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ABSTRACT

Introduction: Retrospective cohort study eval-
uating the clinical effectiveness of insulin
degludec (IDeg) in insulin-treated patients with
type 2 diabetes switching from other insulins to
IDeg in a real-world setting.

Methods: Data were drawn from the Maccabi
Health Management Organization in Israel and
included patients treated with IDeg between 1
September 2014 and 29 February 2016. Main
inclusion criteria were age >18 years, diagnosis
of type 2 diabetes, and treated with insulin for
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at least 1 year prior to IDeg initiation. HbAlc,
insulin dose, body weight, and body mass index
were recorded before and 90 and 180 days
post-switch.

Results: Of 211 eligible patients, 57% were
male, mean age+SD 62.2 +12.1 years, and
diabetes duration >10 years. Switching to IDeg
decreased HbAlc from a mean 8.8+ 1.5%
(73.0 £ 16.4 mmol/mol) baseline by 0.58 +
1.0% (6.3 +10.9 mmol/mol) (p <0.001). Base-
line HbAlc of >8.5% (69.0 mmol/mol) and
daily insulin dose of >50 U were associated with
a greater reduction in HbAlc [1.0+£1.1%
(10.9 £ 12.0 mmol/mol) and 1.2+1.1%
(13.1 &£ 12.0 mmol/mol), respectively] com-
pared with the total population. At 180 days
post-switch, the mean daily basal insulin dose
increased by 2U compared with pre-switch.
There was no significant change in body weight
post-switch.

Conclusions: In a real-world setting, switching
from another insulin to IDeg significantly
improved glycemic control in patients with
type 2 diabetes, without significant weight gain
and with only a modest increase in insulin dose
after IDeg initiation.
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INTRODUCTION

Insulin is recommended as a pivotal therapy in
the treatment of patients with advanced type 2
diabetes by European Association for the Study of
Diabetes and American Diabetes Association
guidelines [1]. However, despite its unsurpassed
efficacy in lowering blood glucose concentra-
tions, a significant proportion of patients fail to
reach target HbAlc levels after starting basal
insulin therapy [2, 3]. In recent years, alternative
approaches to extending the time-action profile
of basal insulins have been developed with the
aim of improving glycemic control and specifi-
cally reducing the risk of hypoglycemia [4-9].

Although randomized controlled trials (RCTs)
are an essential requirement for assessing the
safety and efficacy of new therapeutic agents
compared with existing treatment options, they
have limitations due to their trial design, inclu-
sion/exclusion criteria, and highly selected
patient populations. RCTs that evaluate insulin
formulations often wuse the treat-to-target
approach. The foremost limitation of this
approach is that any difference in end-of-trial
HbA1lc between treatment arms will be minimal
by design to allow the accurate assessment of the
impacton other areas, e.g., rates of hypoglycemia
or insulin dose requirement [10]. Real-world
data—data on effectiveness drawn from clinical
practice—can complement RCTs by closing gaps
in knowledge regarding pharmacologic perfor-
mance in a real-world patient population.

Insulin degludec (IDeg) is a basal insulin with
aunique mode of protraction, which provides an
ultra-long duration of action (>24 h) and four
times lower variability in blood glucose-lowering
activity compared with insulin glargine (IGlar)
U100 [4-8]. Data from RCTs in patients with type
2 diabetes have shown that IDeg reduces the risk
of hypoglycemia compared with IGlar U100, can
improve the quality of life of patients, and pro-
vides the potential for flexibility in dose timing if
necessary, provided a minimum interval of 8 h
between doses is maintained [11-13]. In addi-
tion, post hoc analyses have shown that patients
treated with IDeg have a significantly lower total
daily insulin dose requirement compared to
IGlar U100 [11, 12, 14-19].

The primary objective of the present study
was to examine the clinical effectiveness of
switching from other insulin treatments to IDeg
in patients with type 2 diabetes. Secondary
objectives included describing any changes in
body weight, body mass index (BMI), and
insulin dose after switching to IDeg.

METHODS

This non-interventional, retrospective cohort
study utilized de-identified data from the central
computerized databases of the Maccabi Health
Management Organization (HMO), which is the
second largest HMO in Israel, covering over 2
million patients. Itis estimated to include 100,000
patients with type 2 diabetes whose complete
medical data are recorded in a central diabetes
registry [20]. This registry is comprehensive, with
information on all patient interactions (diag-
noses, visits to primary and secondary care
physicians, visits to outpatient clinics, hospital-
izations, laboratory tests, and purchased and dis-
pensed medications). In addition, the Maccabi
HMO database has developed and validated
computerized registries of its patients with major
chronic diseases, such as ischemic heart disease,
hypertension, and oncologic diseases [21-23].
The Maccabi HMO database is thus ideally suited
for studying the real-world use and clinical effec-
tiveness of IDeg.

The present study included patients treated
with IDeg between 1 September 2014 and 29
February 2016. The index date was defined for
each patient as the first date of purchase of IDeg.
The pre-treatment period was defined as —180 to
0 days prior to the index date. The follow-up per-
iod was defined as 90-270 days after the index
date (measurements made 180 £ 90 days after the
index date). Patients meeting the inclusion crite-
ria were >18 years old with type 2 diabetes
according to the diabetes registry of Maccabi
HMO, treatment with insulin prior to starting
IDeg (which was defined as at least three pur-
chases of insulin in the 365 days prior to the index
date), continuous treatment with IDeg for
>180 days, and had at least one HbA1lc measure-
ment during both the pre-IDeg and follow-up
periods. Diagnosis of type 2 diabetes was made
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Table 1 Population demographics and baseline characteristics

Parameter Category n (%) Mean x SD (median)
Sex Male 126 (57.0) -
Female 95 (43.0) -
Age, years Mean £ SD (median) 62.2 £ 12.1 (63.4) -
HbAlc, % (mmol/mol) - - 8.8 + 1.5 (8.6)

[73.0 £ 164 (70)]

<7.5% (<58) 33 (14.9) -
7.5-8.5% (58-69) 76 (34.4) -
>8.5% (>69) 112 (50.7) -
BMI (kg/m?) - - 29.0 & 5.2 (28.5)
<30 111 (50.2) -
30-35 48 (21.7) -
>35 18 (8.1) -
Unknown 44 (19.9) -
Weight (kg) - - 815 + 15.1 (81.0)
Comorbid condition®
CVD major disease Yes 56 (25.3) -
Carlson comorbidity score - - 24 + 14 (2.0)
Use of anti-diabetes medications®
Metformin Yes 132 (59.7) -
SU Yes 33 (14.9) -
DPP-4i Yes 62 (28.1) -
GLP-1RA Yes 57 (25.8) -
SGLT2-i Yes 3 (1.4) -
Other Yes 45 (20.4) -
Type of insulin
Short acting Yes 9 (4.1) -
Basal Yes 82 (37.1) -
Basal bolus Yes 122 (55.2) -
Premix Yes 8 (3.6) -

BMI body mass index, CVD cardiovascular disease, DPP-4i dipeptidyl peptidase-4 inhibitor, GLP-IRA glucagon-like peptide-1 receptor agonist, SD
standard deviation, SGLT2-i sodium-glucose co-transporter 2 inhibitor, SU sulfonylurea

* CVD major discase classified according to the ICD-9 codes: ischemic heart disease, myocardial infarction, congestive heart failure, peripheral vascular
disease, cerebrovascular disease, transient ischemic attack, atrial fibrillation, prior coronary artery bypass grafting, or percutaneous coronary intervention

® At least two medication dispenses within 180 days pre-index date. All patients were pre-treated with other insulin prior to index date
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using the age and treatment regimen of the
patient at entry into the registry. Patients were
excluded if they left Maccabi HMO during the
study period (180 days before the index date to
270 days after the index date), became pregnant,
or died during the study period. HbAlc, insulin
dose (total and basal), body weight, and BMI were
recorded at baseline and during follow-up. Insulin
dose was also recorded in the pre-switch period.

Statistical Analyses

Population demographics and baseline charac-
teristics were reported using descriptive statistics
[mean =+ standard deviation (SD) for continuous
parameters and number of patients and per-
centage for categorical parameters]. Continuous
and ordinal variables were compared using a
paired Student’s ¢t test or Wilcoxon signed-rank
test as appropriate. Categorical variables were
compared using a chi-square test or Fisher’s exact
test as appropriate. Patient number and per-
centage were reported for all categories, while
mean, SD, and median were also reported for
continuous variables. Statistical significance was
defined as p <0.05. Correlations between vari-
ables were assessed using Spearman’s and Pear-
son’s coefficients. All statistical analyses were
performed using SAS v9.2. (Cary, NC, USA) and/
or SPSS v22.0 (Armonk, NY, USA).

Individual patient informed consent was not
required because of the anonymized nature of the
patient records. Approval was obtained from the
Institutional Review Board (IRB) and Ethics
Committee of the Maccabi HMO for the purposes
of accessing and analyzing the data. Furthermore,
the Maccabi HMO IRB and Ethics Committees
have actively accepted a waiver for individual
informed consent. This article does not involve
any new studies with human or animal subjects
performed by any of the authors.

RESULTS

Population Demographics and Baseline
Characteristics

A total of 221 eligible patients meeting the
inclusion criteria were identified. Of these

patients, 57.0% were male, mean age was
62.2 + 12.1 years, and all had diabetes duration
of >10years. Mean HbAlc was 8.8+ 1.5%
(73.0 £ 16.4 mmol/mol) at baseline, and 55.2%
of patients were on a basal-bolus regimen prior
to the index date (Table 1). After IDeg initiation,
the proportion of patients on insulin contain-
ing a short-acting component (short acting,
basal bolus or premix insulin) decreased from
62.9% to 52.0% (p <0.001; Table 2).

Glycemic Control

Switching to IDeg led to a mean + SD decrease in
HbAlc of 0.58 +£1.0% (6.3 £ 10.9 mmol/mol;
p<0.001) at 180 days compared with baseline
(Fig. 1). A baseline HbAlc of >8.5% (69.0
mmol/mol) and daily insulin dose of >50 U were
associated with a greater reduction in HbAlc of
1.0+ 1.1% (10.9 £ 12.0 mmol/mol) and 1.2+
1.1% (13.1 £ 12.0 mmol/mol) (both p <0.001),
respectively, compared with the total population
(data not shown). Change in HbA1c at 180 days
was inversely associated with baseline HbAlc
(p <0.001) (Fig.S1). At 180 days, 115 patients
(52%) achieved a >0.5% (5.5 mmol/mol) reduc-
tion in HbAlc. The proportions of patients in
whom HbA1c was reduced by 0.5 to <1.0% (5.5
to <10.9 mmol/mol), 1.0 to <1.5% (10.9 to
<16.4mmol/mol) and >1.5% (>16.4 mmol
/mol) were 22.2% (n=49), 14.9% (n=33), and
14.9% (n = 33), respectively (Fig. S1).

Table 2 Shift table of insulin regimens at baseline and
during 180 days from index date

Regimen 180 days post-index date
Baseline Basal, Basal bolus, Total,

n (%) n (%) n (%)
Short acting 0 (0) 9 (7.8) 9 (4.1)
Basal 72 (67.9) 10 (87) 82 (37.1)
Basal bolus 29 (27.4) 93 (80.9) 122 (55.2)
Premix 5 (4.7) 3 (2.6) 8 (3.6)
Total 106 (100.0) 115 (100.0) 221 (100.0)
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Fig. 1 Mean HbAlc over time. *p < 0.001 versus baseline.
Error bars are SD

Insulin Dose

Among patients treated with basal insulin during
180 days pre-index date, there was a transient
increase in the mean daily basal insulin dose
between 0 and 90 days, followed by a significant
decrease and return to the pre-switch insulin
dose in the 91 to 180-day period (Fig. 2). Overall,
there was an increase of 2 U from pre-switch to
180 days’ follow-up, (p = 0.003; data not shown).

Change in Body Weight and BMI

There was no significant (p = 0.855) change in
body weight or BMI between baseline and end
of follow-up (Table 3).

DISCUSSION

This investigation using data from the Maccabi
HMO database confirms that IDeg provides
statistically significant and clinically meaning-
ful improvements in glycemic control in our
particular real-world population [24].

This is the largest real-world study of patients
with type 2 diabetes switching to IDeg from
other insulins. A recently published retrospec-
tive, single-center study by Evans et al. evalu-
ated the clinical efficacy of switching to IDeg in
a real-world population [25]. Patients [n =51
(35 type 1 diabetes, 16 type 2 diabetes)] were
switched from insulin detemir or IGlar U100 to
IDeg because of recurrent hypoglycemia/fear of
hypoglycemia, difficulty with injections, exces-
sive variability in blood glucose concentrations,

or problems with adhering to a strict injection
schedule. After a mean follow-up of
25.5 = 6 weeks, HbAlc was improved by 0.5%
(5.5 mmol/mol) in patients with type 1 diabetes
and 0.7% (7.7 mmol/mol) in those with type 2
diabetes. Insulin dose was increased by 7.1 U for
patients with type 1 diabetes and 10.7 U in
those with type 2 diabetes; however, the mean
rate of hypoglycemic episodes per week
decreased by >90%. Body weight remained
stable [25]. A larger real-world study by Land-
stedt-Hallin et al. in patients with type 1 dia-
betes (n = 357) demonstrated that switching to
[Deg improved HbA1lc by 0.3% (3.3 mmol/mol),
while the insulin dose was reduced by 12% [26].
Switching to IDeg was also associated with a
20% reduction in the rate of overall hypo-
glycemia and a halving of the rate of nocturnal
hypoglycemia [26]. Notably, the reduction in
HbAlc after 6 months of treatment with IDeg
was higher in our study than in the prospective
study of Shimoda et al.; however, differences in
study design, such as active follow-up of par-
ticipants, may have contributed to this obser-
vation [27].

The findings of the present study support
those of Evans et al. and Landstedt-Hallin
et al.,, in which HbAlc was reduced after
switching to IDeg [25, 26]. The reduction in
HbA1c with only a minimal increase in insulin
dose is of clinical importance, as is the absence
of an increase in body weight. Clinically rele-
vant reductions in HbA1c are usually a result of
up-titrating the insulin dose, which leads to an
increase in BMI [28]. The reduction in HbAlc
could be due to physicians setting lower blood
glucose targets due to a reduced concern over
the risk of hypoglycemia, or patients’ adher-
ence may have improved because of reduced
fear of experiencing a hypoglycemic event [29].
Although not assessed in the present study,
patients may also be more adherent to their
treatment regimen because of its potential for
flexibility in dose timing. However, these
findings should be viewed in the context of the
study population, which was previously insu-
lin-treated, with many patients on basal-bolus
regimens and a large proportion with HbAlc
>8.5% (69 mmol/mol). Indeed, those patients
with the poorest glycemic control exhibited
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Fig. 2 Mean insulin dose before and after switching to
IDeg. Error bars are SD; —180 days of recording was taken
before switching to IDeg; +90 and +91—180 days of

recordings were taken after switching to IDeg. *p < 0.001
versus +90 days. IDeg insulin degludec

Table 3 Body weight and BMI at bascline and 180 days post-index date

Parameter Period Mean SD Median N p value 95% CI
Weight (kg) Baseline 81.5 15.1 81.0 178

180 days post-index date 81.1 13.8 80.1 155

Change -0.1 3.5 0.0 123 0.855 —0.7 to 0.6
BMI (kg/m?) Baseline 29.0 5.2 28.5 177

180 days post-index date 29.0 4.7 284 155

Change -0.0 1.3 0.0 123 0.802 —0.3 to 0.2

BMT body mass index, CI confidence interval, SD standard deviation

the greatest reduction in HbAlc, suggesting
that IDeg may have clinical benefits even
among those who are maximally titrated on
basal insulin. Furthermore, the magnitude of
improvement in glycemic control after
switching to IDeg is similar to that observed in
patients switching from neutral protamine
Hagedorn (NPH) to IGlar U100 [30]. The clin-
ical consequences of reducing HbAlc by 0.58%
(6.3 mmol/mol) are significant. For example,
the UK Prospective Diabetes Study (UKPDS)
showed that, for every 1% (10.9 mmol/mol) of
reduction in HbAlc, there is a relative risk

reduction of 21% for any diabetes-related
endpoint, 21% for diabetes-related deaths, 14%
for myocardial infarction, and 37% for
microvascular complications [31]. Regardless of
whether the improvement in glycemic control
after switching to IDeg is pharmacologic or a
result of switching to a new basal insulin, IDeg
provides clinicians with another treatment
option that yields real clinical improvements,
and the results of the present study may have a
positive impact on the prescribing behavior of
clinicians and on the self-management of
patients.
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The present study is subject to limitations
that warrant mention. These include the
observational nature of the study and lack of a
comparator arm, which have the potential to
introduce bias and confounding into the anal-
ysis. There is also the risk of misclassification of
diabetes type; however, we do not have any
reason to believe that this would be a major
problem in the study population. The short
duration of follow-up in this study prohibits
any extrapolation of the observations to the
long term, where other factors such as progres-
sive beta-cell decline or loss of patients’ moti-
vation in adhering to a new therapy may lead to
a reversal of improvements in glycemic control.
In addition, there is the potential for selection
bias in the patients switched to IDeg. Further-
more, the absence of safety data should be
considered when interpreting these findings, in
particular the rate of hypoglycemia, as this is
closely related to HbAlc and is a key clinical
benefit of IDeg in the phase 3 trial program
[14, 18, 19]. Using real-world data, this study
was only able to capture documented hypo-
glycemic events—those that came to medical
attention. Thus, this study cannot be effectively
used to assess the effect of therapy on rates of
hypoglycemic events. In contrast, the strengths
of the present analysis include the large real-
world patient population and high levels of
completeness of data in the registry.

CONCLUSION

In summary, this retrospective study of real-
world data from the Maccabi HMO demon-
strates that switching from another insulin to
IDeg significantly improves glycemic control in
patients with type 2 diabetes, without causing
weight gain and with only a modest increase in
mean daily basal insulin dose after switching.
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