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Context: Observational studies of insulin degludec (degludec) with hypoglycemia events pro-
spectively recorded are lacking.

Objective: To evaluate the safety and effectiveness of degludec in patients with type 1 diabetes
(T1D) or type 2 diabetes (T2D) switching from other basal insulins in routine care.

Design: Results From Real-World Clinical Treatment With Tresiba® was a multinational, multicenter,
prospective, observational, single-arm study comprising a 4-week baseline period (preswitch basal
insulin) and 12-month follow-up (degludec).

Setting: Routine clinical practice.

Patients or Other Participants: Insulin-treated patients (=18 years) with T1D (n = 556) or T2D (n =
611) with treatment plans to initiate degludec.

Interventions: Switching to degludec from other basal insulins.

Main Outcome Measure: Change from baseline in number of overall hypoglycemic events recorded
in patient diaries.

Results: In T1D, the 12-month follow-up/baseline rate ratios (95% Cl) of overall [0.80 (0.74 to 0.88)],
nonsevere [0.83 (0.76 to 0.91)], severe [0.28 (0.14 to 0.56)], and nocturnal [0.61 (0.50 to 0.73)] hypoglycemia
suggested significantly lower hypoglycemia rates with degludec (all Ps < 0.001). At 12 months, HbA1c,
fasting plasma glucose (FPG), and basal insulin dosage decreased significantly. Body weight increased, and
treatment satisfaction improved significantly. In T2D, the hypoglycemia rate ratios were overall [0.46 (0.38
to 0.56)], nonsevere [0.53 (0.44 to 0.64)], and nocturnal [0.35 (0.20 to 0.62)] (all Ps < 0.001; too few events
for analysis of severe hypoglycemia). At 12 months, HbA1c and FPG decreased significantly. Body weight
and insulin dosages remained unchanged, and treatment satisfaction was significantly improved.

Conclusions: In a routine clinical care setting, switching to degludec from other basal insulins was
associated with significantly lower rates of hypoglycemia, improved glycemic control, and treat-
ment satisfaction in patients with T1D or T2D. (J Clin Endocrinol Metab 104: 5977-5990, 2019)
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ypoglycemia is a common treatment-related event

among patients with type 1 diabetes (T1D) or type 2
diabetes (T2D) treated with insulin and is often a key
barrier to obtaining good glycemic control (1, 2). Ad-
ditionally, hypoglycemia may adversely affect physical,
mental, and social functioning, compromises work and
leisure activities, and may lead to delays in treatment
intensification (3-7). Therefore, reducing the risk of
insulin-induced hypoglycemic events is essential in the
management of diabetes.

Insulin degludec (degludec) is a basal insulin analog
with an ultralong duration of action >42 hours at
steady state and a lower day-to-day variability in blood
glucose (BG)-lowering effect compared with insulin
glargine 100 U/mL (glargine U100) (8, 9) and 300 U/mL
(glargine U300) (10). In addition, treat-to-target, ran-
domized controlled trials (RCTs) have demonstrated
that degludec is associated with a reduced risk of hy-
poglycemia compared with other basal insulin analogs,
at equivalent glycemic control, for patients with either
T1D or T2D (11-15).

RCTs are considered the gold standard in providing
evidence of drug efficacy and safety under controlled
trial conditions in a specific patient population (16, 17).
However, other sources of data are necessary to es-
tablish the effectiveness and long-term safety of drug
treatments in real-world clinical practice and in a
broader patient population (16, 17). Therefore, the
Results From Real-World Clinical Treatment With
Tresiba® (ReFLeCT) study was designed to explore the
safety and effectiveness of switching patients from other
basal insulins to degludec over a 12-month period via a
prospective study design. While ReFLeCT was ongoing,
treatment with degludec was also being evaluated in
other real-world studies with both retrospective and
prospective study designs (18-29). These real-world
studies demonstrated that degludec was associated
with improved glycemic control and reduced hypo-
glycemia rates compared with previous basal insulin
treatment. However, none of these studies prospectively
collected hypoglycemia data from patient diaries and were
thus limited by the bias of patients’ recollection of previous
events in electronic medical records. ReFLeCT was
established as an observational study that collected hy-
poglycemic event data prospectively by using patient di-
aries and evaluated patients’ perspectives on treatment
with degludec.

The aims of the ReFLeCT study were to evaluate the
clinical safety and effectiveness of switching to degludec
from other basal insulins in routine clinical care of
insulin-treated adults with T1D or T2D attending mul-
tiple diabetes centers across Europe.
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Materials and Methods

Study design and population

ReFLeCT was a multicenter, prospective, observational
study (NCT02392117) conducted at 153 sites across seven
European countries (Denmark, the Netherlands, Spain, Swe-
den, Switzerland, Italy, and the United Kingdom) between
March 2015 and March 2018. No stratification by country was
used for recruitment.

Patients were eligible for inclusion in this study if they were
aged =18 years, they had a clinical diagnosis of T1D or T2D,
they were already on insulin, and their physician decided that
they should switch to degludec treatment. The final decision to
initiate the patient on degludec occurred within routine clinical
practice. Patients were excluded from this study if they had
previously been treated with degludec, had known or suspected
hypersensitivity to degludec or any of the excipients as listed in
the summary of product characteristics, or had mental in-
capacity, unwillingness, or language barriers precluding ade-
quate understanding or cooperation (8).

This study consisted of a baseline period (~4 weeks on
patients’ current basal insulin regimen before the switch to
degludec) and a follow-up period [=12 months (+45 days) after
switching to degludec] (Fig. 1). At the end of the 4-week baseline
period, the treating physicians reassessed patients and con-
firmed the decision to switch to degludec. Patients who switched
to degludec before the end of the 4-week baseline period (for
safety or effectiveness reasons) or whose physician decided not
to switch them to degludec were not eligible to continue in the
study (Fig. 1). Patients were instructed on the local degludec
label as per usual practice. Other than their basal insulin, pa-
tients could continue their other background glucose-lowering
therapies throughout the study. Change in dosage, dose in-
terval, and add-on or removal of bolus insulin and other
antihyperglycemic drugs was at the discretion of the treating
physician. If patients discontinued degludec during the 12-
month follow-up period, they were withdrawn from the study
at that time point.

Patients were considered hypoglycemia prone if they had
any of the following: experienced at least one severe hypo-
glycemic event within the last year; moderate chronic renal
failure, defined as an estimated glomerular filtration rate of 30
to 59 mL/min/1.73 m?* per the Chronic Kidney Disease Epi-
demiology Collaboration formula as specified by physician
statement (or according to national reference definitions if they
differ from the values stated); hypoglycemic symptom un-
awareness (history of impaired autonomic responses); for T1D,
diabetes duration >135 years; for T2D, exposed to insulin for
>3 years.

Clinical, laboratory, and patient-reported outcome (PRO)
data were collected as part of routine clinical practice in the
following timeframes during the 12-month follow-up period:
0 months (+14 days), 3 months (=45 days), 6 months
(=45 days), 9 months (£45 days), and 12 months (+45 days).
Patients attended only visits that were part of routine clinical
practice, and thus not all patients were expected to attend all
visits. HbAlc, fasting plasma glucose (FPG), and body weight
were collected as part of routine clinical practice, and the results
of the most recent tests were recorded at each visit. The bolus
insulin dose on the day before the visit and data on the flexibility
in timing of doses were collected by the treating physician at
each visit. The Diabetes Treatment Satisfaction Questionnaire
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Figure 1. Schematic of trial design. (A) Patient disposition and (B) trial design. Gray arrows indicate 4-wk periods when hypoglycemic episodes
will be recorded prospectively in patient diaries. Visits are defined as contact with the treating physician. OD, once daily.

status version (DTSQ-s) and the Short Form-36 version 2 (SF-
36® v2) health status survey were completed by patients before
or at each visit.

All patients were provided with up to five study diaries; the
first covered the 4-week baseline period (before switching to
degludec) and the remaining covered the 4 weeks before each
subsequent physician visit (months 3, 6, 9, and 12 after
switching to degludec). Therefore, if patients attended a visit
every 3 months, they could contribute four 4-week diaries
during the 12-month follow-up period. The diaries collected

day-by-day information on basal insulin dose (previous basal
insulin in the baseline period and degludec throughout the 12-
month follow-up period) and time of administration. To assess
hypoglycemia, patients answered the question, “Did you have
one or more hypos today?” If the answer was “yes,” more
detailed information about the hypoglycemic event, such as
date and time of event, if it was self-treated, symptoms expe-
rienced, BG value (if recorded), and resource use was captured.

Informed consent was obtained from all patients, in ac-
cordance with the requirements of the Declaration of Helsinki,
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before any study-related activities (30). Independent ethics
committees and institutional review boards across the partici-
pating centers reviewed and approved this study.

Endpoints

The primary endpoint was the change from baseline in the
number of overall hypoglycemic events during the 12-month
follow-up period. The number of hypoglycemic events was
converted to rates per patient-year of exposure for analysis
purposes. Overall hypoglycemia was defined as any event
recorded as hypoglycemia in the diary irrespective of symptoms,
BG measurement, or time of day. Secondary endpoints related
to hypoglycemia included change from the baseline period in
the number of severe, nonsevere, nocturnal, severe or BG-
confirmed, and severe or BG-confirmed symptomatic hypo-
glycemic events. Severe hypoglycemia was defined, according to
the American Diabetes Association definition, as an event ne-
cessitating the assistance of another person to actively ad-
minister carbohydrate, glucagon, or other corrective actions
(31). Nonsevere hypoglycemia was defined as either an event
with or without symptoms accompanied by a BG measurement
=3.9 mmol/L (70 mg/dL) or an event with symptoms not ac-
companied by a BG measurement but assumed to be caused by a
BG =3.9 mmol/L (70 mg/dL). Nocturnal hypoglycemia was
defined as an event (either severe or nonsevere) occurring be-
tween 00:01 and 05:59 (both inclusive), regardless of whether
the patient was awake or woken up. Severe or BG-confirmed
hypoglycemia was defined as an event that was severe (ne-
cessitating third-party assistance) or confirmed by a BG of
<3.1 mmol/L (56 mg/dL). Severe or BG-confirmed symptom-
atic hypoglycemia was defined as an event that was severe
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(necessitating third-party assistance) or confirmed by a BG of
<3.1 mmol/L (56 mg/dL) with symptoms.

Other secondary endpoints included HbAlc, FPG, daily
insulin dosage (total, basal, and bolus), body weight, health-
related quality of life questionnaire scores (PROs: DTSQ-s and
SF-36® v2), and flexibility in timing of doses after 12 months of
treatment with degludec.

The treatment satisfaction assessment from DTSQ-s consists
of eight questions and provides a measure of how satisfied
patients are with their treatment and how they perceive hy-
poglycemia in the real-world clinical setting (32). The questions
related to treatment satisfaction are scored from 0 = very
dissatisfied to 6 = very satisfied and are added up to produce a
total score (range 0 to 36). Higher total scores indicate higher
treatment satisfaction. The separate question regarding per-
ceived frequency of hypoglycemia is rated differently, and a low
score represents good perceived BG control (0 = never; 6 =
most of the time). SE-36® v2 is a validated questionnaire,
comprised of 36 questions that yield scores for eight scales and
summarized into two component scores (the Physical Com-
ponent Score and the Mental Component Score) (33). Higher
scores represent better health status, with a score of 50 being the
mean for the general population.

Statistical analyses

The sample size was determined on the basis of the primary
endpoint under the following assumptions: a two-sided paired ¢
test with a 5.0% significance level, a mean change of the paired
differences of one hypoglycemic event per patient-year of ex-
posure with a standard deviation of 7, and a 15% with-
drawal or discontinuation rate. In total, 608 patients were to be
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Figure 2. Patient disposition.
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enrolled for each diabetes type for =90% power in the primary
analyses of the primary endpoint. Recruitment continued until
the calculated sample size was reached.

All endpoints were analyzed separately for patients with
T1D and T2D, based on the full analysis set, which included all
patients who received at least one dose of degludec. Baseline
characteristics and demographics were summarized via de-
scriptive statistics, with mean (SD) or number (percentage) as
appropriate. All patients contributed with all available data to

https://academic.oup.com/jcem 5981

the hypoglycemia analyses. The hypoglycemia endpoints were
analyzed via negative-binomial regression specifying a log-
transformed follow-up time offset term. Baseline covariates
included period (before or after the switch to degludec), age,
sex, HbAlc, diabetes duration, body mass index (BMI), and
country. For T2D, additional covariates included bolus insulin
(yes or no) and sulfonylurea or glinides (yes or no) because these
concomitant medications could affect the rates of hypoglyce-
mia. The data for the hypoglycemia endpoints were based on

Table 1. Baseline Characteristics and Demographics
Characteristic T1D T2D
Full analysis set, n 556 611
Age, y 47.4 (15.7) 65.2 (9.6)
Female/male, % 44.2/55.8 40.4/59.6
Country, n (%)
Denmark 25 (4.5) 29 4.7)
Netherlands 54 (9.7) 66 (10.8)
Spain 77 (13.8) 46 (7.5)
Sweden 68 (12.2) 42 (6.9)
Switzerland 36 (6.5) 81 (13.3)
Italy 148 (26.6) 311 (50.9)
United Kingdom 148 (26.6) 36 (5.9)
Duration of diabetes, y 21.4 (13.5) 18.0 (9.5)
BMI, kg/m2 26.1 (4.7) 31.1 (6.3)
Body weight, kg 76.4 (15.6) 87.6 (19.6)
HbA1c, % 8.1(1.3) 8.2 (1.4)
HbA1c <7.0%, n (%) 107 (19.2) 100 (16.4)
HbA1c =7.0-<7.5%, n (%) 90 (16.2) 81 (13.3)
HbA1c =7.5-<8.5%, n (%) 174 (31.3) 217 (35.5)
HbA1c =8.5-<9.5%, n (%) 111 (20.0) 120 (19.6)
HbA1c =9.5%, n (%) 74 (13.3) 93 (15.2)
FPG, mmol/L 8.8 (3.9) 9.0 (3.1)
FPG, mg/dL? 158.4 (70.2) 162.0 (55.8)
Antidiabetic therapies at baseline
Basal insulin before switch, n (%)
Insulin glargine 355 (63.8) 361 (59.1)
Insulin detemir 126 (22.7) 127 (20.8)
Premix insulins 9 (1.6) 32 (5.2)
Other or missing 66 (11.9) 91 (14.9)
Metformin 41 (7.4) 307 (50.2)
SGLT-2 inhibitors 4(0.7) 66 (10.8)
GLP-1 receptor agonists 4(0.7) 64 (10.5)
DPP-4 inhibitors 2 (0.4) 49 (8.0)
Sulfonylureas 0 (0.0) 41 (6.7)
Thiazolidinediones 1(0.2) 8(1.3)
Total daily dose of basal insulin, U/d 25.0 (14.1) 37.5 (33.9)
Total daily dose of bolus insulin, U/d 27.3 (16.9) 38.9 (31.7)
Proportion on bolus insulin, n (%) 508 (91.4) 384 (62.8)
Time of basal insulin injections, n (%)
Once-daily dosing regimen
Morning 67 (12.1) 82 (13.4)
Evening 319 (57.4) 436 (71.4)
Twice-daily dosing regimen (morning and 170 (30.6) 93 (15.2)
evening)
Hypoglycemia-prone patients,® n (%) 379 (68.2) 346 (56.6)

Data are mean (SD) unless otherwise specified.

Abbreviations: DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; SGLT-2, sodium-glucose cotransporter 2.

?Calculated, not measured.

bDefined as patients having any of the following: experienced at least one severe hypoglycemic event within the last year; moderate chronic renal failure,
defined as estimated glomerular filtration rate 30-59 mL/min/1.73 m? per Chronic Kidney Disease Epidemiology Collaboration formula, as specified by
physician statement (or according to national reference definitions if they differ from the values stated); hypoglycemic symptom unawareness (history of
impaired autonomic responses); for T1D, diabetes duration >15 y; for T2D, exposed to insulin for >5 y.
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Table 2. Antidiabetic Therapies and HbA1c Levels
During the 12-Mo Follow-Up Period

T1D T2D
Full analysis set, n 556 611
Metformin 1(7.4) 314 (51.4)
SGLT-2 inhibitors 5(0.9) 87 (14.2)
GLP-1 receptor agonists 4 (0.7) 74 (12.1)
DPP-4 inhibitors 2 (0.4) 54 (8.8)
Sulfonylureas 0(0.0) 41 (6.7)
Thiazolidinediones 1(0.2) 9(1.5)
Total daily dose of basal insulin, U/d 22.8 (13.5) 35.9 (33.0)
Total daily dose of bolus insulin, U/d 23.8 (13.9) 38.3 (30.6)
Proportion on bolus insulin 501 (90.1) 378 (61.9)
HbATc <7% 108 (19.4) 148 (24.2)
HbA1c <7.5% 193 (34.7) 270 (44.2)

Data are mean (%).

Abbreviations: DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like
peptide-1; SGLT-2, sodium-glucose cotransporter 2.

the diary-recorded hypoglycemic events within the diary col-
lection periods. Not all patients filled in the diary for 28
consecutive days as instructed. Therefore, only diaries of 26 to
30 days’ duration were included in the analyses. In addition,
the date of events recorded in the diary had to match the date of
the event recorded on the hypoglycemia pages. The analyses
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compared the 12-month follow-up period (composed of up to
four 4-week diaries per patient) with the 4-week baseline
period.

All patients contributed with all available data to the
HbAlc, FPG, body weight, and insulin dose analyses. The
changes in HbA1c, FPG, body weight, and insulin dose were
estimated via analysis of covariance with a mixed model for
repeated measures based on the antedependence covariance
structure. Covariates included visit, baseline value, age, sex,
BMI, country, and diabetes duration. For T2D, additional time-
varying covariates included bolus insulin (yes or no; omitted
from the bolus insulin dose analysis), sulfonylurea or glinides
(yes or no), glucagon-like peptide-1 receptor agonists (yes or
no), and other antihyperglycemic drugs (yes or no). Patients
who completed the study contributed to the DTSQ-s, SF-36®
v2, and flexibility in timing of dosage analyses. DTSQ-s (32)
and SF-36® v2 (33) were scored as per the questionnaire in-
structions, and the mean change from baseline (95% CI) was
summarized. For DTSQ-s, a difference of more than half a
standard deviation of the baseline score is considered a
meaningful change (34). The number of patients who at
12 months were reported to have used the flexibility option for
timing of doses were summarized using descriptive statistics
with number and percentage. All statistical tests were two-
sided, with a significance level of P < 0.05. All statistical an-
alyses were performed using SAS, version 9.3 or higher (SAS
Institute, Cary, NC).

Rate ratio 4-week baseline period 12-month follow-up period
[95% Cll N % E R | N % E R
T1D
Overall hypoglycemia - 0.80 [0.74;0.88] 426 839 3305 858 | 416 829 7297 69.8
Non-severe hypoglycemia g 0.83[0.76;0.91] 416  81.9 3033 78.8 411 81.9 6911 66.1
Severe hypoglycemia +——o—— 0.28 [0.14;0.56] 19 3.7 31 0.8 14 2.8 35 0.3
Nocturnal hypoglycemia —o—i 0.61 [0.50;0.73] 163 321 342 8.9 196  39.0 561 5.4
Severe or BG-confirmed o 0.79[0.67;0.86] 324 63.8 1265 328 | 344 685 2694 25.8
hypoglycemia
Severe or BG-confirmed re-i 0.76 [0.67;0.86] 303 59.6 1011 263 | 321 639 1995 1941
symptomatic hypoglycemia
T2D
Overall hypoglycemia —o—1 0.46 [0.38;0.56] 187 348 699 171 186  33.3 1030 8.7
Non-severe hypoglycemia —e—i 0.53 [0.44;0.64] 170 317 572 14.0 175 314 889 7.5
Severe hypoglycemia N/A 1 0.2 1 0.0 5 0.9 7 0.1
Nocturnal hypoglycemia —— 0.35[0.20;0.62] 31 5.8 54 1.3 30 54 57 0.5
Severe or BG-confirmed —e— 0.51[0.38;0.70] 81 15.1 165 4.0 85 15.2 279 2.3
hypoglycemia
Severe or BG-confirmed —e—i 0.56 [0.40;0.79] 67 12.5 134 3.3 77 13.8 244 21
symptomatic hypoglycemia
L} L] L] L}
0.125 025 0.5 1 2
Favors degludec  Favors previous basal insulin

Figure 3. Hypoglycemia in patients with T1D or T2D during the 12-mo follow-up period vs the 4-wk baseline period. Hypoglycemia was
analyzed via a negative binomial regression model controlled for period (pre/post), age, sex, HbA1c, diabetes duration, BMI, and country. For
T2D, additional covariates included prandial insulin (yes or no) and sulfonylurea + glinides (yes or no). Total follow-up time (patient-years) for

T1D was 38.5 and 104.5 for the 4-wk baseline period and the 12-mo follow-up period, respectively. Total follow-up time (patient-years) for T2D
was 40.8 and 118.8 for the 4-wk baseline period and the 12-mo follow-up period, respectively. N/A, severe hypoglycemia could not be analyzed
because of the low number of events. E, number of events; N, number of patients; R, number of events per patient-year of exposure.
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Sensitivity analyses of the primary endpoint
(overall hypoglycemia)

Four sensitivity analyses were conducted to determine
whether deviations in diary entry and missing data affected the
primary endpoint results. Sensitivity analysis 1 was based on the
26- to 30-day diary period, where the dates of hypoglycemic
events recorded on the hypoglycemia page fell within the diary
period. Sensitivity analyses 2 and 3 were based on all diaries
regardless of duration, where the dates of hypoglycemic events
recorded on the hypoglycemia page matched the events in the
diary exactly or fell within the diary period, respectively. Sen-
sitivity analysis 4 was similar to the primary analysis but was
based on patients who completed 12-months of follow-up and
had a minimum of 23 diary days for each of the five diary periods.

Results

Baseline characteristics and demographics

A total of 1267 patients were enrolled in the study
(T1D, n = 606; T2D, n = 661). Out of these, 50 patients
did not enter the follow-up period in both T1D and T2D,
because either the treating physician did not confirm the
switch to degludec or patients had switched to degludec
during the baseline period, yielding 556 patients in the
T1D group and 611 patients in the T2D group completing
the baseline period and switching to degludec (Fig. 2). The
baseline characteristics of the 50 patients in each group
who did not enter the follow-up period were similar to
those of the patients who entered the follow-up period.

After degludec initiation, 70 patients in the T1D group
and 67 patients in the T2D group withdrew during
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follow-up. The majority of these withdrawals were due to
“withdrawal by the patient” or “other reasons” (9.5% in
T1D and 6.2% in T2D) (Fig. 2), with the most common
explanations in both categories being diary burden, in-
tensification with pump or combination products, and
switch back to previous treatment.

Baseline characteristics and demographics are pre-
sented in Table 1. Patients in the T1D group had a mean
age of 47.4 years, mean duration of diabetes was 21.4
years, 55.8% were male, and mean HbA1c was 8.1%. At
baseline, 107 (19.2%) patients had an HbAlc <7.0%.
Patients in the T2D group had a mean age of 65.2 years,
mean duration of diabetes was 18.0 years, 59.6% were
male, and mean HbAlc was 8.2%. At baseline, 100
(16.4%) patients had an HbAlc <7.0%. In addition, a
large proportion of patients were considered hypogly-
cemia prone (T1D, 68.2%; T2D, 56.6%), defined as at
least one of a list of risk factors (Table 1). For T1D, the
majority of patients were from the United Kingdom
(27%) and Italy (27%), whereas for T2D the majority of
the patients were from Italy (51%).

Basal insulins used by patients during the baseline
period were diverse, reflecting standard clinical practice.
The majority of patients switched from glargine (U100 or
U300) to degludec in both the T1D group (63.8%) and
the T2D group (59.1%) (Table 1). The most common
reasons for switching to degludec were concern about
hypoglycemia (64.6% in T1D, 36.2% in T2D) and need
to improve BG control (63.9% in T1D, 73.3% in T2D).

Rate ratio 4-week baseline period 12-month follow-up period
[95% Cll N % E R | N % E R
T1D
Sensitivity analysis 1 ro- 0.81[0.74;0.88] 426 839 3316 855 | 416 829 7325 69.8
Sensitivity analysis 2 L gl 0.80[0.74;0.87] 457 835 3512 86.0 | 436 834 8247 69.5
Sensitivity analysis 3 gl 0.77 [0.71;0.84] 457 835 3525 834 | 437 836 8294 635
Sensitivity analysis 4 —e—i 0.67 [0.57; 0.78] 105 86.8 879 954 | 107 884 2414 652
T2D
Sensitivity analysis 1 —e— 0.47 [0.38;0.56] 187 34.8 700 171 | 187 33,5 1035 8.6
Sensitivity analysis 2 —e—i 0.47 [0.39;0.57] 197 337 730 16.8 | 209 36.3 1181 8.7
Sensitivity analysis 3 —e—i 0.45[0.37;0.55] 197 337 731 16.0 | 211 36.7 1191 7.7
Sensitivity analysis 4 —e—i 0.52[0.41;0.65] 50 37.6 192 18.9 54 40.6 391 9.6
r T 1
0.25 9.5 2‘

<

Favors degludec

>

Favors previous basal insulin

Figure 4. Sensitivity analyses in overall hypoglycemia in patients with T1D or 72D during the 12-mo follow-up period vs the 4-wk baseline
period. Sensitivity analysis 1 is based on the 26- to 30-d diary period, where the dates of hypoglycemic events recorded on the hypoglycemia
page fell within the diary period. Sensitivity analysis 2 is based on all diaries, where the dates of hypoglycemic events recorded on the

hypoglycemia page matched the events in the diary exactly. Sensitivity analysis 3 is based on all diaries, where the dates of hypoglycemic events

recorded on the hypoglycemia page fell within the diary period. Sensitivity analysis 4 is based on the 26- to 30-d diary period, where the dates
of hypoglycemic events recorded on the hypoglycemia page matched the events in the diary exactly for patients with a minimum of 23 diary

days for each diary period, who completed 12 mo observation. E, number of events; N, number of patients; R, estimated number of events per

patient-year.
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There were 8.7% of patients with T1D and 11.8% of
patients with T2D who switched to degludec because
their current regimen was too restrictive.

The proportion of patients using antidiabetic therapies
during the 12-month follow-up period was similar to that
of the baseline period (Table 2).

Hypoglycemia

In patients with T1D, a significantly lower rate of
overall hypoglycemia [rate ratio (RR) 0.80; 95% CI, 0.74
to 0.88] was observed during the 12-month follow-up
period vs the 4-week baseline period (Fig. 3). Similarly,
significantly lower rates of nonsevere (RR 0.83; 95% CI,
0.76 to 0.91), severe (RR 0.28; 95% CI, 0.14 to 0.56),
nocturnal (RR 0.61;95% CI, 0.50 to 0.73], severe or BG-
confirmed (RR 0.79; 95% CI, 0.70 to 0.90), and severe
or BG-confirmed symptomatic (RR 0.76; 95% CI,
0.67 to 0.86) hypoglycemia (all Ps < 0.001) were also
observed during the 12-month follow-up period vs the
4-week baseline period (Fig. 3). In patients with T2D, a
significantly lower rate of overall hypoglycemia (RR
0.46;95% CI, 0.38 to 0.56) was observed during the 12-
month follow-up period vs the 4-week baseline period
(Fig. 3). Similarly, significantly lower rates of nonsevere
(RR 0.53; 95% CI, 0.44 to 0.64), nocturnal (RR 0.35;
95% CI, 0.20 to 0.62), severe or BG-confirmed (RR 0.51;
95% CI, 0.38 to 0.70), and severe or BG-confirmed
symptomatic (RR 0.56; 95% CI, 0.40 to 0.79) hypo-
glycemia (all Ps < 0.001) were observed during the 12-
month follow-up period vs the 4-week baseline period
(Fig. 3). Because of the low number of severe hypogly-
cemic events, no comparative statistics were performed
(Fig. 3). All four sensitivity analyses were in line with the
primary analysis, demonstrating the robustness of the
primary analysis (Fig. 4).

Glycemic control

In patients with T1D, the observed mean (SD) HbAlc
decreased significantly from 8.1% (1.3) at baseline to
7.8% (1.2) at 12-month [estimated treatment difference
(ETD) 12-month follow-up period vs 4-week baseline
period, —0.15%; 95% CI, —0.23 to —0.07; P <
0.001] (Fig. 5A). The observed mean (SD) FPG decreased
significantly from 8.8 mmol/L (3.9) [158.4 mg/dL (70.2)]
to 7.9 mmol/L (3.2) [142.2 mg/dL (57.6)] (ETD
—0.54 mmol/L; 95% CI, —0.95 to —0.14; —9.73 mg/dL;
95% CI, —17.12 to —2.52; P = 0.009) (Fig. 5B). In
patients with T2D, the observed mean (SD) HbAlc
decreased significantly from 8.2% (1.4) to 7.8% (1.2)
(ETD —0.32%; 95% CI, —0.42 to —0.22; P < 0.001)
(Fig. 5A). The observed mean (SD) FPG decreased sig-
nificantly from 9.0 mmol/L (3.1) [162.0 mg/dL (55.8)]
to 7.9 mmol/L (2.4) [142.2 mg/dL (43.2)] (ETD —0.84
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Figure 5. Observed mean (SD) (A) HbA1c and (B) FPG for patients
with T1D or T2D after switch to degludec from other basal insulins.

mmol/L; 95% CI, —1.09 to —0.60; —15.14 mg/dL; 95%
CI, —19.64 to —10.81; P < 0.001) (Fig. SB).

Insulin dose

Throughout the study, the majority of degludec in-
jections were administered in the afternoon or evening (in
particular 21:00 to 23:59) vs the morning by patients
with T1D (afternoon or evening: month 3, 65.4%; month
6,67.2%;month 9, 67.4%;month 12,65.1%). A similar
pattern was also observed for patients with T2D (af-
ternoon or evening: month 3, 71.3%; month 6, 72.9%;
month 9, 74.0%; month 12, 73.0%).

In patients with T1D, the observed mean (SD) total
daily basal insulin dose (U/day) decreased from 25.0
(14.1) (median 22.0; Q1 to Q3, 16.0 to 30.0) at baseline
to 22.8 (13.5) (median 20.0; Q1 to Q3, 15.0 to 27.8) at
12 months (ETD —2.25 U/day; 95% CI, —2.85 to —1.66;
P < 0.001) (Fig. 6A). The observed mean (SD) total daily
bolus insulin dose (U/d) decreased from 27.3 (16.9)
(median 24.0; Q1 to Q3, 17.0 to 33.0) at baseline to 23.8
(13.9) (median 20.5; Q1 to Q3, 15.0 to 30.0) at
12 months (ETD —3.19 U/d; 95% CI, —4.43 to —1.95;
P < 0.001) (Fig. 6B). The observed mean (SD) total
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Figure 6. Observed mean (SD) (A) basal, (B) bolus, and (C) total
insulin dose over time in patients with T1D or T2D after switch to
degludec from other basal insulins.

o

insulin dose (U/d) decreased from 51.1 (26.2) (median
47.0; Q1 to Q3, 35.0 to 62.0) at baseline to 46.8 (24.2)
(median 41.0; Q1 to Q3, 31.0 to 55.5) at 12 months
(ETD —5.39 U/d; 95% CI, =6.65 to —4.13; P < 0.001)
(Fig. 6C). In patients with T2D, there was no significant
difference in the observed mean (SD) total daily basal
insulin dose at 12 months [35.9 U/d (33.0); median 26.1;
Q1 to Q3, 18.0 to 42.0] vs baseline [37.5 (33.9); median
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26.9; Q1 to Q3, 18.0 to 43.0; ETD —0.09 U/d; 95% CI,
—1.48 to 1.30] (Fig. 6A). There was also no significant
difference in the observed mean (SD) total daily bolus
insulin dose at 12 months [38.3 U/d (30.6); median
30.0; Q1 to Q3, 19.0 to 46.0] vs baseline [38.9 (31.7);
median 30.0; Q1 to Q3, 20.0 to 50.0; ETD 0.45 U/d;
95% CI, —1.60 to 2.50] (Fig. 6B). In addition, there was
no significant difference in the observed mean (SD) total
insulin dose at 12 months [69.3 U/d (55.6); median
53.4; Q1 to Q3, 34.0 to 86.2] vs baseline [72.4 (60.4);
median 56.0; Q1 to Q3, 37.0 to 88.5; ETD 1.10 U/d;
95% CI, -1.65 to 3.84] (Fig. 6C). These insulin dose
results at baseline and at 12 months did not change
when adjusted for body weight (i.e., U/kg/d; data not
shown).

Body weight

The observed mean (SD) body weight significantly
increased from 76.2 kg (15.6) at baseline to 77.5 kg
(15.4) at 12 months (ETD 0.79 kg; 95% CI, 0.38 to 1.20;
P < 0.001) (Fig. 7) in patients with T1D and was similar
at baseline [87.4 kg (19.5)] and at 12 months [87.3 kg
(19.6); ETD 0.09 kg; 95% CI, —0.39t0 0.57; P = 0.712]
in patients with T2D.

PROs

The DTSQ-s overall total treatment satisfaction
scores for both T1D and T2D significantly increased
from baseline to 12 months, representing a clinically
meaningful change (Fig. 8). Compared with their per-
spectives at baseline, patients were more satisfied with
their treatment and perceived a lower frequency of
hypoglycemic events after switching to degludec
(Fig. 8). The results from the SF-36® v2 survey dem-
onstrated no significant differences between the base-
line period and 12-month follow-up for either T1D or

—e— T1D —&— T2D

120 =
110+
100 -
90 -
80+
70+
60 +
50 -

01

Body weight (kg)

A3

0 3 6 9 12
Time (months)

No. patients

T1D 549 427 382 339 366
T2D 603 487 437 397 417
Figure 7. Observed mean (SD) body weight over time in patients
with T1D or T2D after switch to degludec from other basal insulins.

020z A1enige4 61 uo 1senb Aq Zy8YYSS/LL6G/ZL/¥0 L AOBISGE-O[DILE/We0l/Woo"dNo"dlapede/:SAY Wolj PePeojumMo(


http://dx.doi.org/10.1210/jc.2019-01021
https://academic.oup.com/jcem

5986 Fadini et al Reduced Hypoglycemia After Switching to Degludec J Clin Endocrinol Metab, December 2019, 104(12):5977-5990
A.T1D B 4-week baseline period (previous basal insulin)
’ B 12-month follow-up period (degludec)
35 3.81 0.67 0.62 0.62 0.26 0.67 0.99
[3.07;4.54]* [0.51;0.82]* [0.46;0.77]* [0.47;0.78]* [0.13;0.39]* [0.51;0.82] [0.82;1.15]*
30 ~— ~— ~— ~— ~— — ~—
25 =
o
g 201 058
[ [-0.76;-0.39]*
3 154 —
|_
[=]
10 4
. M o i M N e
0 T T T T T m
Total How satistied How convenient How flexible How satisfied =~ Would you  How satisfied How often
treatment are you with  have you been have you are you recommend  would you be | have you felt
satisfaction your current finding your been finding with your this form of to continue that your
treatment? treatment  your treatment understanding treatment with your blood sugars
to be recently? to be recently? of your to someone  present form have been
diabetes? else with your of treatment? | unacceptably
kind of diabetes? low recently?
B.T2D
359 447 0.75 0.78 0.75 0.46 0.79 0.95
[3.77;5.18]* [0.60;0.90]* [0.64;0.92]* [0.61;0.89]* [0.34;0.59]* [0.63;0.95]* [0.80;1.11]*
30 - | | | | | | | | | | | | | |
25 1
o
g 20+ —0.42
b [-0.59;—0.25]*
! ~—
g 154
|—
=]
10 4

0 T T T T T

%77/

Total How satistied How convenient How flexible How satisfied =~ Would you = How satisfied How often
treatment are you with  have you been have you are you recommend  would you be | have you felt

satisfaction your current finding your  been finding with your this form of to continue that your
treatment? treatment  your treatment understanding treatment with your blood sugars

to be recently? to be recently? of your to someone  present form have been
diabetes? else with your of treatment? | unacceptably

kind of diabetes?

low recently?

020z A1enige4 61 uo 1senb Aq Zy8YYSS/LL6G/ZL/¥0 L AOBISGE-O[DILE/We0l/Woo"dNo"dlapede/:SAY Wolj PePeojumMo(

Figure 8. Mean treatment satisfaction in DTSQ-s in patients with (A) T1D or (B) T2D. Asterisks indicate significant differences. Data are changes
between the 4-wk baseline period and the 12-mo follow-up period (95% Cl). DTSQ-s scores range from 6 (very satisfied) to O (very dissatisfied).
For the final question regarding perceived frequency of hypoglycemia, this question is treated separately from the other questions, and a low
score represents good perceived blood glucose control.

T2D, except for the bodily pain subdomain for T2D,
which was significantly improved (Fig. 9). It should be
noted that SF-36® v2 is not a diabetes-specific quality-
of-life questionnaire.

After 12 months 70/254 (27.6%) patients with T1D
and 35/214 (16.4%) patients with T2D reported the need
to take degludec at a different time at least once, and
53/254 (20.9%) patients with T1D and 30/214 (14.0%)



doi: 10.1210/jc.2019-01021

https://academic.oup.com/jcem 5987

B 4-week baseline period (previous basal insulin)

A.T1D B 12-month follow-up period (degludec)
60 - 0.03 0.42 -0.07 -0.08 0.11 0.04 -0.60 0.13 0.03 0.41
[-0.61;0.67] | [-0.16;1.00] [-0.83;0.69] [-1.06;0.90] [-0.69;0.90] | [-0.84;0.93] | [-1.42;0.22] [-0.82;1.08] [-0.78;0.84] [-0.45;1.27]
| e | | e | | e | | e | | e | | e | | e | | e | | e | | e |
50 -
40 +
o
9
a
[¢e) 30 4
Q
L
%)
20 +
10 +
0 - T T T T T T
Overall Physical Role - Bodily General Overall Vitality Role - Social Mental
physical | functioning physcial pain health mental emotional functioning health
score score
B.T2D
609 047 0.18 0.40 1.20 0.60 0.04 0.04 -0.32 0.10 0.59
[-0.31;1.25] | [-0.77;1.13] [-0.57;1.37] [0.21;2.20]* [-0.21;1.42] | [-0.96;1.04 | [-0.82;0.90] [-1.57;0.94] [-0.86;1.06] [-0.38;1.55]
L | L | L | L | L | L | L | L | L | L |
50 -
40 -
o
[e]
@
© 30 =
N
T
%)
20 -
10 -
0~ T T T T T T
Overall Physical Role - Bodily General Overall Vitality Role - Social Mental
physical | functioning physcial pain health mental emotional functioning health
score score

Figure 9. PROs in SF-36® v2 for patients with (A) T1D or (B) T2D. Asterisks indicate significant differences. Data are changes between the 4-wk
baseline period and the 12-mo follow-up period (95% ClI).

patients with T2D use
or more times.

Discussion

The ReFLeCT study

d the specific flexibility option one

demonstrated that switching to

degludec from other basal insulins was associated with

significant reductions

in the rates of overall, nonsevere,

nocturnal, severe or BG-confirmed, and severe or BG-
confirmed symptomatic hypoglycemia, and improved glyce-

mic control and treatment satisfaction in patients with T1D or
T2D. Severe hypoglycemia was also significantly reduced

from baseline in patients with T1D after they switched the
basal insulin to degludec. This study was a long-term, pro-
spective, observational study in a real-world setting evaluating
the safety and effectiveness of degludec in routine clinical care.
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ReFLeCT was a prospective study that collected hy-
poglycemia data from dedicated patient diaries. This de-
sign provided more accuracy in terms of data collection
than studies based on patients’ recollections of events or
studies based on events recorded in patients’ medical charts
(22, 29). As expected, higher rates of hypoglycemia were
observed in ReFLeCT compared with observational chart
review or registry studies (22, 29). Yet, even with the use
of diaries for data collection, diary fatigue leading to in-
complete reporting and missing data are inherent problems
that can bias the results. In ReFLeCT we observed that a
small proportion of patients withdrew due to diary burden;
however, at least two-thirds of patients at each visit had
eligible diary data available. Furthermore, we mitigated
this bias by ensuring that all available data were used in the
analyses. Thus, ReFLeCT provides a more in-depth view of
the burden of hypoglycemia experienced by patients that
is typically not possible with retrospective chart re-
views such as the EU-TREAT study, which also assessed
degludec in routine clinical care (19).

The reduction in the rates of hypoglycemia observed
after switching to degludec are in line with those of
previous RCTs, where hypoglycemia rates were lower
with degludec than with glargine U100 at similar gly-
cemic levels, as well as other real-world studies (11, 13,
14, 19, 23). However, because of the nature of the study
design and the lack of a comparator group (i.e., a one-
arm study), a treatment effect (regardless of the endpoint,
level of glycemic control, reduction in hypoglycemia,
or improvement in treatment satisfaction) cannot be
isolated from a study effect. Furthermore, because
antidiabetic treatments could be changed during the
follow-up period, we cannot exclude the impact of these
adjustments. In addition, it should be noted that the split
between glargine U100 and U300 at baseline was not
collected during the study, although, based on the study
timeline, the majority of patients would have been using
glargine U100. However, although the patients’ clinical
situations in which the data were collected before and
after the switch are somewhat different, the aim of the
current study was to explore hypoglycemia rates, glucose
control, and treatment satisfaction before and after
switching to degludec in routine clinical care.

Because of its broad patient population, ReFLeCT
may provide a more realistic estimate of the hypogly-
cemic burden of patients switching to degludec in a
routine clinical setting compared with other studies.
However, the hypoglycemia rates captured in ReFLeCT
may, to some extent, be due to selection of the patients
enrolled. It is plausible that patients with frequent
hypoglycemia were overrepresented among those who
agreed to participate in the study and whom their phy-
sician planned to initiate on degludec, which suggests

Reduced Hypoglycemia After Switching to Degludec
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that the findings are liable to regression to the mean. This
was observed in patients with T1D, for 64.6% of whom
hypoglycemia was the main reason for switching to
degludec. This may also explain, at least in part, the
modest reduction in HbAle, because glycemic control
may not be the primary focus for those patients and, in
addition, approximately one-third of patients already
had good glycemic control at study initiation.

Regardless of severity, hypoglycemic events can dis-
rupt patients’ daily functioning and quality of life (33,
36), along with an added cost burden (37). In ReFLeCT,
hypoglycemia and glycemic control were improved si-
multaneously. Combined with the improved treatment
satisfaction, this study suggests that degludec has the
potential to reduce these burdens where the need exists.
Moreover, degludec offers the option for flexible timing
of insulin doses, which, in addition to reducing patients’
fear of hypoglycemia, could also improve their adherence
to treatment in the long term.

In summary, this study demonstrated that switching to
degludec from other basal insulins was associated with
significantly reduced rates of overall hypoglycemia with
improved glycemic control and treatment satisfaction for
patients with T1D or T2D in routine clinical practice.
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