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ABSTRACT

Introduction

For many people with type 1 diabetes (T1D) who struggle to achieve glycemic control with multiple
daily injections (MDI) plus self-monitoring of blood glucose (SMBG), the use of MDI plus medical
devices such as intermittently scanned continuous glucose monitoring (IS-CGM), real-time continuous
glucose monitoring (RT-CGM) or alternatively insulin administration using insulin pump therapy now
represent optimized care in many geographies. Continual advances in pump technology have led to
the development of an advanced hybrid closed loop (AHCL) systems; however, to date, studies

examining the incremental effects of an AHCL system relative to MDI plus IS-CGM are lacking.

Methods and analysis

The Advanced Hybrid Closed Loop study in Adult Population with Type 1 Diabetes (ADAPT) study is
a multinational, prospective, open-label, confirmatory and exploratory randomized controlled trial that
will examine outcomes with the MiniMed 670G version 4.0 AHCL system (with an equivalent algorithm
and commercialized as the MiniMed 780G system, referred to throughout the manuscript as AHCL)
relative to MDI plus IS-CGM in adults with sub-optimally controlled T1D (baseline HbA1c of 28.0%).
The study will be conducted in approximately 124 adults on MDI plus either IS-CGM or RT-CGM for at
least 3 months prior to screening. The primary endpoint will be the difference in mean HbA1c change
from baseline to 6 months between the AHCL arm and the MDI plus IS-CGM arm. Secondary
endpoints will include the proportion of time spent in the hypoglycemic, euglycemic and hyperglycemic

range.

Ethics and dissemination

The ADAPT study will be conducted in accordance with the requirements of the Declaration of
Helsinki as well as local laws and regulations of the countries in which the study will be conducted.
The trial will provide valuable information on the incremental benefits that may be provided by AHCL
for patients failing to achieve glycemic targets on MDI plus IS-CGM or RT-CGM as well as providing a

clinical evidence base for future health economic evaluations to support market access.
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Registration details

The ftrial is registered with clinicaltrials.gov with the registration number NCT04235504

(https://clinicaltrials.gov/ct2/show/NCT04235504).

Strengths and limitations of this study

To date long-term, head-to-head studies of AHCL versus MDI plus IS-CGM (or RT-CGM) are

lacking and the ADAPT study has been designed to directly address this need

The inclusion criteria limit trial enrollment to subjects with a baseline HbA1c of 28.0% (64
mmol/mol), i.e. subjects failing to achieve good glycemic control as stipulated by HbA1c targets
recommended in major guidelines, in line with the patient population utilizing insulin pumps and

CGM in many settings

Many previous studies of HCL systems have been of a duration of 12 weeks or less'23 but the
ADAPT study will evaluate the durability of outcomes over a study phase of 6 months, with a

further 6-month follow-up continuation phase in a home setting

A limitation of the study is that the comparator arms represent the current standard of care for
patients with T1D and as a result it may not fully quantify the benefits of AHCL compared with the
frequent, stepwise changes in treatment and/or addition of supplementary technologies in patients
failing to achieve glycemic targets or experiencing problematic hypoglycemia in routine clinical

practice

The ADAPT study will assess patient reported outcomes, including fear of hypoglycemia, quality
of life and treatment satisfaction, and provide valuable input data for future health economic
analyses, allowing better informed decision making amongst healthcare payers, for whom the

acquisition costs of new technologies can represent a barrier to their uptake or reimbursement
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INTRODUCTION

Type 1 diabetes (T1D) is a chronic lifelong condition that is associated with a risk of long-term
complications including cardiovascular disease, renal disease, and ophthalmic complications. The
standard of care for people with T1D has evolved greatly over time, with each advance offering
stepwise incremental improvements in glycemic control and/or the risk of hypoglycemic events.
Improvements in disease management include both drug treatments and advances in technology.
Advances in technology include the development of real-time continuous glucose monitoring (RT-
CGM), intermittently scanned continuous glucose monitoring (IS-CGM) and continuous subcutaneous
insulin infusion (CSlII) with each generation of insulin pumps becoming progressively more
sophisticated, with advanced hybrid closed loop (AHCL) systems representing the latest and most

advanced generation of insulin pumps.456

Despite improvements in the standard of care increasing life expectancy for people with T1D over the
last two decades, life expectancy for young people with T1D remains around 8-13 years below that of
the general population, suggesting there is still much to be achieved in terms of improving long-term
outcomes for people with T1D.782 In an increasing number of countries, multiple daily injections of
insulin (MDI) plus either RT-CGM or IS-CGM are emerging as the standard of care for many patients,
particularly for those struggling with either glycemic control or hypoglycemia.'®'" Moreover, recently
published national and international guidelines are increasingly moving towards advocating the use of
CGM in people with T1D, particularly those with a history of severe hypoglycemic events or
unawareness of hypoglycemia.’?'3 Both CGM methods utilize a sensor placed subcutaneously but
whereas with RT-CGM sensor readings are transmitted to the receiver every 5 minutes, with IS-CGM
the receiver must be scanned directly over the sensor. Real-world studies have shown that IS-CGM
use can lead to improved glycemic control measures for some patients, with improvements linked to a
higher frequency of scanning.'*'5 In parallel, insulin pumps are also becoming more widely used.'®
One of the most recently developed and commercialized insulin pumps is the MiniMed 780G, which is
an AHCL system approved for use in Europe in individuals with T1D aged 7—-80 years, has been

shown to significantly improve time in range [TIR] relative to previous generation systems.8
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The ADAPT study will examine potential improvements associated with the use of the AHCL system
in people with T1D with sub-optimal glycemic control on a non-automated system. Previous studies
of insulin pumps, including hybrid closed loop (HCL) systems, have largely utilized a comparator arm
of MDI plus self-monitoring of blood glucose (SMBG). However, uptake of RT-CGM and IS-CGM,
particularly among patients struggling with disease management, is increasing and this now
represents the standard of care for some difficult-to-manage patients. The ADAPT study has been
designed to provide insights into the potential incremental improvement in outcomes that could be

achieved with the use of an AHCL system.

METHODS AND ANALYSIS

Study design

The ADAPT study will be a prospective open-label, multi-center, adaptive, confirmatory and
randomized controlled trial in adults with T1D. The study will be conducted at multiple sites with
experience in CSlI use in adults with T1D in France, Germany, and the UK. The primary objective is
to compare the mean change in HbA1c from baseline to 6 months between the active intervention
arm (MiniMed™ 670G version 4.0 AHCL) and the control arm (MDI plus IS-CGM). The study will
comprise three phases: a 2-week run-in phase, a 6-month study phase and a 6-month continuation
phase (Error! Reference source not found.). In the run-in phase subjects will continue on their
current baseline therapy of MDI plus blinded CGM to collect baseline CGM data and determine
subject’s ability to tolerate wearing the sensor and transmitter continuously. Patients who
successfully complete blinded CGM during the run-in phase, including wearing and acceptable
tolerance to the sensor plus at least two fingerstick blood glucose measurements per day and
compliance with study procedures will undergo randomization. Blinded CGM will be performed at
baseline for all patients and at two additional timepoints for patients in the control MDI plus CGM (IS-

CGM or RT-CGM) arm (at Month 3 and Month 6 of the study phase).
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1
2
3 At the start of the 6-month study phase, subjects will be randomly allocated to either the AHCL arm or
4
5 the control arm. The study will consist of two cohorts (Cohort A: confirmatory part of study and Cohort
6
7 B: exploratory part of study) as follows:
8
9
10 Treatment arm — begin treatment with AHCL
11 Cohort A:
19 Control arm — continue treatment with MDI plus IS-CGM
13 Treatment arm — begin treatment with AHCL
14 Cohort B:
15 Control arm — continue treatment with MDI plus RT-CGM
16
17
12 In each cohort, participants will be randomly allocated to treatment in a 1:1 ratio using an investigator-
;? blinded block randomization procedure with blocks of different sizes. The order of the block sizes will
22 be selected randomly at a country level. Participants who are allocated to AHCL will receive training
23
24 on how to use the pump and will be expected to use the device in closed loop with Auto Basal and
25
26 Auto Correction at all times as well as regularly upload pump and sensor glucose data into
27
28 CareLink™ therapy management software.
29
30
31
32
33 The AHCL used in this study incorporates a hybrid close loop algorithm. In closed loop, basal insulin
34
35 is delivered every 5 minutes, with the basal insulin delivery rate calculated and adjusted as required
36
37 based on CGM, users in the ADAPT study are also able to customize their target glucose level to
gg either 120 mg/dL (6.7 mmol/L) or 100 mg/dL (5.6 mmol/L). During the ADAPT study, the
j? recommended settings are a target glucose level of 100 mg/dL (5.6 mmol/L) and an active insulin time
fé of 2 hours. The AHCL also delivers automatic correction boluses based on CGM data, with this
j;' feature designed to increase the proportion of time spent in the euglycemic range. In closed loop, the
46 user is still required to record pre-meal carbohydrates. When used in open loop, SmartGuard™
47
48 features such as suspend before low (which temporarily suspends basal insulin delivery if sensor
49
50 glucose levels go below a pre-defined threshold level) can be used. Subijects in the MDI plus IS-CGM
51
52 arm will use an Abbott FreeStyle Libre IS-CGM device. With the Abbott FreeStyle Libre IS-CGM
53
54 device, the sensor is placed on the arm subcutaneously and glucose levels are obtained by manually
55
56 scanning the reader over the sensor. While several commercially available glucose sensors are
57
available, in the ADAPT trial the comparator arm will use Abbott FreeStyle Libre IS-CGM device for
58
59 . .
60 the primary analysis.
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The duration of the study phase will be 6 months. Following completion of the study phase subjects
will enter a 6-month continuation phase, during which all subjects will use the 670G version 4.0 AHCL
system (Error! Reference source not found.). The overall duration of the study from initiation to

completion of all patients is anticipated to be a maximum of 13 months.

Study eligibility and key inclusion/exclusion criteria

For inclusion in the ADAPT study, subjects will be required to be aged =18 years with a diagnosis of
T1D made at least 2 years prior to screening, on MDI therapy, using IS-CGM or RT-CGM for 23
months (with daily average of 25 scans for IS-CGM) and sensor readings >70% of time in the month
prior to screening to ensure the proper utilization of the CGM device and have a HbA1c 28.0%

(64 mmol/mol). Measurement of HbA1c will be performed in accordance with the National
Glycohemoglobin Standardization Program at a centralized laboratory. Full details of inclusion and

exclusion criteria are provided in Error! Reference source not found..

Patient involvement

Patients were not involved in the development of research question, outcomes measures and design
of the study, but they were actively involved in the recruitment process and intervention

implementation. The participants will be informed once the trial results are published.

Study endpoints

The primary and confirmatory analyses will be performed in Cohort A and the primary endpoint of the
study will be the difference in the mean HbA1c change (baseline versus 6 months) between the AHCL
arm and the MDI plus IS-CGM arm. Secondary endpoints will include the proportion of time spent in
hyperglycemic range with sensor glucose (SG) >250 mg/dL (13.9 mmol/L) and SG >180 mg/dL
(>10.0 mmol/L), proportion of time spent within range with sensor glucose (SG) between 70—

180 mg/dL (3.9—10.0 mmol/L) and the proportion of time spent in hypoglycemic range with SG <54

mg/dL (3.0 mmol/L) and <70 mg/dL (3.9 mmol/L) (Error! Reference source not found.). Safety
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endpoints will include the number of severe hypoglycemic events (defined as an event requiring
assistance due to altered consciousness), the number of diabetic ketoacidosis events, number of
serious adverse events, number of serious adverse device effects, number of unanticipated serious
adverse device effects and the number of device deficiencies. Ancillary endpoints will include the
proportion of time spent in closed loop and open loop in the AHCL arm and number of days lost from
work or school, the coefficient of variation of SG values, change in total daily dose of insulin from
baseline to end of study, change in weight, change in body mass index (BMI), and mean change in
HbA1c from baseline to 12 months (Error! Reference source not found.). The primary, secondary
and ancillary endpoints will be assessed in Cohort B in an exploratory fashion. Several patient-
reported outcomes (PROs) will also be assessed including quality of life, assessed using the Diabetes
Quality of Life Questionnaire (DQOL),"” treatment satisfaction, assessed using the Diabetes
Treatment Satisfaction Questionnaire (DTSQ)'® and fear of hypoglycemia (FoH), assessed using the

Hypoglycemia Fear Survey (HFS)."9

Sample size

For Cohort A (670G version 4.0 AHCL versus MDI plus IS-CGM) it is anticipated that a total
enroliment of 84 subjects will be required. It is also assumed that, based on a drop-out rate of 10% at
screening, 5% following the run-in phase and 7.5% during the 6-month study phase, approximately 70
subjects will undergo randomization and 64 will complete the 6-month study phase. The sample size
calculation also assumes an alpha of 0.05, a power of 80% and a minimum difference in mean (SD)
reduction of 0.5 (0.7)% in HbA1c in the treatment arm versus the control arm. The value of 0.5% in
terms of HbA1c¢ change also constitutes the minimum clinically meaningful difference, and is based on
the findings of a 2011 study by Hermanides et al. 2011.2° Due to uncertainty about the magnitude of
the SD and the effect of treatment, the study has been designed to allow for a reassessment of
sample size based on an interim analysis to be performed by an independent Data Monitoring
Committee (DMC) after at least 30 patients have completed the 6-month study phase in Cohort A.
The interim analysis for sample size reassessment with one interim look, protecting the overall two-
sided type 1 error of 0.05, is based on the conditional power approach of Li et al.2' and Chen et al.22
as extended by Mehta and Pocock.2® On the basis of this interim analysis, the DMC will recommend

termination or completion of the study, and if appropriate an increase in the sample size. Drop-out
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rates will also be reassessed. For Cohort B (670G version 4.0 AHCL versus MDI plus RT-CGM) a
total enroliment of 40 subjects will be required to achieve approximately 34 subjects undergoing

randomization and 30 subjects completing the 6-month study phase for exploratory analysis.

Statistical analysis

HbA1c measurements will be performed at baseline, the end of Month 3 and the end of Month 6. The
primary endpoint (change in HbA1c¢ from baseline to 6 months) will be analyzed using a repeated
measures random effects model that accounts for subjects who dropout of the study and for possible
missing at random data. All analyses will be performed using the intention-to-treat (ITT) population,
which will consist of all randomized patients. To preserve the overall type | error and claim
significance, a hierarchical test procedure will be performed for the predefined secondary endpoints
(Error! Reference source not found.). The study statistician analyzing the data will be masked to
group assignment until final database lock. Patient baseline demographics and characteristics will be
collected and presented using descriptive statistics for continuous variables and counts or

percentages for categorical variables.

Ethics and dissemination

The ADAPT study will be conducted in accordance with the requirements of the Declaration of
Helsinki as well as local laws and regulations of the countries in which the study will be conducted.
The study will also be conducted in compliance with the principles of good clinical practice, which
includes review and approval by an independent ethics committee or institutional review board, and is
aligned with the SPIRIT (Standard Protocol Iltems: Recommendations for Interventional Trials) 2013
Statement.?* Each participating center will not commence any patient-related study activities until
approval by the relevant ethics committee or institutional review board has been received and the
study center has received clearance from the sponsor to commence the study. The study is

registered with clinicaltrials.gov (NCT04235504).
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DISCUSSION

The aim of the ADAPT study will be to determine the change in HbA1c from baseline to 6 months for
adults with T1D using the AHCL system relative to those using MDI plus IS-CGM. The clinical
benefits as well as the convenience of technologies such as CGM and insulin pumps are increasingly
recognized by payers and policy makers as well as treating physicians. International and national
level guidelines also frequently recommend the use of CGM and/or insulin pumps in people with T1D
struggling to achieve good glycemic control. For example, the French national guidelines recommend
the use of IS-CGM as an alternative or replacement for SMBG in patients with type 1 or type 2
diabetes on intensified insulin therapy.?® Similarly, the current ADA guidelines note that the use of
technology should be individualized based on a combination of need, desire, skill level and

availability.'3

The inclusion criteria limit trial enroliment to subjects with a baseline HbA1c of 28.0% (64 mmol/mol),
i.e. subjects failing to achieve good glycemic control as stipulated by HbA1c targets recommended in
major guidelines.?® This aligns with the patient population utilizing insulin pumps and CGM in many
settings, where reimbursement of medical devices such as CGM is often limited to those with poor
glycemic control or frequent severe hypoglycemic events.?” The use of MDI plus IS-CGM as the
comparator/standard of care arm in the ADAPT study has both clinical and economic implications.
Clinical studies have consistently shown that both IS-CGM, RT-CGM and SAP or AHCL can improve
glycemic control and increase the proportion of patients obtaining these goals, while reducing the
proportion of time spent in the hypoglycemic range relative to SMBG.22 However, to date, long-term,

head-to-head studies of AHCL versus MDI plus IS-CGM (or RT-CGM) are lacking.

Given the continued evolution of medical devices in the management of people with T1D payers and
policy makers must determine whether the incremental clinical benefits provided by the latest
advances in technology represent good value for money relative to the standard of care. Itis
therefore important that cost-effectiveness analyses utilize clinical input data that reflects
contemporary clinical practice to avoid over- or underestimating long-term clinical or economic

outcomes. ADAPT will provide valuable data in this regard by providing head-to-head data for future
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economic evaluations of AHCL versus MDI plus IS-CGM. Additionally, the ADAPT study will include
days of work/school lost as an ancillary endpoint, which will provide valuable input data for health
economic analyses performed from the societal perspective. The ADAPT study will also assess
several PROs including FoH, QoL and treatment satisfaction. The inclusion of PROs is important to
give an accurate measure of the patient experience in both treatment arms. Moreover, health
economic analyses have shown that factors such as reduced FoH can be a key driver of the cost-

effectiveness of HCL systems.?®

For many people with T1D there is frequently a stepwise change in treatment or addition of
supplementary technologies such as CGM or insulin pump therapy only when people fail to achieve
glycemic targets or experience problematic hypoglycemia.?® Alongside this, a degree of therapeutic
inertia has been reported in some settings, resulting in delays in intensification of treatment or
addition of technology, which may potentially have implications in terms of the risk for long-term
complications.3! There is evidence of a legacy effect in T1D with good glycemic control early in the
course of the disease reducing or delaying the incidence of serious long-term complications.®? This
may, in turn, have economic implications in terms of the medical costs associated with long-term
complications. The importance of optimizing treatment for patients with T1D is clear and it is hoped
that the ADAPT study will provide valuable information regarding the use of AHCL systems in adult

with T1D.

The ADAPT study will address the issue of whether the AHCL system can provide incremental
benefits over a period of 6 months in terms of glycemic control relative to MDI plus IS-CGM in adults
with T1D. The study will also provide an important evidence base for future cost-effectiveness
analyses of the one of the most advanced AHCL systems currently available to support market

access.
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Inclusion and exclusion criteria for the ADAPT study

Inclusion criteria

Exclusion criteria

e Age 218 years at screening

¢ Clinical diagnosis of T1D for =2 years prior
to screening

e On MDI therapy? for 22 years prior to
screening

e Subject has been followed and treated by
investigator for at least 23 months prior to
screening and has undergone local
educational therapeutic programs

e Subjectis using:
IS-CGM for 23 months with daily average of
=5 scans with sensor readings > 70% of
time over the previous month prior to
screening
Or, RT-CGM, = 3 months with sensor use
>70% of the time over the previous month

e HbA1c of 28.0% (64 mmol/mol) at screening

e Subject is willing to take or switch to
Humalog™ (insulin lispro injection) or
Novolog™ (insulin aspart)

e  Minimum daily insulin requirement of =8
units and maximum of 250 units per day

e Subject is willing to upload data from the
study pump and meter (subject must have
internet access and computer system that
meets the requirements for uploading study
pump data at home

e Subject is willing and able to provide
informed consent comply with all study
procedures and wear all study devices, as
required during the study

Untreated Addison’s disease, thyroid
disorder, growth hormone deficiency,
hypopituitarism or definite gastroparesis

Use of pramlintide, DPP-4 inhibitor, GLP-1
agonists/mimetics, metformin, SGLT2
inhibitors at screening

Renal failure, defined as creatinine
clearance <30 mL/min

Subject is planning to switch from IS-CGM
to RT-CGM during the 6-month study phase

History of hearing or vision impairment
hindering perception of glucose display and
alarms, or otherwise incapable of using the
study devices

Women of child bearing potential who are
pregnant at screening or plan to become
pregnant during the study period

Females who are sexually active and able
to conceive not using an effective method of
contraception and not agreeing to continue
using an effective method of contraception
for the duration of the study

Unresolved adverse skin conditions in the
area of sensor placement (e.g. psoriasis,
dermatitis herpetiformis, rash,
Staphylococcus infection).

Active participation in an investigational
study (drug or device) wherein he/she has
received treatment from an investigational
study drug or device in the last 2 weeks
before enrollment into the study

Current abuse of illicit drugs, marijuana,
alcohol or prescription drugs (other than
nicotine)

Subject has any other disease or condition
that may preclude the patient from
participating in the study

Subject is legally incompetent, illiterate or
vulnerable person

Research staff involved with the study

a Defined as 23 insulin injections per day and/or a basal/bolus regimen

DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; IS-CGM, intermittently scanned MDI, multiple daily injections;

RT-CGM, real-time continuous glucose monitoring; SGLT-2, sodium-glucose co-transporter-2; T1D, type 1 diabetes
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Table 2 Secondary endpoints to be assessed in Cohort A

Secondary endpoints
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Percentage time spent in hyperglycemic range with SG >250 mg/dL (13.9 mmol/L)

9 Percentage time spent in hyperglycemic range with SG >180 mg/dL (>10.0 mmol/L)

10 Percentage time spent within range with SG between 70-180 mg/dL (3.9—10.0 mmol/L)
Percentage time spent in hypoglycemic range with SG <54 mg/dL (3.0 mmol/L)

13 Percentage time spent in hypoglycemic range with SG <70 mg/dL (3.9 mmol/L)

SG, sensor glucose
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Table 3 Ancillary endpoints

Endpoint

e Percentage time spent in 70-140 mg/dL (3.9-7.8 mmol/L) range
e AUC in hypoglycemic range with SG <54 mg/dL (3.0 mmol/L), <70 mg/dL (3.9 mmol/L)

e Percentage time and AUC in hyperglycemic range with SG >140 mg/dL (7.8 mmol/L),
>350 mg/dL (19.4 mmol/L) and AUC in hyperglycemic range with SG >180 mg/dL (10 mmol/L),
>250 mg/dL (13.9 mmol/L)

¢ Number of biochemical hypoglycemic events with SG <54 mg/dL (3.0 mmol/L), <70 mg/dL
(3.9 mmol/L) (defined as sensor values below the threshold per 15 and 20 consecutive
minutes)

e Mean of SG values (mg/dL)
e Percentage time spent in closed loop and open loop

All above endpoints will be categorized by daytime (06:01 to 23:59) and night-time (00:00 to 06:00)
and overall (24h)

e Percentage time spent in hyperglycemic range with SG >250 mg/dL (13.9 mmol/L)

e Percentage time spent in hyperglycemic range with SG >180 mg/dL (>10.0 mmol/L)

e Percentage time spent within range with SG between 70-180 mg/dL (3.9—10.0 mmol/L)
e Percentage time spent in hypoglycemic range with SG < 54 mg/dL (3.0 mmol/L)

e Percentage time spent in hypoglycemic range with SG <70 mg/dL (3.9 mmol/L)

The above five endpoints will be categorized by daytime (06:01 to 23:59) and night-time (00:00 to
06:00)

¢ Number of scans and percentage of sensor readings for MDI plus IS-CGM control arm
e Percentage of sensor readings for MDI plus RT-CGM control arm only

¢ Number of SMBG tests in the AHCL arm

e Percentage of sensor use

e Excursion amplitudes of the glucose values measured by MAGE

e Coefficient of variation of SG values

e Change in total daily dose of insulin from baseline to EOS

e Change in weight from baseline to EOS

e Change in BMI from baseline to EOS

e Mean HbA1c change (from baseline to 12 months)

¢ Mean HbA1c change (baseline to 6 month) by age groups and duration of diabetes

e Diabetes-related number and mean duration of hospitalizations, number and mean duration
intensive care unit care, number of emergency room admissions, number of events requiring
ambulance assistance, categorized by reason of diagnosis

¢ Number of lost days from school or work.

e Hypoglycemia Fear Survey score

e Diabetes Treatment Satisfaction Questionnaire score
e Diabetes Quality of Life questionnaire score

AHCL, advanced hybrid closed loop; AUC, area under the curve; BMI, body mass index; EOS, end of study; IS-CGM,
intermittently scanned continuous glucose monitoring; MAGE, mean amplitude of glycemic excursions; MDI, multiple daily

injections; RT-CGM, real time continuous glucose monitoring; SG, sensor glucose; SMBG, self-monitoring of blood glucose
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17 MDI + IS-CGM — AHCL

20

22 MDI+ RT-CGM — AHCL
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25 Run in phase Study phase Continuation phase
2 weeks 6 months 6 months

31 Figure 1 Study Design

33 AHCL, advanced hybrid closed loop; IS-CGM, intermittently scanned continuous glucose monitoring; MDI,
multiple daily injections; RT-CGM, real-time continuous glucose monitoring
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ABSTRACT

Introduction

For many people with type 1 diabetes (T1D) who struggle to achieve glycemic control with multiple
daily injections (MDI) plus self-monitoring of blood glucose (SMBG), MDI plus intermittently-scanned
continuous glucose monitoring (IS-CGM) or real-time continuous glucose monitoring (RT-CGM), or
insulin administration using insulin pump therapy represent optimized care in many regions. Through
technological advances an advanced hybrid closed loop (AHCL) system has been developed; studies

of incremental effects relative to MDI plus IS-CGM are lacking.

Methods and analysis

The Advanced Hybrid Closed Loop study in Adult Population with Type 1 Diabetes (ADAPT) study is
a multinational, prospective, open-label, confirmatory and exploratory randomized controlled trial to
examine outcomes with the MiniMed 670G version 4.0 AHCL system (with an equivalent algorithm
and commercialized as the MiniMed 780G system, referred to as AHCL) relative to MDI plus IS-CGM
in adults with baseline HbA1c 28.0%. An exploratory cohort will compare AHCL with MDI plus RT-
CGM. The study will be conducted in approximately 124 adults on MDI plus either IS-CGM or RT-
CGM for at least 3 months prior to screening. The primary endpoint will be the difference in mean
HbA1c change from baseline to 6 months between the AHCL and the MDI plus IS-CGM arms.
Secondary endpoints will include proportion of time spent in hypoglycemic, euglycemic and

hyperglycemic ranges.

Ethics and dissemination

The ADAPT study will be conducted in accordance with the requirements of the Declaration of
Helsinki and local laws and regulations, and has been approved by ethics committees. The trial will
provide valuable information on the incremental benefits that may be provided by AHCL for patients
failing to achieve glycemic targets on MDI plus IS-CGM or RT-CGM and a basis for health economic

evaluations to support market access.
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Registration details

The trial is registered with clinicaltrials.gov with the registration number NCT04235504

(https://clinicaltrials.gov/ct2/show/NCT04235504).

Strengths and limitations of this study

e To date long-term, head-to-head studies of AHCL versus MDI plus IS-CGM (or RT-CGM) are

lacking and the ADAPT study has been designed to directly address this need

e The inclusion criteria limit trial enroliment to subjects with a baseline HbA1c of 28.0%
(64 mmol/mol), i.e. subjects failing to achieve good glycemic control as stipulated by HbA1c
targets recommended in major guidelines, in line with the patient population utilizing insulin

pumps and CGM in many settings

e Many previous studies of HCL systems have been of a duration of 12 weeks or less but the
ADAPT study will evaluate the durability of outcomes over a study phase of 6 months, with a

further 6-month follow-up continuation phase in a home setting

e Alimitation of the study is that the comparator arms represent the current standard of care for
patients with T1D and as a result it may not fully quantify the benefits of AHCL compared with the
frequent, stepwise changes in treatment and/or addition of supplementary technologies in patients
failing to achieve glycemic targets or experiencing problematic hypoglycemia in routine clinical

practice

e The ADAPT study will assess patient reported outcomes, including fear of hypoglycemia, quality
of life and treatment satisfaction, and provide valuable input data for future health economic
analyses, allowing better informed decision making amongst healthcare payers, for whom the

acquisition costs of new technologies can represent a barrier to their uptake or reimbursement
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INTRODUCTION

Type 1 diabetes (T1D) is a chronic lifelong condition that is associated with a risk of long-term
complications including cardiovascular disease, renal disease, and ophthalmic complications. The
standard of care for people with T1D has evolved greatly over time, with each advance offering
stepwise incremental improvements in glycemic control and/or reduce the risk of hypoglycemic
events. Improvements in disease management include both drug treatments and advances in
technology. Advances in technology include the development of real-time continuous glucose
monitoring (RT-CGM), intermittently scanned continuous glucose monitoring (IS-CGM) and
continuous subcutaneous insulin infusion (CSII) with each generation of insulin pumps becoming
progressively more sophisticated, with advanced hybrid closed loop (AHCL) systems representing the

latest and most advanced generation of insulin pumps.1234

Despite improvements in the standard of care increasing life expectancy for people with T1D over the
last two decades, life expectancy for young people with T1D remains around 8-13 years below that of
the general population, suggesting there is still much to be achieved in terms of improving long-term
outcomes for people with T1D.%87 In an increasing number of countries, multiple daily injections of
insulin (MDI) plus either RT-CGM or IS-CGM are emerging as the standard of care for many patients,
particularly for those struggling with either glycemic control or hypoglycemia.8® Moreover, recently
published national and international guidelines are increasingly moving towards advocating the use of
CGM in people with T1D, particularly those with a history of severe hypoglycemic events or
unawareness of hypoglycemia.’®'" Both CGM methods utilize a sensor placed subcutaneously but
whereas with RT-CGM sensor readings are transmitted to the receiver every 5 minutes, with IS-CGM
the receiver must be scanned directly over the sensor. Real-world studies have shown that IS-CGM
use can lead to improved glycemic control measures for some patients, with improvements linked to a
higher frequency of scanning.'2'3 In parallel, insulin pumps are also becoming more widely used.™
One of the most recently developed and commercialized insulin pumps is the MiniMed 780G, which is
an AHCL system approved for use in Europe in individuals with T1D aged 7—-80 years, has been

shown to significantly improve time in range [TIR] relative to previous generation systems.3
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The ADAPT study will examine potential improvements associated with the use of the AHCL system
in people with T1D with sub-optimal glycemic control on a non-automated system. Previous studies
of insulin pumps, including hybrid closed loop (HCL) systems, have largely utilized a comparator arm
of MDI plus self-monitoring of blood glucose (SMBG). However, uptake of RT-CGM and IS-CGM,
particularly among patients struggling with disease management, is increasing and this now
represents the standard of care for some patients with sub-optimally controlled T1D. The ADAPT
study has been designed to provide insights into the potential incremental improvement in outcomes

that could be achieved with the use of an AHCL system.

METHODS AND ANALYSIS

Study design

The ADAPT study will be a prospective open-label, multi-center, adaptive, confirmatory and
randomized controlled trial in adults with T1D. The study will be conducted at multiple sites with
experience in CSlI use in adults with T1D in France, Germany, and the UK, with a study start date of
July 13, 2020. The estimated primary completion date is December 15, 2021 and estimated study
closure is July 30, 2022. The primary objective is to compare the mean change in HbA1c¢ from
baseline to 6 months between the active intervention arm (MiniMed™ 670G version 4.0 AHCL) and
the control arm (MDI plus IS-CGM). There will also be an additional exploratory part of the study, with
a separate cohort, comparing the same AHCL system with MDI plus RT-CGM to look for potential
similarities in trends. The study will comprise three phases: a 2-week run-in phase, a 6-month study
phase and a 6-month continuation phase (Figure 1 and Supplementary Material 1). In the run-in
phase subjects will continue on their current baseline therapy of MDI plus blinded CGM (using the
Guardian™ Link 3 attached to the Guardian™ Sensor 3) to collect baseline CGM data and determine
subject’s ability to tolerate wearing the sensor and transmitter continuously. Patients who
successfully complete blinded CGM during the run-in phase, including wearing and acceptable
tolerance to the sensor plus at least two fingerstick blood glucose measurements per day and
compliance with study procedures will undergo randomization. Blinded CGM will be performed at

baseline for all patients and at two additional timepoints for patients in the control MDI plus CGM (IS-
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CGM or RT-CGM) arm (at Month 3 and Month 6 of the study phase). The same CGM system will be

used in both arms to allow for comparisons of CGM data.

At the start of the 6-month study phase, subjects will be randomly allocated to either the AHCL arm or
the control arm. The study will consist of two cohorts (Cohort A: confirmatory part of study and Cohort

B: exploratory part of study) as follows:

Treatment arm — begin treatment with AHCL
Cohort A:
Control arm — continue treatment with MDI plus IS-CGM

Treatment arm — begin treatment with AHCL
Cohort B:
Control arm — continue treatment with MDI plus RT-CGM

Participants using IS-CGM will be randomized in cohort A, and those using RT-CGM will be
randomized in cohort B. In each cohort, participants will be randomly allocated to treatment in a 1:1
ratio using an investigator-blinded block randomization procedure with blocks of different sizes. The
order of the block sizes will be selected randomly at a country level. Participants who are allocated to
AHCL will receive training on how to use the pump and will be expected to use the device in closed
loop with Auto Basal and Auto Correction at all times as well as regularly upload pump and sensor

glucose data into CareLink™ therapy management software.

The AHCL used in this study incorporates a hybrid closed loop algorithm. In closed loop, basal insulin
is delivered every 5 minutes, with the basal insulin delivery rate calculated and adjusted as required
based on CGM, users in the ADAPT study are also able to customize their target glucose level to
either 120 mg/dL (6.7 mmol/L) or 100 mg/dL (5.6 mmol/L). During the ADAPT study, the
recommended settings are a target glucose level of 100 mg/dL (5.6 mmol/L) and an active insulin time
of 2 hours. The AHCL also delivers automatic correction boluses based on CGM data, with this
feature designed to increase the proportion of time spent in the euglycemic range. In closed loop, the
user is still required to record pre-meal carbohydrates. When used in open loop, SmartGuard™
features such as suspend before low (which temporarily suspends basal insulin delivery if sensor

glucose levels go below, or are predicted to go below, a pre-defined threshold level) can be used.
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Subjects in the MDI plus IS-CGM arm (cohort A) will use an Abbott FreeStyle Libre IS-CGM device.
With the Abbott FreeStyle Libre IS-CGM device, the sensor is placed on the arm subcutaneously and
glucose levels are obtained by manually scanning the reader over the sensor. While several
commercially available glucose sensors are available, in the ADAPT trial the comparator arm will use
Abbott FreeStyle Libre IS-CGM device for the primary analysis. Participants will use the IS-CGM
device according to the specific model and to the current best clinical practice. Subjects in the MDI
plus RT-CGM arm (cohort B) will use any RT-CGM model available at the study site, in line with

standard of care.

The duration of the study phase will be 6 months. Following completion of the study phase subjects
will enter a 6-month continuation phase, during which all subjects will use the 670G version 4.0 AHCL
system (Figure 1). The overall duration of the study from initiation to completion of all patients is

anticipated to be a maximum of 13 months.

Study eligibility and key inclusion/exclusion criteria

For inclusion in the ADAPT study, subjects will be required to be aged =18 years with a diagnosis of
T1D made at least 2 years prior to screening, on MDI therapy, using IS-CGM or RT-CGM for 23
months (with daily average of 25 scans for IS-CGM) and sensor readings >70% of time in the month
prior to screening to ensure the proper utilization of the CGM device and have a HbA1c =28.0%

(64 mmol/mol). Measurement of HbA1c will be performed in accordance with the National
Glycohemoglobin Standardization Program at a centralized laboratory. Full details of inclusion and

exclusion criteria are provided in Table 1.

Patient involvement

Patients were not involved in the development of research question, outcome measures and design of

the study. The participants will be informed once the trial results are published.
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Study endpoints

The primary and confirmatory analyses will be performed in Cohort A and the primary endpoint of the
study will be the difference in the mean HbA1c change (baseline versus 6 months) between the AHCL
arm and the MDI plus IS-CGM arm. Secondary endpoints will include the proportion of time spent in
hyperglycemic range with sensor glucose (SG) >250 mg/dL (13.9 mmol/L) and SG >180 mg/dL
(>10.0 mmol/L), proportion of time spent within range with sensor glucose (SG) between 70—

180 mg/dL (3.9-10.0 mmol/L) and the proportion of time spent in hypoglycemic range with SG <54
mg/dL (3.0 mmol/L) and <70 mg/dL (3.9 mmol/L) (Table 2). Safety endpoints will include the number
of severe hypoglycemic events (defined as an event requiring assistance due to altered
consciousness), the number of diabetic ketoacidosis events, number of serious adverse events,
number of serious adverse device effects, number of unanticipated serious adverse device effects
and the number of device deficiencies. Ancillary endpoints will include the proportion of time spent in
closed loop and open loop in the AHCL arm and number of days lost from work or school, the
coefficient of variation of SG values, change in total daily dose of insulin from baseline to end of
study, change in weight, change in body mass index (BMI), and mean change in HbA1c from baseline
to 12 months (Table 3). The primary, secondary and ancillary endpoints will be assessed in Cohort B
in an exploratory fashion. Several patient-reported outcomes (PROs) will also be assessed including
quality of life, assessed using the Diabetes Quality of Life Questionnaire (DQOL),'®,'6 treatment
satisfaction, assessed using the Diabetes Treatment Satisfaction Questionnaire (DTSQ)'"-'® and fear

of hypoglycemia (FoH), assessed using the Hypoglycemia Fear Survey (HFS).'®

Sample size

For Cohort A (670G version 4.0 AHCL versus MDI plus IS-CGM) it is anticipated that a total
enroliment of 84 subjects will be required. It is also assumed that, based on a drop-out rate of 10% at
screening, 5% following the run-in phase and 7.5% during the 6-month study phase, approximately 70
subjects will undergo randomization and 64 will complete the 6-month study phase. The sample size
calculation also assumes an alpha of 0.05, a power of 80% and a minimum difference in mean (SD)
reduction of 0.5 (0.7)% in HbA1c in the treatment arm versus the control arm. The value of 0.5% in

terms of HbA1c change also constitutes the minimum clinically meaningful difference, and is based on
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the findings of a 2011 study by Hermanides et al. 2011.2° Due to uncertainty about the magnitude of
the SD and the effect of treatment, the study has been designed to allow for a reassessment of
sample size based on an interim analysis to be performed by an independent Data Monitoring
Committee (DMC) after at least 30 patients have completed the 6-month study phase in Cohort A.
The interim analysis for sample size reassessment with one interim look, protecting the overall two-
sided type 1 error of 0.05, is based on the conditional power approach of Li et al.2" and Chen et al.?2
as extended by Mehta and Pocock.?® On the basis of this interim analysis, the DMC will recommend
termination or completion of the study, and if appropriate an increase in the sample size. Drop-out
rates will also be reassessed. For Cohort B (670G version 4.0 AHCL versus MDI plus RT-CGM) a
total enroliment of 40 subjects will be required to achieve approximately 34 subjects undergoing

randomization and 30 subjects completing the 6-month study phase for exploratory analysis.

Statistical analysis

HbA1c measurements will be performed at baseline, the end of Month 3 and the end of Month 6. The
primary endpoint (change in HbA1c from baseline to 6 months) will be analyzed using a repeated
measures random effects model that accounts for subjects who dropout of the study and for possible
missing at random data. All analyses will be performed using the intention-to-treat (ITT) population,
which will consist of all randomized patients. To preserve the overall type | error and claim
significance, a hierarchical test procedure will be performed for the predefined secondary endpoints
(Table 2). The study statistician analyzing the data will be masked to group assignment until final
database lock. Patient baseline demographics and characteristics will be collected and presented
using descriptive statistics for continuous variables and counts or percentages for categorical

variables.

Ethics and dissemination

The ADAPT study will be conducted in accordance with the requirements of the Declaration of
Helsinki as well as local laws and regulations of the countries in which the study will be conducted.
The study will also be conducted in compliance with the principles of good clinical practice, which

includes review and approval by an independent ethics committee or institutional review board in
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France (Comité de Protection des Personnes lle de France IV), Germany (Ethik-Kommission der
Arztekammer Westfalen-Lippe und der Westfalischen Wilhelms-Universitat Miinster), and the UK
(London-Dulwich Research Ethics Committee), and is aligned with the SPIRIT (Standard Protocol
Items: Recommendations for Interventional Trials) 2013 Statement (Supplementary Materials 2 and
3).2¢ Each participating center will not commence any patient-related study activities until approval by
the relevant ethics committee or institutional review board has been received and the study center
has received clearance from the sponsor to commence the study. The study is registered with

clinicaltrials.gov (NCT04235504).
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DISCUSSION

The aim of the ADAPT study will be to determine the change in HbA1c from baseline to 6 months for
adults with T1D using the AHCL system relative to those using MDI plus IS-CGM. The clinical
benefits as well as the convenience of technologies such as CGM and insulin pumps are increasingly
recognized by payers and policy makers as well as treating physicians. International and national
level guidelines also frequently recommend the use of CGM and/or insulin pumps in people with T1D
struggling to achieve good glycemic control. For example, the French national guidelines recommend
the use of IS-CGM as an alternative or replacement for SMBG in patients with type 1 or type 2
diabetes on intensified insulin therapy.?® Similarly, the current ADA guidelines note that the use of
technology should be individualized based on a combination of need, desire, skill level and

availability.!

The inclusion criteria limit trial enroliment to subjects with a baseline HbA1c of 28.0% (64 mmol/mol),
i.e. subjects failing to achieve good glycemic control as stipulated by HbA1c targets recommended in
major guidelines.?® This aligns with the patient population utilizing insulin pumps and CGM in many
settings, where reimbursement of medical devices such as CGM is often limited to those with poor
glycemic control or frequent severe hypoglycemic events.?” The use of MDI plus IS-CGM as the
comparator/standard of care arm in the ADAPT study has both clinical and economic implications.
Clinical studies have consistently shown that both IS-CGM, RT-CGM and SAP or AHCL can improve
glycemic control and increase the proportion of patients obtaining these goals, while reducing the
proportion of time spent in the hypoglycemic range relative to SMBG.22 However, to date, long-term,

head-to-head studies of AHCL versus MDI plus IS-CGM (or RT-CGM) are lacking.

Given the continued evolution of medical devices in the management of people with T1D payers and
policy makers must determine whether the incremental clinical benefits provided by the latest
advances in technology represent good value for money relative to the standard of care. Itis
therefore important that cost-effectiveness analyses utilize clinical input data that reflects
contemporary clinical practice to avoid over- or underestimating long-term clinical or economic

outcomes. ADAPT will provide valuable data in this regard by providing head-to-head data for future
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economic evaluations of AHCL versus MDI plus IS-CGM. Additionally, the ADAPT study will include
days of work/school lost as an ancillary endpoint, which will provide valuable input data for health
economic analyses performed from the societal perspective. The ADAPT study will also assess
several PROs including FoH, QoL and treatment satisfaction. The inclusion of PROs is important to
give an accurate measure of the patient experience in both treatment arms. Moreover, health
economic analyses have shown that factors such as reduced FoH can be a key driver of the cost-

effectiveness of HCL systems.?®

For many people with T1D there is frequently a stepwise change in treatment or addition of
supplementary technologies such as CGM or insulin pump therapy only when people fail to achieve
glycemic targets or experience problematic hypoglycemia.?® Alongside this, a degree of therapeutic
inertia has been reported in some settings, resulting in delays in intensification of treatment or
addition of technology, which may potentially have implications in terms of the risk for long-term
complications.3! There is evidence of a legacy effect in T1D with good glycemic control early in the
course of the disease reducing or delaying the incidence of serious long-term complications.®? This
may, in turn, have economic implications in terms of the medical costs associated with long-term
complications. The importance of optimizing treatment for patients with T1D is clear and it is hoped
that the ADAPT study will provide valuable information regarding the use of AHCL systems in adult

with T1D.

The ADAPT study will address the issue of whether the AHCL system can provide incremental
benefits over a period of 6 months in terms of glycemic control relative to MDI plus IS-CGM in adults
with T1D. The study will also provide an important evidence base for future cost-effectiveness
analyses of the one of the most advanced AHCL systems currently available to support market

access.
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" TABLES

5

6 Table 1 Inclusion and exclusion criteria for the ADAPT study

7

8

9 Inclusion criteria Exclusion criteria

1 . . .

1(1) e Untreated Addison’s disease, thyroid

12 disorder, growth hormone deficiency,

13 hypopituitarism or definite gastroparesis

14 e Use of pramlintide, DPP-4 inhibitor, GLP-1
15 Age 218 years at screening agonists/mimetics, metformin, SGLT2

16 Clinical diagnosis of T1D for 22 years prior inhibitors at screening

17 to screening e Renal failure, defined as creatinine

B On MDI therapy? for =22 years prior to clearance <30 mL/min

20 screening e Subject is planning to switch from IS-CGM
21 Subject has been followed and treated by to RT-CGM during the 6-month study phase
22 investigator for at least 23 months prior to e History of hearing or vision impairment

23 screening and has undergone local hindering perception of glucose display and
24 educational therapeutic programs alarms, or otherwise incapable of using the
25 Subject is using: study devices

26 IS-CGM for 23 months with daily average of e Women of child bearing potential who are
27 25 scans with sensor readings > 70% of pregnant at screening or plan to become
28 time over the previous month prior to pregnant during the study period

29 screening . e Females who are sexually active and able
30 or, 5T'CGM’.Z 3 months with sensor usg to conceive not using an effective method of
31 >70% of the time over the previous month contraception and not agreeing to continue
32 HbA1c of 28.0% (64 mmol/mol) at screening using an effective method of contraception
33 Subject is willing to take or switch to for the duration of the study

34 Humalog™ (insulin lispro injection) or ¢ Unresolved adverse skin conditions in the
22 Novolog™ (insulin aspart) area of sensor placement (e.g. psoriasis,
37 Minimum daily insulin requirement of 28 g‘frmﬁt:tls herpet-|f?rmt!s, rash,

38 units and maximum of 250 units per day aphylococcus infection).

39 Subject is willing to upload data from the ¢ A,[Ct('jve gartlmpe:jtlor) n anhlnvgstlr?a/tlcr)]narl]

40 study pump and meter (subject must have study (drltjg otr ev;c;e) wherein ei.s te_ asl
41 internet access and computer system that r?cglvg es r;eq r(')mthanlln\f[e2s '9a fna
42 meets the requirements for uploading study EL; y drug CI)Ir e\{[l?etmth e tasél weeks
43 pump data at home) efore enroliment into the study

44 Subject is willing and able to provide ¢ Clurrr?nlt abuse Of.”i'.c't cjjrugs, mtahruutar:la,

45 informed consent comply with all study alcot.o or preseription drugs (other than
46 procedures and wear all study devices, as nicotine)

47 required during the study e Subject has any other disease or condition
48 that may preclude the patient from

49 participating in the study

50 e Subject is legally incompetent, illiterate or
51 vulnerable person

52

53 e Research staff involved with the study

54 a Defined as 23 insulin injections per day and/or a basal/bolus regimen

55

56 DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; IS-CGM, intermittently scanned MDI, multiple daily injections;
57

58 RT-CGM, real-time continuous glucose monitoring; SGLT-2, sodium-glucose co-transporter-2; T1D, type 1 diabetes

59

60
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Table 2 Secondary endpoints to be assessed in Cohort A

Secondary endpoints

Percentage time spent in hyperglycemic range with SG >250 mg/dL (13.9 mmol/L)
Percentage time spent in hyperglycemic range with SG >180 mg/dL (>10.0 mmol/L)
Percentage time spent within range with SG between 70-180 mg/dL (3.9—10.0 mmol/L)
Percentage time spent in hypoglycemic range with SG <54 mg/dL (3.0 mmol/L)
Percentage time spent in hypoglycemic range with SG <70 mg/dL (3.9 mmol/L)

SG, sensor glucose

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 21 of 30

oNOYTULT D WN =

BMJ Open

Table 3 Ancillary endpoints

Endpoint

Percentage time spent in 70-140 mg/dL (3.9-7.8 mmol/L) range
AUC in hypoglycemic range with SG <54 mg/dL (3.0 mmol/L), <70 mg/dL (3.9 mmol/L)

Percentage time and AUC in hyperglycemic range with SG >140 mg/dL (7.8 mmol/L),
>350 mg/dL (19.4 mmol/L) and AUC in hyperglycemic range with SG >180 mg/dL (10 mmol/L),
>250 mg/dL (13.9 mmol/L)

Number of biochemical hypoglycemic events with SG <54 mg/dL (3.0 mmol/L), <70 mg/dL
(3.9 mmol/L) (defined as sensor values below the threshold per 15 and 20 consecutive
minutes, respectively)

Mean of SG values (mg/dL)
Percentage time spent in closed loop and open loop

All above endpoints will be categorized by daytime (06:01 to 23:59) and night-time (00:00 to 06:00)
and overall (24h)

Percentage time spent in hyperglycemic range with SG >250 mg/dL (13.9 mmol/L)
Percentage time spent in hyperglycemic range with SG >180 mg/dL (>10.0 mmol/L)
Percentage time spent within range with SG between 70-180 mg/dL (3.9—10.0 mmol/L)
Percentage time spent in hypoglycemic range with SG < 54 mg/dL (3.0 mmol/L)
Percentage time spent in hypoglycemic range with SG <70 mg/dL (3.9 mmol/L)

The above five endpoints will be categorized by daytime (06:01 to 23:59) and night-time (00:00 to
06:00)

Number of scans and percentage of sensor readings for MDI plus IS-CGM control arm
Percentage of sensor readings for MDI plus RT-CGM control arm only

Number of SMBG tests in the AHCL arm

Percentage of sensor use

Excursion amplitudes of the glucose values measured by MAGE

Coefficient of variation of SG values

Change in total daily dose of insulin from baseline to EOS

Change in weight from baseline to EOS

Change in BMI from baseline to EOS

Mean HbA1c change (from baseline to 12 months)

Mean HbA1c change (baseline to 6 month) by age groups and duration of diabetes

Diabetes-related number and mean duration of hospitalizations, number and mean duration
intensive care unit care, number of emergency room admissions, number of events requiring
ambulance assistance, categorized by reason of diagnosis

Number of lost days from school or work.
Hypoglycemia Fear Survey score

Diabetes Treatment Satisfaction Questionnaire score
Diabetes Quality of Life questionnaire score

AHCL, advanced hybrid closed loop; AUC, area under the curve; BMI, body mass index; EOS, end of study; IS-CGM,

intermittently scanned continuous glucose monitoring; MAGE, mean amplitude of glycemic excursions; MDI, multiple daily

injections; RT-CGM, real time continuous glucose monitoring; SG, sensor glucose; SMBG, self-monitoring of blood glucose
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— AHCL — AHCL

MDI + IS-CGM — AHCL

— AHCL —— AHCL

MDI+ RT-CGM — AHCL

Run in phase Study phase Continuation phase
2 weeks 6 months 6 months

Figure 1 Study Design

AHCL, advanced hybrid closed loop; IS-CGM, intermittently scanned continuous glucose monitoring; MDI,
multiple daily injections; RT-CGM, real-time continuous glucose monitoring
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2
i Supplementary Figure 1  Visit schedule overview
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B SPIRITV

STANDARD PROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*
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Section/item Item Description
No

Addressed on
page number

Administrative information
Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym

Trial registration 2a  Trial identifier and registry name. If not yet registered, name of intended registry

2b  All items from the World Health Organization Trial Registration Data Set

Protocol version 3 Date and version identifier
Funding 4 Sources and types of financial, material, and other support
Roles and 5a Names, affiliations, and roles of protocol contributors

responsibilities ) ) )
5b  Name and contact information for the trial sponsor

5¢c  Role of study sponsor and funders, if any, in study design; collection, management, analysis, and
interpretation of data; writing of the report; and the decision to submit the report for publication, including
whether they will have ultimate authority over any of these activities

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

CIP, page 1

Clinicaltrials.gov:
NCT04235504

1-3/6/8-10/19
Table 1

CIP, p.1, header

Full sponsor
/funding by MDT

N/A, MDT only___
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Appendix__
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5d  Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint adjudication No Steering

1

2 committee, data management team, and other individuals or groups overseeing the trial, if applicable (see committee

3 Item 21a for data monitoring committee) CEC Charter
;‘ DMC Charter
6 Study roster

7

8

9 | ducti

10 ntroduction

1; Background and 6a  Description of research question and justification for undertaking the trial, including summary of relevant CIP p.20-21

13 rationale studies (published and unpublished) examining benefits and harms for each intervention

14

15 6b  Explanation for choice of comparators CIP p.21-26_
16 - - i

17 Objectives 7 Specific objectives or hypotheses CIP p.22

18 . . - . o . . . .

19  Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group), CIP p. 25

20 allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory)

21

22 . . :

23 Methods: Participants, interventions, and outcomes

24 . - . o : : . : .

25 Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where data will be CIP 17.1.1

26 collected. Reference to where list of study sites can be obtained appendix

27

28 Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and p. 42-43

29 individuals who will perform the interventions (eg, surgeons, psychotherapists)

30

31 Interventions 1la Interventions for each group with sufficient detail to allow replication, including how and when they will be CIP Section9
32 administered

33

34 11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose N/A

22 change in response to harms, participant request, or improving/worsening disease)

;73 11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence (eg, CIP p 52

39 drug tablet return, laboratory tests) p. 109

40 : . . . - . .

M 11d Relevant concomitant care and interventions that are permitted or prohibited during the trial CIPp.43,p84
42
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Outcomes

Participant timeline

Sample size

Recruitment

12

14

15

BMJ Open

Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood
pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg,
median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen efficacy
and harm outcomes is strongly recommended

Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for
participants. A schematic diagram is highly recommended (see Figure)

Estimated number of participants needed to achieve study objectives and how it was determined, including
clinical and statistical assumptions supporting any sample size calculations

Strategies for achieving adequate participant enrolment to reach target sample size

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence
generation

Allocation
concealment
mechanism

16a

16b

Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any
factors for stratification. To reduce predictability of a random sequence, details of any planned restriction (eg,
blocking) should be provided in a separate document that is unavailable to those who enrol participants or
assign interventions

Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered, opaque,
sealed envelopes), describing any steps to conceal the sequence until interventions are assigned

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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CIP p. 101-102___

CIP p. 41, 102__

Randomization
Plan
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Database
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Implementation

Blinding (masking)

BMJ Open

16c  Who will generate the allocation sequence, who will enrol participants, and who will assign participants to
interventions

17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome
assessors, data analysts), and how

17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s
allocated intervention during the trial

Methods: Data collection, management, and analysis

Data collection
methods

Data management

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related
processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of
study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known.
Reference to where data collection forms can be found, if not in the protocol

18b Plans to promote participant retention and complete follow-up, including list of any outcome data to be
collected for participants who discontinue or deviate from intervention protocols

19 Plans for data entry, coding, security, and storage, including any related processes to promote data quality
(eg, double data entry; range checks for data values). Reference to where details of data management
procedures can be found, if not in the protocol

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Randomization is
performed by
automatic
assignment within
eCRF Oracle
Database,
complete by Site
staff, who are
enrolling and
following patients
to intervention.

N/A

N/A

CIP Section 9,
Primary outcome
p. 72
Questionnaires p.
73-74

CRFs____

CIPp.71___

DMP, DQP
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Statistical methods 20a

20b

20c

Methods: Monitoring

Data monitoring 2la
21b

Harms 22

Auditing 23

Ethics and dissemination

Research ethics 24
approval

Protocol 25
amendments

Consent or assent 26a

BMJ Open

Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the
statistical analysis plan can be found, if not in the protocol

Methods for any additional analyses (eg, subgroup and adjusted analyses)

Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any
statistical methods to handle missing data (eg, multiple imputation)

Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of
whether it is independent from the sponsor and competing interests; and reference to where further details
about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not needed

Description of any interim analyses and stopping guidelines, including who will have access to these interim
results and make the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse events
and other unintended effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent from
investigators and the sponsor

Plans for seeking research ethics committee/institutional review board (REC/IRB) approval

Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes,
analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals,
regulators)

Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and how
(see Item 32)
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CIP section 13 p
102-103, SAP____

CIP p. 104-105,
SAP

SAP

DMC Charter

DMC Charter,
DMC SAP

CIP section 11, p.
89-99

CIP p.110

CIP p. 104-105__

CIP p.113

CIP p.75-76
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Confidentiality

Declaration of
interests

Access to data

Ancillary and post-

trial care

Dissemination policy

Appendices

Informed consent
materials

Biological
specimens

26b

27

3la

31b

31c

32

33

BMJ Open

Additional consent provisions for collection and use of participant data and biological specimens in ancillary
studies, if applicable

How personal information about potential and enrolled participants will be collected, shared, and maintained
in order to protect confidentiality before, during, and after the trial

Financial and other competing interests for principal investigators for the overall trial and each study site

Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that
limit such access for investigators

Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial
participation

Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, the
public, and other relevant groups (eg, via publication, reporting in results databases, or other data sharing
arrangements), including any publication restrictions

Authorship eligibility guidelines and any intended use of professional writers

Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code

Model consent form and other related documentation given to participants and authorised surrogates

Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular
analysis in the current trial and for future use in ancillary studies, if applicable

N/A

CIP p 112

CTA

CTA

ICF

CIP p. 114
ICF,
clinicaltrials.gov

Publication
Plan

N/A

Attached

N/A

*|t is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items.
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons
“Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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ADAPT (CIP327)
Master Informed Consent

Version 2.0; 30 Jul 2020 Page 110f 13

INFORMED CONSENT FOR THE MEDTRONIC
ADAPT CLINICAL STUDY

SUBJECT INFORMED CONSENT FORM SIGNATURE SHEET

| have read the subject information for this study and the study doctor has answered all my questions
regarding the study.

| had sufficient time to consider my participation in this study, | am aware that participation in this
study is completely voluntary, and | agree to follow the instructions of the study doctor.

| realize that | may decide to refuse participation or stop participating at any time without penalty and
without affecting the quality of my health care or the relationship with the study doctor.

| understand and agree that personal information about me will be collected from my medical files,
used and processed (manually and by computer) by the manufacturer of a product used in my
treatment or any other designated party that is involved in the study (e.g., hospital, study doctor,
regulatory authorities, ethics committees).

| know what will happen if | leave the study and understand the details described in this form.

| understand and agree that representatives from Medtronic, regulatory authorities and the Ethics
Committee will be given direct access to my medical files.

| understand and agree that the study doctor(s)/hospital will release the relevant personal
information about me for the purpose of the study.

| understand that my personal data may be provided to third-party vendor personnel for the
purpose of carrying out home visits and/or supplies shipments and treated with strict confidentiality
as detailed in the patient information sheet, if needed during pandemic.

| understand that | am entitled to access the personal information collected about me and to have
inaccuracies corrected.
| agree to voluntarily be in and comply with this study.

| understand that | will receive a dated and signed copy of the subject informed consent form.

Medtronic Controlled Information 056-F279, v B Informed Consent Template
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ADAPT (CIP327)
Master Informed Consent

Version 2.0; 30 Jul 2020 Page 12 of 13

oNOYTULT D WN =

10 e This notification can be deleted for countries where personal physicians do not exist
e Use if EC requires a checkbox

13 It is your choice if you would like your personal doctor to be informed of your participation in this study.
Please check one of the boxes below to show your choice:

18 ! must be checked by subject
20 [ ] 1 agree to inform my personal doctor about my participation in this study

[ ]I do not agree to inform my personal doctor about my participation in the study

26 Signature of the subject

| agree to be in this study and | have consented before the initiation of any study specific
procedures.

Subject:

40 Name Signature Date (DD/MMM/YYYY)

42 Must be written by subject! Must be written by
43 subject!

47 Study doctor or person designated by study doctor:

49 | have conducted the informed consent discussion.

Name Signature Date (DD/MMM/YYYY)

55 Must be written by study Must be written by study
56 doctor or delegate! doctor or delegate!

Medtronic Controlled Information 056-F279, v B Informed Consent Template
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