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ABSTRACT

Introduction: We investigated the safety of,
and glucose control by, the insulin-only con-
figuration of the iLet� bionic pancreas deliver-
ing fast-acting insulin aspart (faster aspart),
using the same insulin-dosing algorithm but
different time to maximal serum drug concen-
tration (tmax) settings, in adults with type 1
diabetes.
Methods: We performed a single-center, single-
blinded, crossover (two 7-day treatment peri-

ods) escalation trial over three sequential
cohorts. Participants from each cohort were
randomized to a default tmax setting
(t65 [tmax = 65 min]) followed by a non-default
tmax setting (t50 [tmax = 50 min; cohort 1], t40
[tmax = 40 min; cohort 2], t30 [tmax = 30 min;
cohort 3]), or vice versa, all with faster aspart.
Each cohort randomized eight new participants
if escalation-stopping criteria were not met in
the previous cohort.
Results: Overall, 24 participants were random-
ized into three cohorts. Two participants dis-
continued treatment, one due to reported ‘low
blood glucose’ during the first treatment period
of cohort 3 (t30). Mean time in low sensor glu-Supplementary Information The online version
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cose (\ 54 mg/dl, primary endpoint) was
\1.0% for all tmax settings. Mean sensor glucose
in cohorts 1 and 2 was significantly lower at
non-default versus default tmax settings, with
comparable insulin dosing. The mean time
sensor glucose was in range (70–180 mg/dl)
was[ 70% for all cohorts, except the default
tmax setting in cohort 1. No severe hypo-
glycemic episodes were reported. Furthermore,
there were no clinically significant differences
in adverse events between the groups.
Conclusion: There were no safety concerns
with faster aspart in the iLet at non-default tmax

settings. Improvements were observed in mean
sensor glucose without increases in low sensor
glucose at non-default tmax settings.
Trial Registration: ClinicalTrials.gov,
NCT03816761.

PLAIN LANGUAGE SUMMARY

One way to give insulin is to use an insulin
delivery system. The iLet� is a new type of
insulin delivery system that works together with
a continuous sugar monitoring tool (CGM). The
CGM shows the blood sugar level in the body
throughout the day. Based on this, the iLet
automatically gives the insulin that is needed to
control the blood sugar. Fast-acting insulin
aspart (faster aspart) is a type of insulin that
doctors can prescribe for use with insulin pens
and insulin pumps. The researchers wanted to
test the safety of faster aspart when given to
people at different delivery settings in the iLet.
Twenty-four men and women with type 1 dia-
betes from the USA took part. The different
insulin delivery settings were the standard set-
ting (tmax65 = 65 min) and new settings
(tmax50 = 50 min; tmax40 = 40 min; tmax30 =
30 min). The shorter the tmax setting, the faster
the insulin was assumed to be absorbed into the
body by the iLet. People had good blood sugar
control with faster aspart delivered using the
iLet. The time with low blood sugar (i.e., \
54 mg/dl) was low for both the standard setting
and the new settings. The average blood sugar
was lower with the shorter, non-standard tmax

settings. No people had serious side effects. No

severe hypoglycemic episodes were reported. In
this study, researchers found that it was safe to
use faster aspart with the different settings in the
iLet.

Keywords: Algorithm; Automated delivery;
Bionic pancreas; Faster aspart; Glucose control;
Insulin; Type 1 diabetes

Key Summary Points

Why carry out this study?

Fast-acting insulin aspart (faster aspart) has
a faster absorption profile than insulin
aspart (IAsp)

The iLet� bionic pancreas uses a dosing
algorithm that is based on a bi-
exponential pharmacokinetic model of
the insulin

We hypothesized that changing the time
to maximal serum drug concentration
(tmax) setting on the iLet bionic pancreas
to optimally match the absorption profile
of faster aspart would potentially deliver
better glucose control than can be
achieved using the iLet with faster aspart
and the default tmax setting

What was learned from the study?

There were no safety concerns with faster
aspart in the iLet at non-default tmax

settings

Improvements were observed in mean
sensor glucose without increases in low
sensor glucose at non-default tmax settings

Overall, this study suggests that it may be
valuable to optimize the tmax settings
when using faster aspart in the iLet rather
than using the default tmax settings
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DIGITAL FEATURES

This article is published with digital features,
including a summary slide and plain language
summary, to facilitate understanding of the
article. To view digital features for this article go
to https://doi.org/10.6084/m9.figshare.
14627199.

INTRODUCTION

There is an ongoing need to optimize glycemic
control while reducing the risk of hypoglycemia
in patients with type 1 diabetes, and advances
have been made toward automated systems to
assist with diabetes treatment [1]. Continuous
subcutaneous insulin infusion (CSII) has been
associated with favorable effects on glycemic
control compared with multiple daily injections
(MDI); however, the strength of evidence
remains low and the observed differences in
glycated hemoglobin (A1C) might not be con-
sidered clinically meaningful [2–4]. Further-
more, despite increased use of CSII and
continuous glucose monitoring (CGM) systems,
only a minority of patients with type 1 diabetes
are achieving glycemic targets [5, 6], and
hypoglycemia remains a concern [7].

A leap forward toward reaching treatment
targets could be made with automated, closed-
loop medical devices that use real-time data
from CGM systems to inform mathematical
algorithms that control insulin and/or glucagon
delivery [8]. These systems can help reduce
treatment burden, lower average glucose levels,
and/or reduce hypoglycemia risk [8] by auto-
matically adjusting the amount of insulin and/
or glucagon infused in response to sensor glu-
cose levels.

The iLet� bionic pancreas (iLet; Beta Bionics,
Inc., Concord, MA, USA) is a purpose-built,
standalone, wearable, medical device that
requires only the user’s body weight for initial-
ization. Based on user CGM readings, the iLet
autonomously delivers insulin and/or glucagon
to control blood glucose (BG) levels in response
to the user’s real-time sensor glucose readings
from a CGM [9]. The mathematical dosing
algorithms used in the iLet for controlling

sensor glucose levels do not require the user to
count carbohydrates or to set or know their
basal insulin rates, correction factors, or carbo-
hydrate-to-insulin ratios [10]. The control
algorithms used in the iLet consist of three
insulin controllers running in parallel: (1) a
basal insulin controller, which continually
adapts to basal insulin needs; (2) a corrections
controller, which continually adapts and pro-
vides control doses required above and beyond
basal insulin; (3) a meal-announcement con-
troller, which issues meal doses in response to
meal announcements made by the user and
continually adapts to the user’s prandial insulin
needs [10]. No carbohydrate counting is
required for meal announcements; rather, the
user inputs via the iLet interface how the meal
size compares with a typical meal for that time
of day. When a meal announcement is made,
the iLet gives 75% of the overall insulin for that
meal type and chosen size, based on the dosing
that was needed when similar meal announce-
ments were made on previous days [9]. The iLet
continues to adapt the meal dose on subsequent
occasions when a meal announcement is made
[9].

Previous randomized trials with the iLet in
adults and children with type 1 diabetes have
shown improved mean sensor glucose levels,
increased time in range (70–180 mg/dl
[3.9–10 mmol/l]) and reduced time in hypo-
glycemia (\ 3.3 mmol/l) and hyperglycemia
([10.0 mmol/l) versus the current standard of
care [11, 12]. However, the absorption time and
variable pharmacokinetics of conventional,
rapid-acting insulin analogs may limit the
extent to which glycemic control can be opti-
mized. Automated insulin dosing systems
might therefore benefit from an insulin with a
faster absorption time and clearance rate than
conventional, rapid-acting insulin analogs.

Fast-acting insulin aspart (faster aspart) is
insulin aspart (IAsp) in a different formulation,
as it contains two additional excipients: niaci-
namide and L-arginine. Faster aspart aims to
mimic endogenous prandial insulin release
more closely than IAsp [13]. L-arginine opti-
mizes the stability of the formulation, while
niacinamide increases early absorption of IAsp
[13]. In a pooled analysis, pharmacokinetic (PK)
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and pharmacodynamic (PD) profiles for faster
aspart were left-shifted versus those for IAsp,
and onset of appearance in blood occurred ear-
lier [14]. These pharmacological improvements
were also observed after delivery by CSII [15]. In
randomized clinical trials in adults using CSII,
faster aspart was associated with significant
improvements in postprandial glucose (PPG)
control compared with IAsp [16, 17]. Faster
aspart was also non-inferior to IAsp in terms of
A1C [16]. The risk of overall severe or BG-con-
firmed hypoglycemia was similar for faster
aspart and IAsp; however, a significantly higher
rate of severe or BG-confirmed hypoglycemic
episodes was reported within the first hour after
the start of the meal with faster aspart versus
IAsp [16]. Compatibility with CSII was similar
for faster aspart and IAsp, demonstrated by an
absence of microscopically-confirmed infusion-
set occlusions for either insulin [18]. When
using fully closed-loop insulin devices, both
faster aspart and IAsp were well tolerated and
performed similarly in achieving near-normal
glucose concentrations outside postprandial
periods in young adults with type 1 diabetes
[19]. However, the closed-loop algorithm was
not optimized for use with faster aspart in this
study [19]. The iLet corrections controller con-
tinually estimates pending insulin action (re-
lated to ‘insulin-on-board’) by accounting for
the time and magnitude of past insulin doses
based on a bi-exponential PK model, which uses
a single clinician-adjustable parameter: time to
maximal serum drug concentration (tmax). The
iLet default tmax setting is 65 min (t65), which
has been used in clinical trials using insulin
lispro [9]. In light of the faster absorption profile
of faster aspart versus IAsp [14], we hypothe-
sized that a shorter tmax (versus default tmax)
would allow the iLet insulin dosing algorithms
to more optimally match the PK profile of faster
aspart and potentially deliver better glucose
control than can be achieved using the iLet with
faster aspart and the default tmax setting.

The study’s primary objective was to inves-
tigate the safety of selected tmax settings in the
insulin-only configuration of the iLet using
faster aspart in adults with type 1 diabetes in a
short-term, outpatient clinical trial. A sec-
ondary objective was to investigate glucose

control under non-default tmax settings com-
pared with the default tmax setting for the iLet
using faster aspart.

METHODS

Trial Design

This was a single-center, sequential-cohort,
randomized, single-blinded trial comprising
three individual cohorts in adults with type 1
diabetes (NCT03816761). In each cohort, a non-
default iLet tmax setting (t50 = 50 min,
t40 = 40 min, and t30 = 30 min) was compared
with the default iLet tmax setting (t65 = 65 min)
in a two-period crossover design (Fig. 1). Par-
ticipants were blinded to the order of the tmax

settings in all study arms.
Trial duration for each cohort consisted of a

screening period, two 7-day treatment periods,
and a 7-day follow-up period (Fig. 1). The 7-day
treatment periods started with a 2-day ‘in-pa-
tient’ period, during which the participants
stayed in a hotel close to the hospital. An on-
call study provider stayed in the same hotel
during this period. Participants were permitted
to leave the hotel during the day; however, they
informed the on-call study provider of their
whereabouts. If the participant met safety cri-
teria after this period of intensive safety
surveillance, the participant was discharged
home and continued on the iLet throughout
the 5-day ‘out-patient’ period.

The non-default tmax setting that was com-
pared with the default tmax setting was
decreased when transitioning from one cohort
to the next (from t50 for cohort 1 to t40 for
cohort 2 and t30 for cohort 3). For each cohort,
eight new participants were recruited and ran-
domized. Continuation to the next cohort only
occurred if the escalation-stopping criteria in
the preceding cohort were not met. The criteria
were: time in low sensor glucose (\54 mg/dl
[3.0 mmol/l]) was [ 2% of the total study
duration while remaining on the tmax setting for
that cohort or C 1 episodes of treatment-emer-
gent severe hypoglycemia occurred over the
total study duration at a constant tmax setting. If
any of these specified events occurred in two or
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more participants on the same tmax setting
within a cohort, continuation to the next
cohort with a shorter tmax setting would not
occur.

Compliance with Ethics Guidelines

This trial was conducted in accordance with the
Declaration of Helsinki 1964 and its later
amendments [20], International Council for
Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use
Good Clinical Practice [21], International
Organization for Standardization 14,155, and
with US Food and Drug Administration 21 Code
of Federal Regulations 312.120 [22]. The trial
protocol, informed consent, and other relevant
documents were reviewed and approved by
local health authorities and an institutional
review board (Partners Human Research Com-
mittee, ref. IRB00010760). Further details are
provided in Table S1 in the Supplementary
Material. All participants provided informed
consent to participate in the study and

publication of their clinical data for research
purposes.

Study Population

In total, 38 participants were screened to
achieve 24 participants randomly assigned to
one of three treatment cohorts (randomization
methodology included in the Supplementary
Material). Participants were eligible if they were
aged 18–75 years, diagnosed with type 1 dia-
betes at least 12 months prior to the day of
screening, and had A1C C 6.5– B 9.0%
(C 47– B 75 mmol/mol) at screening. Eligible
participants had to have been treated with CSII
for at least 12 months prior to the day of
screening. Additional inclusion criteria and full
exclusion criteria are listed in the Supplemen-
tary Material.

Treatment Interventions

Throughout the study, the iLet was used in its
insulin-only configuration (glucagon was not

Fig. 1 Trial design. *During the ‘in-patient’ period,
participants stayed in a hotel close to the hospital.
Participants were permitted to leave the hotel during the
day; however, they informed the on-call study provider of
their whereabouts. The ‘out-patient’ period was defined as
the period after the participant had been discharged to
home until the end of treatment. �Continuation to the
next cohort only occurred if the following criteria did not

occur in C 2 subjects on the same tmax setting within a
cohort: time in low sensor glucose[ 2% of the total time
on treatment; C 1 treatment-emergent severe hypo-
glycemic episode. tmax, time to maximal serum drug
concentration
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administered) in combination with faster aspart
(100 units(U)/ml, 1.6 ml cartridge [NovoRapid�

PumpCart�, Novo Nordisk, Bagsværd, Den-
mark]) and a real-time CGM sensor (Dexcom
G5�, Dexcom, San Diego, CA, USA). Partici-
pants were randomized (1:1) to two different
treatment sequences consisting of the default
tmax setting (t65 = 65 min) followed by a non-
default tmax setting (t50 = 50 min, t40 = 40 min,
or t30 = 30 min), or vice versa, within their
respective cohort: cohort 1, t65 versus t50;
cohort 2, t65 versus t40; or cohort 3, t65 versus
t30.

The iLet was initialized by site staff by
entering the participant’s body weight. Partici-
pants were taught to use the meal announce-
ment feature and were recommended to use it
immediately before their main meals, although
using the meal announcement was not a
requirement. Details of the device training are
included in the Supplementary Material. Site
staff stopped the iLet at the end of a treatment
period and reconfigured it to start again at the
crossover visit.

After being initialized only with the user’s
body weight, the mathematical control algo-
rithms of the iLet autonomously determined
insulin dosing and continually adapted to the
participant’s insulin requirements based on
real-time CGM sensor readings as well as auto-
matically delivered meal doses of insulin in
response to meal announcements. Therefore,
no standardized scheme for insulin titration by
study staff was needed. The glucose target for
the iLet was set to 120 mg/dl (6.6 mmol/l).
Participants were requested to maintain their
diet and exercise habits as per their typical
routines throughout the trial as much as
possible.

Self-Measured Blood Glucose

Self-measured blood glucose (SMBG) values
were obtained in the event of a hypoglycemic
episode using a factory-calibrated BG meter to
display plasma-equivalent glucose values. The
participants used the SMBG values to calibrate
the CGM sensor by entering the measured

values into the study iPhone running the CGM
app.

Real-time 24-h remote telemetric monitoring
for hypoglycemia or persistent hyperglycemia
was performed by site staff using a remote
monitoring system, which generated an alarm if
sensor glucose was\ 50 mg/dl (2.8 mmol/l) for
15 min or[ 300 mg/dl (16.6 mmol/l) for
90 min. When an alert was received, a site staff
member called the participant and helped
troubleshoot any issues, e.g., instructing par-
ticipants to consume rapid-acting carbohy-
drates, measure their ketone levels, and/or
change their infusion set.

Endpoints

The primary endpoint was the percentage of
time in low sensor glucose (\54 mg/dl
[3.0 mmol/l]) from initiation to end of treat-
ment. Supportive secondary endpoints were
also assessed from initiation to end of treat-
ment. These included: percentage of time in
sensor glucose range (70–180 mg/dl
[3.9–10 mmol/l]); mean sensor glucose values;
total daily insulin dose; number of treatment-
emergent adverse events (TEAEs) and infusion-
site reactions; number of severe hypoglycemic
episodes; number of self-manageable treatment-
emergent hypoglycemic episodes requiring oral
carbohydrate intervention per day; and the
number of treatment-emergent hypoglycemic
episodes (overall, daytime, and nocturnal).

Hypoglycemic episodes were classified
according to Novo Nordisk and American Dia-
betes Association (ADA) classifications of
hypoglycemia [23]. Severe hypoglycemia was
defined as an event requiring assistance of
another person to actively administer carbohy-
drates, glucagon or take other corrective actions
[23]. BG-confirmed hypoglycemia was defined
as an episode confirmed by plasma glu-
cose\3.1 mmol/l (56 mg/dl), with or without
symptoms consistent with hypoglycemia.
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Additional Derivations

The coefficient of variation of the available
sensor glucose values was calculated to assess
sensor glucose profile variation.

Statistical Methods

No formal sample size calculations were made
for the safety endpoints. Eight participants per
cohort (24 participants in total) was deemed
adequate to give an assessment of the primary
objective.

The full analysis set (FAS) included all ran-
domized participants receiving treatment. Par-
ticipants in the FAS contributed to the
evaluation ‘as treated’. The safety analysis set
(SAS) included all participants receiving treat-
ment. Participants in the SAS contributed to the
evaluation ‘as treated’.

Assessment of the primary endpoint was
based on descriptive summaries presenting
mean, median, minimum, and maximum val-
ues by cohort and treatment. In a supplemen-
tary analysis of the primary endpoint, the
default tmax setting was compared with each of
the non-default tmax settings separately by
cohort for time spent in low sensor glucose
(\54 mg/dl [3.0 mmol/l]) using a linear mixed-
effect model, with treatment and period as fixed
effects, and participant as random effect.

Percentage of time in sensor glucose range
(70–180 mg/dl [3.9–10 mmol/l]) and mean sen-
sor glucose level were presented using descrip-
tive statistics made by cohort and treatment
and analyzed using a model similar to the sup-
plementary analysis for the primary endpoint.
Total daily insulin dose and self-manageable
(able to self-treat) treatment-emergent hypo-
glycemic episodes requiring oral carbohydrate
intervention were presented using descriptive
statistics made by cohort and treatment. TEAEs,
treatment-emergent infusion-site reactions, and
treatment-emergent hypoglycemic episodes
were summarized by cohort and treatment.

RESULTS

Trial Participants

Of 38 screened participants, 24 entered into the
trial and were allocated to 3 cohorts, each
comprising 8 participants. All 24 participants
were exposed to trial product (hence the FAS
and SAS were identical), of whom 22 partici-
pants completed both treatment periods in
their respective cohorts (Fig. S1 in the Supple-
mentary Material). One participant in cohort 2
discontinued trial treatment after 4.5 days’
exposure in the second treatment period
because the ‘participant moved out of town’.
Another participant, in cohort 3, withdrew after
5.5 days of treatment exposure in the first
treatment period (on the t30 setting) due to ‘low
blood glucose’ as perceived by the participant,
i.e., the participant was dissatisfied with their
blood glucose control when using the iLet with
the t30 setting in general.

Participant demographics and baseline
characteristics are presented in Table S2 in the
Supplementary Material. The observed mean
body mass index (BMI) for cohorts 1 and 3 were
similar (28.3 and 28.8 kg/m2, respectively) and
greater than for cohort 2 (24.1 kg/m2). Duration
of diabetes (16.6–33.1 years in all three cohorts)
and age (36.3–47.1 years in all three cohorts)
were lower in cohort 2 than cohorts 1 and 3
(Table S2 in the Supplementary Material).

Most participants were administering insulin
lispro at screening (cohort 1, 75.0%; cohort 2,
87.5%; cohort 3, 100.0%); the remainder were
administering insulin aspart.

The number of meal announcements made
by participants according to the size of the meal
are presented in Table S3 in the Supplementary
Material.

Time of Treatment Period

The sensor glucose measurements from the
CGM sensor for all three cohorts accounted for
84.0–88.9% of the total treatment time.
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Time in Low Sensor Glucose (< 54 mg/dl
[3.0 mmol/l])—Primary Endpoint

The observed mean time in low sensor glucose
(\54 mg/dl [3.0 mmol/l]) was\1.0% for all
treatment arms (Fig. 2a–c; Table 1). Time in low

sensor glucose (\ 54 mg/dl [3.0 mmol/l]) was
0.98% for t50 and 0.89% for t65 in cohort 1,
0.69% for t40 and 0.50% for t65 in cohort 2, and
0.61% for t30 and 0.37% for t65 in cohort 3.

The supplementary analysis of the primary
endpoint, in which the within-participant
treatment differences were investigated, did not

Fig. 2 Time spent in low sensor glucose (\ 54 mg/dl
[3.0 mmol/l]) for a cohort 1, b cohort 2, and c cohort 3,
and mean sensor glucose for d cohort 1, e cohort 2, and
f cohort 3. Time spent in low sensor glucose was calculated
as the percentage of available sensor glucose values below
the threshold. Each blue line represents the sensor glucose
profile for an individual participant in their respective
cohort; different shades indicate different tmax settings.

Yellow lines indicate mean over participants in a cohort.
The blue dot represents the participant that discontinued
treatment during the first treatment period, i.e., the
participant has no assessment on the default (t65) setting.
tmax, time to maximal serum drug concentration
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show significant differences between arms in
any of the cohorts (Table S4 in the Supplemen-
tary Material). Derivations evaluating time in
low sensor glucose using cut-offs of\60 mg/dl
(3.3 mmol/l) and\70 mg/dl (3.9 mmol/l)

showed more time below these thresholds, as
expected, but were consistent with the pattern
observed for the\54 mg/dl [3.0 mmol/l])
threshold (Table S5 in the Supplementary
Material).

Table 1 Sensor glucose outcomes

t50 faster

aspart

t65 faster

aspart

t40 faster

aspart

t65 faster

aspart

t30 faster

aspart

t65 faster

aspart
Cohort 1 Cohort 1 Cohort 2 Cohort 2 Cohort 3 Cohort 3

Time in low sensor glucose range (< 54 mg/dl [3.0 mmol/l])

Mean (SD), % 0.98 (0.72) 0.89 (1.16) 0.69 (0.50) 0.50 (0.79) 0.61 (0.56) 0.37 (0.41)

Mean sensor glucose

Mean (SD), mg/dl 150.3 (7.8) 157.7 (11.0) 150.1 (8.5) 157.6 (11.5) 144.1 (7.1) 152.5 (11.4)

Estimated treatment

difference (95% CI)

- 7.36

(- 12.31; - 2.41)

- 7.50

(- 12.94; - 2.06)

- 7.73

(- 16.84;1.38)

p-valuea 0.011 0.015 0.082

Mean (SD), mmol/l 8.34 (0.44) 8.75 (0.61) 8.33 (0.47) 8.75 (0.64) 8.00 (0.40) 8.46 (0.63)

Estimated treatment

difference (95% CI)

- 0.41

(- 0.68; - 0.13)

- 0.42

(- 0.72; - 0.11)

- 0.43

(- 0.93;0.08)

p-valuea 0.011 0.015 0.082

Time in sensor glucose range (70–180 mg/dl [3.9–10 mmol/l])

Mean (SD), % 70.9 (9.4) 66.8 (10.4) 73.9 (6.1) 70.4 (8.5) 78.3 (7.0) 73.8 (11.8)

Estimated treatment

difference (95% CI)

4.08

(- 3.36;11.53)

3.49

(- 2.05;9.03)

4.49

(- 3.78;12.76)

p-valuea 0.228 0.174 0.230

Time in high sensor glucose (> 180 mg/dl [10 mmol/l])

Mean (SD), % 25.27

(8.28)

29.33

(8.62)

23.22

(5.52)

27.13

(7.60)

18.75

(5.71)

24.35

(10.28)

Coefficient of variation for sensor glucose

Mean (SD) 36.23

(5.59)

38.93

(6.04)

37.21

(5.23)

37.11

(5.84)

34.18

(5.74)

33.46

(7.56)

Time spent in low sensor glucose was calculated as the percentage of available sensor glucose values below the threshold. Mean sensor

glucose levels were calculated as the average of the available interstitial glucose values and were analyzed by cohort using a linear mixed

effect model with treatment and period as fixed effect and participant as random effect. Time spent in sensor glucose range was calculated

as the percentage of available sensor glucose values above or equal to the low threshold and below or equal to the high threshold. Time

spent in sensor glucose range was analyzed by cohort using a linear mixed effect model with treatment and period as fixed effect and

participant as random effect. Time spent in high sensor glucose was calculated as the percentage of available sensor glucose values above

the threshold

Faster aspart fast-acting insulin aspart, SD standard deviation, t30 30 min, t40 40 min, t50 50 min, t65 65 min
a p values are from the two-sided test for treatment difference evaluated at the 5% level of significance
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Mean Sensor Glucose Levels

Overall, mean sensor glucose was statistically sig-
nificantly lower in cohort 1 for t50 (150.3 mg/dl
[8.34 mmol/l]) versus t65 (157.7 mg/dl
[8.75 mmol/l]); estimated treatment difference
(ETD): - 7.36 mg/dl (- 12.31; - 2.41)95% CI,
(- 0.41 mmol/l [- 0.68; - 0.13]95% CI), p = 0.011
(Fig. 2d, Table 1). In cohort 2,mean sensor glucose
was statistically significantly lower for t40
(150.1 mg/dl [8.33 mmol/l]) versus t65 (157.6 mg/
dl [8.75 mmol/l]); ETD: - 7.50 mg/dl (- 12.94; -
2.06)95% CI, (- 0.42 mmol/l [- 0.72; -
0.11]95% CI), p = 0.015 (Fig. 2e; Table 1). In
cohort 3, mean sensor glucose was 144.1 mg/dl
(8.00 mmol/l) for t30 and152.5 mg/dl (8.46 mmol/
l) for t65; ETD: - 7.73 mg/dl (- 16.84; 1.38)95% CI,
(- 0.43 mmol/l [- 0.93; 0.08]95% CI), p = 0.082
(Fig. 2f; Table 1).

Time in Sensor Glucose Range
(70–180 mg/dl [3.9–10 mmol/l])

Mean time in range was[70% for all settings
and cohorts except for the default tmax setting in
cohort 1. Mean time in range was 70.9% for t50
and 66.8% for t65 in cohort 1, 73.9% for t40 and
70.4% for t65 in cohort 2, and 78.3% for t30 and
73.8% for t65 in cohort 3. ETD was 4.08%
(- 3.36; 11.53)95% CI for cohort 1, 3.49%
(- 2.05; 9.03)95% CI for cohort 2, and 4.49%
(- 3.78; 12.76)95% CI for cohort 3 (Table 1).

Time in High Sensor Glucose (> 180 mg/dl
[10 mmol/l])

Mean time spent in high sensor glucose across
all cohorts was 18.75–29.33% (Table 1).

Additional Derivations

The coefficient of variation of the available
sensor glucose values was calculated to assess
the variation in the sensor glucose profiles. The
coefficient of variation across all cohorts was
33.5–38.9% (Table 1).

Dosing

The total daily insulin dose was comparable
across each cohort: 0.60 U/kg for t50 and 0.63 U/
kg for t65 in cohort 1, 0.65 U/kg for t40 and
0.67 U/kg for t65 in cohort 2, and 0.63 U/kg for
t30 and 0.64 U/kg for t65 in cohort 3.

TEAEs

Overall, there were no clinically relevant dif-
ferences in TEAEs when using the non-default
tmax settings versus the default tmax settings
(Table S6 in the Supplementary Material). Seven
TEAEs were reported by five participants across
all tmax settings; none were considered serious
or severe. There were no deaths, and none of the
TEAEs led to withdrawal from the trial or per-
manent discontinuation of trial product.

Two TEAEs were reported as infusion-site
reactions in participants on the t65 setting: one
in cohort 3 with the preferred term ‘infusion-
site reaction’ and the other in cohort 1 with the
preferred term ‘hyperglycemia’ judged by the
investigator as an infusion-site reaction. No
lipodystrophy or allergic reactions were
reported.

Hypoglycemia

The frequency and rate of hypoglycemic epi-
sodes are presented in Table 2. No severe
hypoglycemic episodes were reported. The rate
of BG-confirmed hypoglycemia was
99.20 episodes per year of exposure (PYE) for t50
and 105.40 episodes PYE for t65 in cohort 1,
92.01 episodes PYE for t40 and 48.43 episodes
PYE for t65 in cohort 2, and 82.53 episodes PYE
for t30 and 53.01 episodes PYE for t65 in cohort 3
(Table 2). Rates of daytime BG-confirmed
hypoglycemia were 30.29–92.23 episodes PYE,
and rates of nocturnal BG-confirmed hypo-
glycemia were 6.88–33.07 episodes PYE
(Table 2).

The mean number of self-manageable hypo-
glycemic episodes per day requiring carbohy-
drate intervention was 1.01 episodes/day for t50
and 0.87 episodes/day for t65 in cohort 1,
1.06 episodes/day for t40 and 0.68 episodes/day
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for t65 in cohort 2, and 0.86 episodes/day for t30
and 0.51 episodes/day for t65 in cohort 3.

Safety Assessments

The number of infusion-set and PumpCart�

changes was 24–38 across all cohorts (Table S7
in the Supplementary Material). Of these, 2–9
were non-routine changes (Table S7 in the
Supplementary Material).

DISCUSSION

This was the first randomized trial to investigate
the use of faster aspart using the iLet under
different tmax algorithm settings in adults with
type 1 diabetes. Improvements in glucose con-
trol (reductions in mean sensor glucose and
increases in time in the target range of
70–180 mg/dl [3.3–10 mmol/l] without clini-
cally significant increases in hypoglycemia)
were observed with faster aspart at non-default
tmax settings (t50, t40, and t30) compared with the
default tmax setting (t65). Importantly, no severe
hypoglycemic episodes were reported, and there
were no clinically significant differences in
adverse events between groups. Based on a
small sample of adults with type 1 diabetes, the
results suggest that, in the insulin-only config-
uration of the iLet with faster aspart, using non-
default values can improve glucose control rel-
ative to what is observed with the default tmax

value, without compromising safety.
Mean time in low sensor glucose (\54 mg/dl

[3.0 mmol/l], primary endpoint) was\ 1.0% for
all of the studied tmax settings. The mean time
in sensor glucose range (70–180 mg/dl
[3.3–10 mmol/l]) was[70%, except for the
default tmax setting in cohort 1. These results
broadly align with the ‘time in range’ targets
recommended in international guidelines of
spending\ 1.0% of the time below 54 mg/dl
[3.0 mmol/l] and[70% of the time in range
(70–180 mg/ml [3.9–10.0 mmol/l]). The results
of the present study for average time in range
for the three cohorts at the t65 using faster
aspart was 67–74%. The average time in range
for the non-default tmax values increased from
t50 to t40 to t30, suggesting a greater time in

range may be associated with shorter tmax

values.
A similar trend was observed for mean sensor

glucose levels, which were slightly higher for
each of the three cohorts at the t65 setting
compared with the non-default tmax values (t50,
t40, and t30). This trend suggests a lower mean
sensor glucose level may be associated with
shorter tmax values. For each cohort, the total
daily insulin dose was comparable at non-de-
fault versus default tmax settings. Taken toge-
ther, these results suggest non-default tmax

settings can be used in the iLet with faster aspart
to improve glycemic control without compro-
mising its safety profile.

There are several strengths to this study,
including use of the iLet as the first automated
insulin delivery system in which the tmax setting
can be readily altered using the device’s graph-
ical user interface. Furthermore, as the system
only requires the user’s body weight for initial-
ization, the burden on the patients and effect
on daily activities are minimal. Faster aspart has
been previously investigated in fully closed-
loop systems [19, 24–26]; however, in these
studies, the insulin dosing algorithm of the
device was not optimized with the PK profile of
faster aspart. Another strength of the current
study is the crossover study design, which
allowed the evaluation of within-participant
tmax settings, thereby reducing the impact of
inter-participant variability.

However, our study was not without limita-
tions. First, carbohydrate intake to prevent
hypoglycemia was not captured and may have
confounded the hypoglycemia results. The
remote monitoring may have reduced the
duration and/or severity of hypoglycemic and
hyperglycemic episodes compared with what
might otherwise have occurred. Furthermore,
the exclusion criteria resulted in a more
homogeneous patient population than the
population at large. Although the crossover
design allowed the evaluation of within-partic-
ipant tmax settings, the use of a new cohort of
eight participants at each tmax setting limited
our ability to make comparisons across the
three non-default tmax settings. International
guidelines recommend that 70% of CGM data
from 14 days should be available for evaluation
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of the quality of glycemic control [27]. In this
study * 84–89% of the total time of treatment
was accounted for by CGM measurements
([70%), the average total time of each study
arm was 6–7 days.

CONCLUSIONS

We conducted a randomized, three-cohort,
crossover trial in participants with type 1 dia-
betes to investigate each of the three non-de-
fault tmax settings (tmax = 50, 40, or 30 min)
compared with the default tmax setting
(tmax = 65 min) in the insulin-only configura-
tion of the iLet using faster aspart. There were
no severe hypoglycemic episodes, and no safety
issues were identified. Based on the mean per-
centage of time spent in low sensor glucose
(\54 mg/dl [3.0 mmol/l]) being\1% across all
three cohorts, we concluded that safety of the
glucose control was acceptable for the default
and all non-default tmax settings. Additionally,
mean sensor glucose for two of the three non-
default tmax settings was statistically signifi-
cantly lower than for the default tmax setting,
with comparable total daily insulin doses.
Overall, this study suggests that it may be
valuable to optimize the tmax setting when
using faster aspart in the iLet rather than using
the default tmax value.
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