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Abstract

Background: This analysis reports the findings from a predefined exploratory cohort (cohort B) from the ADAPT
(ADvanced Hybrid Closed Loop Study in Adult Population with Type | Diabetes) study. Adults with type | diabetes (T1D)
with suboptimal glucose control were randomly allocated to an advanced hybrid closed-loop (AHCL) system or multiple
daily injections of insulin (MDI) plus real-time continuous glucose monitoring (RT-CGM).

Methods: In this prospective, multicenter, exploratory, open-label, randomized controlled trial, |13 participants using MDI
+ RT-CGM and with HbAlc =8.0% were randomized to switch to AHCL (n = 8) or continue with MDI + RT-CGM
(n = 5) for six months. Prespecified endpoints included the between-group difference in mean change from baseline in
HbAIc, CGM-derived measures of glycemic control, and safety.

Results: The mean HbAlc level decreased by 1.70 percentage points in the AHCL group versus a 0.60 percentage point
decrease in the MDI + RT-CGM group, with a model-based treatment effect of —1.08 percentage points (95% confidence
interval [CI] = -2.17 to 0.00 percentage points; P = .0508) in favor of AHCL. The percentage of time spent with sensor
glucose levels between 70 and 180 mg/dL in the study phase was 73.6% in the AHCL group and 46.4% in the MDI + RT-
CGM group; model-based between-group difference of 28.8 percentage points (95% Cl = 12.3 to 45.3 percentage points;
P = .0035). No diabetic ketoacidosis or severe hypoglycemia occurred in either group.

Conclusions: In people with TID with HbAlc =8.0%, the use of AHCL resulted in improved glycemic control relative to
MDI + RT-CGM. The scale of improvement suggests that AHCL should be considered as an option for people not achieving
good glycemic control on MDI + RT-CGM.
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Introduction

The ADAPT (ADvanced Hybrid Closed Loop Study in
Adult Population with Type 1 Diabetes) study was con-
ducted in three countries (the United Kingdom, Germany,
and France) and investigated the effect of switching people
with type 1 diabetes (T1D) and HbAlc =8% from their cur-
rent continuous glucose monitoring (CGM)-based therapy
to an advanced hybrid closed-loop (AHCL) system (similar
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to the MiniMed™ 780G system) versus remaining on their
current therapy.! For those participants using intermittently
scanned CGM (IS-CGM) (cohort A), recently published
findings demonstrated an overall between-group difference
in reduction in HbA 1c of 1.42 percentage points (P < .0001)
and an increase in time in range (TIR) of 27.6 percentage
points (P < .0001) in favor of AHCL over the 6-month
study period.? While no participant reached defined thera-
peutic goals® at baseline, in the AHCL group specifically,
27.8% of participants achieved HbAlc <7% at 6 months,
while 58.3% achieved a glucose management indicator
(GMI) <7%, and 52.8% achieved TIR >70%. As these
achievements were reached without compromising safety,
these findings led the authors to conclude by recommending
the use of automated insulin delivery systems at an early
stage in the therapeutic pathway in the treatment of T1D.
These findings, therefore, challenge the current recommen-
dations from the United Kingdom and the United States,
which advocate the integration of technological solutions in
a stepwise manner.*>

The MiniMed™ 780G AHCL system algorithm incorpo-
rates several advanced features such as auto basal and auto
corrections, which adjust basal insulin delivery and provide
corrections as required every five minutes, respectively, as
well as several predictive modules for safe administration of
manual meal and correction boluses. In addition to the
ADAPT trial results, data from real-world settings have been
extensively analyzed®’ and have demonstrated consistent
outcomes, with >70% of users reaching therapeutic goals.

The landscape of CGM devices is evolving rapidly, and
while the most prevalent CGM device during the study
period was IS-CGM, there is an increase in the use of real-
time CGM (RT-CGM).?? Real-time CGM provides more
streaming information as well as alerts for out-of-range glu-
cose levels and predictive alerts based on simple extrapola-
tion of past values. While increasing the user’s burden, it has
been shown that RT-CGM has several advantages over
IS-CGM, especially with regard to reducing hypoglyce-
mia'®!'" as well as a slight increase in TIR percentage points
(+6.8%) and a 0.3 percentage point reduction in HbAlc.!!

To evaluate whether the use of RT-CGM by the control
group would provide similar outcomes to those seen in
cohort A, the ADAPT study statistical analysis plan (SAP)
predefined a cohort of RT-CGM users (cohort B) to follow
the same protocol but to be analyzed separately from the
main confirmatory cohort of IS-CGM users (cohort A) as
exploratory analyses. The outcomes from the RT-CGM
exploratory cohort are presented here and are compared with
the outcomes from the main confirmatory cohort.

Methods

Study Design and Oversight

The ADAPT study design is described in detail by de
Portu etal.! In summary, it was a prospective, multicenter,

open-label, randomized controlled trial consisting of a two-
week run-in phase and a six-month study phase, followed by a
six-month continuation phase. Two separate predefined
cohorts were planned with a separate randomization for each.
Cohort A was the confirmatory cohort and consisted of partici-
pants randomly allocated to continue with multiple daily
injections of insulin (MDI) + IS-CGM or initiate AHCL. The
primary endpoint in cohort A was the between-group differ-
ence in the mean HbA lc change from baseline to six months.
The analysis of cohort A was powered for the primary end-
point (see de Portu etal'). Cohort B was an independent
exploratory cohort and consisted of participants randomly
allocated to either continue with MDI + RT-CGM or initiate
AHCL. Endpoints in cohort B were prespecified, but the anal-
ysis in cohort B was not powered to detect significant between-
group differences. The protocol followed by cohort B was
identical to that followed by cohort A. The findings presented
here pertain exclusively to the 6-month study phase for cohort
B; results for cohort A have been published separately.?

The ADAPT study (inclusive of cohort A and cohort B)
was conducted in 14 centers across three European countries
(France, Germany, and the United Kingdom) and was con-
ducted in line with the principles of the Declaration of
Helsinki, good clinical practice, and local legislation in all
three countries. For cohort B specifically, study participants
were enrolled from a total of five participating centers across
two countries (Germany [n = 11 participants] and the United
Kingdom [n = 2 participants]). Approval from competent
authorities and ethics committees was obtained for all study
centers, and all participants provided written informed con-
sent. The ADAPT study was registered in clinicaltrials.gov
with ID NCT04235504. All authors have contributed to and
reviewed the manuscript, and editorial assistance was pro-
vided by a medical writer funded by the study sponsor.

Study Participants

For inclusion, study participants were required to be aged
=18 years, diagnosed with T1D for at least two years, in
receipt of MDI for at least two years at the time of the screen-
ing visit, and have a baseline HbA1lc =8.0% (64 mmol/mol).
For cohort B specifically, participants were required to have
been using RT-CGM for at least three months previously
with sensor readings available for >70% of the time in the
month prior to screening. Key exclusion criteria included the
use of pramlintide, dipeptidyl-peptidase-4, inhibitors, gluca-
gon-like peptide-1 agonists or mimetics, metformin, or
sodium-glucose cotransporter-2 inhibitors at screening.
Women of childbearing potential who were either pregnant
at screening or planning to become pregnant during the study
period were also excluded as were people with a history of
hearing or visual impairment that would hinder the percep-
tion of glucose display and alarms and people with any unre-
solved skin conditions around the area of sensor placement.
A full list of inclusion and exclusion criteria is provided in
the article by de Portu et al.!
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Procedures

The study included a two-week run-in phase, during which
participants were required to demonstrate tolerance to wear-
ing the Guardian Sensor 3 and compliance with the blinded
CGM procedure, which was performed using the Guardian
Sensor 3 attached to a Guardian Link 3 transmitter
(Medtronic, Northridge, CA, USA) acting as a recorder.
Participants with a satisfactory run-in phase (ie, sensor worn
for >70% of the time and no local reaction to the sensor)
were randomly allocated (1:1 ratio) to either AHCL therapy
or continuation with MDI + RT-CGM for the six-month
study phase. For CGM-derived outcome measures, two-
week blinded CGM periods were repeated at three and six
months for those in the MDI + RT-CGM group. During
these two-week periods, participants in the RT-CGM group
were required to wear the Guardian Sensor 3 for the blinded
data collection in addition to their usual RT-CGM device.
The AHCL system used in the study was the MiniMed 670G
version 4.0, an investigational system with an AHCL algo-
rithm equivalent to that of the MiniMed 780G system, which
does not include Bluetooth connectivity or have a glucose
target of 110 mg/dL.

Randomization was performed electronically via case
report forms and using an investigator-blinded block random-
ization procedure that utilized blocks of different sizes accord-
ing to a sequence prepared by the study statistician. Due to the
nature of the intervention, it was not possible to mask partici-
pants and treating clinicians to group assignment.

Endpoints

Prespecified endpoints in this exploratory study included the
between-group difference in the mean change in HbAlc
from baseline to six months; the mean percentage of time
spent in the hyperglycemic (>180 mg/dL and >250 mg/dL),
euglycemic (70-180 mg/dL), and hypoglycemic ranges (<70
mg/dL and <54 mg/dL); sensor glucose (SG) levels; stan-
dard deviation (SD) of SG; coefficient of variation; percent-
ages of users reaching recommended glucose targets®; sensor
use and change in weight in both treatment groups; and the
mean time spent in AHCL and frequency of self-monitoring
of blood glucose (SMBG) in the AHCL group. Prespecified
safety endpoints included the number of severe hypoglyce-
mic (SH), diabetic ketoacidosis (DKA), serious adverse
events (SAEs), device deficiencies, and (unanticipated)
Serious Adverse Device Effects.

Statistical Analysis

HbAlc was measured at a centralized laboratory at three
time points: baseline and at the end of months 3 and 6 and
was analyzed using a repeated-measures random effects
model with study group and period as factors. Sensor glu-
cose-based endpoints were calculated at baseline and for

each of the two 2-week measurement periods at the end of
months 3 and 6 and analyzed with a similar repeated-
measures random effects model adjusted by the baseline
value of the variable associated with the endpoint as a covari-
ate. The method of White and Thompson'? was used to adjust
for incomplete baseline measurements. Treatment effects
were referred to as model-based estimates. The repeated-
measures random effects model used all available data and
accounted for missing data.

In this exploratory study, the between-group difference in
endpoints was assessed by means of model-based 95% con-
fidence intervals (CIs) with no adjustment for multiple statis-
tical comparisons. P values are presented in the context of an
exploratory analysis only. All effectiveness analyses were
performed on an intent-to-treat basis, which included all ran-
domized participants. All statistical analyses were performed
using SAS® software version 9.4 (SAS Institute, Cary, NC,
USA).

Results

Study Participants

The participant flow chart including treatment allocation is
shown in Figure 1. A total of 17 participants were assessed
for eligibility between July 13, 2020, and March 12, 2021, 13
of whom were randomized. Eight participants were ran-
domly allocated to the AHCL group, and five to the MDI +
RT-CGM group. All participants completed the six-month
study phase.

Baseline characteristics according to the treatment group
are summarized in Table 1. At baseline, randomized partici-
pants had a mean (SD) age of 41.8 (14.4) years, HbAlc of
9.12% (0.6%), weight of 79.4 (24.3) kg, and duration of T1D
of 15.9 (9.6) years.

During the study phase, participants who were randomly
allocated to the AHCL group used the sensor for 90.3% of
the time, spent 93.5% of the time in AHCL (the difference
between sensor use and time in AHCL is due to the fact that
algorithm-driven automation can continue for a limited time
without CGM input), experienced a mean of 1.0 AHCL exits
per week, and performed a mean of 3.3 SMBG measure-
ments per day. Investigators selected the glucose target of
100 mg/dL (5.5 mmol/L) or 120 mg/dL (6.7 mmol/L) for
77.5% and 22.5% of the time, respectively, and an active
insulin time of 2 hours, >2 to 3 hours, >3 to 4 hours, or >4
hours for 62.6%, 16.7%, 19.0%, and 1.7% of the time,
respectively. For the MDI + RT-CGM group, participants
used the sensor for a mean of 95.4% of the time during the
study phase.

Efficacy

The model-based treatment effects are shown in Table 2. At
six months, the mean (SD) change from baseline in HbAlc
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Figure |. Participant flow diagram.

Abbreviations: AHCL, advanced hybrid closed loop; MDI + RT-CGM, multiple daily injections of insulin + real-time continuous glucose monitoring.

Table I. Summary of Baseline Characteristics for Randomized Participants.

MDI + RT-CGM group, N = 5

AHCL group, N = 8

Characteristic N Value N Value
Age (years)

Mean 5 362 = 158 8 454 = 133

Range 5 18-59 8 18-61
Male, n (%) 5 2 (40.0) 8 5 (62.5)
Duration of T1D, years 5 134 = 8.6 8 174 = 104
Height, cm 5 1708 = I1.3 7 174.1 = 8.6
Weight, kg 5 78.8 * 244 7 79.8 £ 26.2
BMI, kg/m? 5 26.6 £ 5.6 7 26.1 £ 7.6
HbAlc, % 5 9.5 0.6 8 890 =05
HbA I c, mmol/mol 5 799 £ 6.7 8 738 £5.0
Insulin total daily dose, units 5 79.2 = 47.1 8 52.8 = 29.1
Sensor readings last month, % 5 90.2 = 10.1 8 93.1 =638

Values are mean £ SD unless otherwise stated.

Abbreviations: AHCL, advanced hybrid closed loop; BMI, body mass index; HbA ¢, glycated hemoglobin; MDI + RT-CGM, multiple daily injections of

insulin + real-time continuous glucose monitoring; TID, type | diabetes.

was —1.70 percentage points (1.04 percentage points) in the
AHCL group and —0.60 percentage points (1.26 percentage
points) in the MDI + RT-CGM group, resulting in a model-
based treatment effect of —1.08 percentage points (95% CI =
—2.17 to 0.00 percentage points, P = .0508) in favor of the
AHCL group (Figure 2). In addition, 43% (three out of
seven) of participants in the AHCL group achieved an HbAlc
<7.0% at six months compared with 0% (zero out of five) in
the MDI + RT-CGM group.

Participants in the AHCL group spent a significantly
greater percentage of time with SG levels between 70 and
180 mg/dL (3.9-10.0 mmol/L) than those in the MDI +

RT-CGM group (TIR: 73.6% and 46.4%, respectively;
model-based treatment effect = 28.8 percentage points; 95%
CI = 12.3 to 45.3 percentage points; P = .0035). In addition,
62.5% of participants in the AHCL group achieved a TIR
>70% at six months, compared with 0% in the MDI +
RT-CGM group. The mean percentage of time spent in the
hyperglycemic range (time above range) was significantly
lower in the AHCL group, while the mean percentage of time
spent below range (TBR) was noninferior, compared with
the MDI + RT-CGM group. A TBR70 of <4% was achieved
by 75% of participants in the AHCL group compared with
80% in the MDI + RT-CGM group. These findings were
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Table 2. HbAIc and CGM-Derived Endpoints of Glycemic Control.

MDI+RT-CGM group AHCL group
Run-in Study Run-in Study
N Value N Value N Value N Value Model-based treatment effect
HbAlc, % 5 9.46 = 0.6 5 89 = I.I 8 89 + 0.5 7 72+ 1.0 —
Change in HbAlc from - - 5 -0.6 £ 1.3 - - 7 -1.7+x10 -I1.1 (-2.2t0 0.0; P = .0508)
baseline, percentage
points
TIR, %
>250 mg/dL (13.9 4 20.7 + 6.1 5 21.6 =93 7 228* 117 8 63 *+52 -16.0(-26.0to -6.2; P =.005I)
mmol/L)?
>80 mg/dL 4 539 *+99 5 509+ 156 7 552+158 8 240 = 13.5 -28.5(-45.3 to —11.6; P = .0043)
(>10.0 mmol/L)*
70-180 mg/dL 4 439 £ 96 5 464 £ 125 7 42.1*= 153 8 73.6 = 13.7 28.8 (12.3-45.3; P = .0035)
(3.9-10.0 mmol/L)?
<70 mg/dL 4 22*25 5 2.7 = 3.1 7 27 =30 8 24 £20 -0.6 (2.6 to |.4; noninferiority met)
(3.9 mmol/L)®
<54 mg/dL 4 03 =04 5 1.0+ 1.6 7 09 =14 8 05=*+07 -0.7 (-2.0 to 0.6; non-inferiority met)
(3.0 mmol/L)®
Mean of SG, mg/dL 4 1918 146 5 I191.1 =264 7 1946 £258 8 1473 208 —46.9 (-73.8to —-20.0; P = .0034)
Standard deviation of SG, 4 70.1 =53 5 689 + 7.4 7 672 *82 8 526 = 127 -16.2 (-3I.1 to -1.2; P = .0372)
mg/dL
Users achieving HbA | c 5 0.0 (0/5) 5 0.0 (0/5) 8 0.0 (0/8) 7 42.9 (3/7) 0.0 (0.0 to 3.18; P = .2045)
<7.0%, % (n/N)¢
Users achieving GMI 4 0.0 (0/4) 5 20.0 (1/5) 7 0.0 (0/7) 8 62.5 (5/8) 0.18 (0.0 to 3.0; P = .2657)
<7.0%, % (n/N)¢
Users achieving TIR 4 0.0 (0/4) 5 0.0 (0/5) 7 0.0 (0/7) 8 62.5 (5/8) 0.0 (0.0 to I1.31; P = .0754)
>70%, % (n/N)?
Users achieving TBR 4 75.0 (3/4) 5 80.0 (4/5) 7 71.4(5/7) 8 75.0 (6/8) 1.3 (0.0 to 98.0; P = .9999)

<4%, % (nIN)?

Values are mean = SD unless otherwise stated. The model-based treatment effect is the estimated treatment effect (AHCL group minus MDI + RT-

CGM group) from the repeated-measures model.

Abbreviations: AHCL, advanced hybrid closed loop; Cl, confidence interval; GMI, glucose management indicator; HbAlc, glycated hemoglobin; MDI +
RT-CGM, multiple daily injections of insulin + real-time continuous glucose monitoring; SG, sensor glucose; TBR, time spent below range; TIR, time in

range.
®Model-based treatment effect (95% CI; P value for superiority test).

®Model-based treatment effect (97.5% confidence limit; noninferiority met), noninferiority is met when the 97.5% upper confidence limit is less than the

noninferiority margin of 5%.

‘Model-based treatment effect (97.5% confidence limit; noninferiority met), noninferiority is met when the 97.5% upper confidence limit is less than the

noninferiority margin of 2%.

9Post hoc analysis with odds ratio treatment effect estimates based on the Fisher exact test.

largely replicated when the analysis was performed specifi-
cally for daytime (06:00 to 23:59) and nighttime (00:00 to
05:59), with the between-group differences being more pro-
nounced at nighttime (Supplementary Table 1).

Mean SG levels were 147.3 mg/dL for the AHCL group
compared with 191.1 mg/dL for the MDI + RT-CGM group
(model-based treatment effect = —46.9 mg/dL; 95% CI =
—73.8 to —20.0 mg/dL; P = .0034), corresponding to a GMI
0f 6.8% (0.5%) and 7.9% (0.6%), respectively (model-based
treatment effect = —1.12 percentage points, 95% CI = —1.77
to —0.48 percentage points). In addition, 62.5% of partici-
pants in the AHCL group achieved a GMI <7.0% at six
months, compared with 20% in the MDI + RT-CGM group.

Participants in the AHCL group had a weight increase of
0.5 kg from baseline compared with an increase of 3.1 kg in

the MDI + RT-CGM group (model-based treatment effect =
—2.58 kg; 95% CI = —5.5 to 0.4 kg; P = .0818). The total
daily insulin dose increased by 1.7 units from baseline in the
AHCL group and decreased by 0.4 units in the MDI +
RT-CGM group with no between-group difference (95% CI
= —12.6 to 16.8 units).

Safety

No SH or DKA events occurred in either group during the
study period. A total of two SAEs occurred, of which one
occurred in the run-in phase and the other during the study
phase (AHCL group). Both SAEs occurred in the same par-
ticipant and were related to each other but not to the device.
Safety data are summarized in Supplementary Table 2.



van den Heuvel et al

1137

Mean HbA1c (%)

5 4 Baseline

!

e e E e oo - -----e-o---

-@--MDI + RT-CGM
—O—AHCL

0

Time (months)

3 6

Figure 2. Mean change in HbAlc. Error bars are 95% Cls. Figure based on available data.
Abbreviations: AHCL, advanced hybrid closed loop; Cl, confidence interval; HbAlc, glycated hemoglobin; MDI + RT-CGM, multiple daily injections of

insulin + real-time continuous glucose monitoring.

Discussion

The findings from the exploratory cohort (cohort B) of the
ADAPT study, which included users of RT-CGM, have
reaffirmed the results demonstrated in the confirmatory
cohort (cohort A, users of IS-CGM), by providing a reduc-
tion in HbAlc of —1.70 percentage points from baseline in
the treatment group. The findings from cohort B, however,
did demonstrate a lower between-group difference in mean
change in HbAlc from baseline to six months compared
with cohort A (—1.08 percentage points vs —1.42 percent-
age points), which was due to the slight reduction in
HbA 1c in the comparator group, not witnessed in cohort A.
This may be a chance occurrence due to the small size of
the cohort, although it may be secondary to the fact that
RT-CGM has advantages over IS-CGM!' and that these
advantages may have been enhanced during the study
phase, as a Hawthorne effect.!* Nevertheless, irrespective
of the HbAlc decrease in the control group, the between-
group difference in mean change in HbAlc from baseline
to six months was substantial at 1.08 percentage points;
however, this was not statistically significant (95% CI =
—2.17 to 0.00 percentage points; P = .0508) due to the low
number of participants.

Interestingly, CGM data showed a between-group differ-
ence in TIR of 28.8 percentage points in favor of AHCL,
which achieved statistical significance, even in this small
number of participants. This is an equivalent of greater than
six hours per day more within the target range. Time below
ranges were not increased when compared with the control
group and were well within international consensus targets.

Overall, we observed similar trends in improvement in
glycemic control in those previously on MDI + RT-CGM
and those previously on MDI + IS-CGM (cohort A).
These improvements in glycemic control could potentially
have important long-term effects on diabetes-related

complications,'*!> as well as health economic implica-

tions, which will be discussed in a separate publication.

The analysis of cohort B was included in the SAP to com-
pare, through an exploratory analysis, outcomes in the con-
text of a likely situation in the future wherein a greater
number of people with diabetes will be using RT-CGM. As
new technologies in the treatment of diabetes continue to be
introduced rapidly,'® the ADAPT study was designed to use
the comparator that was considered to be the most widely
used therapy at the time (IS-CGM) while also exploring out-
comes in an exploratory cohort of users of RT-CGM.

A key limitation of the study is that the cohort was small,
consisting only of 13 randomized participants, and mostly
limited to German study sites; therefore, the generalizability
to other settings and robustness of the findings may be lim-
ited. The number of participants in cohort B was also lower
than that anticipated (originally estimated at a total enroll-
ment of 40 participants and 34 completing the study period)
as enrollment for ADAPT was closed after the target sam-
ple size for cohort A was achieved. Furthermore, the study
was not powered to show HbA 1c reduction in a statistically
significant manner. Although the between-group difference
in HbAlc at the end of the study period was in excess of
one percentage point, the small size of the study precludes
the drawing of any definitive conclusions, and further large-
scale studies are needed to confirm the findings reported
here.

Conclusions

The findings from this exploratory cohort of the ADAPT
study suggest that, for people with T1D, with a baseline
HbAlc of =8.0% while on MDI + RT-CGM, the use of
AHCL may confer benefits in terms of increasing TIR
beyond those that can be achieved with MDI + RT-CGM. In
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terms of HbA 1c reduction, the overall trends seen in cohort
B were similar to those reported in cohort A. These findings
suggest that for some people with T1D who are unable to
achieve target glucose levels while on MDI + RT-CGM, the
initiation of AHCL may potentially lead to improved out-
comes and that the initiation of AHCL should not be delayed
in people who are struggling to achieve good glycemic con-
trol on MDI + RT-CGM. Further studies are needed to con-
firm the findings of this exploratory small-scale study.

Abbreviations

AHCL, advanced hybrid closed loop; AID, automated insulin deliv-
ery; CGM, continuous glucose monitoring; CI, confidence interval;
GMI, glucose management indicator; IS-CGM, intermittently
scanned continuous glucose monitoring; MDI, multiple daily injec-
tions of insulin; RT-CGM, real-time continuous glucose monitor-
ing; SAP, statistical analysis plan; SD, standard deviation; SG,
sensor glucose; SMBG, self-monitoring of blood glucose; T1D,
type 1 diabetes; TAR, time above range; TBR, time below range;
TIR, time in range.
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