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ABSTRACT

Background: Understanding which therapeutic
innovations in diabetes represent the best value
requires rigorous economic evaluation. Data
from randomised controlled trials and observa-
tional studies indicate that insulin degludec has
a hypoglycemia advantage versus insulin glar-
gine 100 units/mL (glargine U100), the most
widely prescribed basal insulin analogue in the
UK. This analysis was done to more rigorously
assess cost-effectiveness in a UK setting.

Methods: Data from two double-blinded, ran-
domised, two-period crossover trials in type 1
(SWITCH 1) and type 2 (SWITCH 2) diabetes
mellitus were used to assess the cost-effective-
ness of degludec vs. glargine U100 with an
economic model. Cost-effectiveness was anal-
ysed over a 1-year time horizon based on the
different rates of hypoglycaemia and actual
doses of insulin used, rather than glycaemic
control due to the treat-to-target trial design.
Results: In type 1 diabetes mellitus, degludec
was highly cost-effective compared with glar-
gine U100, with an incremental cost-effective-
ness ratio of £984 (increased costs of only £23/
year and improvement in participant health of
0.0232 quality-adjusted life-years (QALYs)). In
type 2 diabetes mellitus, it was estimated that
quality of life was improved (0.0065 QALYs
gain) with degludec compared with glargine
U100 at an increased annual cost of £117 (in-
cremental cost-effectiveness ratio, £17,939).
One-way sensitivity analyses showed that the
results were robust to changes in parameters in
both type 1 and type 2 diabetes mellitus.
Conclusions: The rigorous design of the
SWITCH trials, coupled with a representative
patient population and a definition of hypo-
glycaemia that is relevant for real-world
patients, makes the results of these trials highly
generalisable. The within-trial analysis has the
added value of being able to include doses and
event rates directly from the trials. This short-
term economic analysis estimated that IDeg
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would be cost-effective relative to IGlar U100 in
both type 1 and type 2 diabetes mellitus in the
UK.
Trial Registration: SWITCH 1 (NCT02034513);
SWITCH 2 (NCT02030600).
Funding: Novo Nordisk, Søborg, Denmark.

Keywords: Cost-effectiveness; Diabetes; Hypo-
glycaemia; Insulin degludec; Insulin glargine;
Pharmacoeconomics; Type 1 diabetes; Type 2
diabetes

INTRODUCTION

Healthcare systems are under increasing finan-
cial pressure from a growing chronic disease
burden, particularly diabetes, which involves
the cost of treating the disease as well as its
complications [1]. In type 1 diabetes mellitus
(T1DM), insulin replacement is an absolute
requirement, and insulin is also often necessary
to achieve satisfactory glycaemic control in
people with more advanced type 2 diabetes
mellitus (T2DM). Basal insulin analogues rep-
resent one of many therapeutic innovations in
diabetes care, and understanding which treat-
ments represent best value—thus meriting
reimbursement or inclusion in guidelines or
formularies—requires robust economic evalua-
tion as well as solid clinical data. However, for
evaluations to be truly representative, the data
upon which they are based need to be as
reflective of clinical practice as much as possi-
ble. Data from randomised clinical trials are
limited because the participants enrolled are
not typically reflective of those who will even-
tually be prescribed the medications in routine
clinical care. By comparison, real-world studies
of participants in regular clinical practice tend
to lack the rigour of randomised controlled tri-
als, and the data may suffer from various selec-
tion biases due to being observational and open
label.

Here we report a cost-effectiveness analysis
(CEA) of a novel basal insulin analogue, insulin
degludec (degludec), from a UK perspective. The
analysis is based on data from two unique,
randomised, two-period crossover trials
(SWITCH 1 in T1DM [2] and SWITCH 2 in

T2DM [3]), which overcomes many of the lim-
itations mentioned above. Consequently, data
from these two trials provide robust evidence of
cost-effectiveness in order to help clinicians and
payers make the most informed decisions about
treatment and reimbursement.

Degludec has a distinct pharmacokinetic and
pharmacodynamic profile [4–6]. Studies have
shown that, depending on the type of diabetes
and how hypoglycaemia is assessed (e.g. con-
firmed, nocturnal confirmed or severe hypo-
glycaemia), in the general population of
enrolled patients who meet the inclusion crite-
ria of these regulatory trials, degludec is associ-
ated with a reduction in hypoglycaemic events
of between 17 and 86% compared with glargine
U100 [7]. This is important because hypogly-
caemia is a key driver of avoidable healthcare
costs and decreased quality of life for partici-
pants, and it limits their ability to achieve
desired glycaemic targets [8–11]. Hypogly-
caemia was the primary endpoint in the
SWITCH trials, and they were powered for that
endpoint. The robustness and generalisability of
the data from these two trials lend themselves
to a confirmatory analysis of cost-effectiveness.
As glargine U100 is the most prescribed basal
insulin analogue in the UK, these results should
be of interest to both healthcare providers and
payers.

METHODS

Sources of Data

In both SWITCH trials, degludec was compared
to insulin glargine 100 units/mL (glargine
U100). Importantly, both trials included par-
ticipants with a higher risk of hypoglycaemia as
determined by trial inclusion criteria (i.e. at
least one of the following: experienced at least
one severe hypoglycemic episode within the
last year; moderate chronic renal failure; hypo-
glycemic symptom unawareness; exposure to
insulin for longer than 5 years; or an episode of
hypoglycemia (symptoms and/or blood glucose
level B 70 mg/dL) within the previous
12 weeks) [3], and thus are considered to be
more representative of real-world clinical
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practice than the group of randomised con-
trolled trials conducted for regulatory purposes,
which excluded such patients (BEGIN� clinical
trial programme). Secondly, the SWITCH trials
used a two-period (32 weeks each) crossover
design in which each participant ultimately
received both treatments, thereby minimising
treatment bias. Finally, the trials were each
double-blinded, so that neither participants nor
investigators knew which insulin was being
injected. Double-blinding is typically difficult to
implement in large clinical trials of insulin
analogues because they are marketed in propri-
etary, pen-type delivery devices unique to each
product. In the SWITCH trials, each native for-
mulation was administered using indistin-
guishable vials and syringes. Trial designs and
key findings are summarised in Table 1.

Economic Model

A cost-effectiveness model with QALYs as the
effect measure (also called a cost-utility model)
was used to compare degludec with glargine
U100 based on clinical data from SWITCH 1 [2]
and SWITCH 2 [3]. The framework for the cost-
effectiveness model has been published previ-
ously [12].

The SWITCH trials [2, 3] were conducted in
accordance with the Declaration of Helsinki and
ICH Good Clinical Practice. Prior to trial initi-
ation, the protocol, consent form and patient
information sheet were reviewed and approved
by appropriate health authorities and an inde-
pendent ethics committee/institutional review
board. All patients provided signed informed
consent.

The modelling process is shown in Fig. 1.
The cost-effectiveness of degludec was analysed
over a 1-year time horizon. This represents the
average annual cost-effectiveness in a steady
state and not necessarily only the results after
1 year. This short-term approach based on the
different rates of hypoglycaemia and actual
doses of insulin used is appropriate since the
treat-to-target efficacy trials required by regula-
tory bodies do not generally result in differences
in glycaemic control between comparators;
therefore, modelling long-term glycaemic

control would not result in differences other
than random variation. The model uses only
treatment effects for which a statistically sig-
nificant difference between the treatment arms
is documented, and assumes that all other dif-
ferences are due to random variation (i.e.
equivalent to classical statistical tests where the
null hypothesis could not be rejected). How-
ever, nonsignificant differences were explored
in the sensitivity analysis. As the time horizon
for the analysis was 1 year, no discounting (ad-
justment of future values to the present value)
was applied. The analysis was conducted from
the perspective of the UK National Health
Service.

Insulin Use

Units of basal insulin used per day for the
degludec and glargine U100 treatment groups
were captured from the clinical trial data, and
dose reductions were estimated with log-trans-
formed end-of-trial doses, employing treat-
ment, period, dosing time and visit as fixed
effects, subject as a random effect and the log-
transformed baseline dose as a covariate. For
type 1 diabetes mellitus, the glargine U100 basal
dose (40.58 units/day) and degludec/glargine
U100 basal dose ratio (0.97 [0.94; 0.99] 95 %
confidence interval [CI], p\0.05) were derived
from SWITCH 1. The bolus dose used in the
glargine U100 arm (31.93 U/day) and the bolus
dose ratio for the two arms (degludec/glargine
U100) (0.97 [0.94; 1.01] 95 % CI, p[ 0.05) were
also derived from SWITCH 1. The dose ratios,
adjusted for covariates, were used to calculate
the corresponding doses in the degludec arm, as
can be seen in Table 2. For type 2 diabetes
mellitus, only basal insulin was used (BOT,
basal-only therapy). The glargine U100 basal
dose (82.66 units/day) and degludec/glargine
U100 basal dose ratio [0.96 (0.94; 0.98) 95 % CI,
p\0.05] were derived from SWITCH 2.

Hypoglycaemic Events

Hypoglycaemic events were obtained by pool-
ing data from the two full crossover periods in
the SWITCH 1 [2] and SWITCH 2 trials [3]. For
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Table 1 Characteristics and primary findings of the SWITCH 1 and SWITCH 2 trials

SWITCH 1a

(NCT02034513)
SWITCH 2b

(NCT02030600)

Design Multicentre (84 sites in US and 6 in Poland),

randomised, double-blinded, two-period (32 weeks

each) crossover

Multicentre (152 sites in US), randomised, double-

blinded, two-period (32 weeks each) crossover

Participants Type 1 diabetes mellitus; n = 501 adults Type 2 diabetes mellitus; n = 721 adults

Eligibility C1 hypoglycaemia risk factors and previously treated

with either a basal–bolus regimen or continuous

subcutaneous insulin infusion for C 26 weeks

C1 hypoglycaemia risk factors and previously treated

with basal insulin with or without oral antidiabetic

drugs for C 26 weeks. Participants treated with

bolus/premixed insulin or sulfonylurea/meglitinide

within 26 weeks of the first trial visit were excluded

Treatment Basal–bolus therapy

Degludec or glargine U100 once daily, administered

either in the morning or in the evening as

determined by randomisation. Insulin aspart was

the mealtime insulin

Basal-only therapy

IDeg or glargine U100 once daily, administered either

in the morning or in the evening as determined by

randomisation. Pre-trial OAD(s) were continued

Duration 2 9 32 weeks (titration: weeks 1–16 and 32–48;

maintenance: weeks 17–32 and 49–64)

2 9 32 weeks (titration: weeks 1–16 and 32–48;

maintenance: weeks 17–32 and 49–64)

Efficacy

findings

Non-inferiority of degludec vs. glargine U100 with

respect to HbA1c was confirmed for the titration

period and the maintenance period (6.9 vs. 6.8%

[52 mmol/mol vs. 51 mmol/mol] and 7.0 vs. 7.0%

[52 mmol/mol vs. 53 mmol/mol], for weeks 32 and

64, respectively)

Non-inferiority of IDeg vs. glargine U100 with

respect to HbA1c was confirmed for the titration

period and the maintenance period (7.1 vs. 7.0%

[54 mmol/mol vs. 53 mmol/mol] and 7.1 vs. 7.1%

[54 mmol/mol vs. 54 mmol/mol], for weeks 32 and

64, respectively)

Safety

findings

The cumulative rates of severe hypoglycaemia for the

three different hypoglycaemia endpointsc were

significantly lower, by 6–36%, depending on the

endpoint and time period, for degludec vs. glargine

U100 during both the maintenance period and the

full treatment period

The cumulative rate of severe hypoglycaemia was

numerically lower, by 23–51%, for degludec vs.

glargine U100, and these differences were

statistically significant for all but one of the

endpoints

Secondary confirmatory endpoints: number of severe or BG-confirmed symptomatic nocturnal (00:01–05:59) hypogly-
caemic episodes and proportion of participants with severe hypoglycaemia during the maintenance period
Glargine U100, insulin glargine 100 units/mL
a Lane et al. [2]
b Wysham et al. [3]
c Primary endpoint: number of severe (requiring third-party aid, externally adjudicated) or blood glucose (BG)-confirmed
(\ 56 mg/dL) symptomatic hypoglycaemic episodes during the maintenance period
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the purposes of our cost-effectiveness model,
rates of hypoglycaemia were divided into three
mutually exclusive groups: severe events, non-
severe events occurring during the day (diurnal
including unknown time) and nonsevere events
occurring during the night (nocturnal). These
groups were meaningful in terms of costs and
impact on quality of life. By ensuring that the
groups were mutually exclusive due to stringent
criteria for defining hypoglycemia, double
counting of events was avoided. In both trials,
non-severe hypoglycaemia was defined as a
symptomatic event with a confirmed blood
glucose level\ 3.1 mmol/L (56 mg/dL). Hypo-
glycaemic events were pre-specified: nocturnal
hypoglycaemia was defined as an event occur-
ring between 00:01 and 05:59 am, and severe
hypoglycaemia was defined as an episode of
hypoglycaemia requiring medical assistance
and/or assistance from a third party [13].

The number of events for the rate ratios were
analysed using a Poisson model with logarithm
of the exposure time as offset (Table 3). The

model included treatment, period, sequence
and dosing time as fixed effects and subject as a
random effect. Rate ratios and 95% CIs used in
the model for various types of hypoglycaemic
event are shown in Table 3 for type 1 and type 2
diabetes mellitus. The degludec/glargine U100
rate ratios, adjusted for covariates, were applied
to the glargine U100 hypoglycaemia rates per
person-year to estimate the degludec hypogly-
caemia rates, as can be seen in Table 3.

Treatment Costs

Cost of insulin was based on the Monthly Index
of Medical Specialties (MIMS) [14] for April
2018, which includes the updated price of
insulin glargine U100. The unit costs were
multiplied by the number of units per day from
Table 2. The number of needles and self-mea-
sured blood glucose (SMBG) tests were assumed
to be the same in both arms (one needle and
one SMBG test per injection).

Fig. 1 Cost-effectiveness modelling of degludec. Reprinted
with the permission of the publisher (Taylor & Francis
Ltd, http://www.tandfonline.com) [12]. HRQoL health-
related quality of life, hypo hypoglycaemia, ICER

incremental cost-effectiveness ratio, IDeg insulin degludec,
IGlar insulin glargine U100, QALY quality-adjusted life-
year

Diabetes Ther (2018) 9:1919–1930 1923
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Cost of Hypoglycaemia

The costs of nonsevere nocturnal, nonsevere
diurnal and severe hypoglycaemic events were
derived from two sources. The cost of a severe
hypoglycaemic event (type 1 diabetes mellitus,
£178; type 2 diabetes mellitus BOT, £427) was
calculated based on a study specifically designed
to evaluate the cost of severe hypoglycaemia
across Germany, Spain and the UK [15]. The

cost estimate from the UK (in pounds sterling or
GBP) was derived by excluding the indirect
costs and adjusting for inflation using the esti-
mates from the Hospital & Community Health
Services index [16]. The cost of a nonsevere
hypoglycaemic event (daytime: type 1 diabetes
mellitus, £2.44; type 2 diabetes mellitus BOT,
£3.48; nocturnal: type 1 diabetes mellitus,
£3.04; type 2 diabetes mellitus BOT, £5.56) was
calculated based on a real-world study that
investigated the frequency of self-reported
nonsevere hypoglycaemic events across 11
European countries, including the UK (the
Hypoglycaemia in Insulin-Treated Patients
(HIT) study) [17].

Impact of Hypoglycaemia on QALYs

Quality-adjusted life-years (QALYs) were calcu-
lated by applying a disutility per hypoglycaemic
event. A large-scale time trade-off (TTO) study
was used to obtain the disutility incurred per
hypoglycaemic event, and the following disu-
tilities were obtained: 0.0054 and 0.0077 for
nonsevere daytime and nonsevere nocturnal
events, respectively, and 0.0623 for severe
events based on preferences of the UK general
population [18]. Severe events were not divided
by the time of day at which they occurred. This
was because there were no significant differ-
ences reported in the cost or utility for these
events, so the impact of a severe hypoglycaemic
episode was considered the same irrespective of
the time at which it occurred. To estimate the
incremental impact of degludec, the disutility
per hypoglycaemic event was multiplied by the
number of events observed in each treatment
group and subtracted from a baseline level.

Outcomes

Results are presented as costs in GBP and a
breakdown of the costs, effects in QALYs and
incremental cost-effectiveness ratio (ICER) as
cost per QALY. Two types of sensitivity analyses
were conducted. The first was a one-way sensi-
tivity analysis in which we analysed the effect of
single changes in the most important parame-
ters: hypoglycaemia rates, use of nonsignificant

Table 2 Use of basal and bolus insulin in the SWITCH 1
and SWITCH 2 trials

Treatment
group

Observed
glargine
U100
(units/day)

Dose ratio
(degludec/
glargine
U100)
[95% CI]

Calculated
degludec
(units/day)

SWITCH 1: T1DMB/B

Total dose

(U)

0.97 [0.95;

0.99]

Basal

insulin

(U)

40.58 0.97 [0.95;

0.99]

39.36a

Bolus

insulin

(U)

31.93 0.97 [0.94;

1.01] (NS)

31.93

SWITCH 2: T2DMBOT

Total dose

(U)

0.96 [0.94;

0.98]

Basal

insulin

(U)

82.66 0.96 [0.94;

0.98]

79.35

Bolus

insulin

(U)

N/A N/A N/A

a Observed glargine U100 units/day 9 dose ratio
A dose ratio of 1.0 was used when the difference was not
statistically significant
B/B basal–bolus therapy, BOT basal-only therapy, CI
confidence interval, glargine U100 insulin glargine 100
units/mL, N/A not applicable, NS not significant, T1DM
type 1 diabetes mellitus, T2DM type 2 diabetes mellitus
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rate ratios, changes in hypoglycaemia cost
parameters, SMBG tests per week for degludec,
hypoglycaemic event disutility, insulin doses,
needles and work loss arising from hypogly-
caemia. The second was a probabilistic sensi-
tivity analysis to capture the uncertainty of the
results caused by statistical uncertainty with
respect to the parameter inputs. Probabilistic
sensitivity analysis allows the model parameters
to be varied simultaneously, based on the
parameters’ standard error distributions. The
probabilistic sensitivity analysis was conducted
using the uncertainties for all stochastic
parameters in the models. Each probabilistic
sensitivity analysis was run with 1000 itera-
tions. Parameters, standard errors and distribu-
tions can be found in Table S1 of the Electronic
supplementary material (ESM).

RESULTS

Costs (and the cost breakdown for pharmacy
and hypoglycaemic events), QALYs and the

ICER for degludec vs. glargine U100 in type 1
and type 2 diabetes mellitus are shown in
Table 4. Pharmacy costs were higher for deglu-
dec but were partly offset by hypoglycaemia
costs in type 1 diabetes mellitus and type 2
diabetes mellitus. QALYs were in favour of
degludec for type 1 diabetes mellitus (QALY
gain degludec vs. glargine U100: 0.0232). In
type 1 diabetes mellitus, the estimated ICER was
small but positive (ICER = £984), meaning that
patient health is improved in terms of QALYs at
a low cost. QALYs were also in favour of
degludec for type 2 diabetes mellitus (QALY
gain: 0.0065). The ICER was £17,939, which
falls just below the commonly accepted
threshold for cost-effectiveness of £20,000/
QALY [19].

One-way sensitivity analyses showed that
the results were robust to changes in parameters
in both type 1 (Table S2 in the ESM) and type 2
diabetes mellitus (Table S3 in the ESM). All of
the estimated ICER values were also below the
normally accepted threshold of
£20,000–£30,000/QALY, indicating that the

Table 3 Calculation of hypoglycaemic event rates

Nonsevere hypoglycaemia Severe
hypoglycaemiaDaytime Nocturnal

SWITCH 1 T1DMB/B

Total events per patient per year for glargine

U100

17.18 3.45 1.05

Degludec/glargine U100 hypoglycaemic event

rate ratio [95% CI]

0.98 [0.94; 1.03]

p = 0.457

0.76 [0.69; 0.84]

p\ 0.0001

0.74 [0.61; 0.91]

p = 0.0037

Calculated degludec hypoglycaemic event ratea 17.18 2.62 0.78

SWITCH 2 T2DMBOT

Total events per patient per year for glargine

U100

1.79 0.86 0.09

Degludec/glargine U100 hypoglycaemic event

rate ratio [95% CI]

0.80 [0.71; 0.89]

p = 0.0001

0.76 [0.64; 0.89]

p = 0.0011]

0.49 [0.26; 0.94]

p = 0.0306

Calculated degludec hypoglycaemic event ratea 1.43 0.65 0.05

a Total events per patient-year 9 rate ratio
A rate ratio of 1.0 was used when the difference was not statistically significant
B/B basal–bolus therapy, BOT basal-only therapy, CI confidence interval, glargine U100 insulin glargine 100 units/mL,
T1DM type 1 diabetes mellitus, T2DM type 2 diabetes mellitus
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Table 4 Cost-effectiveness analysis of IDeg vs. IGlar U100 in type 1 and type 2 diabetes mellitus

Type 1 diabetes mellitus Degludec (£) Glargine U100 (£) Incremental cost
(degludec – glargine U100) (£)

Pharmacy costs (total) 1339 1265 73

Insulina 685 611 73

Needlesb 142 142 0

SMBG testsc 512 512 0

Hypoglycaemic events (total) 189 239 - 51

Nonsevere daytime events 42 42 0

Nonsevere nocturnal events 8 10 - 3

Severe events 139 187 - 48

Total costs 1527 1505 23

Effects

QALYs 0.7741 0.7509 0.0232

ICER (cost per QALY) 984

Type 2 diabetes mellitus Degludec (£) Glargine U100 (£) Incremental cost
(degludec – glargine U100) (£)

Pharmacy costs (total) 1064 924 140

Insulina 900 760 140

Needlesb 35 35 0

SMBG testsc 128 128 0

Hypoglycaemic events (total) 28 51 - 23

Nonsevere daytime events 5 6 - 1

Nonsevere nocturnal events 4 5 - 1

Severe events 20 40 - 20

Total costs 1092 975 117

Effects

QALYs 0.8864 0.8798 0.0065

ICER (cost per QALY) 17,939

Numbers in the table are rounded to the nearest integer for costs and to four decimal places for QALYs
Glargine U100 insulin glargine 100 units/mL, ICER incremental cost-effectiveness ratio, QALYs quality-adjusted life-years,
SMBG self-measured blood glucose
a IDeg (in FlexTouch� pen) £46.60 for 1500 units, resulting in cost/unit £0.031; Lantus� (in Solostar� pen) £37.77 for
1500 units, resulting in cost/unit £0.025; insulin aspart (in FlexPen�) £30.60 for 1500 units, resulting in cost/unit £0.020
b BD MicroFine� 5 mm: £9.69 per 100 needles, resulting in a needle price of £0.097
c SMBG test costs of £0.3507 based on the use of one Aviva test strip and one FastClix lancet per test

1926 Diabetes Ther (2018) 9:1919–1930



results were robust to changes in assumptions
and parameters. Probabilistic sensitivity analy-
ses also show that degludec is cost-effective
(Figs. S1 and S2 in the ESM). At a threshold
value of £20,000/QALY, the probability that
degludec will be cost-effective against glargine
U100 is 99.8% for type 1 and 62.1% for type 2
diabetes mellitus.

DISCUSSION

This short-term analysis leveraged results from
two unique, double-blind, randomised, con-
trolled, two-period crossover trials (SWITCH 1
[2] and SWITCH 2 [3]) to demonstrate the cost-
effectiveness of degludec vs. glargine U100 in
participants in the UK with type 1 or type 2
diabetes. To enhance the generalisability of the
results, the SWITCH trial data were based on a
more clinically relevant definition of hypogly-
caemia (i.e. including only symptomatic blood-
glucose confirmed events), and included par-
ticipants who were more representative of those
in regular clinical practice (i.e. with a history of
hypoglycaemia) than those used in the series of
randomised, parallel-group, open-label trials
that comprised the BEGIN� clinical develop-
ment programme for degludec. By including
participants at higher risk of hypoglycaemia, we
considered the sample to be more representa-
tive of participants in the UK. Despite the
inclusion of these participants in the SWITCH
trials, the rates were still somewhat lower than
reported in real-world studies [20].

These results are consistent with an analysis
that used hypoglycaemia rates from participants
with type 2 diabetes mellitus from the BEGIN�

clinical development programme for degludec.
Analyses using data from BEGIN� suggested an
ICER between £13,078 and £15,795 [21]. A re-
analysis of the cost-effectiveness of degludec vs.
glargine U100 suggested even lower ICERs [22].
However, changes in the prices of degludec and
glargine U100 make comparisons with previous
analyses difficult.

These findings are also consistent with evi-
dence from observational studies in type 1 dia-
betes mellitus. For example, one retrospective
single-centre case series of 35 consecutive

participants with type 1 diabetes mellitus in
real-world practice in the UK concluded that
degludec was highly cost-effective for partici-
pants who switched from either glargine U100
or insulin detemir [23]. Degludec was dominant
against glargine U100/insulin detemir; even
when benefits beyond hypoglycaemia reduction
were excluded, the predicted cost per QALY of
switching to degludec was £10,754 projected
over a lifetime. Those results should be consid-
ered conservative, as the cost of degludec in the
UK has recently been lowered. Analysis of data
from a larger observational study of 476 con-
secutive participants with type 1 diabetes mel-
litus in Sweden also concluded that degludec
was dominant compared with glargine U100
[24].

Currently marketed basal insulins in the UK
include the basal insulin analogues studied here
(degludec and glargine U100) as well as neutral
protamine Hagedorn insulin (NPH). In the UK,
the most widely prescribed basal insulin is
glargine U100. Furthermore, for health eco-
nomic analysis, the next best alternative is
usually considered the appropriate comparator
[25]. Compared with NPH, in type 1 diabetes
mellitus, basal insulin analogues have been
shown to provide small but statistically signifi-
cant improvements in HbA1c and clinically
important reductions in nocturnal and symp-
tomatic hypoglycaemia [26]. The reduced risk of
nocturnal hypoglycaemia with an all-analogue
basal–bolus regimen compared with a human
insulin basal–bolus regimen has been demon-
strated in people with type 1 diabetes mellitus
prone to recurrent severe hypoglycaemia [27].
In type 2 diabetes mellitus, basal insulin ana-
logues are also associated with a significantly
reduced risk of nocturnal and symptomatic
hypoglycaemia [28]. In addition, the SWITCH
trials did not include any direct comparison vs.
NPH, and indirect comparisons were out of the
scope of this analysis. There are also no other
published data that directly compare degludec
and NPH. However, a systematic review of 15
modelling studies found that another basal
insulin analogue, insulin detemir, was cost-ef-
fective vs. NPH and at least as cost-effective as
glargine U100 in both type 1 and type 2 dia-
betes mellitus [29]. Data from the UK have also
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shown that insulin detemir was cost-effective
vs. NPH in type 1 diabetes mellitus [30, 31].

This study is limited (as are all model-based
evaluations) by the need to estimate input
parameters. Some of our cost estimates were
derived from multiple sources and national
settings, and therefore may not reflect the true
health economic impact in the UK. In contrast,
the use of data from actual trial results for
insulin doses and hypoglycaemia rates is a
strength of the study. Furthermore, the sensi-
tivity analysis demonstrated that the results
were robust, and using rates of hypoglycaemia
from other published sources leads to even
more improved cost-effectiveness results. A
new, more concentrated formulation of insulin
glargine, 300 units/mL (IGlar U300), has
recently been introduced; however, a cost-ef-
fectiveness analysis of IGlar U300 vs. degludec
using head-to-head data will not be possible
until clinical trials are conducted. Finally,
although an association between hypoglycemic
events and subsequent cardiovascular outcomes
and mortality was demonstrated previously, a
causal link is yet to be established beyond
doubt, so we were unable to include it in a cost-
effectiveness analysis [32–36].

CONCLUSION

Analysis of data from a pair of rigorously
designed randomised controlled trials in both
type 1 (SWITCH 1) and type 2 (SWITCH 2)
diabetes mellitus indicates that degludec is a
cost-effective treatment option vs. glargine
U100 in participants with type 1 diabetes mel-
litus using basal–bolus therapy and in partici-
pants with type 2 diabetes mellitus using basal-
only therapy in the UK. The balance of internal
and external validity achieved with the
SWITCH trials in terms of trial design and
population inclusion adds important informa-
tion to the value discussion.
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