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Abstract

BACKGROUND—Currently available semiautomated insulin-delivery systems require
individualized insulin regimens for the initialization of therapy and meal doses based on
carbohydrate counting for routine operation. In contrast, the bionic pancreas is initialized only

on the basis of body weight, makes all dose decisions and delivers insulin autonomously, and uses
meal announcements without carbohydrate counting.

METHODS—In this 13-week, multicenter, randomized trial, we randomly assigned in a 2:1 ratio
persons at least 6 years of age with type 1 diabetes either to receive bionic pancreas treatment
with insulin aspart or insulin lispro or to receive standard care (defined as any insulin-delivery
method with unblinded, real-time continuous glucose monitoring). The primary outcome was

the glycated hemoglobin level at 13 weeks. The key secondary outcome was the percentage of
time that the glucose level as assessed by continuous glucose monitoring was below 54 mg per
deciliter; the prespecified noninferiority limit for this outcome was 1 percentage point. Safety was
also assessed.

RESULTS—A total of 219 participants 6 to 79 years of age were assigned to the bionic-pancreas
group, and 107 to the standard-care group. The glycated hemoglobin level decreased from 7.9%

to 7.3% in the bionic-pancreas group and did not change (was at 7.7% at both time points) in

the standard-care group (mean adjusted difference at 13 weeks, —0.5 percentage points; 95%
confidence interval [CI], —0.6 to —0.3; P<0.001). The percentage of time that the glucose level

as assessed by continuous glucose monitoring was below 54 mg per deciliter did not differ
significantly between the two groups (13-week adjusted difference, 0.0 percentage points; 95% Cl,
-0.1 to 0.04; P<0.001 for noninferiority). The rate of severe hypoglycemia was 17.7 events per
100 participant-years in the bionic-pancreas group and 10.8 events per 100 participant-years in the
standard-care group (P = 0.39). No episodes of diabetic ketoacidosis occurred in either group.

CONCLUSIONS—In this 13-week, randomized trial involving adults and children with type 1
diabetes, use of a bionic pancreas was associated with a greater reduction than standard care in

the glycated hemoglobin level. (Funded by the National Institute of Diabetes and Digestive and
Kidney Diseases and others; ClinicalTrials.gov number, NCT04200313.)

*The authors’ full names, academic degrees, and affiliations are listed in the Appendix.

Dr. Russell can be contacted at sjrussell@mgh.harvard.edu or at the Diabetes Research Center, Massachusetts General Hospital, 50
Staniford St., Suite 301, Boston, MA 02114.

Disclosure forms provided by the authors are available with the full text of this article at NEJM.
A data sharing statement provided by the authors is available with the full text of this article at NEJM.org.
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The current glycated hemoglobin goal of less than 7.0% is met in only approximately 20%
of patients with type 1 diabetes in the United States.:2 Automated and semiautomated
insulin-delivery systems have the potential to increase the number of persons with diabetes
in whom this goal would be met.3 Commercially available hybrid closed-loop systems,
which partially automate insulin delivery, require the inputting of basal rates, insulin-
sensitivity factors, carbohydrate-to-insulin ratios, the total daily dose of insulin, or a subset
of these metrics on initialization. Insulin doses at mealtime are determined by having the
user enter the number of grams of carbohydrate in the meal, and effective therapy may be
dependent on user-initiated correction doses for hyperglycemia. A warm-up period, during
which the system gathers information about insulin doses that are controlled by the user,
may be required before automation can begin.

In contrast, the iLet bionic pancreas (Beta Bionics) does not use information about the
patient’s previous insulin regimen (e.g., basal and bolus dose settings), is initialized only

on the basis of body weight, and automates the determination and delivery of all insulin
doses immediately after body-weight data have been entered, with no warm-up period.
Meal announcements consist of a qualitative estimate of carbohydrate content (“usual

for me,” “more,” or “less™) as compared with a typical meal of that type (“breakfast,”
“lunch,” or “dinner”). The algorithms that determine the insulin dose by the bionic pancreas
were designed to continually adapt to the user’s insulin needs. Because all the therapeutic
insulin doses are determined by the bionic pancreas (including basal, correction, and meal-
announcement doses), it is not possible for the user to determine or modify insulin doses.

The bionic pancreas that we used in this trial was developed as both an insulin-only system
and a bihormonal system that administers both insulin and glucagon. Here, we report the
results of a multicenter, randomized trial evaluating the efficacy and safety of the insulin-
only configuration of the bionic pancreas in adults and children 6 years of age or older with
type 1 diabetes. We compared the bionic pancreas with standard care, which was defined
as any method of insulin delivery combined with unblinded, real-time continuous glucose
monitoring.

METHODS
TRIAL CONDUCT AND OVERSIGHT

We conducted this parallel-group, unblinded trial at 16 centers in the United States. The
trial protocol, which is available with the full text of this article at NEJM.org, was approved
by a central institutional review board. Written informed consent was obtained from all
adult participants (=18 years of age), with parental consent and participant assent obtained
for children. An investigational device exemption was approved by the Food and Drug
Administration. An independent data and safety monitoring board provided trial oversight.

Trial funding was provided by the National Institute of Diabetes and Digestive and Kidney
Diseases and others. The Jaeb Center for Health Research was the trial coordinating center
and was responsible for the randomization scheme, the database, data validation, analyses,
and trial coordination. The steering committee was responsible for the design of the trial and
for the decision to submit the manuscript for publication. The first three authors wrote the
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first draft of the manuscript and vouch for the completeness and accuracy of the data and for
the fidelity of the trial to the protocol.

Beta Bionics provided the experimental bionic-pancreas devices that were used in the trial.
Fast-acting insulin aspart and insulin aspart were provided by Novo Nordisk, and insulin
lispro was provided by Eli Lilly. Blood-glucose meters and test strips (Contour Next One
Blood Glucose Monitoring System) were provided by Ascensia Diabetes Care. Continuous-
glucose-monitor sensors and transmitters were purchased from Dexcom at a discounted
price.

Two authors were involved in the design of the trial before the founding of Beta Bionics
and were involved in the oversight of the trial as Beta Bionics employees and shareholders.
Otherwise, no external funder had a role in the design or conduct of the trial, the collection
or analysis of the data, or the preparation of the manuscript. There were no agreements
concerning the confidentiality of the data with respect to publication rights between the
funders and the authors or their institutions.

TRIAL DESIGN AND PARTICIPANTS

Eligible participants were at least 6 years of age, had received a diagnosis of type 1 diabetes,
and had used insulin for at least 1 year. The complete criteria are listed in Table S1 in the
Supplementary Appendix, available at NEJM.org. Participants who were not already using
the Dexcom G6 continuous glucose monitor used a blinded Dexcom G6 monitor in order to
obtain 2 weeks of baseline glucose data just before randomization.

Participants 18 years of age or older were randomly assigned in a 2:2:1 ratio to use the
bionic pancreas with insulin aspart or insulin lispro (bionic-pancreas group), the bionic
pancreas with fast-acting insulin aspart, or standard-care insulin delivery plus use of the
unblinded Dexcom G6 continuous glucose monitor (standard-care group). Analyses of the
fast-acting insulin-aspart group were prespecified as secondary analyses and are not reported
here.# Participants 6 to 17 years of age were randomly assigned in a 2:1 ratio to the
bionic-pancreas group or the standard-care group. Randomization was performed separately
for adults and children with the use of a computer-generated sequence, with a permuted
block design and with stratification according to site (see the Supplementary Appendix).

Participants who were assigned to the bionic-pancreas group were trained on the use of

the system, which included the iLet device with embedded bionic-pancreas insulin-dose
algorithms, the Dexcom G6 continuous glucose monitor, and the Inset | infusion set
(Unomedical), which is an insulin-infusion set with a Teflon cannula inserted at a 90°

angle to the skin surface. The algorithms were initialized by entering the participant’s

body weight; there was no run-in or warm-up period before automated insulin delivery
commenced. The default glucose target was “usual” (120 mg per deciliter [6.7 mmol per
liter]) and could be shifted by 10 mg per deciliter (0.6 mmol per liter) down to “lower” or up
to “higher”; a different target could be set for part of the day. In response to qualitative meal
announcements to the system by the user, the system delivered approximately 75% of the
autonomously estimated insulin immediately, a dose that could not be modified by the user
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(see the Supplementary Appendix). All glucose-correction boluses were fully automated;
there was no mechanism for manual administration of insulin through the bionic pancreas.

When data from continuous glucose monitoring were not available, the bionic pancreas
continued to administer insulin on the basis of a basal profile that had been autonomously
determined by the bionic pancreas when such data were available. The bionic pancreas
administered meal doses as usual in response to meal announcements and delivered glucose-
correction doses on the basis of entered blood-glucose values. Information about adaptation
and changes in body weight is provided in the Supplementary Appendix. Participants

in the bionic-pancreas group were provided with a blood glucose meter (Contour Next

One, Ascensia Diabetes Care), a ketone meter (Precision Xtra, Abbott Diabetes Care), and
guidelines for identifying and managing infusion-set failure (Fig. S1).

Participants who were assigned to the standard-care group continued to use the insulin-
delivery method they were using at the time of enrollment (which could include hybrid
closed-loop systems) and used a real-time unblinded Dexcom G6 continuous glucose
monitor that was provided by the trial. They were not provided with blood-glucose or ketone
meters, nor were they given guidelines regarding infusion-set failure. Participants were
instructed to contact their own health care provider for guidance on diabetes management.

Scheduled visits and contacts were the same in each group. Participants were contacted by
telephone on day 1 or 2 and had follow-up visits, which could be completed by means of
video conference, at 2, 6, 10, and 13 weeks. Glycated hemoglobin was measured at a central
laboratory at randomization and at the completion of 6 weeks and 13 weeks.

The primary outcome was the glycated hemoglobin level at 13 weeks. The key secondary
outcome, which was second in the hierarchical analysis, was the percentage of time that
the glucose level as measured by the continuous glucose monitor was below 54 mg per
deciliter (3.0 mmol per liter); the testing for noninferiority of this outcome was a margin

of 1 percentage point. Other secondary outcomes that were included in the hierarchy were
ordered as follows: the mean glucose level; the percentage of time with the glucose level in
the range of 70 to 180 mg per deciliter (3.9 to 10.0 mmol per liter); the percentage of time
with the glucose level above 180 mg per deciliter; the percentage of time with the glucose
level above 250 mg per deciliter (13.9 mmol per liter); the glucose-level standard deviation;
the percentage of time with the glucose level below 70 mg per deciliter; the percentage

of time with the glucose level below 54 mg per deciliter, to be tested for superiority; and
the glucose coefficient of variation. Additional secondary and exploratory outcomes are
listed in the Supplementary Appendix. Safety outcomes included the incidence of severe
hypoglycemia (defined as hypoglycemia with cognitive impairment requiring the assistance
of a third party for treatment), diabetic ketoacidosis, and other serious adverse events.

STATISTICAL ANALYSIS

An overall sample size of 440 was selected for regulatory purposes; 110 participants were
to be enrolled in the fast-acting insulin-aspart group, the results for which are not reported
here.* We calculated that if 200 participants in the bionic-pancreas group using insulin aspart
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or insulin lispro and 100 participants in the standard-care group completed the trial, the trial
would have more than 99% power for the primary analysis, assuming a difference in the
mean glycated hemoglobin level of 0.4 percentage points between the bionic-pancreas group
and the standard-care group, a standard deviation of the 13-week glycated hemoglobin level
of 0.8 percentage points in each group, and a correlation between the glycated hemoglobin
levels at baseline and 13 weeks of 0.40 with a two-sided type | error of 5%.

Statistical analyses, except for the per-protocol efficacy analysis (see the Supplementary
Appendix), were performed on an intention-to-treat basis and included all the participants
who had undergone randomization. In the primary and key secondary analyses, we
compared the bionic pancreas and standard care using a linear mixed-effects regression
model with adjustment for the baseline value, age, and site (random factor); 95% confidence
intervals are reported. For the key secondary outcome, noninferiority was assessed by
comparing the upper boundary of the confidence interval to a noninferiority margin of 1
percentage point. Secondary outcomes were tested in a hierarchical fashion, as specified

in the protocol, to maintain a type | error rate of 5%; an outcome was tested only if the
previous outcome met significance criteria. Per-protocol analyses, sensitivity analyses, and
subgroup analyses were performed for the primary outcome, and on-treatment analyses were
performed for all hierarchical outcomes as described in the Supplementary Appendix. Other
additional statistical methods are described in the Supplementary Appendix.

RESULTS

PARTICIPANTS AND FOLLOW-UP

Between January 4, 2021, and July 7, 2021, a total of 326 adults and children were randomly
assigned to the bionic-pancreas group (219 participants) or the standard-care group (107
participants) (Fig. S2). The age of the participants ranged from 6 to 79 years, and the
baseline glycated hemoglobin level ranged from 5.5 to 13.1% (Tables 1 and S2). A total of
74% of the participants identified as being non-Hispanic White, 10% as non-Hispanic Black,
10% as Hispanic, and 6% as another or more than one race or ethnic group. The relevance
and representativeness of the trial population is discussed in Table S3.

At screening, 100 participants (31%) were using a hybrid closed-loop system, 14 (4%)

a system with predictive low-glucose suspension, 102 (31%) an insulin pump without
automation, and 110 (34%) multiple daily injections of insulin. In the standard-care group,
30% of the participants were using a hybrid closed-loop system (with 19% using a t:slim
X2 insulin pump with the Control-1Q system [Tandem Diabetes Care] and 11% using a
MiniMed 670G or 770G system [Medtronic]).

Of the enrolled participants, 323 (99%) completed the trial. A total of 19 participants (9%)
in the bionic-pancreas group stopped using the bionic pancreas before the completion of

the trial; 16 of these participants completed the trial (Table S4). Insulin was administered
autonomously by the bionic pancreas for a median of 96% of the possible time during the
13-week trial (97% of the time when the bionic pancreas was in use), with input from the
continuous glucose monitor available for dose decisions for 89% of the possible time during
13 weeks (90% of the time when the bionic pancreas was in use) (Table S5). Glucose-level
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targets that were used during the trial are shown in Table S6. The mean (xSD) number

of meal announcements per day was 3.0+1.2, and the proportions of qualitative meal sizes
that were used for announcements are reported according to meal type in Table S7. In

the standard-care group, continuous-glucose-monitoring data were available for 96% of the
possible time during 13 weeks. There were 64 unscheduled visits by 53 participants in the
bionic-pancreas group and 12 unscheduled visits by 9 participants in the standard-care group
(Tables S8 and S9).

EFFICACY OUTCOMES

The mean glycated hemoglobin level at 13 weeks (primary outcome) decreased from 7.9%
at baseline to 7.3% in the bionic-pancreas group at week 13 and did not change (was 7.7% at
both time points) in the standard-care group (Table 2 and Figs. 1A and S3 through S5). The
mean adjusted between-group difference in the glycated hemoglobin level at 13 weeks was
-0.5 percentage points (95% confidence interval [CI], 0.6 to —0.3; P<0.001).

In the key secondary analysis, the percentage of time that the glucose level as assessed by
continuous glucose monitoring was below 54 mg per deciliter was noninferior in the bionic-
pancreas group as compared with the standard-care group. The median values at baseline
and over the 13-week period were 0.2% and 0.3%, respectively, in the bionic-pancreas
group and 0.2% and 0.2%, respectively, in the standard-care group; the 13-week adjusted
between-group difference was 0.0 percentage points (95% CI, —0.1 to 0.0; P<0.001 for
noninferiority) (Table 2 and Figs. 1B, S6, and S7)

The mean adjusted difference between the bionic-pancreas group and the standard-care
group in the mean glucose level at 13 weeks as assessed by continuous glucose monitoring
was —16 mg per deciliter (—0.9 mmol per liter; 95% CI, =19 to —12 mg per deciliter [-1.1

to —0.7 mmol per liter]; P<0.001) (Table 2 and Figs. 2A and S8). The difference in the
percentage of time that the glucose level was in the target range of 70 to 180 mg per deciliter
was 11 percentage points (95% CI, 9 to 13; P<0.001) (Table 2 and Figs. 2B and S9), which
equated to an increase of 2.6 hours per day in the bionic-pancreas group. The percentages of
time that the glucose level as assessed by continuous glucose monitoring was above 180 mg
per deciliter and above 250 mg per deciliter and the standard deviation of the glucose level
were all lower in the bionic-pancreas group than in the standard-care group (P<0.001 for all
comparisons) (Table 2 and Figs. S10 through S12). The percentage of time that the glucose
level was below 70 mg per deciliter did not differ significantly between the two groups (P

= 0.51) (Table 2 and Fig. S13), so significance was not tested for the remaining items in the
hierarchy.

Secondary outcomes regarding the glycated hemoglobin and glucose levels that were
reflective of hyperglycemia were consistent with the primary and secondary hierarchical
analyses, with all favoring the bionic-pancreas group overall and during daytime and
nighttime. In addition, the incidence of prolonged hyperglycemia (defined as a glucose level
>300 mg per deciliter [16.6 mmol per liter] for =90 minutes during a 120-minute period)
also favored the bionic-pancreas group. The hypoglycemia and coefficient of variation
outcomes as assessed by continuous glucose monitoring were similar in the two groups
(Tables S10 through S13 and Figs. S14 through S16). Differences in the outcomes that were
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assessed by continuous glucose monitoring were apparent in the first 4 weeks and were
stable throughout the trial period (Table S14 and Figs. S17 and S18). Analyses that excluded
participants who had been using a hybrid closed-loop system before the trial and analyses
that were restricted to participants with a baseline glycated hemoglobin level of more than
7.0% showed a larger treatment effect, with mean adjusted between-group differences in

the glycated hemoglobin level of —0.6 percentage points (95% Cl, —0.7 to —0.4) and -0.7
percentage points (95% CI, —0.9 to —-0.5), respectively (Tables S15 and S16).

The mean adjusted difference in the glycated hemoglobin level at 13 weeks was similar in
the adult cohort (participants =18 years of age: between-group difference, —0.5 percentage
points; 95% CI, —0.6 to —0.3) and in the pediatric cohort (participants 6 to <18 years

of age: between-group difference, —0.5 percentage points; 95% CI, —0.7 to —0.2). The
13-week adjusted difference between the treatment groups in the percentage of time with
the glucose level below 54 mg per deciliter was 0.02 percentage points (95% ClI, —0.04

to 0.08) in the adult cohort and —0.04 percentage points (95% CI, —0.13 to 0.03) in the
pediatric cohort. The treatment effect of the bionic pancreas on the glycated hemoglobin
level was greater among participants with a higher baseline glycated hemoglobin level and
was greater among participants with a lower baseline time in the range of 70 to 180 mg per
deciliter (Table S17). The benefit of the bionic pancreas over standard care was evident in
the subgroups that were defined according to education status (higher and lower) and in the
subgroups involving users of multiple daily injections and users of insulin pumps without
automation (Table S17). The per-protocol, on-treatment, and sensitivity analyses produced
results very similar to those of the primary intention-to-treat analysis (Tables S18 through
S20). Treatment effects according to site for the glycated hemoglobin level and for the time
with the glucose level below 54 mg per deciliter are shown in Tables S21 and S22. Data
regarding the total daily insulin dose, body weight, and bodymass index are provided in
Tables S23 and S24.

ADVERSE EVENTS

A total of 244 adverse events were reported in 126 participants in the bionic-pancreas group,
and 10 adverse events were reported in 8 participants in the standard-care group (Table 3).
There were 214 episodes of hyperglycemia with or without ketosis in the bionic-pancreas
group and 2 episodes in the standard-care group; nearly all the events in the bionic-pancreas
group were adjudicated by the medical monitor as being due to infusion-set failure. There
were no episodes of diabetic ketoacidosis. The incidence of presumed infusion-set failure
associated with prolonged hyperglycemia is shown in Table S25. There were 10 episodes

of severe hypoglycemia in 10 participants in the bionic-pancreas group and 3 episodes in 2
participants in the standard-care group (incidence rate, 17.7 events and 10.8 events per 100
participant-years, respectively; P = 0.39). Two children received prescriptions to use insulin
glargine with the bionic pancreas owing to prolonged periods of hyperglycemia despite the
bionic pancreas administering the maximum amount of insulin allowed by its algorithms. A
summary of the device issues that occurred in the bionic-pancreas group is provided in Table
S26.
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DISCUSSION

In this multicenter, randomized trial involving adults and children with type 1 diabetes,

the use of the insulin-only configuration of a bionic pancreas was associated with a lower
glycated hemoglobin level, a lower mean glucose level, an increase of 2.6 hours per day

in the target glucose range, and less time in a hyperglycemic state without an increase in
the incidence of hypoglycemia as assessed by continuous glucose monitoring. The glycated
hemoglobin level was 0.5 percentage points lower in the bionic-pancreas group than in the
standard-care group, overall and in both the pediatric and adult subgroups. Further data
regarding the age cohorts have been reported separately.>-6

Inappropriate insulin regimens and errors in estimation and calculation can lead to
suboptimal glycemic control.” Since all insulin doses, including for meals, were
autonomously determined by the bionic pancreas, the results of this trial suggest that
good glycemic control can be achieved by the bionic pancreas with only qualitative meal
announcements and without a prespecified insulin regimen, carbohydrate counting, user-
initiated correction doses, or any adjustment of the insulin dose by the user or health care
provider.

Randomized trials involving adolescents and adults and children 6 to 13 years of age
showed a mean difference of 11 percentage points in the percentage of time in the target
range of 70 to 180 mg per deciliter with the Control-1Q system as compared with a

pump plus continuous glucose monitoring; the mean adjusted difference in the glycated
hemoglobin level was —0.3 percentage points among adults and adolescents, and there was a
nonsignificant difference in the glycated hemoglobin level of —0.4 percentage points among
children.8:9 The use of the bionic pancreas in our trial was associated with a greater effect
on the glycated hemoglobin level than in these previous trials and with a similar increase

in the time in the range of 70 to 180 mg per deciliter while requiring only body weight for
initialization and no quantitative input or carbohydrate counting from the user, even though
31% of the cohort had been using a hybrid closed-loop system, such as the Control-1Q
system, at baseline.

The most frequently reported adverse event in the bionic-pancreas group was
hyperglycemia, which was often attributed to infusion-set failure and which occurred at
an incidence that was similar to that reported for Teflon infusion sets having a 90° angle
of insertion in another automated insulin-delivery system.10 According to the protocol,
infusion-set failures were reportable adverse events only in the bionic-pancreas group. In
addition, only participants in the bionic-pancreas group were provided with blood glucose
and ketone meters, as well as guidelines on managing ketosis that required notification of
the trial staff. Participants in the standard-care group followed their usual practices and
were instructed to contact their diabetes health care provider for guidance on diabetes
management. Therefore, infusion-set failures were not reported as adverse events in the
standard-care group.

There were fewer episodes of prolonged hyperglycemia and less time with a glucose level
of more than 180 mg per deciliter and more than 250 mg per deciliter with the bionic
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pancreas than with standard care. These findings indicate that the infusion-set failures did
not adversely affect glycemia in the bionic-pancreas group.

The rates of severe hypoglycemia events did not differ significantly between the bionic-
pancreas group and the standard-care group and were lower in both groups than the rate of
24.1 events per 100 participant-years that has been reported in the general type 1 diabetes
population by the T1D Exchange registry, despite the use of a more-demanding definition
of severe hypoglycemia requiring unconsciousness or seizure in that study. In addition,

the percentage of time with the glucose level below 54 mg per deciliter did not differ
significantly between the groups.

Strengths of this trial included a randomized, controlled design and the use of hybrid
closed-loop systems by 30% of the participants in the standard-care group. This trial also
had a larger population that was more diverse with respect to race and ethnic group and
educational and economic status than previous trials of hybrid closed-loop systems.8-2

Our trial has certain limitations. First, the low frequency of baseline hypoglycemia
precluded determination of whether the insulin-only bionic pancreas could reduce the risk
and severity of hypoglycemia as assessed with continuous glucose monitoring, although

the bionic pancreas did not increase the risk of such hypoglycemia. Second, the trial used
different approaches for the management and reporting of hyperglycemia and ketosis in

the two groups. Third, a single type of infusion set was used by the participants in the
bionic-pancreas group, which, despite its being a commonly used set, may have contributed
to the frequency of infusion-set failures. Fourth, the number of unscheduled contacts was
greater in the bionic-pancreas group than the standard-care group; this situation was inherent
to the trial design, in which participants in the standard-care group followed their usual care
guidelines and contacted their own health care provider with questions.

In this 13-week, multicenter, randomized trial, adults and children with type 1 diabetes who
had been randomly assigned to automated glycemic control with a bionic pancreas had
lower glycated hemoglobin levels than participants in the standard-care group, who were
using insulin therapy augmented by continuous glucose monitoring.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A Change in Glycated Hemoglobin Level
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Figure 1. Changesin the Glycated Hemoglobin Level and the Percentage of Time with the
Glucose L evel below 54 mg per Deciliter from Baseline to Week 13, as Compared with Baseline.

Panel A shows a scatterplot of the change in the glycated hemoglobin level from baseline
(randomization) to 13 weeks, as compared with the glycated hemoglobin level at baseline.
Panel B shows a scatterplot of the change in the percentage of time with the glucose

level below 54 mg per deciliter (3.0 mmol per liter), as assessed by continuous glucose
monitoring, from baseline to week 13 as compared with the percentage of time with the
glucose level below 54 mg per deciliter at baseline. In both panels, each point represents an
individual participant, and participants with data plotted on the dashed horizontal line had no
difference in the value at 13 weeks as compared with the baseline value.
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A Glucose Level over 13 Weeks
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Figure 2. Mean Glucose L evels According to Time of Day and the Cumulative Distribution of
Timein the Target Glucose Range.

Panel A shows an envelope plot of the glucose level as measured by continuous glucose
monitoring over the 13-week trial, according to time of day. Solid circles denote the hourly
median values of the participants’ mean glucose levels, and shaded regions indicate the
interquartile range; dashed curves indicate the 10th and 90th percentiles. Panel B shows the
cumulative distribution plot of the cumulative percentage of participants as compared with
the percentage of time that the glucose level was within the range of 70 to 180 mg per
deciliter (3.9 to 10.0 mmol per liter) as assessed by continuous glucose monitoring over the
13-week trial. To convert values for glucose to millimoles per liter, multiply by 0.05551.
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Table 1.

Characteristics of the Participants at Baseline.”

Characteristic
Age — yr
Mean

Range

Glycated hemoglobin — %’
Mean
Range

Female sex — no. (%)

Race or ethnic group — no. (%)f
White, non-Hispanic
Black, non-Hispanic
Hispanic
Asian
American Indian or Alaskan Native
Multiple
Unknown or not reported
Annual household income — no. (%)
<$50,000
$50,000 to <$100,000
>$100,000
Unknown or not reported
Education level — no. (%)
<Bachelor’s degree

Bachelor’s degree

>Bachelor’s degree§

Unknown or not reported
Insulin-delivery method — no. (%)

Multiple daily injections

Pump without automation

Hybrid closed-loop system 7

Pump with predictive low-glucose suspension

Use of continuous glucose-monitoring system — no. (%)

Bionic Pancreas
(N =219)

28+19
6-73

7.9+1.2
55-13.1
107 (49)

157 (72)

27 (12)

23 (11)
2(1)
1(<1)
703)
2@

24 (11)
53 (24)

124 (57)
18 (8)

72 (33)

76 (35)

68 (31)
3()

71 (32)
71 (32)
9 (4)
68 (31)

194 (89)

Standard Care
(N =107)

28420
6-79

7.7+1.1
55-11.3
41(39)

83 (78)
5(5)
11 (10)
3(3)
1(1)
4(4)
0

12 (11)
25 (23)
52 (49)
18 (17)

37 (35)
39 (36)
28 (26)

303)

39 (36)
31 (29)
5 (5)
32 (30)

97 (91)

*
Plus—minus values are means +SD. Percentages may not total 100 because of rounding.

fData on the glycated hemoglobin level were missing for one participant in the standard-care group.

JtRace and ethnic group were reported by the participants or their parents or guardians.

§Participants (or the parents or guardians of participating children) reported holding a master’s, professional, or doctorate degree.
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”In the bionic-pancreas group, 17 participants were using the MiniMed 670G or 770G system (Medtronic) and 51 were using the Control-1Q
system (Tandem Diabetes Care). In the standard-care group, 12 participants were using the MiniMed 670G or 770G system and 20 were using the
Control-1Q system

N Engl J Med. Author manuscript; available in PMC 2023 September 29.



Page 16

"S)UBIBINSLaW 9s0aN|B J0suas Jo Aljigetien Juedionied-Uiylm a1edIpul SaNJeA UOITBLIEA JO JUBIOI00 pue ds 8soan|B ay L

/]

"s[ans] 8s00Nn|6 ueaw ,syuedidied [enpIAIpul BU JO SUBSW BU} 818 UMOYS

§

‘Jutod abejuadiad 0T o uiblew e yum AlioLIsjuIuou J0y Buiisa) Woiy Sem awoaino Arepuodas Asy auyl 1o) anjeAa d ayl

t

"UOITRWLIOISURI] [BLUIOU YU B JO 8SN 3y} UM pawiojsues) a1am (18] J1ad joww o°g) Janj1oap 1ad Bw 4G mojaq pue ‘(1ay] Jad jowiw 6°g) J1a119ap Jad Bw 02 mojaq ‘(1a) Jad joww
6°ST) 481 [198p Jad Bw oGz anoge [ans] 8soan|b ayy yim awi Jo sabejuadiad ayl ‘uonNgLISIp pamays e 03 BuimQ 'sasAjeue pooyi|a1|-19a41p JO asn ayl UM pajpuey alam eyep Buissiiy ‘sjuiod abejuadlad ul
umoys ale sabejusdiad Ul seoualayid "(10948 WOpUEL) 31IS pue ‘uoiteziwopuel Je abe ‘01IaW ay) JO anjeA auljaseq 104 Juawisnipe Yl [apoul 199)a-paxiw e woiy paindwod sem souslapip paisnipe ayL

)

"abuel aj1enbisul YOI PUB ‘[eAISIUI 8IUSPIUOI SBI0USP |D "TSGS0°0 Ag Ajdiinw ‘ay| Jad sajowijiw 03 8509N|6 10} SaNJeA LIBAUOD O] “A}JOLIBJUIUOU IO} PBISa) SBM UIIYM ‘BU02IN0 AJepuodas A8y ay} oy

anjeA d ays 104 1daoxa ‘Aliouadns oy Buisal 199]4a1 SanjeA d ||V Paisal Aj|euLIO) 10U 81aM 1S1] By} UO $alio21no Juanbasgns ay) ‘panIasqo sem Jaybiy 10 GO'0 40 anjeA d & UsYAA "paist] Japlo ayy ul Ajjenuanbas

pawuopiad sem Bunsal sisaylodAy yaiym ui pasn sem yoeoidde eaiydselaiy e ‘Jolia | adA) sy 103U09 0] "S[SPOW By} Ul papnjoul aiam uolreziwopuel auobispun pey oym syuedionted ayy || "dnoib

sealoued-a1uoiq ayy ul Juedionued auo Joy Buissiw aiam erep Buriojiuow-aso0an|b snonunuod dn-mojjo4 "dnolb ared-prepuels ayy ul da1y} Joj pue dnoib sealoued-o1uolq ayy ul sjuedionued usnss oy Buissiw
3I9M £T Y9aM Je |9A9] ulgojBoway paredA|d ayi uo eep ‘dnoib ared-prepuess sy ul Juedionued auo oy Buissiw alam auljaseq Je [aAs] uiqojBowsay payedk|b ayy uo ereq QST Suesw ale sanjeA snuiw-snjd

*

Author Manuscript

Author Manuscript

Author Manuscript

— (000197-) 80~ GFlE G¥9¢E 979 979¢ 4% — UONELIEA JO JUBIDIJB09 8500NID
— #0001T0-)00  (Q001T0)Z0  (900Z0)E0 0000 z0  (9001z0o0)zo 4% — (HOI) IP/Bul pS> [3r8) 8s0oniB Laim swin Jo abeusosed ueIpay
150 (zoore0-) TO- (T€0180)8T (620TT)8T (62070 v'T (82050)5T % — (4O1) Ip/Bw 02> 193] 8500N|6 Yum swin Jo sbelusdlad uelpsIN
100°0> (5-018-) /- 9TF.9 11709 81789 9T7/9 4IP/Bul — @s ssoon|o
T000>  (9€-039'9-)06- (€620 €9)6+%T (Z€T01€G) S8 (G€€0109) 82T (€22010°2) 09T % — (4OI) [p/Bw 0Gz< [9A8] 8509N|6 yam iy o sbejusaiad UelpsiN
100°0> (8- 0121-) 0T- 8TFvY 6FEE 12FLY 0Z¥9Y % — IP/BW 08T< [9A8] 3s00N|6 UM awi Jo abeusdIad
100°0> (eT016) TT LTFVS 6+59 02FTS 6TFTS % — Ip/Bw 08T-0. 8buel Ul [9A8] 8s00N|6 LyaM s 40 sbeusdIad
100°0> (z1- 01 6T-) 9T~ ZEF181 STFYIT ZvF06T OvF.8T gIP/Bw — [ane] 8s0on| uean
JpJo pa1}19adsa id u1SawWodIN0 [eaIyd.re 1y Aepuodss BYl10
#1000> (#0001 7°0-) 00 (90017T°0)20 (900120)€0 (700100)20 (9001 200) 20 % — (4OI) Ip/Bw ¥S> 193] 8500N|6 )M awin Jo abelusdlad uelpsin
8Wo9IN0 Aepuodss Ao
100°0> (e0-290-)50- 0TFL'L L0F€EL TIFLL ZT¥6'L 9% — uigojBoway payedk|o
awWo2INo Asewlid
(Z0T=N) (6T2=N) (20T =N) (6T2=N)
aled plepuels  sealuedoluolg  alfe) plepuels  Ssesaloued oluolg
aneA d 1010 %s6) AMET 12 1o aulpseg 3Wo2INO
soue oI pasnipy IMET Jono dn-mojjo4
L. 'SewoaNO Aoes1)3 [ealyauelsiy Alepuodas pue Arewlld
¢ 3lgel

Author Manuscript

; available in PMC 2023 September 29.

N Engl J Med. Author manuscript



Page 17

“JuedI1UBIS J0U Sem Ja31[199p Jad Bw 0/ Mojaq [9A3] 8509N|6 3y Yum awi Jo abeiusaiad sy} J0j 3Nsal 8y} 30UIS PRIINPUOD

10U aJam SisAjeur Juanbasgns syl pue Siy | ‘sISAjeue [ealyaJelaly ayi ul [8A3] siy) 1e Alioliadns 1oy palsal 8 03 Sem Jall|198p Jad Bl G Mojag [9As] 8509N16 syl yum awil Jo abejuadiad syl 40 sWOAIN0 mﬁ\\

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2023 September 29.



Page 18

Author Manuscript

‘(uerd sisAeue [eansieIs ayl 03 Buiplodde) auop Jou AN pue ‘ajqealjdde Jou sajousp N
*

€ ol
— (ee (9) 1
0 z
— 0 Mme
z S
— Mt (02) v
WwN 09T
— VN (ev) g6
7.0 (L8 (811
zL €5
z €
110 @z me
anN 0 0
80T LT
€ 0T
6€°0 @z (g) ot
0T a7
— (L8 (89) 921
1®NeAd (20T =N) (6T2=N)

aled plepueis  sesJoued oluolg

SJUaAS JO 'ON
(%) 1uana yum swuedioned Jo ‘oN
SJUBAS 8SIaAPE 8]qenodal 1aYI0
SJUaAS JO 'ON
(%) 1uana yum swuedioned Jo ‘oN
e1WadA|BodAy a1enasuoN
SJUaAS JO 'ON
(%) 1uana yum swuedioned Jo ‘oN
901A8P [E1d} 0} PaTe[al 10U SIS033Y INOYNM JO YNM BlwadA|BiadAH
SJUaAS JO 'ON
(%) 1uana yum swuedioned Jo ‘oN

o OIIABD L1} 0] P3JRIAI SISOISY INOUNM JO NI elWadA|BIadAH

(%) syuedionJed jo ‘ou — syuiod abejuadiad G0z Aq |ans] uigojBoway paleaA|b ayy ul asealou|
1A-uedionued oot Jad ares 8ouapIou|
SJUaAd JO 'ON
(%) swuedionued Jo ‘oN
/\UBN BSIADE SNOLISS JAUNO
4 SIU9A8 JO "0U — SISOPIJL0}aY JNagelQ
JA-wedionued oot Jad ajel aouaplou|
SJUaA® JO 'ON
(%) 1uand yum swuedionued Jo 'oN
%m_Emo\A_man alanas
SJUaAS JO 'ON
(%) 1uana yum swuedioned Jo ‘oN
#1U9A sIanpe Auy

oA

‘€ 9lqeL

Author Manuscript

,'POLIdd [eLIL %83M\-ET 8y} Bulinp sawodnQ Alayes

Author Manuscript

Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2023 September 29.



Page 19

'SaN|1e} 19s-Uoisnyul
0] 8NP 8J3M 821A3P [BLI} 8Y) O} PaJe|al 8 0) PAJBPISU0D 819M Jey) eIWadA|61adAY JO SIUBAS 8SIBAPR ISO “J0JIUOW 8S09N|B SNONUNUOD pue 18s Uoisniul ‘dwind ulnsul Yy Papn|oul 831ASP (L) 8y L
*¥

“101ebnsanul ayy Aq

pabpnl se (uans [eaIpaw JuedIyIUbIS A|[ed1Ul]D) JUBAS 3SIBAPE SNOLISS B 8Q 0] PaIapISuod sem Ing Juawredwl aAubod 01 parejal eiwadA|BodAy 919Aas 104 BLISILID 188W 10U PIP JUBAS J1WadA|BodAy syl "yoes
juedionted auo ur pa1Inddo snimojbida pue xeloyiownaud snosueiuods ‘dnoib ased-prepuels ayl uj "auo ui eiwadA|fodAy pue syuedionsed omy ul paiinddo apioins paldwane ‘dnolb seasoued-o1uoiq sy} :_\\
w.ﬁN.OH ‘sreak-juedionted

00T Jad 81el 82UBPIUI {04€E) € Ul Pa1INIJ0 elwadA|BodAY a18nas pue (ainjrey 18s-uoisnjul ue Ag pasned ag 0} J0}UOW [edIpall 8y} AQ PaIspISUOd 81aM SIUBAS UI0g ‘UOITEN[BAS 831D JO SISeq 8y} Uo)

(9%g) siuedionied gz ul pa1InNd20 SISOPIJR0ISY d11aqeRIP ‘(3]011e SIY) Ul paliodal aSIMIBYI0 10U aJe elep Uolym Joy) Hedse uljnsul Bunoe-ise) yum sealoued o1uoiq ayy Buisn syuedionied 7T 40 dnoab ayy c$
‘(g2 'sA 70T ‘steak-juedionred 00T Jad ajed souspioul) dnolb ared-prepuels ayl Ul (%6°T) Juedionied auo ul Jusas auo pue dnolb sealoued-oluolq ay ul (%/°2)

syuedionued aaiyy Ul palinddo elwadA|6odAy 81aA8s JO Sluans aaly ‘abe Jo sieak 8T uey) JabunoA syuedionred Buowy (0F'0 = d ‘Z'¥T 'SA G'GZ ‘sreak-1uedionted 00T Jad ared aouapioul) dnoib ared-prepuels
3y} ul (%6°T) Juedidned auo ul s)uana omy pue dno.b seasoued-o1uolq ayy ul (%4G°9) siuedidied usAss Ul PaLINd20 elwadA|BodAY 81aAsS JO SJUBAS UBABS ‘1ap|o Jo afe Jo sieak gT sjuedioned mcoE,oW

48| Jad joww O'T 1Se3| T8 SeM [aA3] BUOJSY POO|Q By} JO ‘PalorIu0d Sem Japinoid ased yieay

© ‘Palinddo ISIA B YIIYM J0} JUSAS SIS038Y 10 d1WwadA|BiadAy pue ‘sisopioeolsy diagelp ‘uawieal) Joj Aued paiyl e o aouelsisse ay) Buriinbal juswuaredwi aaubod yum eiwsdA|fodAy atenss uawiiedap
Aouabiawa ay) 0] apeL SeM USIA B YDIUM 10} JUBAS 9SISAPE ‘8DIASP [el] B JO UoIienunuodsip juauewlad 1o Arelodwa) 01 pa| eyl anssi 891ASP e 0} pate|al 10U JUBAS aSIaApe ‘ainpadold [ell) e YlIm uolje1oosse
U1 Bu1IN220 JUaA8 aSIaApE :(821ASD [e1J) B JO aSN 0] Pale|al JUBAS 3SISAPE Ue “3'1) 198)48 3JIAP SSIBAPE {JUBAD 8SIaAPE SNOLIaS :BUIMO]|0) By} papn|oul |02030.d aU Ul PaULJap Se SIUBAS aSIanpe m_gm:o%mu
"31S UIYIIM S8W02IN0 Pale|aliod ay} ajpuey 0] 31n3on.is aduelienod AswiwAs punodwod e ylim ‘uoieziwopuel Je Alojeloge| [e41uad ay) Agq passasse

Se |ans] uiqojboway pajedA|h ay) pue uolreziwopuel Je afe 1oy Juawisnipe yum |apow uolssaifai-onsiBo) feurbrew e woly paonpoid sem sjujod abejuadiad G0 1ses] Je Aq pasealaul Jeys [aAs] ulgojboway
payeaA|6 e yum swuedioned Jo abeiuaolad ayi 10s anjen d ayl ‘(1081s WopueL) alIs pue ‘UolezZIWopueRl e Alojeloge| [eAuad ayl Aq passasse se |ans| ulqojBoway paredA|d ayy ‘uoneziwopuel Je abe Joy
awisnipe yum [apow uoissalfial uossiod e woly paonpoid sem uedionted Jad Sluans asIaApe SNOLIBS JaY10 JO Jaguinu ay} Jo} anfeA d v (19348 Wwopuel) alis pue ‘uolleziwopuel a104aq elwadA|fodAy
9IS JO JUBAS BUO ISB3| Je JO 92U1INIJ0 Y} ‘UOIIeZIWOpPUES Je AJoJeloge| [es1uad ayl Aq passasse Se [ans] ulqojboway pajedA|h ay) ‘uoneziwopuel Je afe Joy Juswisnipe yum [apow uoissaifias uossiod

e woJy paonpoud sem Juedioned Jad syusns d1wadA|BodAy 81aA8S JO Jaquuinu ayl 4oy anfeA 4 sy -ueld sisAjeue [eanisizels ayl ul paijioadsald a1am Jey) SawoaIno sy 1oy AJUO pale|ndjed a1am sanjen n_uN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

; available in PMC 2023 September 29.

N Engl J Med. Author manuscript



	Abstract
	METHODS
	TRIAL CONDUCT AND OVERSIGHT
	TRIAL DESIGN AND PARTICIPANTS
	OUTCOMES
	STATISTICAL ANALYSIS

	RESULTS
	PARTICIPANTS AND FOLLOW-UP
	EFFICACY OUTCOMES
	ADVERSE EVENTS

	DISCUSSION
	APPENDIX
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.

