of Czech
Koruna (CZK) 695,998 and CZK 348,323 per
QALY gained versus iGlarLixi pens containing
33 and 50 lg/mL of lixisenatide, respectively.
These ratios were below the commonly used
willingness-to-pay threshold of CZK 1,200,000
per QALY gained.
Conclusion: The present analysis indicated that
IDegLira was associated with clinical benefits
relative to iGlarLixi over patient lifetimes and
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was likely to be cost-effective in the treatment
of patients with T2DM uncontrolled on basal
insulin in the Czech Republic.
Funding: Novo Nordisk.
Plain Language Summary: Plain language
summary is available for this article.
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PLAIN LANGUAGE SUMMARY

• Patients with type 2 diabetes mellitus
(T2DM) benefit from reductions in blood
sugar levels and body weight, which lower
the risk of long-term diabetes-related com-
plications. Novel treatments, such as fixed-
ratio combinations (FRCs) of insulin plus
glucagon-like peptide-1 receptor agonists,
can help patients to achieve these treatment
targets, at low risk of hypoglycemia.

• In the Czech Republic, too few patients with
T2DM achieve treatment targets, and dia-
betes imposes a substantial cost burden on
the healthcare system. Modern antidiabetic
treatments, such as FRCs (e.g. IDegLira and
iGlarLixi), provide the means to improve
diabetes treatment and reduce diabetes-re-
lated costs. As healthcare budgets are not
limitless, healthcare payers need to choose
cost-effective treatments to achieve the best
possible use of budgets. The present study
evaluated the long-term cost-effectiveness of
IDegLira versus iGlarLixi in Czech patients
with T2DM poorly controlled on basal
insulin.

• A recent network meta-analysis (NMA)
comparing IDegLira and iGlarLixi reported
reductions in blood sugar levels (measured
as glycated hemoglobin) and body weight,
as well as lower hypoglycemia rates, for
IDegLira relative to iGlarLixi. As no head-
to-head studies comparing the two FRCs
are available, the NMA is the best source to
inform long-term modeling.

• Relative to iGlarLixi, IDegLira was associated
with higher life expectancy and quality-
adjusted life expectancy. Over patient

lifetimes, the costs of diabetes-related com-
plications were lower in patients treated with
IDegLira and partly offset the higher acqui-
sition costs of IDegLira.

• In the Czech Republic, IDegLira is a cost-
effective alternative to iGlarLixi for the
treatment of patients with T2DM poorly
controlled on basal insulin.

INTRODUCTION

Diabetes is considered a ‘‘global pandemic’’ of
the twenty-first century and associated with a
substantial clinical and economic burden on
patients and healthcare systems [1]. In 2017, it
was estimated that 863,106 people in the Czech
Republic were living with diagnosed diabetes
(patients with impaired glucose tolerance not
included), of whom 84% had type 2 diabetes
mellitus (T2DM) [2]. Good glycemic control is
crucial to reduce the incidence of diabetes-re-
lated complications and, consequently, the
clinical and economic burden associated with
diabetes [3, 4]. In the Czech Republic, lifestyle
changes and metformin therapy are recom-
mended as first-line therapy for patients with
T2DM [5]. If glycated hemoglobin (HbA1c)
levels do not fall below 7.0% within 6 months
while on this therapeutic regimen, then inten-
sification to dual therapy with other non-in-
sulin antidiabetic medications (including
glucagon-like peptide-1 [GLP-1] receptor ago-
nists) or insulin is recommended. If the HbA1c
target is then not reached within another
6 months, treatment with an intensive insulin
regimen or combination therapy (of non-in-
sulin antidiabetic medications) is recommended
to achieve a target HbA1c level of 7.0% [5]. In
the Czech Republic, however, only about one-
third of patients with T2DM achieve an HbA1c
target of 7.0%, as recently demonstrated in the
DIAINFORM study [6]. No measurable
improvements in glycemic control were identi-
fied over the 3 years prior to the study, and
clinical inertia was considered by the authors to
be a likely cause for the lack of progress, leading
them to call for the use of novel antidiabetic
therapies [6].
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Fixed-ratio combinations of GLP-1 receptor
agonists plus basal insulin represent such novel
treatments for patients with T2DM who fail to
achieve adequate glycemic control. These com-
binations could be attractive treatment options
as they combine the complementary effects of
their components [7, 8]. While basal insulin
provides a stable, long-acting reduction in
HbA1c levels, GLP-1 receptor agonists stimulate
insulin secretion and reduce hepatic glucose
production in a glucose-dependent manner,
thereby improving glucose control, particularly
of post-prandial glucose levels, with a low risk of
hypoglycemia [9]. In addition, compared with
basal insulins which often lead to gains in body
weight, fixed-ratio combinations are generally
associated with reduced body weight in popu-
lations poorly controlled on basal insulin or oral
antidiabetic therapy [7, 8].

The first fixed-ratio combination to be
introduced to the European market was IDe-
gLira (Xultophy�; Novo Nordisk, Bagsværd,
Denmark), which is a combination of insulin
degludec (IDeg) and liraglutide [7, 9]. IDegLira
was demonstrated in the Dual Action of
Liraglutide and Insulin Degludec in Type 2
Diabetes (DUAL) trial program to be associated
with improved glycemic control in a wide range
of patients, including patients treated with
pioglitazone, sulfonylureas, oral antidiabetics
(OAD), GLP-1 receptor agonists and basal insu-
lin [10–14]. Importantly, reductions in HbA1c
were associated with reduced glycemic vari-
ability and achieved without weight gain and at
low risk of hypoglycemia [10, 13–15]. More
recently, iGlarLixi (Suliqua�; Sanofi S.A., Paris,
France), a fixed-ratio combination of insulin
glargine (IGlar) plus lixisenatide, became avail-
able in the Czech Republic. In the LixiLan trial
program, iGlarLixi was shown to be associated
with larger HbA1c reductions than IGlar in
patients with T2DM inadequately controlled on
OAD therapy and basal insulin plus metformin,
with fewer gastrointestinal side effects than
with lixisenatide alone [16, 17].

Both IDegLira and iGlarLixi are reimbursed
in the Czech Republic for adult patients with
T2DM inadequately controlled on basal insulin.
Given the differences in the clinical and cost
profiles of the two drugs, a cost-effectiveness

analysis was conducted to inform resource
allocation within budget constraints of health-
care systems [18, 19]. Cost-effectiveness analysis
and budget impact analysis represent the two
key assessments required for a drug to be reim-
bursed in the Czech Republic. Therefore, the
aim of the analysis reported here was to assess
the long-term cost-effectiveness of IDegLira
versus iGlarLixi for the treatment of patients
with T2DM inadequately controlled on basal
insulin, from a healthcare payer perspective in
the Czech Republic.

METHODS

Choice of Comparator

Before iGlarLixi became available in the Czech
Republic, comparators for IDegLira were limited
to basal-bolus insulin regimens and combina-
tion therapies, such as GLP-1 receptor agonists
plus basal insulin, which have been included in
an earlier economic evaluation versus IDegLira
[5, 20]. Since receiving its marketing autho-
rization in 2017, iGlarLixi has been considered
the most relevant comparator for IDegLira. As
the two therapies have not previously been
assessed with regard to their relative cost-effec-
tiveness in the Czech Republic, iGlarLixi was
chosen as the comparator in the present
analysis.

In the Czech Republic, iGlarLixi is available
in pre-filled pens in two strengths: a pen com-
bining 100 U/mL of IGlar with 33 lg/mL of
lixisenatide (providing daily doses of 30–60
dose-steps) and a pen combining 100 U/mL of
IGlar with 50 lg/mL of lixisenatide (providing
daily doses of 10–40 dose-steps). As acquisition
costs differ between pens, both pens were
included in the present cost-effectiveness
analysis.

Description of the Modeling Approach

The cost-effectiveness of IDegLira versus iGlar-
Lixi was evaluated by projecting long-term cost
and health outcomes for both treatments. Costs
were expressed in monetary units (Czech
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Koruna [CZK]) and health outcomes in quality-
adjusted life-years (QALYs). Cost-effectiveness
was expressed as an incremental cost-effective-
ness ratio (ICER), i.e. the difference in projected
costs divided by the difference in projected
health outcomes. The ICER, which was reported
as CZK per QALY gained, was compared to a
willingness-to-pay (WTP) threshold to assess if
IDegLira could be considered to provide good
value for money. In the Czech Republic, the
commonly accepted WTP threshold is the gross
domestic product per capita multiplied by
three, as suggested by the World Health Orga-
nization [20–23]. In 2018, this value was
CZK 1,200,000 (per QALY gained), which was
used in this analysis as the WTP threshold.

Long-term estimates of cost and health out-
comes associated with each treatment were
obtained from simulations using the IQVIA
CORE Diabetes Model (CDM; IQVIA, Basel,
Switzerland). The CDM is a web-based, non-
product-specific, interactive computer model
developed to project the long-term health and
economic outcomes associated with antidia-
betic treatment interventions [24, 25]. The
model and its validations against real-life data
have been described in detail elsewhere [24–26].
Briefly, a series of interdependent sub-models is
used to simulate background mortality and
diabetes-related complications and assess their
impact on quality of life and costs over time.
The model can, therefore, be used to extrapolate
short-term results, such as those from a clinical
trial, to long-term outcomes regarding life
expectancy, quality-adjusted life expectancy
(QALE), cumulative incidence and time to onset
of diabetes-related complications, as well as
direct medical costs.

Time Horizon, Treatment Duration
and Discounting

The base case analysis was performed over
patients’ lifetime. A long time horizon is rec-
ommended to fully capture long-term diabetes-
related complications and their impact on life
expectancy, quality of life and costs. Shorter
time horizons were explored in sensitivity
analyses [27]. The model accounted not only for

complication-related mortality but also for
Czech Republic-specific background mortality
[28].

Patients were assumed to receive IDegLira or
iGlarLixi for the first 5 years of the analysis
before treatment was intensified to basal-bolus
insulin for the remainder of their lifetimes.
These assumptions reflect the need for further
intensification, required for most patients with
T2DM to maintain good long-term glycemic
control, and are in line with previous cost-ef-
fectiveness analyses of IDegLira in the Czech
Republic [20].

As cost and benefits occurring in the future
are generally valued differently from cost and
benefits occurring in the present, discounting
future outcomes is recommended by Czech
guidelines for health economic analyses with a
time horizon of more than 1 year [21, 29]. As
specified by guidelines, a discount rate of 3%
per annum was applied in the base case to both
clinical and cost outcomes. In sensitivity anal-
yses, discount rates of 0 and 5% per annum
were used.

Clinical Data: Baseline Characteristics,
Treatment Effects and Progression
of Physiological Parameters

Baseline characteristics of the simulated patient
cohort were sourced from the IDegLira arm of
the 26-week, phase 3 DUAL II trial, in line with
previous health economic analyses of IDegLira
for the Czech Republic (Table 1) [13, 20]. The
average number of cigarettes smoked per day
and mean weekly alcohol intake, which were
not reported in the DUAL II trial, were obtained
from Czech Republic-specific data, assuming
that the pattern observed for the general Czech
population was applicable to the simulated
cohort [30, 31].

Treatment effects for IDegLira were taken
from the DUAL II trial (Table 2) [13]. Treatment
effects for iGlarLixi were calculated by applying
the between-treatment differences (in HbA1c,
body weight and daily doses) and rate ratios (in
hypoglycemic event rates) obtained from a
previously published indirect treatment com-
parison (ITC) to the treatments effects for
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IDegLira [32]. For example, an HbA1c reduction
of - 1.92% was applied for IDegLira based on
results from DUAL II. In the ITC, iGlarLixi was
shown to be associated with a mean HbA1c that
was 0.44% higher than that for IDegLira. Con-
sequently, the HbA1c treatment effect for
iGlarLixi was calculated as - 1.92% ? 0.44%,
yielding an HbA1c reduction of - 1.48%
applied for iGlarLixi in the present analysis (see
Table 2 for detailed calculations on how iGlar-
Lixi treatment effects were obtained). The dif-
ference in body weight was used to calculate the
difference in body mass index (BMI) based on
the mean height of patients in the IDegLira arm

of DUAL II [13]. This approach to calculate
treatment effects was considered the most
appropriate approach as no head-to-head study
comparing IDegLira and iGlarLixi has yet been
conducted. The ITC therefore represents the
best currently available evidence for the relative
efficacy of the two treatments [33, 34].

Treatment effects for HbA1c and BMI were
applied in the first year of the analysis, and dif-
ferences in HbA1c and BMI were maintained
during fixed-ratio combination treatment in the
first 5 years of the analysis. Upon treatment
intensification after 5 years, an HbA1c of 7.0%
was assumed in both arms for the remainder of
patient lifetimes, in line with glycemic control
targets in the Czech Republic [5]. On treatment
intensification, BMI was assumed to return to the
baseline value. Differences in daily insulin dose or
in rates of hypoglycemia were maintained over
the first 5 years of the analysis and abolished
upon treatment intensification after 5 years. With
this approach, clinical differences were main-
tained only when there was a difference in costs,
i.e. during treatment with IDegLira or iGlarLixi.

Resource Use and Cost Data

Costs were estimated from the perspective of
the healthcare payer in the Czech Republic and
expressed in 2018 CZK. Direct costs were inclu-
ded in the current analysis, capturing pharmacy
costs, costs of diabetes-related complications
and concomitant patient management costs.

Pharmacy costs were calculated based on
resource use data obtained from DUAL II data
for IDegLira (45.0 dose-steps per day) [13]. The
mean difference in end-of-trial daily insulin
doses between IDegLira and iGlarLixi reported
by the ITC was applied to the IDegLira dose to
obtain the daily iGlarLixi dose (48.6 dose-steps
per day) [32]. Daily basal and bolus insulin
doses were assumed to be equal following
intensification after 5 years of fixed-ratio com-
bination treatment in both arms, and were
based on the DUAL VII study [14]. Throughout
the analysis, patients were assumed to receive a
daily concomitant metformin dose of 2000 mg.
During treatment with IDegLira or iGlarLixi,
patients were assumed to require one needle

Table 1 Baseline cohort characteristics

Demographic/risk factor IDegLira arm of the
DUAL II trial [13]

Age (years) 56.8 (8.9)

Duration of diabetes (years) 10.3 (6.0)

Proportion of men (%) 56.3

HbA1c (%) 8.7 (0.70)

Systolic blood pressure

(mmHg)

132.4 (14.8)

Total cholesterol (mg/dL) 182.0 (45.5)

HDL cholesterol (mg/dL) 43.4 (11.0)

LDL cholesterol (mg/dL) 101.9 (37.1)

Triglycerides (mg/dL) 196.8 (148.0)

BMI (kg/m2) 33.6 (5.70)

Smokers (%) 16.1

Cigarettes per day (n)a 24.5

Alcohol consumption

(fl oz/week)b
8.42

Values are presented as the mean with the standard devi-
ation (SD) in parenthesis
BMI Body mass index, DUAL Dual Action of Liraglutide
and Insulin Degludec in Type 2 Diabetes, fl oz fluid ounce,
HbA1c glycated hemoglobin, HDL high-density lipopro-
tein, LDL low-density lipoprotein
a Sourced from Tobacco Atlas data for the Czech
Republic [30]
b Sourced from World Health Organization data for the
Czech Republic [31]
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and to perform one self-monitoring of blood
glucose (SMBG) test, including use of one SMBG
lancet and one test strip, per day. The number
of needles and SMBG tests used was assumed to
increase to four per day following treatment
intensification.

Unit costs for medications, needles and
SMBG testing were based on publicly available
prices published by the Czech State Institute for
Drug Control [35]. Reimbursement restrictions
were accounted for in calculating the total
annual treatment costs. Costs of complications
were also obtained from published State Insti-
tute for Drug Control data (see Electronic Sup-
plementary Material [ESM] Table S1 for cost
values and detailed references).

Health-State Utility Data

Diabetes-related complications have been
shown to be associated with reductions in

health-related quality of life, and these reduc-
tions were captured in the analyses. Utilities
were sourced from the published literature,
including a systematic review of utilities for
economic modeling in T2DM and a survey of
quality-of-life loss associated with hypo-
glycemic events (see ESM Table S2) [36–39].

Sensitivity Analyses

Long-term projections of clinical and cost out-
comes, based on short-term data, are associated
with uncertainty [40]. Health economic guid-
ance for the Czech Republic recommends
addressing this uncertainty through the use of
deterministic, one-way sensitivity analyses as
well as probabilistic sensitivity analysis (PSA)
[21].

In line with this guidance, a range of sensi-
tivity analyses was conducted. The impact of
the choice of time horizon was explored by

Table 2 Treatment effects applied in the analysis

Parameter (1) Value applied in the
IDegLira arm (from
DUAL II [13])

(2) Between-treatment
difference: IDegLira versus
iGlarLixi (from ITC [32])

(3) Value applied in the
iGlarLixi arm [calculated
from (1) and (2)]

HbA1c (%) - 1.92 (0.07) Mean difference: - 0.44 (- 0.71

to - 0.17)

- 1.48 (0.07)

BMI (kg/m2) - 0.92 (0.43) Mean difference in body weight

(kg)a: - 1.42 (- 2.50 to -

0.35)

- 0.41 (0.43)

Severe hypoglycemic

events (per 100

patient-years)

1.10 Rate ratio: 0.51 (0.29–0.90) 2.16

Non-severe

hypoglycemic events

(per 100 patient-

years)

152.3 298.6

Daily dose (dose-steps) 45.0 Mean difference: - 3.60 (- 10.3

to 3.30)

48.6

Values are presented as the mean with the SD in parenthesis for (1) and (3), and as the mean with the 95% confidence
interval in parenthesis for (2)
ITC Indirect treatment comparison
a Differences in body weight were converted to differences in BMI based on the mean height (168 cm) of patients receiving
IDegLira in DUAL II
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using shorter time horizons (10 and 20 years).
Importantly, as not all modeled patients died
over these shorter time horizons, not all com-
plications and costs were captured. The effect of
discount rates on projected outcomes was
investigated using lower (0%) and higher (5%)
discount rates, as suggested by Czech guidance
[21]. The influence of treatment effects was
explored in several sensitivity analyses, includ-
ing analyses in which the only between-treat-
ment difference was assumed to be in HbA1c
(with all other treatment effects, hypoglycemia
rates and daily fixed-ratio combination doses
equal to those in the iGlarLixi arm), in which
HbA1c progression was assumed to follow the
UK Prospective Diabetes Study (UKPDS) HbA1c
progression built into the CDM, and in which
the upper and lower 95% confidence interval
bounds reported by the ITC for the estimated
between-treatment difference in HbA1c were
used (Table 2) [24, 32]. Similarly, the influence
of BMI was assessed by running analyses in
which the BMI difference between treatments
was abolished (with all other treatment effects,
hypoglycemia rates and daily doses applied as in
the base case), in which the BMI difference
between treatments was maintained over
patient lifetimes, and in which the upper and
lower 95% confidence interval bounds reported
by the ITC for estimated between-treatment
difference in BMI were used (TableI2) [32]. In
addition, sensitivity analyses were conducted in
which the difference in hypoglycemic event
rates between treatments was set to zero (with
all other treatment effects, hypoglycemia rates
and daily doses applied as in the base case), and
in which only statistically significant differ-
ences in HbA1c, BMI and severe hypoglycemic
events (SHE) rates were applied while daily
insulin doses and non-severe hypoglycemic
event rates were set to those of the iGlarLixi arm
in both arms.

Alternative treatment switching patterns
were also explored by assuming earlier (after
3 years) and later (7 years) switches to basal-
bolus therapy than in the base case (5 years).
The impact of the choice of risk equation was
investigated by conducting a sensitivity analysis
using the UKPDS 82 equation built into the
CDM. Use of this risk equation is recommended

by the CDM proprietors for sensitivity analysis
[26].

The effect of over- or under-estimation of
direct costs of diabetes-related complication was
explored in two sensitivity analyses. In the first,
the cost of treating complications was increased
by 10%; in the second, the cost was decreased
by 10%. Disutilities were also varied for hypo-
glycemic events and BMI [41, 42]. In addition, a
sensitivity analysis was conducted assuming
diminishing disutilities for non-severe hypo-
glycemic events [43].

The PSA was performed by using the func-
tionality provided by the CDM, which samples
complication costs, treatment effects and
cohort characteristics from distributions and
feeds the sampled values to second-order Monte
Carlo simulations.

Statement of Ethics Compliance

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

Long-term projections suggested that in com-
parison to iGlarLixi, IDegLira was associated
with clinical benefits (Table 3). Compared to
iGlarLixi, IDegLira was associated with gains in
discounted life expectancy of 0.11 years and in
discounted QALE of 0.14 QALYs. The clinical
benefits of treatment with IDegLira relative to
iGlarLixi resulted from a reduced incidence and
delayed onset of diabetes-related complications
(Fig. 1).

The clinical benefits associated with IDegLira
came at an increased cost. Relative to the
iGlarLixi pen containing 33 lg/mL of lixisen-
atide, lifetime direct medical costs for patients
treated with IDegLira were approximately
CZK 94,029 higher per patient (Table 3). The
corresponding incremental cost relative to the
iGlarLixi pen containing 50 lg/mL of
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lixisenatide was CZK 47,058. The higher incre-
mental costs for IDegLira were due to higher
IDegLira acquisition costs over the first 5 years

of the analysis, which, however, were partially
offset by reduced costs for the treatment of
diabetes-related complications. In particular,

Table 3 Long-term cost-effectiveness outcomes

Health outcomes IDegLira iGlarLixi 33 lga Difference

Discounted life expectancy (years) 13.92 13.81 ? 0.11

Discounted quality-adjusted life

expectancy (QALYs)

8.98 8.84 ? 0.14

Discounted direct costs (CZK) 878,839 784,810 ? 94,029

ICER CZK 695,998 per QALY gained

Health outcomes IDegLira iGlarLixi 50 lga Difference

Discounted life expectancy (years) 13.92 13.81 ? 0.11

Discounted quality-adjusted life

expectancy (QALYs)

8.98 8.84 ? 0.14

Discounted direct costs (CZK) 878,839 831,781 ? 47,058

ICER CZK 348,323 per QALY gained

CZK Czech koruna, ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-years
a iGlarLixi 33 lg denotes the iGlarLixi pen containing 33 lg/mL lixisenatide, while iGlarLixi 50 lg denotes the iGlarLixi
pen containing 50 lg/mL lixisenatide

Fig. 1 Mean time to complication onset. BDR Back-
ground diabetic retinopathy, CHF congestive heart failure,
ESRD end-stage renal disease, GRP gross proteinuria, MA

microalbuminuria, ME macular edema, MI myocardial
infarction, PDR proliferative diabetic retinopathy, PVD
peripheral vascular disease, SVL severe vision loss
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costs associated with renal- and neuropathy-re-
lated complications were reduced by CZK 3893
and CZK 3686, respectively, in patients treated
with IDegLira relative to those on iGlarLixi.

Estimation of the long-term clinical out-
comes indicated that both life expectancy and
QALE were improved with IDegLira treatment
compared with iGlarLixi treatment, at an
increased cost from a healthcare payer perspec-
tive. IDegLira was associated with an ICER of
CZK 695,998 per QALY gained versus the
iGlarLixi pen containing 33 lg/mL of lixisen-
atide and of CZK 348,323 per QALY gained
versus the iGlarLixi pen containing 50 lg/mL of
lixisenatide (Table 3). As these ICERs fell below
the commonly used WTP threshold, IDegLira is
likely to be considered cost-effective versus
iGlarLixi.

Deterministic Sensitivity Analyses

Deterministic sensitivity analyses demonstrated
that the projected cost-effectiveness of IDegLira
relative to iGlarLixi was generally not sensitive
to changes in input data or assumptions (Fig. 2;
ESM Tables S3 and S4).

Shorter simulated time horizons were asso-
ciated with increases in ICER relative to the base
case. When a shorter time horizon was used, the
incremental clinical benefit of IDegLira was
smaller as long-term benefits were not captured
in full, indicating that a lifetime perspective is
indeed appropriate, as recommended by health
economic guidance. Still, most ICERs calculated
for shortened time horizons fell below the WTP
threshold, suggesting that IDegLira was cost-
effective versus iGlarLixi even when some of the
clinical benefits of IDegLira were not accounted
for. When no discounting was applied, the ICER
decreased, while the opposite effect was
observed for a discount rate of 5% per annum.

A difference in cost-effectiveness outcomes
was observed when treatments were assumed to
differ in HbA1c only, i.e. if the benefits of IDe-
gLira on BMI, hypoglycemia rate and daily
doses were not accounted for. In this analysis,
ICERs increased relative to the base case, sug-
gesting that the non-HbA1c benefits of IDegLira
are also important drivers of clinical and cost
outcomes.

Abolishing the difference in BMI between
treatments increased the ICER while

Fig. 2 Results of deterministic sensitivity analyses. BMI
Body mass index, CI confidence interval, CZK Czech
koruna, HbA1c glycated hemoglobin, QALY quality-

adjusted life-year, UKPDS United Kingdom Prospective
Diabetes Study, WTP willingness to pay
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maintaining the difference over patient life-
times decreased the ICER. Using the lower 95%
confidence interval bound for the treatment
effect on weight reduced the clinical benefit
associated with IDegLira over iGlarLixi, thereby
increasing the ICER relative to the base case as
incremental costs remained unchanged
(although the ICER still fell below the WTP
threshold). Conversely, using the upper bound
of the 95% confidence interval for the treat-
ment effect on weight increased the clinical
benefit associated with IDegLira and, given
unchanged costs, reduced the ICER relative to
the base case.

Similarly, when the difference in hypo-
glycemic event rates was abolished, the ICER
increased relative to the base case due to the
reduced incremental clinical benefit of IDegLira
and slight increase in incremental costs. The
same pattern was observed when only statisti-
cally significant differences in treatment effects
were considered. Assumptions regarding the
timing of intensification to basal-bolus insulin
also did not affect conclusions regarding cost-
effectiveness. Treatment switching after 3 years
led to a small increase in the ICER as the
reduction in incremental clinical benefits asso-
ciated with IDegLira was slightly larger than the
reduction in incremental acquisition costs.
When intensification occurred after 7 years of
fixed-ratio combination treatment, a small
increase in the ICER was also observed due to
the fact that the increased clinical gains associ-
ated with IDegLira were offset by higher acqui-
sition costs.

Higher complication costs were associated
with a reduced ICER relative to the base case,
while the converse was observed for lower
complication costs. Use of the UKPDS 82 risk
equations for the prediction of cardiovascular
events was associated with an increase in ICERs,
but IDegLira was still considered to be cost-ef-
fective versus both iGlarLixi pens. The use of an
alternative disutility associated with BMI and
hypoglycemia, as well as assuming a diminish-
ing disutilities approach for hypoglycemic
events, did not have a large impact on the ICER,
indicating that cost-effectiveness outcomes
were not driven by these assumptions.

Probabilistic Sensitivity Analysis

The PSA conducted with sampling around
cohort characteristics, treatment effects, com-
plication costs and utilities produced mean
results similar to those for the base case. For the
comparison of IDegLira with the iGlarLixi pen
containing 33 lg/mL of lixisenatide, the mean
improvement in QALE gained with IDegLira
versus iGlarLixi was 0.12 QALYs, at mean
incremental costs of CZK 99,703, giving an
ICER of CZK 843,898 per QALY gained. The
corresponding values for the comparison with
the iGlarLixi pen containing 50 lg/mL of
lixisenatide were 0.12 QALYs at incremental
costs of CZK 50,716, yielding an ICER of
CZK 440,739 per QALY gained.

Cost-effectiveness scatterplots, which were
based on 1000 simulated cohorts of 1000
patients, showed that most of the sampled ICER
fell in the upper right quadrant (74 and 66% for
the comparison of IDegLira with the iGlarLixi
pen containing 33 and 50 lg/mL of lixisenatide,
respectively), indicating that IDegLira was
associated with increased effectiveness and
costs (Fig. 3). At a WTP threshold of
CZK 1,200,000 per QALY gained, there was a
59% probability that IDegLira was cost-effective
versus the iGlarLixi pen containing 33 lg/mL of
lixisenatide, and a 68% probability that IDe-
gLira was cost-effective versus the iGlarLixi pen
containing 50 lg/mL of lixisenatide.

DISCUSSION

The present analysis assessed the cost-effective-
ness of IDegLira versus iGlarLixi in the Czech
Republic for patients with T2DM who were
inadequately controlled on basal insulin. Based
on clinical data from the DUAL II trial and an
ITC comparing IDegLira with iGlarLixi, out-
comes were projected over patient lifetimes
using a validated health economic model
[13, 24, 32]. At a WTP threshold of CZK
1,200,000 per QALY gained, IDegLira was found
to be cost-effective versus both iGlarLixi pens
currently available (containing 33 and 50 lg/
mL of lixisenatide, respectively). Improvements
in HbA1c and BMI in patients treated with
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IDegLira led to reductions in cumulative inci-
dence and delayed onset of diabetes-related
complications, resulting in increased life
expectancy and QALE. IDegLira was associated
with higher treatment costs than iGlarLixi, a
reflection of the former’s higher acquisition
costs; however, these were partially offset by
lower costs of treating diabetes-related compli-
cations, due to complications avoided or
delayed in patients treated with IDegLira. Over
patient lifetimes, IDegLira was associated with a
gain of 0.14 QALYs and incremental costs of
CZK 94,029 and CZK 47,058 versus iGlarLixi
pens containing 33 and 50 lg/mL of lixisen-
atide, respectively, leading to ICER of
CZK 695,998 and CZK 348,323 per QALY
gained. The sensitivity analyses suggested that
the estimated treatment difference for HbA1c as
well as differences in hypoglycemia rates were
key drivers of the results. In addition, the sen-
sitivity analyses demonstrated that IDegLira was
associated with benefits to patients over their
entire lifetime, so long-term analyses were
required to fully capture the impact of IDegLira.

While no previous health economic evalua-
tion of IDegLira versus iGlarLixi is available, the
results of the present analysis analysis are
broadly aligned with those obtained in earlier

studies that showed IDegLira to be cost-effective
versus its competitors in a range of settings. In a
recent CEA conducted for the Czech setting,
IDegLira was compared with insulin intensifi-
cation regimens in patients with T2DM inade-
quately controlled on basal insulin [20]. The
authors of this study considered IDegLira to be
cost-effective versus both basal-bolus therapy
and basal insulin plus GLP-1 receptor agonist
therapy from the perspective of the healthcare
payer in the Czech Republic. Similar long-term
analyses have been conducted in the UK, the
Netherlands, Sweden and Slovakia, all of which
showed IDegLira to be cost-effective versus
basal-bolus insulin and/or basal insulin plus
GLP-1 receptor agonists from the perspective of
the respective healthcare payer [44–47]. For the
UK, a recent short-term CEA also showed that
IDegLira was likely to be cost-effective even over
1 year relative to treatment with basal-bolus
insulin therapy [48].

To date, no head-to-head clinical trials
comparing IDegLira with iGlarLixi have been
conducted. Therefore, data from a previously
published ITC were used to compare the two
fixed-ratio combinations, which may be con-
sidered a limitation of the present analysis [37].
Evidence synthesis methods, such as indirect

Fig. 3 Cost-effectiveness scatterplot. QALE Quality-adjusted life expectancy, WTP willingness to pay, QALY Quality-
adjusted life-year, CZK Czech koruna
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comparison or meta-analysis, have become
widely used and accepted in health technology
assessments and health economic modeling,
particularly to provide healthcare payers and
decision-makers with robust evidence even if no
head-to-head clinical data are available [49, 50].
In addition, the clinical data used in the present
analysis were sourced from a consistent source,
namely the DUAL clinical trial program inves-
tigating IDegLira. An additional limitation of
the analysis was the reliance on relatively short-
term clinical trial data (pooled in the ITC) as the
base for long-term projections of clinical and
economic outcomes, which were therefore
associated with uncertainty. Despite this limi-
tation, which is common to many health eco-
nomic analyses, projections of outcomes over
patient lifetimes are recommended in guideli-
nes for the economic evaluation of interven-
tions for patients with diabetes as a means to
inform decision-making even if long-term clin-
ical data are not available [5, 27]. In the present
analysis, every effort was made to reduce the
uncertainty surrounding the long-term out-
comes by using a diabetes model which has
been extensively published and validated
against real-life data [24–26]. In addition,
extensive sensitivity analyses were conducted,
and these consistently showed IDegLira to be
cost-effective relative to iGlarLixi.

Clinical trials have consistently demonstrated
improved short-term clinical outcomes associated
with IDegLira in patients with T2DM who failed
to achieve glycemic control on basal insulin alone
[13, 14]. The present analysis indicated that short-
term outcomes translated into long-term benefits.
Importantly, outcomes from clinical trials have
been confirmed by real-world studies. In a
chart review of more than 600 European patients
with T2DM who initiated IDegLira at least
6 months before the review was performed, IDe-
gLira was associated with a 0.9% reduction in
HbA1c at 6 months after treatment initiation
relative to baseline [51]. Similarly, reductions
have been observed for weight (0.7 kg at
6 months vs. baseline) and for use of concomitant
antidiabetic medications. These findings were
confirmed by an observational study of patients
with T2DM in Switzerland, in whom reductions
in HbA1c and BMI were observed over a 6-month

period following initiation of IDegLira therapy; in
addition, required insulin doses were reduced,
without SHE over the course of the 6 months [52].
The benefits associated with IDegLira are reflected
in physicians’ perceptions, as reported by a survey
of 235 primary and secondary care physicians
from Europe [53]. Based on their experience in
clinical practice, physicians reported being more
satisfied with prescribing IDegLira than basal-bo-
lus insulin to achieve important treatment tar-
gets, including avoidance of weight gain and
hypoglycemia, while also considering IDegLira to
be simpler to administer [53]. Importantly, the
simplicity of IDegLira therapy, which is matched
by reports of higher patient satisfaction and easier
training of patients, has been suggested as an
important component of approaches to reduce
treatment intensification inertia [54].

CONCLUSION

From the perspective of the Czech healthcare
payer, IDegLira is likely to be cost-effective
versus iGlarLixi in the treatment of patients
with T2DM who are uncontrolled on basal
insulin. IDegLira was associated with a low risk
of hypoglycemia and reduced cumulative inci-
dence as well as delayed onset of diabetes-re-
lated complications, which improved quality of
life and reduced the costs of treating diabetes-
related complications. IDegLira is therefore a
valuable option for intensification of antidia-
betic therapy in the Czech Republic.
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