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Abstract

Aim: To use continuous glucose monitoring (CGM)-based time-in-range (TIR) as a pri-
mary efficacy endpoint to compare the basal insulin
(BI) analogues insulin glargine 300 U/ml (Gla-300) and insulin degludec 100 U/ml
(IDeg-100) in adults with type 1 diabetes (T1D).

Materials and Methods: InRange was a 12-week, multicentre, randomized, active-

second-generation

controlled, parallel-group, open-label study comparing glucose TIR and variability
between Gla-300 and IDeg-100 using blinded 20-day CGM profiles. The inclusion
criteria consisted of adults with T1D treated with multiple daily injections, using Bl
once daily and rapid-acting insulin analogues for at least 1 year, with an HbA1c of
7% or higher and of 10% or less at screening.

Results: Overall, 343 participants were randomized: 172 received Gla-300 and 171 |IDeg-
100. Non-inferiority (10% relative margin) of Gla-300 versus IDeg-100 was shown for the
primary endpoint (percentage TIR > 70 to < 180 mg/dl): least squares (LS) mean (95% con-
fidence interval) 52.74% (51.06%, 54.42%) for Gla-300 and 55.09% (53.34%, 56.84%) for
IDeg-100; LS mean difference (non-inferiority): 3.16% (0.88%, 5.44%) (non-inferiority P
= .0067). Non-inferiority was shown on glucose total coefficient of variation (main second-
ary endpoint): LS mean 39.91% (39.20%, 40.61%) and 41.22% (40.49%, 41.95%), respec-
tively; LS mean difference (non-inferiority) —5.44% (—6.50%, —4.38%) (non-inferiority
P < .0001). Superiority of Gla-300 over IDeg-100 was not shown on TIR. Occurrences of
self-measured and CGM-derived hypoglycaemia were comparable between treatment
groups. Safety profiles were consistent with known profiles, with no unexpected findings.
Conclusions: Using clinically relevant CGM metrics, InRange shows that Gla-300 is
non-inferior to IDeg-100 in people with T1D, with comparable hypoglycaemia and
safety profiles.
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1 | INTRODUCTION

Type 1 diabetes (T1D) affects approximately 10% of the overall diabe-
tes population and its incidence is increasing globally.! Initial optimal
control is crucial in T1D, and earlier implementation of intensive ther-
apy is associated with greater reduction in the risk of macrovascular
and microvascular complications.? However, intensive therapy
increases the risk of hypoglycaemia, which may present a barrier to
achieving appropriate glycaemic control and could be one reason why
many people with T1D fail to achieve recommended HbA1c levels
of less than 7% (<53 mmol/mol).>* In a recent US study of health
records from more than 30 000 people with T1D, 80% had subopti-
mal (2 7%) HbA1c levels.> Use of continuous glucose monitoring
(CGM) in T1D management is becoming more common,® and is
associated with improved metabolic control in adults and children/
adolescents.”® Despite the increasing use of diabetes technology
including CGM, hypoglycaemia remains a significant issue in T1D
management.*

The second-generation basal insulin (Bl) analogues insulin glargine
300 U/ml (Gla-300) and insulin degludec 100 U/ml (IDeg-100) offer
more stable and prolonged pharmacokinetic and pharmacodynamic
(PK/PD) profiles versus the first-generation analogue insulin glargine
100 U/ml (Gla-100).”*° In randomized controlled trials (RCTs), these
PK/PD profiles translated into similar glycaemic control versus Gla-
100, with less hypoglycaemia.’>*? Previous direct PK/PD compari-
sons of Gla-300 versus IDeg-100 in people with T1D have reported
somewhat conflicting results. In a study by Bailey et al., Gla-300 pro-
vided more stable 24-hour PD and more even PK profiles than IDeg-
100,*® whereas a study by Heise et al. indicated lower day-to-day and
within-day variability with IDeg-100 versus Gla-300.2* A more recent
crossover PK/PD analysis of Gla-300 and IDeg-100 in people with
T1D after 3 months of optimal insulin titration concluded that Gla-
300 and IDeg-100 provided similar glycaemic control and equivalent
PD profiles.!® Direct comparisons of Gla-300 and IDeg-100 in people
with T1D in more clinically relevant settings are limited. A crossover
study of Gla-300 and IDeg-100 in 46 people with T1D reported that
both treatments had similar glucose-stabilizing effects with regards to
day-to-day variability of fasting plasma glucose.'® In the OneCARE
study, an observational, retrospective, multicentre, cross-sectional
study using CGM including 199 people with T1D, switching from
first-generation Bl analogues to either Gla-300 or IDeg-100 resulted
in generally similar effectiveness and safety profiles, with more time in
glucose range (TIR; = 70 to < 180 mg/dl; = 3.9 to < 10 mmol/L) during
the night for Gla-300.Y7

The use of CGM has allowed the generation of clinical goals such
as the percentage of time within the target glucose range (i.e. TIR),
time above range (TAR) and time below range (TBR), and glucose vari-

ability metrics such as glucose coefficient of variation (CV), which add

to and complement traditional metrics such as HbA1c.'®? Further-
more, standard blood glucose monitoring can underestimate

20-22 \nith one study in type 2 diabetes reporting a

hypoglycaemia,
3-8-fold increase in the frequency of events with CGM.2° Such a dif-
ferential is probable to be magnified at night when some events will
be undetected by the person with diabetes. The utility of CGM is
therefore becoming clear, and during 2013-2019, CGM was used in
11% of clinical trials for Bls.2> However, to date no RCTs have used
TIR metrics as primary/secondary endpoints in head-to-head investi-
gations of Gla-300 and IDeg-100.

InRange is the first large RCT designed to use CGM-derived
metrics to directly assess the efficacy and safety of Gla-300 versus
IDeg-100 in people with T1D, with TIR (2 70 to < 180 mg/dl; = 3.9
to < 10 mmol/L) as the primary endpoint.

2 | MATERIALS AND METHODS

21 | Study design

The study design of InRange (NCT04075513) has been described pre-
vioust.24 Briefly, this was a 12-week, phase 4, multicentre (40 sites,
seven countries), randomized, active-controlled, parallel-group, open-
label study to compare TIR and glucose variability between Gla-300
and IDeg-100 using blinded CGM. The study was conducted in accor-
dance with the Declaration of Helsinki with all relevant amendments,
the Council for International Organizations of Medical Sciences Inter-
national Ethical Guidelines, the applicable International Conference on
Harmonization Good Clinical Practice Guidelines, and all applicable
laws and regulations of the countries in which the study was

carried out.

2.2 | Study population

The inclusion criteria were age 18-70years with T1D; an
HbA1c of 7% or higher to 10% or less (> 53 to < 86 mmol/mol) at
screening; prior treatment with a Bl analogue once daily and rapid-
acting insulin analogues for at least 1 year; and a stable basal/bolus
insulin regimen for 30 days prior to screening. Further inclusion
and exclusion criteria can be found in the published study design

article.?*

2.3 | Randomization and study intervention

The study length was approximately 18 weeks, including 1-2 weeks

screening; a 4-week run-in; a 12-week treatment period; and a 2- to
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4-day follow-up period (Figure S1). Five onsite visits were scheduled
and there were weekly telephone contacts to monitor insulin titration
between visits. During the run-in, participants were trained on study-
related procedures, provided with a glucometer (Accu-Chek Performa)
and accessories and underwent stabilization of their current basal and
mealtime insulin treatment (weeks —4 to —3). Current basal and meal-
time insulins were titrated to stabilize fasting and 2-hour postprandial
self-measured plasma glucose (SMPG) targets of 70 mg/dl or higher to
less than 100 mg/dl (= 3.9 to < 5.6 mmol/L), and 130 mg/dl or higher
to less than or equal to 180 mg/dl (> 7.2 to < 10 mmol/L), respectively,
while avoiding hypoglycaemia. Dose adjustment of mealtime insulin
could be based on a pattern of postmeal SMPG data from the prior
3 days (simple titration) or the carbohydrate content of the meal.

Baseline CGM values were determined using the blinded CGM
device (G6, Dexcom Inc, San Diego, CA) for 20 days at the end of the
run-in period after stabilization of current insulins. To be eligible for ran-
domization, a minimum of 10 days (not necessarily consecutive) of use-
able CGM data generated during the run-in period was required. Eligible
participants were randomized 1:1 to receive a once-daily subcutaneous
injection of Gla-300 or IDeg-100 in the morning. The randomization
scheme was provided by the study statistician to an interactive response
technology (IRT) system, which generated the randomization list and allo-
cated participants to treatment arms. At the screening visit, the investiga-
tor contacted the IRT centre to receive the participant number.

The randomized treatment period (weeks 0-12) included an insu-
lin titration period (expected to be up to week 8) and a CGM data col-
lection period over 20 consecutive days during weeks 10-12
(to ensure 10 days of evaluable data). Initiation doses of Gla-300 or
IDeg-100 corresponded to the previous Bl dose. During the titration
period, doses of Gla-300 or IDeg-100 were titrated until participants
achieved the target fasting SMPG of 70 mg/dl or higher to less than
100 mg/dl (2 3.9 to < 5.6 mmol/L), while avoiding hypoglycaemia.
Dose adjustments for Gla-300 and IDeg-100 were based on median
fasting SMPG values from the previous 3 days, including values
recorded on the day of titration, as measured by the participants using
glucometers. The mealtime insulin analogue was also actively titrated
to achieve the 2-hour postprandial SMPG target (> 130 to < 180 mg/dl
[> 7.2 to < 10 mmol/L]), while avoiding hypoglycaemia. The dose
was titrated at least weekly (but not more often than every 3 days).
The best efforts were made to reach the targets by 8 weeks after
randomization; thereafter, the dose was maintained until the end of
the study. CGM data were blinded to both investigators and partici-
pants. Post-treatment safety information was collected 2-4 days
after the last insulin dose.

24 | Study objectives and endpoints

The primary objective of InRange was to show the non-inferiority of
Gla-300 versus IDeg-100 on glycaemic control, assessed by TIR and
glycaemic variability. Secondary objectives were to evaluate glycaemic
control and variability metrics using CGM, and to evaluate the safety
of Gla-300 in comparison with IDeg-100.

The primary endpoint was percentage TIR 2 70 to < 180 mg/
dl (2 3.9 to < 10 mmol/L) at week 12, assessed using blinded CGM.
The main secondary efficacy endpoint was glucose total CV at week
12, and the additional secondary efficacy endpoints were the change
from baseline to week 12 in HbAlc, a percentage TAR of more than
180 mg/dl (> 10 mmol/L) and a TBR of less than 70 mg/dl
(< 3.9 mmol/L) at week 12, as well as within-day and between-day
glucose CV at week 12. Safety endpoints were assessed in the safety
population (all randomized participants who received at least one
dose of study drug) and analysed according to the treatment
received. These were the incidence and event rates of hypoglycae-
mia during the on-treatment period reported by each participant and
were based on SMPG readings from a glucometer (any, severe [Level
3, as defined by the American Diabetes Association {ADA}?°], docu-
mented < 70, < 70 and = 54 mg/dl [Level 1], or < 54 mg/dl [Level 2],
analysed as nocturnal [00:00 AM-05:59 AM], diurnal [06:00 AM-
11:59 PM] or at any time [24 hours]) and the incidence of adverse
events (AEs). As a post hoc analysis, the rates of hypoglycaemia were
also analysed using CGM data from weeks 10-12 (the number of
periods with at least 15 minutes of sensor glucose values of
<70 mg/dl, <70 mg/dl and = 54 mg/dl, and < 54 mg/dl, respec-
tively, with an event ending when glucose returned to above 70 mg/
dl for at least 15 minutes; an event of < 70 and = 54 mg/dl was
defined as a period of < 70 mg/dl without a 15-minute excursion of
< 54 mg/dl before the end of the event) and prolonged hypoglycae-
mia (the number of periods with at least 120 minutes of sensor glu-
cose of < 70 mg/dl). SMPG-derived hypoglycaemia rates during the
CGM data collection period, weeks 10-12, were also analysed post
hoc. Daily insulin dose was assessed as an exploratory endpoint in

the safety population.

2.5 | Statistical analysis

Non-inferiority on the primary endpoint (percentage TIR 2 70 to
< 180 mg/dl [2 3.9 to < 10 mmol/L]) was tested with a one-sided type
| error of 2.5%, and a relative non-inferiority margin of 10% (note rela-
tive, not a difference in % units; e.g. a 10% relative margin for 50%
TIR is equal to a 5% difference in TIR). A sample size of 169 random-
ized participants per treatment group was calculated to provide at
least 90% power to show non-inferiority, assuming a TIR of 56% in
the IDeg-100 arm, a common SD of 14.7% and a non-evaluability rate
of 22%. The percentage TIR at week 12 (using available data from the
12-week randomized period) was analysed in the intention-to-treat
(ITT) population (all randomized participants, irrespective of the treat-
ment received), according to the treatment group allocated by ran-
domization using an analysis of covariance (ANCOVA) model,
including the fixed categorical effects of treatment group, randomiza-
tion stratum of screening HbAlc (<8.0% vs. 280% [<64
vs. = 64 mmol/mol]), as well as the continuous fixed covariate of base-
line percentage TIR value. A multiple imputation method (1000 impu-
tations) under a missing at random assumption was used to address

missing values in the ITT population. This procedure provided
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baseline-adjusted least-squares (LS) means estimates at week 12 for
both treatment groups, and the between-group differences, with cor-
responding standard error (SE) and 95% confidence intervals (Cls).
Non-inferiority on the primary endpoint was shown if the lower
bound of the two-sided 95% CI of the adjusted difference estimate
for m1 — 0.9*mO (where m1 and mO are the true means for the Gla-
300 and IDeg-100 groups, respectively) was greater than 0. Sensitivity
analyses were conducted for the primary endpoint in the per protocol
(PP) population and in the ITT population using multiple imputation
under the missing not at random (MNAR) assumption.

The total glucose CV was analysed using the same model
described for the primary endpoint using the ITT population. Non-
inferiority was shown if the upper bound of the two-sided 95% Cl of
the adjusted difference estimate of m1 — 1.1*m0 (m1 = true mean of
Gla-300 for the glucose total CV and mO = true mean of IDeg-100) at
week 12 was less than O.

To control the type | error, a hierarchical step-down testing pro-
cedure was applied for the primary endpoint and the main secondary
endpoints. Step 1 assessed non-inferiority of Gla-300 versus IDeg-
100 on the percentage TIR with a relative non-inferiority margin of
10%. Step 2: only if non-inferiority was shown in step 1, then non-
inferiority of Gla-300 versus IDeg-100 on the glucose total CV (main
secondary endpoint) was tested. Step 3: only if non-inferiority was
shown in step 2, then superiority of Gla-300 versus IDeg-100 on the
percentage TIR was tested.

For other endpoints, no multiplicity adjustments were made, and
any 95% Cl values are presented for descriptive purposes only.
Changes in HbAlc were analysed using an ANCOVA model that
included the fixed categorical effect of treatment group and the con-

tinuous fixed covariate of baseline HbA1c.

3 | RESULTS

3.1 | Study population

A total of 343 participants were randomized, 172 to treatment with
Gla-300 and 171 to treatment with IDeg-100 (Figure S2). At the end
of the run-in period, before randomization, 23 of the screened
patients were excluded because of failure to obtain a minimum of
10 days of useable baseline CGM data. Before randomization, most
participants (91.0%) used Gla-100 as their Bl. All participants ran-
domized were treated as planned and were included in the ITT and
safety populations. There were 153 and 159 participants in the PP
populations for Gla-300 and IDeg-100, respectively. Most partici-
pants completed the 12-week treatment period (95.3% Gla-300,
97.7% |IDeg-100). A total of eight participants in the Gla-300 group
and four participants in the IDeg-100 group discontinued the study
treatment prematurely. No treatment discontinuation was related to
COVID-19, and no participant was prematurely withdrawn from
treatment because of an AE. Demographic, baseline and disease

characteristics were overall balanced between the two treatment

groups (Table 1). The mean (SD) age was 42.8 (13.28) years and body
mass index was 27.3 (4.77) kg/m?, with 39.2% of participants cate-
gorized as overweight and 25.7% obese. Mean (SD) time since diag-
nosis of T1D was 20.5 (12.78) years; time since first intake of Bl
analogue and mealtime insulin analogue was 8.6 (6.24) and 9.17
(7.27) years, respectively. At week 12, 96.9% and 93.2% of partici-
pants had at least 10 days of evaluable CGM data, for Gla-300 and
IDeg-100, respectively, with a mean of 16 days' evaluable data in

both groups.

3.2 | Primary and main secondary efficacy
endpoints

Non-inferiority of Gla-300 with respect to IDeg-100 was shown on
the primary efficacy endpoint (percentage TIR = 70 to < 180 mg/dl
[2 3.9 to < 10 mmol/L]). The LS mean estimates (95% ClI) for TIR at
week 12 were 52.74% (51.06%, 54.42%) for Gla-300 and 55.09%
(53.34%, 56.84%) for 1Deg-100; LS mean difference (non-inferiority)
was 3.16% (0.88%, 5.44%) (non-inferiority P = .0067; Table 2). Non-
inferiority was confirmed in sensitivity analyses of the PP population
(P =.0127) and using multiple imputation under the MNAR assump-
tion (P = .0068).

Non-inferiority of Gla-300 with respect to IDeg-100 was shown
on the main secondary endpoint, glucose total CV. LS mean at week
12 was 39.91% (39.20%, 40.61%) for Gla-300 and 41.22% (40.49%,
41.95%) for IDeg-100 (Table 2); LS mean difference (non-inferiority)
was —5.44% (—6.50%, —4.38%) (P < .0001).

Following the hierarchical testing procedure, the superiority of
Gla-300 over IDeg-100 on the percentage TIR was tested. Superiority
was not shown, with an LS mean difference of —2.35% (—4.75%,
0.05%) and P = .0548.

3.3 | Other secondary endpoints

Mean + SD HbA1c values at baseline were 8.29% + 0.82% (67.12
+ 8.92 mmol/mol) in the Gla-300 group, and 8.34% + 0.80% (67.68
+ 8.74 mmol/mol) in the IDeg-100 group. At week 12, HbA1lc was
7.51% + 0.76% (58.61 + 8.30 mmol/mol) in the Gla-300 group and
7.38% + 0.83% (57.21 = 9.06 mmol/mol) in the IDeg-100 group
(Table 2 and Figure S3). The LS means (95% Cl) of HbA1c change
from baseline to week 12 were —0.75% (—0.87% to —0.64%)
(—8.23 [-9.48, —6.98] mmol/mol) for Gla-300 and —0.92% (—1.03%
to —0.81%) (—10.04 [-11.26, —8.81] mmol/mol) for IDeg-100.

For percentage TAR of more than 180 mg/dl (> 10 mmol/L) at
week 12, LS means (95% Cl) were 41.52% (39.60%, 43.44%) and
38.31% (36.34%, 40.28%) for Gla-300 and IDeg-100, respectively; LS
mean difference was 3.21% (0.49%, 5.93%). LS means for percentage
TBR less than 70 mg/dl (< 3.9 mmol/L) at week 12 were 5.55%
(4.85%, 6.24%) and 6.49% (5.78%, 7.21%), respectively; LS mean dif-
ference was —0.95 (—1.93, 0.04).2° Glucose within-day CV at week
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TABLE 1 Baseline characteristics

Baseline characteristic Gla-300 N = 172 IDeg-100 N = 171 AllN = 343

Age, y, mean (SD) 42.9 (13.53) 42.8 (13.05) 42.8 (13.28)

Sex, female, n (%) 86 (50) 74 (43.3) 160 (46.6)

Body weight, kg, mean (SD) 80.5(15.95) 78.8 (14.57) 79.6 (15.28)

BMI, kg/m?, mean (SD) 27.6 (5.07) 27.0 (4.44) 27.3(4.77)

Time since T1D diagnosis, y, mean (SD) 20.7 (12.47) 20.3(13.12) 20.5(12.78)

Age at diagnosis, y, mean (SD) 22.7 (13.22) 23.1(12.84) 22.9 (13.01)

Time since first intake of Bl analogue treatment, v, 8.1 (6.20) 9.1 (6.26) 8.6 (6.24)
mean (SD)

Time since first intake of mealtime insulin analogue 8.6 (7.22) 9.8 (7.28) 9.2(7.27)
treatment, y, mean (SD)

Method of mealtime insulin titration, n (%)
Postprandial SMPG data from the last 3 d 75 (43.6) 82 (48.8) 157 (46.2)
Carbohydrate content of meal 97 (56.4) 86(51.2) 183 (53.8)

At least one diabetes complication, n (%) 60 (35.1) 55 (32.5) 115 (33.8)
Diabetic retinopathy 30(17.5) 36(21.3) 66 (19.4)

Non-proliferative diabetic retinopathy 25 (14.6) 31(18.3) 56 (16.5)
Proliferative diabetic retinopathy 4(2.3) 5(3.0) 9 (2.6)

Diabetic neuropathy 32(18.7) 32(18.9) 64 (18.8)
Diabetic nephropathy 13 (7.6) 8(4.7) 21 (6.2)

HbA1c = 8%, n (%) 106 (61.6) 106 (62.0) 212 (61.8)

Abbreviations: Bl, basal insulin; BMI, body mass index; Gla-300, insulin glargine 300 U/ml; IDeg-100, insulin degludec 100 U/ml; SD, standard deviation;

SMPG, self-measured plasma glucose; T1D, type 1 diabetes.

12 was 33.48% (32.81%, 34.16%) and 34.37% (33.68%, 35.06%),
respectively; LS mean difference was —0.89% (—1.84%, 0.07%).%”
Glucose between-day CV was 17.23% (16.44%, 18.03%) and 18.08%
(17.27%, 18.90%), respectively; LS mean difference was —0.85%
(—1.98%, 0.28%).2

3.4 | Anytime (24 hours) self-reported/SMPG-
derived hypoglycaemia during the on-treatment
period

Overall, 165 participants (95.9%) treated with Gla-300 and 166 partici-
pants (97.1%) treated with IDeg-100 reported experiencing at least
one hypoglycaemia event during the on-treatment period. The rate of
hypoglycaemia of any category at any time was comparable between
groups: 2.1 events per patient-week of exposure in the Gla-300 group
and 2.2 events per patient-week in the IDeg-100 group. The incidence
and event rates of hypoglycaemia during the on-treatment period
(any, severe [Level 3], documented < 70, < 70 and = 54 mg/dI [Level
1], or < 54 mg/dl [Level 2]) are presented in Figure 1. Severe hypogly-
caemia at any time occurred in eight participants (4.7%) treated with
Gla-300 and in 10 participants (5.8%) treated with IDeg-100, with a
rate of 0.004 and 0.006 events per patient-week (0.2 and 0.3 events
per patient-year), respectively. The incidence and event rates for
symptomatic and asymptomatic hypoglycaemia are presented in
Table S1.

3.5 | Nocturnal/diurnal self-reported/SMPG-
derived hypoglycaemia during the on-treatment
period

Comparable rates of any nocturnal (00:00 AM-05:59 AM) hypoglycae-
mic event (0.23 events per patient-week) were observed in both
groups (Figure 1). Severe nocturnal hypoglycaemia occurred in three
participants (1.7%) treated with Gla-300 and in five participants
(2.9%) treated with IDeg-100, with a rate of 0.002 events per patient-
week (0.1 events per patient-year) in both groups. The rate of any
diurnal (06:00 AM-11:59 PM) hypoglycaemic event was also similar
between Gla-300 and IDeg-100 (1.84 and 1.97 events per patient-
week, respectively). Severe diurnal hypoglycaemia occurred in four
participants (2.3%) treated with Gla-300 and six participants (3.5%)
treated with IDeg-100, with a rate of 0.002 and 0.004 events per
patient-week (0.1 and 0.2 events per patient-year), respectively. Inci-
dence and event rates for nocturnal/diurnal symptomatic and asymp-

tomatic hypoglycaemia are presented in Table S1.

3.6 | CGM-derived hypoglycaemia

Post hoc analysis of event rates for hypoglycaemia (documented
< 70 mg/dl, < 70 mg/dl and = 54 mg/dl [ADA Level 1], or < 54 mg/dl
[ADA Level 2]) captured by CGM (weeks 10-12) were comparable
between treatment groups. However, CGM-derived rates were
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TABLE 2 Efficacy endpoints

Efficacy endpoint (ITT population)
Time in glucose range 2 70 to < 180 mg/dl (= 3.9 to < 10 mmol/L) (%)
Baseline (after optimization of previous insulin therapy), mean (SD)
Week 12

LS mean [95% Cl]

Non-inferiority LS mean difference [95% CI]?

Non-inferiority P value

LS mean difference [95% Cl]

Superiority P value®
Glucose total CV (%)
Baseline (after optimization of previous insulin therapy), mean (SD)
Week 12

LS mean [95% Cl]

Non-inferiority LS mean difference [95% ClI]©

Non-inferiority P value

LS mean difference [95% ClI]
HbA1c (%)

Baseline, mean (SD)

Week 12, mean (SD)

LS mean change [95% Cl]

LS mean difference
HbA1c (mmol/mol)

Baseline, mean (SD)

Week 12, mean (SD)

LS mean change [95% ClI]

LS mean difference

Gla-300
(N=172)

51.19 (12.38)

52.74 [51.06, 54.42]
3.16 [0.88, 5.44]

P =.0067
—2.35[-4.75,0.05]
P =.0548

41.05 (6.92)

39.91 [39.20, 40.61]
—5.44 [-6.50, —4.38]
P <.0001
-1.32[-2.32, -0.31]

8.29 (0.82)
7.51(0.76)
—0.75[-0.87, —0.64]
0.17 [0.01, 0.32]

67.12 (8.92)

58.61 (8.30)
—8.23[-9.48,-6.98]
1.81[0.12, 3.50]

IDeg-100
(N=171)

52.37 (14.24)

55.09 [53.34, 56.84]

39.90 (6.39)

41.22 [40.49, 41.95]

8.34 (0.80)
7.38(0.83)
-0.92[-1.03, -0.81]

67.68 (8.74)
57.21 (9.06)
—10.04 [-11.26, —8.81]

Abbreviations: Cl, confidence interval; CV, coefficient of variation; Gla-300, insulin glargine 300 U/ml; IDeg-100, insulin degludec 100 U/ml; ITT, intention

to treat; LS, least squares; SD, standard deviation; TIR, time in range.

2Primary endpoint; non-inferiority was tested with a relative margin of 10% (i.e. non-inferiority mean difference = Gla-300 — 0.9*IDeg-100). Non-
inferiority was shown if the upper bound of the two-sided 95% Cl of the adjusted difference was > 0.

bSuperiority was tested because non-inferiority for TIR and CV were shown.

“Non-inferiority was tested with a relative margin of 10% (i.e. non-inferiority mean difference = Gla-300 — 1.1*IDeg-100). Non-inferiority was shown if

the upper bound of the two-sided 95% Cl of the adjusted difference was < 0.

between 2-6-fold higher than SMPG-derived rates during the CGM
data collection period (Figure 2). The rate of prolonged hypoglycaemia

captured by CGM was comparable between treatment groups.

3.7 | Safety

The proportion of participants with any treatment-emergent adverse
events (TEAEs) was 29.1% in the Gla-300 group and 20.5% in the
IDeg-100 group. The proportions of participants with any serious
TEAE were similar between treatment groups (4.1% in Gla-300
vs. 4.7% in IDeg-100). No unexpected TEAEs were reported. No par-
ticipant had a TEAE leading to permanent treatment discontinuation,
and none died from a TEAE (Table 3).

3.8 | Insulin dose and body weight

Daily insulin doses (including total daily insulin, basal insulin, mealtime
insulin, ratio of basal to mealtime insulin dose) at baseline, week 8 and
week 12 are presented in Table S2. Mean + SD daily basal insulin dose
at baseline was 30.4 + 13.8 U (0.38 + 0.15 U/kg) in the Gla-300 group
and 28.8+14.0U (0.36 + 0.15 U/kg) in the 1Deg-100 group; daily
basal insulin dose increased to 37.1 + 15.3 U (0.46 + 0.16 U/kg) and
33.5+16.5 (041+0.16 U/kg) at week 12, respectively. Mean
changes from baseline to week 12 were 7.4 +9.2U (0.09 +0.11
U/kg) in the Gla-300 group and 4.4 + 9.6 U (0.04 + 0.12 U/kg) in the
IDeg-100 group. Mealtime insulin dose at baseline was 23.3 + 15.8 U
(0.29 + 0.18 U/kg) for Gla-300 and 21.8 + 12.2 U (0.27 + 0.14 1U/kg)
for IDeg-100 and changed very little over the 12-week study period.
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Incidence, n (%)

Event rate, events per PW
(number of events)

Favours  Favours Favours  Favours
Gla-300 IDeg-100 OR [95% CI] Gla-300  IDeg-100 Gla-300 IDeg-100 RR [95% CI] Gla-300  IDeg-100
(A) Anytime (24 h) hypoglycaemia N=172 N=171 -—_— PW=2099.2 PW=2113.8 —_—
Any hypoglycaemia 165(95.9) 166 (97.1)  0.71[0.22, 2.28] —— 2.10 (4401)  2.20 (4654)  0.95[0.82, 1.11] <
Severe hypoglycaemia 8(4.7) 10 (5.8) 0.79[0.30, 2.05] —O— 0.004 (9) 0.006 (12)  0.76[0.45, 1.28] ———
Documented hypoglycaemia
<70 mg/dI 164 (95.3)  165(96.5)  0.74[0.25, 2.19] —— 2.01(4214)  2.11(4467)  0.95[0.81, 1.11] <
<70 mg/dl and 254 mg/d| 164 (95.3)  163(95.3)  1.01[0.37, 2.74] —— 1.43 (2994) 1.59(3354)  0.90[0.77, 1.05] o
<54 mg/dl 143 (83.1)  147(86.0)  0.80[0.45, 1.45] —O 058 (1220)  0.53(1113)  1.10[0.89, 1.37] Ho—
r r
0.1 1.0 10.0 0.3 1.0 3.0
(B) Nocturnal (00:00 AM-05:59 AM) hypoglycaemia
Any hypoglycaemia 113(65.7) 104 (60.8)  1.23[0.79, 1.92] HO— 0.23 (479) 0.23 (483) 1.00[0.77, 1.30] »—l—«
Severe hypoglycaemia 3(1.7) 5(2.9) 0.59[0.14, 2.52] —— 0.002 (3) 0.002 (5) 0.611[0.34, 1.09] —O—+
Documented hypoglycaemia
<70 mg/dI 109 (63.4) 102 (59.6)  1.17[0.76, 1.81] —Ho— 0.22 (466) 0.22 (467) 1.00[0.77, 1.32] ——i
<70 mg/dl and 254 mg/dI 97 (56.4) 81(47.4)  1.44[0.94,2.20] Lo~ 0.14 (292) 0.15(312)  0.94[0.71, 1.26] ——
<54 mg/dl 72 (41.9) 64 (37.4)  1.20[0.78, 1.86] HO— 0.08 (174) 0.07 (155) 1.13[0.81, 1.57] —>—
r L e |
0.1 1.0 10.0 0.3 1.0 3.0
(C) Diurnal (06:00 AM-11:59 PM) hypoglycaemia
Any hypoglycaemia 164 (95.3) 166 (97.1)  0.61[0.20, 1.92] —O—f— 1.84 (3866) 1.97 (4155)  0.94[0.80, 1.10] H
Severe hypoglycaemia 4(2.3) 6 (3.5) 0.66 [0.18, 2.37] —t+— 0.002 (5) 0.004 (7) 0.72[0.40, 1.28] ———
Documented hypoglycaemia
<70 mg/dl 163 (94.8)  165(96.5)  0.66[0.23, 1.89] —t— 1.76 (3698) 1.89(3987)  0.93[0.79, 1.10] H
<70 mg/dl and 254 mg/dI 163(94.8)  162(94.7)  1.01[0.39, 2.60] ——t 1.27 (2664) 1.44(3033)  0.88[0.75, 1.04] Ot
<54 mg/dl 139(80.8) 144 (84.2)  0.79[0.45, 1.38] —O1H 0.49 (1034) 0.45 (954) 1.09 [0.87, 1.37] HO—
r L e |
0.1 1.0 10.0 0.3 1.0 3.0
OR (95% CI) RR (95% CI)
FIGURE 1 Self-reported/SMPG-derived hypoglycaemia incidence and event rate during the on-treatment period for A) Anytime, B)

Nocturnal, and C) Diurnal hypoglycaemia. Cl, confidence interval; Gla-300, insulin glargine 300 U/ml; IDeg-100, insulin degludec 100 U/ml; OR,
odds ratio; PW, patient-week; RR, rate ratio; SMPG, self-measured plasma glucose

Body weight change from baseline to week 12 (mean + SD) was 0.97
+ 2.46 kg in the Gla-300 group and 0.76 + 2.82 kg in the IDeg-100 group.

4 | DISCUSSION

The primary objective of this study was achieved as the non-
inferiority of Gla-300 to IDeg-100 was shown for the primary end-
>70 to <180 mg/dl [23.9 to
< 10 mmol/L]). Superiority for the percentage TIR of 70 mg/dl or

point (i.e. percentage TIR
higher to 180 mg/dl or less (2 3.9 to < 10 mmol/L) was not shown.
Utilization of CGM TIR metrics in clinical trials has so far been lim-
ited, and InRange is the first RCT to use TIR as a primary endpoint
to assess the two second-generation Bls, Gla-300 and IDeg-100.
With the increasing body of evidence regarding the advantages of
using CGM to improve glycaemic control, CGM use in clinical prac-
tice is expanding, and it has been reported that each 5% improve-
ment in TIR is associated with clinically significant benefits.'®
Considering the well-documented clinical benefit of using CGM

and the comprehensive data it provides, incorporation of CGM and

TIR metrics into clinical trials is valuable and should be expanded
further.

Assessing the wealth of data produced by CGM is particularly
valuable as both TIR and glycaemic variability may be associated with
an increased risk of diabetes complications such as retinopathy.?82?
Furthermore, greater glycaemic variability may also be associated with
lower quality of life and negative moods,?° so treatment options
that can reduce such variability may positively impact the lives of
people with diabetes. InRange also showed non-inferiority of Gla-
300 versus IDeg-100 on the main secondary endpoint, glucose
total CV (assessed prior to testing superiority on the primary end-
point). There were clinically relevant improvements in HbA1c in
both treatment groups.

InRange results show that comparable incidences and event rates
of hypoglycaemia were observed in the two treatment groups, for all
categories assessed, and for all time periods (diurnal/nocturnal/any-
time). The post hoc analysis of CGM-derived hypoglycaemia data
found that CGM captured approximately 2-6-fold higher hypoglycae-
mia event rates than SMPG during the same period (weeks 10-12),

with the greatest disparity between nocturnal events, emphasizing
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(A) Anyti
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<70 mg/dI*

<70 mg/dl and 254 mg/dI*

<54 mg/dI$

Prolonged <70 mg/dIT

(B) Nocturnal (00:00 AM-05:59 AM) hypoglycaemia

<70 mg/dIt

<70 mg/dl and 254 mg/dI*

<54 mg/dIs

Prolonged <70 mg/dIT

(24 h) hypogly

CGM

Event rate, events per PW (number of events)

Gla-300
PW=364.2

7.34 (2674)

4.53 (1650)

2.63 (956)

1.14 (415)

1.74 (633)

0.93 (339)

0.77 (282)

0.44 (161)

(C) Diurnal (06:00 AM-11:59 PM) hypoglycaemia

<70 mg/dIt

<70 mg/dl and 254 mg/dI*

<54 mg/dI%

Prolonged <70 mg/dI"

6.29 (2289)

3.97 (1446)

2.14 (779)

0.73 (267)

SMPG

Event rate, events per PW (number of events)

Favours  Favours Favours  Favours
IDeg-100 RR [95% CI] Gla-300 IDeg-100 Gla-300 IDeg-100 RR [95% CI] Gla-300 IDeg-100
PW=347.0 e ——— PW=369.9 PW=353.8 — —_—
8.19 (2840)  0.91[0.78, 1.05] +op 2.53 (936) 247 (874) 1.02 [0.84, 1.24] "L
5.10 (1768)  0.90 [0.78, 1.03] Y 1.77 (656) 1.89 (669) 0.94[0.77, 1.14] (el
2.86 (992) 0.88[0.71, 1.09] O 0.76 (280) 0.58 (205) 1.30[0.98, 1.73] —o—
1.25 (433) 0.90[0.70, 1.14] —OH
- -
0.3 1.0 3.0 0.3 1.0 3.0
1.61 (558) 1.05[0.87, 1.27] = 0.31(116) 0.29 (101) 1.10[0.77, 1.56] —0—
0.95 (331) 0.95[0.77, 1.18] G 0.18 (65) 0.17 (61) 1.02 [0.68, 1.51] ——
0.60 (208) 1.17 [0.90, 1.53] HO— 0.14 (51) 0.11 (40) 1.22[0.80, 1.86] —o—
0.41(143) 1.05 [0.79, 1.40] —o—
— —
0.3 1.0 3.0 0.3 1.0 3.0
7.14 (2477)  0.89[0.77, 1.04] % 2.22 (820) 218 (773) 1.01[0.83, 1.24] FJ)*
4.45(1542)  0.90[0.78, 1.04] Y 1.60 (591) 1.72 (608) 0.93[0.76, 1.14] =
2.49 (863) 0.84[0.67, 1.04] = 0.62 (229) 0.47 (165) 1.33[0.98, 1.79] —o—
0.86 (298) 0.79[0.60, 1.05] —O—
— —
0.3 1.0 3.0 0.3 1.0 3.0
RR (95% ClI) RR (95% Cl)

FIGURE 2 CGM-derived and SMPG-derived hypoglycaemia event rate during the on-treatment CGM data collection period (weeks 10-12),
for A) Anytime, B) Nocturnal, and C) Diurnal hypoglycaemia. 1CGM: number of periods with at least 15 minutes with sensor glucose < 70

mg/dl. Event ends when glucose returns above 70 mg/dl for at least 15 minutes. $CGM: number of periods with at least 15 minutes with sensor
glucose < 70 mg/dl and = 54 mg/dl. Event ends when glucose returns above 70 mg/dl for at least 15 minutes. §CGM: number of periods with at
least 15 minutes with sensor glucose < 54 mg/dl. Event ends when glucose returns above 70 mg/dl for at least 15 minutes. {Number of periods
with at least 120 minutes with sensor glucose < 70 mg/dl. Event ends when glucose returns above 70 mg/dl for at least 15 minutes. CGM,
continuous glucose monitoring; Cl, confidence interval; Gla-300, insulin glargine 300 U/ml; IDeg-100, insulin degludec 100 U/ml; PW, patient-

week; RR, rate ratio; SMPG, self-measured plasma glucose

TABLE 3 Safety

Gla-300 IDeg-100
Incidence, n (%) (N=172) (N=171)
Any TEAE 50(29.1) 35(20.5)
Any treatment-emergent SAE 7 (4.1) 8(4.7)
Any TEAE leading to death 0 0
Any TEAE leading to permanent 0 0

treatment discontinuation

Any treatment-related TEAE 4(2.3) 7(4.1)

Abbreviations: Gla-300, insulin glargine 300 U/ml; IDeg-100, insulin
degludec 100 U/ml; SAE, serious adverse event; TEAE, treatment-
emergent adverse event.

the importance of using CGM in diabetes studies to adequately cap-
ture hypoglycaemia. CGM-derived hypoglycaemia rates were compa-

rable between treatment groups. Overall, the safety profile of Gla-300

and IDeg-100 was consistent with the known safety profile of each BI
analogue, and no unexpected safety findings were identified.

The results of the InRange study support several other studies
comparing the efficacy and safety of Gla-300 and IDeg-100.2>"17 |t
is particularly noteworthy that the findings of the non-randomized
OneCARE study,'” which used CGM and TIR (= 70 to < 180 mg/dl
[2 3.9 to < 10 mmol/L]) as an outcome, and which suggested that
the efficacy and safety of Gla-300 and IDeg-100 are comparable in
people with T1D insufficiently controlled with first-generation Bls,
have now been replicated in this randomized trial.

The strengths of the InRange study include its prospective, multi-
centre, randomized, active-controlled, parallel-group, comparative
design, and the use of clinically relevant TIR metrics, as recommended
by recent guidelines. CGM provides a comprehensive evaluation of
glycaemic variability, allowing a thorough comparison of Bl therapies.

Compared with standard self-monitoring of blood glucose, CGM has
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the potential to provide a more complete assessment of hypoglycae-
mia occurrence, particularly nocturnal events, which may be under-
reported.3! In InRange, blinded CGM measurement was used and
allowed a direct assessment of the properties of the insulins, rather
than the effect of CGM. Furthermore, CGM data were blinded for
both investigators and participants to avoid treatment decisions being
made based on primary endpoint data.

However, the InRange study also has limitations. The study pre-
cludes conclusions for people with T1D using CGM in standard care,
because the study was blinded and TIR was lower than the recom-
mended general clinical target (> 70%).*® Furthermore, the Bls were
administered in the morning and therefore further study would be
required to assess evening administration; however, based on the
PK/PD profiles of Gla-300 and IDeg-100, a significant impact on the
results would not be expected with different dosing times. The study
also included only previous Bl users, so further study would be
needed to investigate insulin-naive people. In particular, it would be
of interest to assess CGM during the initial titration period (when
most insulin dose changes would be expected in insulin-naive people),
because it was during this period that the BRIGHT study found lower
rates of hypoglycaemia with Gla-300 versus IDeg-100, in insulin-naive
people with type 2 diabetes.>? The open-label design was a limitation,
as it was not possible to blind treatment because Gla-300 and IDeg-
100 pens are distinguishable. However, the potential for bias because
of the open-label design was minimized by collecting objective glycae-
mic data. Finally, a treatment period of 12 weeks could be considered
short compared with other clinical trials that evaluate changes in gly-
caemic control from baseline, however, the focus of the InRange
study was the comparison of CGM-derived TIR for Gla-300 versus
IDeg-100, and the treatment duration was designed to allow dose
optimization to occur before CGM data were collected. Although the
CGM data collection period in InRange was of a length that has been
shown to provide data that correlate with long-term (3-month) glycae-
mic outcomes, 82233 |onger term CGM data would provide more
robust conclusions.

In summary, using two clinically relevant CGM metrics as primary
and secondary endpoints for the first time, the InRange study of peo-
ple with T1D shows that Gla-300 is non-inferior to IDeg-100 in terms
of glycaemic control as measured by TIR, and glycaemic variability as
measured by glucose CV, with comparable occurrences of hypogly-

caemia and safety profiles.
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