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Abstract

Objective: To evaluate a transition from standard-of-care (SC) management of type 1 diabetes (any insulin
delivery method including hybrid closed-loop systems plus real-time continuous glucose monitoring [CGM]) to
use of the insulin-only configuration of the iLet® bionic pancreas (BP) in 90 adults and children (age 671
years).

Research Design and Methods: After the SC group completed the randomized controlled trial (RCT) por-
tion of the Insulin-Only BP Pivotal Trial, 90 of the 107 participants participated in a 13-week study
using the BP. The key outcomes were change from baseline in HbAlc and CGM metrics after 13 weeks on
the BP.

Results: Using the BP, mean HbAlc decreased from 7.7% % 1.0% (61 £10.9 mmol/mol) at baseline to 7.1% *
0.6% (54 6.6 mmol/mol) at 13 weeks (mean change —0.55% £0.72% [—6 £ 7.9 mmol/mol], P <0.001), time in
range 70—180 mg/dL increased by 12.0% £ 12.5% (from 53% % 17% to 65% + 9%, P <0.001), and mean glucose
decreased by —18 23 mg/dL. (from 182+32 to 164+ 15mg/dL, P<0.001). The higher the baseline HbAlc
level, the greater the change in HbAlc. Results were similar in the adult (NV=42) and pediatric (N=48) cohorts.
Time <70mg/dL decreased from baseline over the 13 weeks by —0.50%*+1.86% (P=0.02), and time
<54 mg/dL was similar (change from baseline —0.08% *+0.59%, P=0.24). Two severe hypoglycemia events
(in same participant) and one diabetic ketoacidosis event occurred.
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Conclusions: Glycemic control improved after adult and pediatric participants in the SC arm in the Insulin-
Only BP Pivotal Trial transitioned to use of the BP. Improvement using the BP was of similar magnitude to that

observed during the RCT.
ClinicalTrials.gov number, NCT04200313.

Keywords: bionic pancreas, type 1 diabetes, adults, pediatrics, artificial pancreas, evaluation, automated insulin

delivery

Introduction

AUTOMATED INSULIN DELIVERY systems hold great
promise for transforming the management of type 1
diabetes. The systems that have become available commer-
cially over the past 5 years (Medtronic Minimed™ 670G and
780G, Tandem t:slim X2 with Control-IQ® Technology
[Control—IQ],S’6 and Insulet Omnipod® 57) are referred to as
hybrid closed loop (HCL) systems since they partially au-
tomate insulin delivery but still require insulin titration and
dosing decisions on the part of the health care provider and
user.”

This includes requiring the user to enter an estimate of the
grams of carbohydrate in a meal and then initiate a meal bolus
and to treat hyperglycemia as needed or desired with cor-
rection doses of insulin. These systems also require deter-
mination and programming of multiple settings before they
are used, which may include insulin basal rates, insulin- to-
carbohydrates ratios, insulin sensitivity factors, glucose tar-
gets, active insulin time, and/or total daily dose (TDD) of
insulin.

In contrast, the iLet® bionic pancreas (BP; Beta Bionics) is
an automated insulin delivery system initialized only with body
weight and without requiring the input of any information about
previous insulin dosing. All insulin titration, including for
meals, is determined autonomously by the BP insulin-dosing
algorithms, and it cannot be modified by the user or health care
provider. These algorithms continually adapt basal insulin
doses, correction insulin doses, and meal-announcement doses
to meet the individual’s insulin needs in response to the con-
tinuous glucose monitoring (CGM) input signal to the BP.

Meals are announced by the user without carbohydrate
counting as ‘“Usual For Me,” ‘““More”’ (around 50% more
than usual), or “Less” (around 50% less than usual) than
other meals of the same type (i.e., ‘‘Breakfast,” “‘Lunch,”
“Dinner”’). In response to these qualitative meal announce-
ments, the system delivers ~75% of the autonomously
estimated insulin need immediately, and then it will auton-
omously add or refrain from additional basal or correction
insulin dosing postprandially, as necessary.

When CGM data are not available, the BP continues to
make all insulin-dosing decisions autonomously, based on a
basal insulin profile determined, continually updated, and
stored by the BP when CGM data were available, and in
response to any entered blood glucose values obtained from
a capillary glucometer and any meal announcements with-
out carbohydrate counting. Insulin dosing can be maintained,
increased, or temporarily suspended autonomously by the BP
in response to the entered blood-glucose values. The BP has
been developed both as an insulin-only system and as a bi-
hormonal system that doses both insulin and glucagon.

The pivotal randomized controlled trial (RCT) evaluating
the insulin-only configuration of the BP demonstrated it to be

effective and safe in both adults and youth 26 years old with
type 1 diabetes in a 13-week trial that included 440 partici-
pants using either insulin aspart, insulin lispro, or fast-acting
insulin aspart in the BP compared with a standard-of-care
(SC) control group using their standard insulin delivery
(which included HCL systems) plus real-time CGM.*~'?

After completion of the RCT, participants in the SC con-
trol group were provided the opportunity to participate in an
extension study in which they used the BP for 13 weeks. The
results from the extension study expand on the RCT results
and are reported herein.

Methods

The study was conducted at 16 diabetes centers in the
United States. The protocol was approved by a central in-
stitutional review board. Informed consent, or parental con-
sent and assent for children, was obtained. An investigational
device exemption for the conduct of the trial was approved
by the U.S. Food and Drug Administration (FDA). The pro-
tocol is available at https://s3.amazonaws.com/publicfiles
.jaeb.org/FinallIOBP_PROTOCOL.pdf, and key aspects are
summarized herein.'? The eligibility criteria for the RCT are
available at ClinicalTrials.gov NCT04200313.

As part of the SC group in the RCT, participants continued
use of their personal insulin delivery method, which could
be multiple daily injections (MDI), an insulin pump without
automation, an insulin pump with a low glucose suspend
feature, or an insulin pump with an HCL system. Participants
were provided with education and supplies to use real-time
CGM (Dexcom G6) for the duration of the 13 weeks of the
RCT; they could continue to use their own CGM if different.
To be eligible for the Extension Study, participants needed to
complete all visits during the RCT, at least 10 of 13 weekly
surveys regarding hypoglycemia, and have used the Dexcom
G6 CGM for at least 80% of the time.

Participants who transitioned to the extension study were
provided with the iLet device, which is part of the BP sys-
tem, a Contour®Next One Blood Glucose Monitoring System
(Ascensia Diabetes Care, Basel, CH), a Precision Xtra ketone
meter (Abbott Diabetes Care), and an additional supply of
Dexcom G6 sensors and transmitters. Insulin was delivered
subcutaneously using a commercially available Inset I infu-
sion set (Unomedical), which was the only type of infu-
sion set used in the trial. Pediatric participants used prefilled
fast-acting insulin aspart (Fiasp®) in 1.6-mL glass cartridges
to provide data on the use of this insulin in the iLet in the
pediatric population.

Adult participants used their personal insulin aspart or
insulin lispro vials to fill 1.6-mL glass, ready-to-fill cartridges
(an arm in which adults used fast-acting insulin aspart was
included in the RCT).” If they used pens or a different insulin
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for the SC arm, the study provided them with insulin aspart
or lispro in 10-mL vials.

Participants were trained on the use of the BP system
and given specific written instructions for identifying and
managing possible infusion set failures. There were no re-
strictions on diet or exercise during the trial period. All par-
ticipants had phone contacts after 1-2 days and 1 week and
had follow-up visits at 2, 6, 10, and 13 weeks. Some visits
were completed remotely via video conference due to the
COVID pandemic.

A blood sample from venipuncture or fingerstick'® was
collected after 13 weeks for the measurement of HbAlc by a
central laboratory at the University of Minnesota Advanced
Research and Diagnostic Laboratory (measured with a Tosoh
BioScience instrument). Patient-reported outcome surveys
were completed at baseline and during follow-up and will be
reported separately.

Reporting of adverse events was solicited throughout
the trial. Severe hypoglycemia was defined as hypoglycemia
requiring assistance because of altered consciousness. Dia-
betic ketoacidosis was defined by the criteria established by
the Diabetes Control and Complications Trial.'*

Statistical methods

Analyses were conducted overall and separately for the
adult and pediatric cohorts based on participant age at
the time of initiation of the randomized trial (=18 and <18
years—one participant in the pediatric cohort turned 18
during the RCT). The 13-week HbAlc measurement in the
RCT and the 13 weeks of CGM data collected during the
RCT were used as baseline metrics for the analyses.

Descriptive statistics include means with standard devia-
tions and medians with interquartile ranges (IQR), depending
on the distribution of data. For continuous outcomes, a paired
t-test was used to evaluate the mean change from baseline to
13 weeks. In addition, a likelihood ratio test was used to
compare the standard deviation of HbAlc, mean CGM glu-
cose, and time in range (TIR) 70-180 mg/dL between base-
line and 13 weeks. Binary outcomes were compared between
baseline and 13 weeks using McNemar’s test. Missing data
were handled using multiple imputation. P-values are two-
sided and have been adjusted for multiple comparisons
to control the false discovery rate using the Benjamini-
Hochberg method adapted using the two-stage test.'> Ana-
lyses were performed with SAS software, version 9.4 (SAS
Institute).

Results

The SC group in the RCT included 107 participants, of
whom 103 were eligible for the Extension Study, and 90
consented to participate in this study. Reasons for not par-
ticipating included: fear of hypoglycemia (3), changes in
work schedule (2), planned travel (2), life stresses (2), moved
out of state (1), COVID-19 (1), not wanting to switch from
MDI to a pump (1), and skin reaction using a Dexcom sen-
sor (1).

The 90 participants ranged in age from 6 to 71 years: 42
were in the adult cohort and 48 in the pediatric cohort.
Twenty-three percent were of a minority race/ethnicity
overall: 14% of adults and 31% of youth. For insulin delivery
in the SC arm in the preceding RCT, 39% used MDI, 28%
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used a pump without automation, 4% used a pump with a
predictive low glucose suspend, and 29% used an HCL
system (11% Medtronic 670G/770G system and 18% Tan-
dem Control-1Q). The baseline HbAlc at the start of the
Extension Study was 7.7% *1.0% (61 10.9 mmol/mol).
Other characteristics are shown in Table S1 in the Supple-
mentary Appendix.

The 13 weeks of the study were completed by 84 (93%) of
the 90 participants. The scheduled visit and contact com-
pletion rate was 99% for those who completed the study. Two
pediatric participants used insulin aspart in the BP instead
of fast-acting insulin aspart (protocol deviation). The three
adult participants who withdrew all used an HCL system
before the study and expressed dissatisfaction with either
glucose control (N =2) or lack of ability to self-adjust insulin
delivery (N=1).

Among the three pediatric participants who discontinued,
one was an investigator decision after a diabetic ketoacidosis
(DKA) event, one was related to hyperglycemia, and one was
for personal reasons. Over the 13 weeks of the trial (or until
the time of study discontinuation), median autonomous in-
sulin dosing by the BP was 96% (IQR 92%-98%), with CGM
data available a median of 88% (IQR 82%-92%) of the time.
When the BP was being used, median autonomous dosing
was 96% (IQR 94%-98%), with CGM data available for 89%
(IQR 84%-93%) of the time (Table S2 in the Supplementary
Appendix).

HbA1c and CGM outcomes

Overall, HbAlc decreased from 7.7%+1.0% (61%
10.9 mmol/mol) at baseline to 7.1% £0.6% (54 £6.6 mmol/
mol) at 13 weeks (mean change —0.55%10.72% [-6.0t
7.9 mmol/mol], P <0.001). A substantial shift and narrowing
in the distributions of HbAlc values, mean CGM glucose
levels, and TIR 70-180 mg/dL from baseline to 13 weeks
is evident in Figures 1 and 2. The change from baseline in
HbAlc was similar in the adult and pediatric cohorts:
—0.56% £0.78% (—6.1 £ 8.5 mmol/mol) and —0.55% £ 0.68%
(=6.0£7.4 mmol/mol), respectively (Table 1 and Figs. S1
and S2 in the Supplementary Appendix).

HbAlc improvement of >0.5% (>5.5 mmol/mol) was
achieved by 46% of participants overall (45% of the adult
cohort and in 48% of the pediatric cohort) (Table S3 in
the Supplementary Appendix). The percentage achieving an
HbAlc level <7% (<53 mmol/mol) increased from 26% at
baseline to 39% at 13 weeks (P=0.02), and the percentage
with HbAlc <7.5% (<58 mmol/mol) increased from 38% at
baseline to 73% at 13 weeks (P <0.001, Table 2).

As can be seen in Figure 3 and Figure S3 in the Supple-
mentary Appendix, the degree of improvement in HbAlc
was strongly associated with the baseline HbAlc level: The
higher the baseline HbAlc level, the greater the change in
HbA 1c. Participants with baseline HbAlc 28.0% (=64 mmol/
mol) (n=25) had a mean HbAlc reduction at 13 weeks of
1.28% +0.61% (14 6.7 mmol/mol), participants with base-
line HbAlc 7.5%-7.9% (58-63 mmol/mol) (n=27) had a
mean reduction of 0.47% +0.48% (5.1 £5.2 mmol/mol), and
participants with baseline HbAlc 7.0%—-7.4% (53—57 mmol/
mol) (n=9) had a mean reduction of 0.39% +0.40% (4.3 *
4.4 mmol/mol). There was a nonsignificant increase of 0.13% *
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Distribution of HbAlc, TIR 70-180 mg/dL, mean glucose, and time <70 mg/dL. (A-D) Show the HbAlc, TIR 70—

180 mg/dL, mean glucose, and time <70 mg/dL data, respectively, at baseline (red line) and 13 weeks (blue line). The solid
curves represent the distribution of values at baseline and 13 weeks, with higher density values representing a greater
proportion of individuals. The vertical dashed lines represent the mean values that are indicated numerically at the top of

each line. TIR, time in range.

0.36% (1.4+£3.9mmol/mol) in the 21 participants with
baseline HbAlc <7.0% (<53 mmol/mol).

The mean CGM glucose level and mean TIR also showed
significant improvements from baseline to the 13 weeks
(Table 1 and Figs. 1 and 2 and Fig. S3 in the Supplementary
Appendix). The mean TIR increased from 53%+17% to
65% *9% (mean change 12.0% +12.5%, P<0.001), and
the mean CGM glucose level decreased from 182+32 to
164+ 15mg/dL (mean change —18+23 mg/dL, P<0.001).
Time >300 mg/dL decreased from 8.4% to 3.5% (P <0.001,
Table S4 in the Supplementary Appendix). Similar results
were observed for the adult and pediatric cohorts. The mean
CGM glucose level was lower throughout the 24 h of the day
(Fig. 3).

In addition to improvements in the mean of the key met-
rics, the between-participant variances for HbAlc, mean
CGM glucose level, and mean TIR substantially decreased at
or over 13 weeks relative to baseline (P <0.001, Table S5 in
the Supplementary Appendix), which is evident in Figure 1
and Figure S4 in the Supplementary Appendix.

Improvement in HbAlc, mean CGM glucose level, and
TIR occurred in both MDI users and pump users, including
those who were using an HCL system at baseline (Table 3).
The amount of improvement among the different insulin

delivery types reflected the baseline level of the metrics, with
MDI users, who had higher baseline HbAlc and mean glu-
cose and lower baseline TIR, showing the greatest amount of
improvement.

A beneficial treatment effect on HbAlc, mean CGM glu-
cose level, and TIR was evident in subgroups based on sex,
race/ethnicity, body mass index (BMI), and diabetes dura-
tion. Benefit was not observed when baseline HbAlc was
<7.0% (<53 mmol/mol), TIR was =70%, or time >180 mg/dL
was <25% (Tables S6 and S7 in the Supplementary Appen-
dix). Other CGM outcomes showing significant improve-
ments included TIR of 70-140 mg/dL and improved BG
Risk index, as shown in Table S8 in the Supplementary
Appendix.

The amount of sensor-measured hypoglycemia was low at
baseline (mean of 2.53% of time <70 mg/dL and 0.56% of
time <54 mg/dL), and changes over the 13 weeks were small
(Table 1 and Table S9 in the Supplementary Appendix). Time
<70 mg/dL decreased over the 13 weeks by —0.50% £ 1.86%
(P=0.02), with the reduction predominately seen in the pe-
diatric cohort, and time <54 mg/dL was similar to baseline
over 13 weeks (change from baseline —0.08% =0.59%,
P=0.24). As seen in Figure 1 and Figure S3 in the Supple-
mentary Appendix, use of the BP had a large impact in
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reducing the number of participants with large amounts of
sensor-measured hypoglycemia.

The overall TDD of insulin was 0.82%0.34 units/kg at
baseline and 0.85 £ 0.31 units/kg over 13 weeks (change from
baseline=0.02+0.25, P=0.35). Participants with baseline
HbAlc >9.0% (>75mmol/mol) (N=11) had a nominal,
nonsignificant increase in TDD on average, whereas those
with HbA1c £9.0% (<75 mmol/mol) did not (Table S10 in the
Supplementary Appendix). The TDD of insulin measured in
units/kg increased by 8% +21% in the last 2 weeks compared
with the first 2 weeks of BP use (P=0.003) (Table S11 in the
Supplementary Appendix).

Body weight increased over the 13 weeks by a mean
of 1.9+£3.2kg (P<0.001), with the increase being 1.6*
3.2kg (P=0.003) in adult participants and 2.2+3.1kg
(P<0.001) in pediatric participants. Commensurate increases
in BMI were observed (Table S12 in the Supplementary
Appendix).

Safety outcomes

Two severe hypoglycemia events occurred in one adult
participant who also experienced two such events during the
RCT while using MDI for insulin delivery. Neither event was
related to a device malfunction. No other participants expe-

rienced a severe hypoglycemia event either during this study
or during the preceding RCT. One pediatric participant de-
veloped DKA associated with an infusion set failure. Most
other reported adverse events involved hyperglycemia re-
lated to infusion set failures (Table S13 in the Supplementary
Appendix). Device issues are summarized in Table S14 in the
Supplementary Appendix.

Discussion

In this multi-center single-arm trial, the insulin-only con-
figuration of the BP was shown to be effective in reducing
HbAlc and improving CGM metrics of mean glucose, hy-
perglycemia, and TIR compared with prospectively collected
data for the study participants who participated in the SC
control group of an RCT during the immediately preceding
13-week period. The percentage of time that the BP was
autonomously dosing insulin was very high (median 96%).
Comparable glycemic benefits were observed in pediatric and
adult participants, with the benefit being the greatest in those
with the worst baseline glycemic levels.

Benefit of the BP on HbAlc or TIR was not observed in
participants with baseline HbAlc <7.0% (<53 mmol/mol) or
baseline TIR >70%. The amount of hypoglycemia was low at



TaBLE 1. KEY GLYCEMIC OUTCOMES

At or over Change from
Baseline, 13 weeks, baseline,
N=90 N=88 N=88 P?
Overall
HbAlc %, mmol/mol 7.7 (1.0) 7.1 (0.6) —-0.55 (0.72) <0.001
[61 (10.9)] [54 (6.6)] [-6.0 (7.9)]
% Time in range 70-180 mg/dL 53% (17%) 65% (9%) 12.0% (12.5%) <0.001
Mean glucose, mg/dL 182 (32) 164 (15) -18 (23) <0.001
% Time >180 mg/dL 44% (17%) 33% (9%) —11.5% (12.9%) <0.001
% Time >250 mg/dL 18.4% (13.8%) 9.5% (5.8%) -9.1% (10.4%) <0.001
Hyperglycemic event rate per week 2.7 (2.3) 1.3 (1.3) -1.4 (1.7) <0.001
(=90 min >300 mg/dL in 120 min)b
% Time <70 mg/dL 2.53% (2.35%) 2.08% (1.32%) —0.50% (1.86%) 0.02
% Time <54 mg/dL 0.56% (0.75%) 0.49% (0.49%) —0.08% (0.59%) 0.24
Hypoglycemic event rate per week® 1.00 (1.30) 0.99 (1.04) -0.03 (0.92) 0.83
Glucose SD, mg/dL 68 (16) 60 (11) -8.7 (10.0) <0.001
Glucose coefficient of variation 37% (5%) 36% (4%) —1.2% (3.9%) 0.009
N=42 N=41 N=41
Adult
HbAlc %, mmol/mol 7.5 (0.9) 7.0 (0.6) —0.56 (0.78) <0.001
[58 (9.8)] [53 (6.6)] [-6.1 (8.5)]
% Time in range 70-180 mg/dL 57% (17%) 68% (8%) 11.6% (13.6%) <0.001
Mean glucose, mg/dL 176 (30) 159 (12) -17 (24) <0.001
% Time >180 mg/dL 41% (18%) 30% (8%) —11.5% (13.9%) <0.001
% Time >250 mg/dL 15.0% (12.3%) 7.2% (4.1%) —8.1% (10.4%) <0.001
Hyperglycemic event rate per week 2.0 (1.9) 0.9 (0.9) —1.1 (1.6) <0.001
(=90 min >300 mg/dL in 120 min)®
% Time <70 mg/dL 2.12% (1.96%) 2.03% (1.20%) —0.14% (1.52%) 0.64
% Time <54 mg/dL 0.43% (0.54%) 0.43% (0.48%) —0.01% (0.47%) 0.96
Hypoglycemic event rate per week® 0.76 (0.93) 0.85 (0.97) 0.08 (0.78) 0.49
Glucose SD, mg/dL 63 (15) 56 (9) =74 (11.1) <0.001
Glucose coefficient of variation 35% (4%) 35% (4%) -0.7% (3.5%) 0.35
N=48 N=47 N=47
Pediatric
HbAlc %, mmol/mol 7.8 (1.1) 7.2 (0.6) —0.55 (0.68) <0.001
[62 (12)] [55 (6.6)] [-6.0 (7.4)]
% Time in range 70-180 mg/dL 50% (16%) 63% (9%) 12.3% (11.6%) <0.001
Mean glucose, mg/dL 187 (34) 168 (16) -19 (24) <0.001
% Time >180 mg/dL 47% (17%) 35% (9%) —11.5% (12.1%) <0.001
% Time >250 mg/dL 21.4% (14.4%) 11.6% (6.3%) —10.0% (10.5%) <0.001
Hyperglycemic event rate per week 3.2 (2.5) 1.7 (1.4) -1.6 (1.8) <0.001
(=90 min >300 mg/dL in 120 min)®
% Time <70 mg/dL 2.88% (2.61%) 2.12% (1.43%) —0.81% (2.08%) 0.01
% Time <54 mg/dL 0.67% (0.88%) 0.54% (0.50%) —0.14% (0.68%) 0.17
Hypoglycemic event rate per week® 1.22 (1.53) 1.12 (1.10) -0.12 (1.02) 0.45
Glucose SD, mg/dL 73 (15) 63 (11) -9.8 (9.0) <0.001
Glucose coefficient of variation 39% (5%) 37% (5%) —1.7% (4.2%) 0.01

Data are reported as mean (SD). Ns for HbAlc are Overall: Baseline 88, week 13 84, and Change 82. Adult: 41, 39, and 38, respectively.

Pediatric: 47, 45, 44, respectively. Amount of CGM data (mean [SD] hours) is Overall: Baseline 2095 (130) and Over 13 weeks: 1899
(294). Adult: 2155 (98) and 1928 (326), respectively. Pediatric: 2042 (132) and 1874 (265), respectively.

“P-values for the change in means were calculated from a paired #-test comparing the week 13 extension phase value with the extension
baseline value. P-values were adjusted to control the false discovery rate.

"A CGM-measured hyperglycemic event is defined as 90 cumulative minutes with a CGM sensor value >300 mg/dL within a 120-min
period. The event ends when there is 215 consecutive minutes with a CGM sensor value <180 mg/dL, at which point the participant
becomes eligible for another hyperglycemic event.

°A CGM-measured hypoglycemic event is defined as 215 consecutive minutes with a CGM sensor value <54 mg/dL. The event ends
when there is 215 consecutive minutes with a CGM sensor value =70 mg/dL, at which point the participant becomes eligible for another
sensor-measured hypoglycemic event.

CGM, continuous glucose monitoring; SD, standard deviation.
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TABLE 2. BINARY GLYCEMIC METRICS MEASURED AT BASELINE AND 13 WEEKS
Overall Adult Pediatric
At or over At or over At or over
Baseline, 13 weeks, Baseline, 13 weeks, Baseline, 13 weeks,
N=88 N=84 pP? N=4] N=39 p? N=47 N=45 pP?
HbAlc
HbAlc <7.0% 23 (26) 33 (39) 0.02 12 (29) 18 (46) 0.04 11 (23) 15 (33) 0.25
(53 mmol/mol)
HbAlc <7.5% 33 (38) 61 (73) <0.001 17 (41) 30 (77) <0.001 16 (34) 31 (69) <0.001
(58 mmol/mol)
HbAlc <8.0% 61 (69) 78 (93) <0.001 32 (78) 37 (95) 0.04 29 (62) 41 (91) <0.001
(64 mmol/mol)
HbAlc >9.0% 11 (13) 0 (0) <0.001 4 (10) 0 (0) 0.05 7 (15) 0 (0) 0.008
(75 mmol/mol)
N=90 N=88 N=42 N=41 N=48 N=47
CGM-measured
Time in range 18 (20) 23 (26) 0.19 13 (31) 13 (32) 0.84 5 (10) 10 (21) 0.05
70-180 mg/dL
>70%
Time <70 mg/dL 71 (79) 79 (90) 0.008 34 (81) 37 (90) 0.10 37 (77) 42 (89) 0.04
<4%
Time <54 mg/dL 74 (82) 77 (88) 0.10 34 (81) 36 (88) 0.19 40 (83) 41 (87) 0.34
<1%
Mean glucose 12 (13) 14 (16) 0.51 8 (19) 9 (22) 0.65 4 (8) 5(1D) 0.62
<154 mg/dL and
time <54 mg/dL
<1%
Time in range 12 (13) 22 (25) 0.01 9 (21) 12 (29) 0.29 3 (6) 10 (21) 0.007

70-180 mg/dL
>70% and time
<54 mg/dL <1%

Data are N (%) unless otherwise indicated.

?P-values were calculated from McNemar’s test. Missing data were handled using multiple imputation. P-values were adjusted to control

the false discovery rate.

baseline, particularly for time <54 mg/dL, and showed little
change over the 13 weeks.

During the preceding RCT, the study participants in the
current study used their standard insulin delivery method,
which could be an HCL system, and all used real-time CGM.
It is notable that improvement in glycemic metrics occurred
in both MDI users and nonautomated pump users after tran-
sitioning to the BP, even though there was no run-in or
training period for the BP.

Although studies of many HCL systems have included
such a run-in period, the BP does not have an open-loop mode
of operation, and all insulin dose decisions are fully auto-
mated as soon as the BP is initiated using only the user’s body
weight. In participants who previously had been using an
HCL system, there were smaller improvements in HbAlc,
mean glucose, and TIR after switching to the BP than in the
participants not previously using some form of automation.

The results in this study are very similar to the results in the
preceding RCT where the mean reduction in HbAlc in the
participants in the BP group (using insulin aspart/lispro)
compared with baseline was 0.57% and mean increase in TIR
was 13.5%.'% Results for the pediatric and adult participants
were also similar to the preceding RCT results.'™'" It is
difficult to compare the study results with the results from

studies of other systems that automate insulin delivery due to
differences in study design and participant characteristics.®
However, the improvement in glycemic measures observed
with use of the BP is at least as great, if not in some cases
greater, than the improvement reported with other systems.'~’

With respect to safety, there was one participant who ex-
perienced two severe hypoglycemic events, and this participant
also experienced two severe hypoglycemic events in the SC
group in the preceding RCT. Infusion set failures were frequent
but may be no higher than what would be expected with the
particular infusion set used in this study. Assuming that infu-
sion sets were changed on average every 3 days per participant
instructions, the 51 hyperglycemia adverse events associated
with infusion set failures in the BP group represent a failure rate
of 1.9% for 2657 infusion sets.

A recent analysis of infusion set changes associated with
prolonged hyperglycemia from a different system suggests
that this rate is likely no higher than it is with other systems.'®
There was an increase in body weight in both adult and pe-
diatric participants without an increase in total daily insulin.
In the preceding RCT, which was the same duration as this
study, an increase in body weight was observed in both the
BP and control groups, suggesting that the weight gain was
not related to BP use.
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FIG. 3. Change in HbAlc, TIR 70-180 mg/dL, mean glucose, and time <70 mg/dL from baseline. (A-D) Show a scatter
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day at baseline (blue lines) and over 13 weeks (red lines). Dots represent the median mean glucose, the shaded area
represents the interquartile range, and the dashed lines represent the 10th and 90th percentiles over each hour of the day.

A novel aspect of the study was the use of fast-acting
insulin aspart in the BP by the pediatric cohort. Fast-acting
insulin aspart was developed to increase the speed of insulin
absorption and reduce its duration of action.'”'® The active
pharmaceutical ingredients in fast-acting insulin aspart and
insulin aspart are identical and, therefore, once systemically
absorbed, fast-acting insulin aspart has the same biological
action at the insulin receptor as that of insulin aspart.

No differential information was provided to the BP about
the absorption kinetics of fast-acting insulin aspart versus
insulin apart or insulin lispro. In the preceding RCT, a group
of adult participants used fast-acting insulin aspart in the BP.
Although substantial benefit was observed compared with the
SC control group in the RCT, there was little or no benefit
compared with a group of adults in the same RCT using
insulin aspart or insulin lispro in the BP.’
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TABLE 3. ErricacY OUTCOMES BY INSULIN MODALITY USED DURING BASELINE PERIOD

Baseline At or over 13 weeks Change from baseline
N Mean (SD) N Mean (SD) N Mean (SD)
HbAlc %, mmol/mol
MDI 35 8.0 (1.1) 33 7.2 (0.7) 33 —-0.72 (0.79)
[64 (12)] [55 (7.7)] [-7.9 (8.6)]
Pump without automation 23 7.7 (1.1) 25 7.0 (0.6) 23 -0.62 (0.67)
[61 (12)] [53 (6.6)] [-6.8 (7.3)]
Pump with PLGS 4 7.7 (1.2) 4 7.1 (0.4) 4 —-0.55 (0.93)
[61 (13.1)] [54 (4.4)] [-6.0 (10.2)]
Pump with HCL 26 7.3 (0.8) 22 7.0 (0.6) 22 —-0.24 (0.55)
[56 (8.7)] [53 (6.6)] [-2.6 (6.0)]
Mean glucose, mg/dL
MDI 35 192 (33) 34 166 (13) 34 =26 (27)
Pump without automation 25 180 (34) 25 162 (18) 25 —18 (20)
Pump with PLGS 4 177 (40) 4 163 (18) 4 —14 (26)
Pump with HCL 26 170 (26) 25 162 (14) 25 -8 (18)
% Time in range 70-180 mg/dL
MDI 35 48% (16%) 34 64% (8%) 34 16.7% (13.2%)
Pump without automation 25 52% (17%) 25 66% (12%) 25 13.9% (8.6%)
Pump with PLGS 4 56% (23%) 4 65% (10%) 4 8.5% (14.4%)
Pump with HCL 26 62% (14%) 25 66% (8%) 25 4.3% (11.2%)
% Time <54 mg/dL
MDI 35 0.58% (0.88%) 34 0.37% (0.33%) 34 —0.22% (0.68%)
Pump without PLGS and HCL 25 0.72% (0.79%) 25 0.52% (0.56%) 25 -0.20% (0.60%)
Pump with PLGS 4 0.56% (0.80%) 4 0.49% (0.42%) 4 —0.06% (0.41%)
Pump with HCL 26 0.38% (0.46%) 25 0.62% (0.59%) 25 0.23% (0.32%)

HCL, hybrid closed loop; MDI, multiple daily injections; PLGS, predictive low glucose suspend.

In particular, the change in HbAlc in the RCT was virtu-
ally identical with use of either fast-acting insulin aspart or
insulin aspart/lispro in the BP; however, there was a 2%
greater increase in TIR with fast-acting insulin aspart. In the
current study, reduction in HbAlc and increase in TIR in the
pediatric cohort using fast-acting insulin aspart in the BP was
of similar magnitude to that observed in the pediatric cohort
in the RCT using insulin aspart/lispro.

A strength of this trial was the inclusion of participants
who, before the study, were using either an HCL system, a
pump without automation, or MDI for insulin delivery, and
had a wide range of levels of glycemic control, with baseline
HbAlc values ranging from 5.4% to 11.4% (36101 mmol/
mol). Further, the cohort was racially and socioeconomically
diverse, with 23% being of minority race/ethnicity. Although
the study design did not include a concurrent control group,
the baseline data were prospectively and systematically
collected over a 13-week period before the study, which
strengthens the analyses comparing outcomes with baseline.

The low amount of baseline CGM-measured hypoglyce-
mia precluded an evaluation as to whether the insulin-only
BP system can reduce hypoglycemia, but it was clear from
the results that it does not increase hypoglycemia as mea-
sured with CGM despite a substantial decrease in HbAlc.

In conclusion, this study demonstrated that the BP safely
improves HbAlc and CGM metrics of TIR, mean glucose,
and hyperglycemia without increasing CGM-measured hy-
poglycemia. These findings are consistent with those of the
preceding RCT comparing BP use with an SC control group
using CGM and any method of insulin delivery. The use of
fast-acting insulin aspart in the BP was found to be safe for

pediatric participants, with an efficacy that appears compa-
rable to that of insulin aspart/lispro in the BP.

The BP differs from the current FDA-approved/cleared
HCL systems in not requiring any information about the pre-
vious insulin regimen, and not requiring carbohydrate count-
ing at mealtimes or user-initiated correction boluses to treat
hyperglycemia. This reduced user interaction compared with
current HCL systems may facilitate the adoption of automated
insulin delivery by a wider spectrum of people with type 1
diabetes and a broad spectrum of health care providers.
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