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ABSTRACT

Introduction: This study aimed to evaluate the
short-term cost-effectiveness of insulin deglu-
dec 200 units/mL (degludec) versus insulin
glargine 300 units/mL (glargine U300) from a
Dutch societal perspective.
Methods: A previously published model esti-
mated costs [2018 euros (EUR)] and effective-
ness [quality-adjusted life years (QALYs)] with
degludec compared with glargine U300 over a

1-year time horizon. The model captured
hypoglycaemia rates and insulin dosing. Clini-
cal outcomes were informed by CONCLUDE
(NCT03078478), a head-to-head randomised
controlled trial in insulin-experienced patients
with type 2 diabetes.
Results: Treatment with degludec was associ-
ated with mean annual cost savings (EUR 24.71
per patient) relative to glargine U300, driven by
a lower basal insulin dose and lower severe
hypoglycaemia rate with degludec compared
with glargine U300. Lower rates of non-severe
nocturnal and severe hypoglycaemia resulted in
improved effectiveness (? 0.0045 QALYs) with
degludec relative to glargine U300. In sensitiv-
ity analyses, changes to the vast majority of
model parameters did not materially affect
model outcomes.
Conclusions: This short-term analysis,
informed by the latest clinical trial evidence,
demonstrated that degludec was a cost-effective
treatment option relative to glargine U300. As
such, our modelling analysis suggests that
degludec would represent an efficient use of
Dutch public healthcare resources in this
patient population.
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Key Summary Points

Why carry out this study?

As the societal burden of chronic diseases
continues to rise, economic decision
modelling tools are increasingly used to
support healthcare decision-making.

As cost-effectiveness is a relative concept,
one of the most important structural
modelling choices is selection of the most
appropriate comparator to ensure that
results are relevant and applicable to
healthcare decisions.

Here, we evaluated the short-term cost-
effectiveness of two long-acting basal
insulins, degludec U200 (degludec) versus
glargine U300, in insulin-experienced
patients with type 2 diabetes (T2D) and
informed by the latest head-to-head
clinical trial evidence (CONCLUDE).

What was learned from this study?

From a Dutch societal perspective,
degludec improved effectiveness at lower
cost relative to glargine U300 in insulin-
experienced patients with T2D.

As such, our modelling analysis suggests
that degludec would represent an efficient
use of Dutch public healthcare resources
in this patient population.

INTRODUCTION

Diabetes is associated with a number of debili-
tating long-term complications, which signifi-
cantly affect patient quality-of-life and result in
substantial morbidity, mortality and healthcare
resource utilisation [1–3]. As such, in 2015,
diabetes was identified as the 15th most
important cause of life-years lost [4].

Economic decision modelling tools are
increasingly used to support healthcare deci-
sion-making [5]. Cost-effectiveness analyses

(CEAs), which compare the costs of interven-
tions with their outcomes [most commonly the
quality-adjusted life year (QALY)], are an
important tool to assist healthcare systems with
decisions regarding reimbursement for health-
care technologies [6]. As cost-effectiveness is a
relative concept, one of the most important
structural choices for a CEA is the choice of a
comparator; an inappropriate comparator may
make the results unsuitable to support health-
care decision-making [7]. The selected com-
parator should be the most relevant, as
informed by current evidence or opinion. In
terms of maximising health (QALYs), the most
relevant comparator is the ‘next best’ interven-
tion when ranked by clinical effectiveness [8].
Insulin degludec 200 units/mL (degludec; the
degludec 100 units/mL and 200 units/mL for-
mulations are bioequivalent [9]) and insulin
glargine 300 units/mL (glargine U300) are two
long-acting basal insulin analogues with a lower
risk of hypoglycaemia than previously possible
with other basal insulin analogues [10]. As such,
the authors propose that the two basal insulin
analogues, degludec and glargine U300, are
highly relevant comparators to inform health-
care decision-making.

The Trial COmpariNg the EffiCacy and Safety
of Insulin DegLUDEc and Insulin Glargine 300
Units/mL in Subjects with Type 2 Diabetes
Mellitus Inadequately Treated with Basal Insu-
lin and Oral Antidiabetic Drugs (CONCLUDE)
was a multinational, head-to-head randomised
controlled trial (RCT) that compared the hypo-
glycaemia risk of degludec with that of glargine
U300 in insulin-experienced patients with
type 2 diabetes [11]. In CONCLUDE, the pri-
mary endpoint, the rate of overall symptomatic
hypoglycaemia [defined as severe (an event
requiring third-party assistance [12]) or blood
glucose [BG;\3.1 mmol/L (56 mg/dL)] con-
firmed events with symptoms], which was tes-
ted for superiority, was not significantly
different between the two treatment arms dur-
ing the maintenance period [rate ratio (RR) 95%
confidence interval (CI) 0.88 (0.73; 1.06)] [11].
However, the secondary endpoints, analysed
using pre-specified statistical models, showed
lower rates of nocturnal symptomatic [events
occurring between 00:01 and 05:59; RR: 0.63
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95% CI (0.48; 0.84)] and severe hypoglycaemia
[RR 0.20 95% CI (0.07; 0.57)] during the main-
tenance period with degludec compared with
glargine U300 [11].

Healthcare in Europe is provided through a
range of different systems at the national level.
Since 2005, CEAs have been integral to the
Dutch medicine reimbursement system [13].
Currently, the Dutch healthcare system uses a
willingness-to-pay threshold range of 20,000 to
80,000 euros (EUR) per QALY gained, depend-
ing on disease severity and from a societal per-
spective (rather than an individual perspective)
[13, 14].

The aim of the present analysis was to eval-
uate the short-term cost-effectiveness of deglu-
dec compared with glargine U300 in insulin-
experienced patients with type 2 diabetes. The
analysis was conducted from a Dutch societal
perspective and was informed by clinical out-
comes from the CONCLUDE trial.

METHODS

CONCLUDE Trial Design

The trial design and primary results of CON-
CLUDE (NCT03078478) have been previously
published [11, 15]. In brief, CONCLUDE was a
multinational, randomised, open-label, treat-to-
target, active comparator-controlled trial. Eligi-
ble patients were adults with type 2 diabetes,
who had been previously treated with a basal
insulin with or without oral antidiabetic drugs
(OADs; any combination of metformin, dipep-
tidyl peptidase 4 inhibitor, a-glucosidase inhi-
bitor, thiazolidinedione and sodium–glucose
cotransporter 2 inhibitor) at a stable dose, and
who fulfilled at least one pre-defined criterion
for hypoglycaemia risk. Patients (N = 1609)
were randomly assigned 1:1 to receive degludec
or glargine U300, both administered once daily
with or without OADs. Within each treatment
arm, patients were also randomised 1:1 to either
morning or evening basal insulin administra-
tion. Any pre-trial OADs were continued at their
pre-trial dose for the full trial duration, unless
safety reasons necessitated a change.

The original 52-week CONCLUDE trial—a
16-week titration period followed by a 36-week
maintenance period—was extended following a
protocol amendment implemented in February
2018 (described in detail in [15]). Routine
monitoring of blinded data identified an unu-
sual pattern in the reporting of glycaemic
parameters and hypoglycaemic events, raising
patient safety concerns. Therefore, as a result of
these concerns, patients were switched from the
original glycaemic data collection system
(MyGlucoHealth BG meter and electronic diary)
to an Abbott BG meter and paper diary, which
was used for the remainder of the trial. All
patients had completed the 16-week titration
period prior to the switch. A new 36-week
maintenance period was included in the trial to
accommodate these changes, preserve scientific
integrity and ensure sufficient data collection
for the confirmatory endpoints using the same
glycaemic data collection system. On the basis
of this new maintenance period, the total
treatment period was up to 88 weeks. All anal-
yses of CONCLUDE endpoints in the mainte-
nance period considered the new maintenance
period only. CONCLUDE was conducted in
accordance with the provisions of the Declara-
tion of Helsinki and the International Confer-
ence on Harmonisation Good Clinical Practice
Guidelines. The CONCLUDE protocol was
approved by the independent ethics committee
or institutional review board at each trial centre
and written informed consent was obtained
from each patient before any trial-related
activities.

Cost-Effectiveness Model Overview

A published, transparent model developed in
Microsoft Excel [16] was used to evaluate the
short-term cost-effectiveness of degludec com-
pared with glargine U300 in terms of costs
(2018 EUR) and QALYs from a Dutch societal
perspective. This short-term cohort model with
a single annual cycle was informed by data on
clinical outcomes from the CONCLUDE trial
population, and captured hypoglycaemia rates
(non-severe daytime, non-severe nocturnal and
severe) and insulin dosing (Fig. 1). The model
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utilised hypoglycaemia data collected in the
36-week maintenance period of CONCLUDE to
allow the comparison of hypoglycaemia rates
when glycaemic control and insulin dose were
stable, and to reduce potential carryover effects
from prior treatment regimens.

Treatment Effects

Treatment differences (between degludec and
glargine U300) were estimated using hypogly-
caemia rate and insulin dose ratios from
regression analyses of data from the CON-
CLUDE trial population. To avoid any overlap

Fig. 1 Cost-effectiveness model schematic. Includes data
presented in Tables 1 and 2, in addition to data previously
reported [11]. �Assumed to be the same in both simulation
arms: one needle and three SMBG tests per day. �The
model only used significant treatment effects. As the
analysis was non-significant for this endpoint, the glargine
U300 event rate was assumed in both simulation arms.

§Previously reported [11]. D difference in, degludec insulin
degludec 200 units/mL, EDR estimated dose ratio, ERR
estimated rate ratio, EUR euros, glargine U300 insulin
glargine 300 units/mL, HRQoL health-related quality of
life, ICER incremental cost-effectiveness ratio, QALY
quality-adjusted life year, SMBG self-measured blood
glucose
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Table 1 Input parameters: clinical outcomes from the CONCLUDE trial and costs and utilities

Degludec/glargine
U300 ratio

SE 95% CI P value Glargine U300 Degludec�

Hypoglycaemia Event rate (events/PYO)

Non-severe daytime 1.09� 0.1069 0.88; 1.34 0.4293 1.46 1.46

Non-severe nocturnal 0.63� 0.1430 0.48; 0.84 0.0015 0.93 0.59

Severe 0.20�, § 0.5354 0.07; 0.57§ 0.0027 0.05 0.01

Insulin dosing Mean dose (U)

Insulin dose 0.87} 0.0273 0.82; 0.92 \ 0.0001 73.0 63.5

Parameter Mean Unit Source

Costs

Degludec�� 0.0347 EUR Z-Index 2019 [19]

Glargine U300�� 0.0303 EUR Z-Index 2019 [19]

Needle§§ 0.1670 EUR Z-Index 2019 [19]

SMBG test}} 0.1916 EUR Z-Index 2019 [19]

Non-severe hypoglycaemia 2 EUR Adapted from de Groot et al. 2018 [21]

Severe hypoglycaemia 524 EUR Adapted from de Groot et al. 2018 [21]

Utilities

Base 0.9020 Utility Adapted from Freemantle et al. 2013 [33]

Non-severe daytime hypoglycaemia��� - 0.0041 Disutility Evans et al. 2013 [34]

Non-severe nocturnal hypoglycaemia��� - 0.0067 Disutility Evans et al. 2013 [34]

Severe hypoglycaemia��� - 0.0565 Disutility Evans et al. 2013 [34]

Hypoglycaemia costs were inflation-adjusted to 2018 EUR (latest year) using the Consumer Price Index [20]
CI confidence interval, degludec insulin degludec 200 units/mL, EUR euros, glargine U300 insulin glargine 300 units/mL,
PYO patient-year of observation, SE standard error, SMBG self-measured blood glucose, U units
� Model inputs for the degludec arm were estimated by applying the degludec/glargine U300 ratio to the corresponding
glargine U300 arm value if there was a significant difference between treatments (p\ 0.05)
� Rate ratio of hypoglycaemia recorded in the 36-week maintenance period (week 52–week 88)
§ Previously reported [11]
} End-of-trial (week 88) insulin dose ratio (U/kg)
�� Insulin degludec (in FlexTouch� pen) EUR 62.39 for 1800 units
�� Insulin glargine U300 (in Solostar� pen) EUR 40.89 for 1350 units
§§ BD MicroFineTM needles EUR 16.70 for 100 needles
}} SMBG test costs based on Glukotest test strips (EUR 4.88 for 50 strips) and OneTouch UltraSoft� lancets (EUR 0.94
for 10 lancets)
��� Time trade-off elicited by the general population from five countries
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between hypoglycaemia definitions, and there-
fore the potential to overestimate costs, overall
symptomatic hypoglycaemic events in the
maintenance period of CONCLUDE were cate-
gorised into mutually exclusive groups for
modelling purposes and in alignment with
other CEAs of degludec (e.g. [17, 18]): non-sev-
ere daytime, non-severe nocturnal and severe
hypoglycaemia. In the present study, non-sev-
ere hypoglycaemia was defined as
BG\3.1 mmol/L (56 mg/dL) with symptoms.
Non-severe hypoglycaemic events were cate-
gorised as daytime (occurring between 06:00
and 00:00 or the time was unknown), or

nocturnal (occurring between 00:01 and 05:59).
Severe hypoglycaemia was defined as an event
requiring third-party assistance [12].

Analyses of insulin dose, non-severe daytime
hypoglycaemia and non-severe nocturnal
hypoglycaemia, informed by CONCLUDE, were
conducted post hoc; severe hypoglycaemia was
analysed as per the pre-specified model in the
CONCLUDE trial [11]. Hypoglycaemia end-
points were analysed using a negative binomial
model with a log link. The logarithm of the time
period in which a hypoglycaemic event was
considered treatment emergent as offset. The
model included treatment, number of OADs,

Table 2 Short-term cost-effectiveness of degludec versus glargine U300 in insulin-experienced patients with type 2 diabetes
(base case analysis)

Degludec Glargine U300 Difference

Costs (EUR)

Total costs 944.22 968.93 - 24.71

Pharmacy costs 935.01 938.58 - 3.57

Insulin� 804.03 807.60 - 3.57

Needles 61.00 61.00 0.00

SMBG tests (routine tests) 69.98 69.98 0.00

Hypoglycaemic events 9.21 30.35 - 21.15

Non-severe daytime events 2.92 2.92 0.00

Non-severe nocturnal events 1.17 1.86 - 0.69

Severe events 5.11 25.57 - 20.46

QALYs

Total QALYs 0.8915 0.8870 0.0045

Baseline utility 0.9020 0.9020 0.0000

Non-severe daytime hypoglycaemia - 0.0060 - 0.0060 0.0000

Non-severe nocturnal hypoglycaemia - 0.0039 - 0.0062 0.0023

Severe hypoglycaemia - 0.0006 - 0.0028 0.0022

ICER Dominant

Difference presented for degludec minus glargine U300. Dominant refers to improved clinical outcomes at a lower cost and
is not reported per convention. The disutility associated with hypoglycaemia was captured by multiplying an annualised
disutility by the annual event rate
Degludec insulin degludec 200 units/mL, EUR euros, glargine U300 insulin glargine 300 units/mL, ICER incremental cost-
effectiveness ratio, SMBG self-measured blood glucose, QALY quality-adjusted life year
� The insulin dose ratio (in favour of degludec) was factored into the insulin cost calculations
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region, gender and dosing time as fixed factors,
and age as a covariate. Missing data were
imputed by treatment arm using a Poisson
model. End-of-trial basal insulin dose (units/kg)
was analysed using a mixed model for repeated
measures with an unstructured covariance
matrix. The model included treatment, number
of OADs, region, gender and dosing time as
fixed factors; in addition to age, the logarithm
of baseline insulin dose and interactions
between visit and all exploratory variables as
covariates.

Rate and dose ratios from regression analyses
were applied to hypoglycaemia rates and insu-
lin dosing observed in the glargine U300 treat-
ment arm in CONCLUDE to derive model
inputs for the degludec simulation arm. Treat-
ment effects were only applied where there was
a statistically significant difference between
treatment arms; otherwise, hypoglycaemia rates
and doses from the glargine U300 treatment
arm were modelled in both simulation arms
(Table 1).

Costs, Utilities and Time Horizon

Treatment unit costs were based on Dutch list
prices (Table 1) [19]. It was assumed that
patients administered one basal injection per
day, with a new needle and self-measured blood
glucose test strip per injection in both simula-
tion arms. Insulin costs were captured as the
unit cost multiplied by the mean annual dose.
Hypoglycaemia costs and disutilities were
derived from the literature, and the costs were
inflation-adjusted to 2018 EUR using the Dutch
Consumer Price Index (Table 1) [20].

Hypoglycaemia costs were calculated as the
sum of costs associated with healthcare, infor-
mal care (from informal caregivers) and lost
productivity, using data from Dutch patients
included in the Global Hypoglycaemia Assess-
ment Tool study and unit costs derived from the
Dutch costing manual [21–23]. Costs associated
with productivity loss were not included in
estimates for severe hypoglycaemia given that
the advanced mean baseline age of the CON-
CLUDE patient population suggests that a large
proportion of the patients would be outside the

labour market. Hypoglycaemia disutilities were
applied by multiplying an annualised disutility
by the annual event rate; there were multiple
disutilities (for each hypoglycaemia definition).
Treatment costs relating to the use of OADs
were not included in this analysis as they were
assumed to be similar across simulation arms as
a result of randomisation and continuation of
any pre-trial OADs at the pre-trial dose.

A 1-year time horizon was selected to avoid
assumptions regarding the longevity of clinical
effects and as a result of the treat-to-target trial
design of CONCLUDE, which aimed to achieve
glycaemic parity across treatment arms and,
thus, obviates the utility of long-term mod-
elling based on differences in glycaemic control.
Consequently, the present analysis did not
consider the significant, but not clinically rele-
vant, difference in end-of-treatment glycaemic
control in favour of degludec (estimated treat-
ment difference - 0.10% 95% CI [- 0.18;
- 0.02]) [11]. The modelled time horizon rep-
resents time at maintenance treatment—at rel-
atively stable insulin dose and glycaemic
control—and, therefore, does not necessarily
represent the first year of treatment and can be
extended by additional years, assuming that
patients remain at steady state.

Sensitivity Analyses

One-way deterministic sensitivity analyses were
conducted to identify key drivers of outcomes
in the base case analysis. Sensitivity analyses
explored alternative baseline rates, costs and
disutilities for hypoglycaemia. Additional sen-
sitivity analyses were performed varying treat-
ment effects for insulin dosing and
hypoglycaemia rates, including those where
hypoglycaemia rate ratios were applied regard-
less of significance and those informed by
hypoglycaemia rates observed over the total
treatment period of CONCLUDE.

A probabilistic sensitivity analysis (PSA) was
conducted to quantify the effect of statistical
uncertainty around all relevant stochastic input
parameters used in the model. Uncertainty was
captured using log-normal distributions (rate
and dose ratios) around model parameters,
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informed by standard errors from CONCLUDE
analyses (Table 1). PSA outcomes were based on
1000 model iterations sampling from all mod-
elled distributions in each iteration without
capturing covariance. For each simulated set of
values, an estimate of incremental costs and
incremental QALYs was obtained.

RESULTS

Base Case Analysis

Treatment with degludec was associated with
mean annual total cost savings per patient
(EUR 24.71) relative to glargine U300 (Table 2).
These cost savings were predominately driven
by a lower basal insulin dose with degludec,
which more than offset the slightly higher basal
insulin unit cost of degludec compared with
glargine U300. Cost savings were also driven by
a lower rate of severe hypoglycaemia with
degludec in comparison with glargine U300.
Treatment with degludec was also associated
with improved effectiveness (? 0.0045 QALYs)
compared with glargine U300. Quality-of-life
benefits with degludec were associated with
lower rates of non-severe nocturnal
(? 0.0023 QALYs) and severe hypoglycaemia
(? 0.0022 QALYs) compared with
glargine U300 (Table 2). Overall, degludec was a
dominant treatment option relative to glargine
U300 over 1 year in this patient population.

Sensitivity Analyses

Degludec was a dominant treatment option
relative to glargine U300 in 13 of the 15 one-
way deterministic sensitivity analyses demon-
strating that the overall cost-effectiveness result
is insensitive to variations in most model
parameters (Table 3). This was the case for all
sensitivity analyses exploring alternative base-
line rates, costs and disutilities for hypogly-
caemia. For example, the incremental cost-
effectiveness ratio (ICER) remained dominant in
favour of degludec in analyses that applied
treatment effects for hypoglycaemia endpoints
regardless of their significance or that utilised

hypoglycaemia data collected during the total
treatment period of CONCLUDE. The ICER was
most sensitive to analyses that varied the insu-
lin dose ratio, identifying the lower basal insu-
lin dose requirement with degludec compared
with glargine U300 as a key driver of results in
the base case analysis. Removing the treatment
difference in insulin dose—using the World
Health Organization defined daily dose of
40 units of insulin in both simulation arms—
resulted in an ICER of 9464.00 EUR per QALY
gained, which was the most substantial change
from the base case result, but remaining well
below the Dutch willingness-to-pay lower
threshold of 20,000 EUR per QALY gained.

In the PSA, all estimates fell in the eastern
quadrants, demonstrating an improvement in
QALYs with degludec compared with glargine
U300 (Fig. 2a). Furthermore, most estimates
were located in the south-east quadrant, indi-
cating that, in addition to improved effective-
ness, there were also lower costs with degludec
when compared with glargine U300 treatment.
Overall, the PSA showed that degludec is likely
to be cost-effective with an estimated 100.0%
probability for a willingness-to-pay threshold of
20,000 EUR per QALY gained (Fig. 2b).

DISCUSSION

Our short-term modelling analysis, from a
Dutch societal perspective, suggests that deglu-
dec is a cost-effective treatment option relative
to glargine U300 in insulin-experienced
patients with type 2 diabetes. The overall result
was robust in the sensitivity analyses, which
indicated that the lower insulin dose require-
ment with degludec was a key driver of out-
comes in the base case analysis.

Our findings expand on the primary findings
of the CONCLUDE trial and demonstrate that
the lower rates of nocturnal and severe symp-
tomatic hypoglycaemia, in addition to the
lower insulin dose requirement reported with
degludec relative to glargine U300, translate
into QALY gains with degludec at a lower
healthcare cost in this patient population and,
hence, an efficient use of Dutch public health-
care resources.
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Prior to the availability of head-to-head data
comparing clinical outcomes with degludec
compared with glargine U300, a short-term

modelling analysis from the perspective of
National Health England conducted scenario
analyses to evaluate comparative cost-

Table 3 Results of the deterministic sensitivity analyses

DCosts
(EUR)

DQALYs ICER (EUR per
QALY)

Base case - 24.71 0.0045 Dominant

Baseline hypoglycaemia rates

UKHSG—T2D\ 2 years - 46.66 0.0085 Dominant

UKHSG—T2D[ 5 years - 299.94 0.0415 Dominant

Östenson et al. 2014 [35] - 51.44 0.0245 Dominant

Hypoglycaemia rate ratios (RRs)

CONCLUDE maintenance period (including non-significant

RRs)

- 24.45 0.0040 Dominant

CONCLUDE total treatment period (only significant RRs)� - 20.99 0.0035 Dominant

CONCLUDE total treatment period (including non-significant

RRs)�
- 21.17 0.0039 Dominant

Insulin dose ratio (DR)

Lower 95% CI of CONCLUDE end-of-trial insulin DR - 70.92 0.0045 Dominant

Upper 95% CI of CONCLUDE end-of-trial insulin DR 21.50 0.0045 4761.05

WHO DDD (40 units/day in both simulation arms: DR = 1)

[36]

42.73 0.0045 9464.00

Hypoglycaemia costs

Increased by 10% - 26.83 0.0045 Dominant

Decreased by 10% - 22.60 0.0045 Dominant

Hypoglycaemia disutilities�

Currie et al. 2006 [37] - 24.71 0.0017 Dominant

Lauridsen et al. 2014 [38] - 24.71 0.0052 Dominant

Dutch-specific utilities (non-severe: - 0.0029; severe: - 0.0097)

[23]

- 24.71 0.0014 Dominant

DCosts and DQALYs reported for degludec minus glargine U300. Dominant refers to improved clinical outcomes at a
lower cost and is not reported per convention
D difference in, CI confidence interval, DDD defined daily dose, degludec insulin degludec 200 units/mL, DR dose ratio,
EUR euros, ICER incremental cost-effectiveness ratio, glargine U300 insulin glargine 300 units/mL, QALY quality-adjusted
life year, RR rate ratio, T2D type 2 diabetes, UKHSG United Kingdom Hypoglycaemia Study Group, WHO World Health
Organization
� Based on clinical model inputs presented in Table S1 in the supplementary material
� Reported per event and adjusted to an annual rate
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effectiveness, utilising a number of hypothesis-
generating assumptions [24]. In their analysis,
Evans et al. found that degludec was likely to be
a dominant treatment option relative to glar-
gine U300 in basal insulin-experienced patients
with type 2 diabetes [24]. The results of the
present analysis, informed by head-to-head RCT
data, are in alignment with those simulated by

Evans et al. [24], albeit from a different per-
spective and setting.

As with all modelling studies, it is important
to consider the limitations when putting the
findings into context. For instance, in mod-
elling studies it is assumed that data collected in
RCTs are replicated in real-world clinical prac-
tice, which may not be the case. CONCLUDE

Fig. 2 Probabilistic sensitivity analysis results: a cost-
effectiveness scatter plot; b cost-effectiveness acceptability
curve. In a, the orange square represents the average value
for incremental cost and incremental quality-adjusted life

expectancy. EUR euros, degludec insulin degludec 200
units/mL, glargine U300 insulin glargine 300 units/mL,
QALY quality-adjusted life year
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was a treat-to-target trial where insulin doses
were titrated to a strict glycaemic target,
whereas optimal glycaemic control may not be
achieved in real-world patients for numerous
reasons including clinical inertia, non-adher-
ence and fear of hypoglycaemia [25–27]. How-
ever, CONCLUDE enrolled a large cohort of
insulin-experienced patients with a long dura-
tion of diabetes and risk factors for hypogly-
caemia, who represent a more accurate
reflection of patients in real-world clinical
practice than most insulin RCTs, where patients
with hypoglycaemia risk factors are typically
excluded (e.g. [28]). It is also important to note
that the analyses conducted for the present CEA
were mostly post hoc, in order to extract the
most relevant data (in alignment with previous
CEAs of degludec), and that the different types
of hypoglycaemic events analysed (non-severe
daytime, non-severe nocturnal, severe) have
distinct implications for both costs and QALYs.

The main strengths of this analysis are its
simplicity and transparency: clinical outcomes
and patient characteristics were taken from a
single, large, multinational RCT, while the base
case analysis only utilised clinical endpoints
with significant treatment effects. Type 2 dia-
betes is a chronic, progressive disease that
requires individualised treatment regimens,
with evidence of clinical inertia and heteroge-
neous treatment algorithms in real-world clini-
cal practice [29, 30]. Accordingly, our short-
term analysis, which did not rely on assump-
tions regarding the persistence of treatment
effects over long timescales, may represent a
suitable perspective to assess maintenance
treatment at relatively stable insulin dose and
glycaemic control. Alternatively, our analysis
could be conducted from a long-term perspec-
tive to project the development of diabetes-re-
lated complications and mortality, with clinical
model inputs informed by surrogate risk factors
(e.g. HbA1c) using an established model such as
the IQVIA CORE Diabetes Model [31] or the IHE
Cohort Model of Type 2 Diabetes [32]. However,
we selected a short-term perspective as a result
of the treat-to-target trial design of CONCLUDE
and therefore the small treatment differences in
risk factors including HbA1c, in addition to
considerations regarding the uncertainty of risk

factor progression and treatment intensification
in patients over long timescales. As such, we
would expect projected long-term costs and
effects (related to diabetes-related complica-
tions and mortality) to be similar across simu-
lation arms and not significantly influence the
ICER.

In contrast with other degludec CEAs (e.g.
[18]), we utilised data for clinical outcomes
from the trial maintenance period (rather than
the total treatment period) and, therefore, our
results are relevant to these treatment condi-
tions i.e. they do not have to represent the first
year of treatment and the time horizon can be
extended or reduced, as applicable. We explored
the influence of utilising data from the total
treatment period in a sensitivity analysis, and
the overall result was unchanged: degludec was
a dominant treatment over 1 year relative to
glargine U300.

CONCLUSION

This short-term cost-effectiveness analysis,
informed by the latest RCT evidence, demon-
strates that degludec is a dominant treatment
option in comparison with glargine U300 from
a Dutch societal perspective, resulting in
improved clinical outcomes at a lower cost in
insulin-experienced patients with type 2 dia-
betes. As such, our modelling analysis suggests
that degludec would represent an efficient use
of Dutch healthcare resources in this patient
population.
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