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ABSTRACT

Introduction The management of type 1 diabetes
(T1DM) has undergone significant advancements with the
availability of novel technologies, notably continuous and
flash glucose monitoring (CGM and FGM, respectively) and
hybrid closed loop (HCL) therapy. The dual hormone fully
closed loop (DHFCL) approach with insulin and glucagon
infusion has shown promising effects in small studies on
glycaemic regulation and quality of life in T1DM.
Methods and analysis The Dual Hormone Fully

Closed Loop for Type 1 Diabetes (DARE) study is a non-
commercial 12-month open-label, two-arm randomised
parallel-group trial. The primary aim of this study is to
determine the long-term effects on glycaemic control,
patient-reported outcome measurements and cost-
effectiveness of the DHFCL compared with usual care,
that is, HCL or treatment with multiple daily insulin
injections+FGM/CGM. We will include 240 adult patients
with T1DM in 14 hospitals in the Netherlands. Individuals
will be randomised 1:1 to the DHFCL or continuation of
their current care.

Ethics and dissemination Ethical approval has been
obtained from the Medical Research Ethics Committee
NedMec, Utrecht, the Netherlands. Findings will be
disseminated through peer-reviewed publications

and presentations at local, national and international
conferences.

Trial registration number NCT05669547.

INTRODUCTION

In previous years, there have been many tech-
nological advancements in type 1 diabetes
(T1DM) management. These include contin-
uous and flash glucose monitoring (CGM
and FGM, respectively) and hybrid closed
loops (HCLs)." 2 Advanced HCLs automati-
cally adjust basal insulin rates in anticipation
to hypoglycaemia or hyperglycaemia and
thereby prevent nocturnal hypoglycaemia
and hyperglycaemia, while also adminis-
tering correction doses.” These systems use
insulin only and still require carbohydrate
counting for administering mealtime insulin
boluses. In contrast, the newly developed

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study is the first long-term (12 months) trial
investigating the effectiveness of the dual hormone
closed loop concept.

= We will evaluate both glycaemic outcomes and
patient-reported outcomes.

= A cost-effectiveness analysis will be performed
possibly giving more insight into implementing dual
hormone closed loop concepts in daily diabetes
practice.

= The scope of this study is limited to adult individuals
only.

dual hormone fully closed loops (DHFCLs)
provide a balanced infusion of not only
insulin but also glucagon mimicking physio-
logical conditions.*” The user does not have
to provide any meal or correction boluses as
the DHFCL reactively adapts the insulin and
glucagon infusion.” This removes any diabetes
management burden related to meals or exer-
cise. Patients using HCLs have achieved mean
time-in-ranges (TIRs) ranging from 72.0% to
79.2%.%"! Blauw et alshowed a median TIR of
86.6% in patients using a DHFCL with lower
time in hypoglycaemia and hyperglycaemia
in comparison with (sensor augmented)
insulin pump treatment.” Though prom-
ising, DHFCLs are currently not commer-
cially available and have only been tested
in small patient groups (up to 39 patients)
with limited follow-up time (up to 14 days).’
Moreover, there is no information available
yet on the costs of use of DHFCLs in regular
diabetes care.’ Here we describe the design of
the Dual Hormone Fully Closed Loop in Type
1 Diabetes: a randomised trial (DARE study).
The primary aim of this study is to deter-
mine the long-term effects of the DHFCL
on glycaemic control, patientreported
outcomes (PROMs) and cost-effectiveness in
comparison with the currently most advanced
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Figure 1 Patients on an HCL (n=170, advanced care) and
MDI in combination with FGM or CGM (n=70, usual care)
(total n=240) will be included in this trial. In both arms,
patients will be randomised 1:1 to receive the intervention
or continue their current care (control). CGM, continuous
glucose monitoring; DHFCL, dual hormone fully closed loop;
FGM, flash glucose monitoring; HCL, hybrid closed loop;
MDI, multiple daily insulin injections.

technological care (ie, HCL) and the current usual care
(ie, multiple daily insulin injections (MDI)+FGM/CGM).

METHODS

Study design

This is a non-commercial 12-month open-label, two-arm
randomised parallel-group trial conducted in 14 centres
in the Netherlands, both academic and regional. The
study is funded by the Dutch governmental National
Health Care Institute. One arm consists of HCL users
(most advanced care). The other arm comprises patients
on MDI treatment (at least one time per day long-acting
insulin and three times per day short-acting insulin; most
used care) with CGM or FGM (figure 1). In both arms,
patients will be randomised 1:1 to continuation of their
current care or use of the DHFCL.

Recruitment

Subjects will be recruited from the outpatient clinics in
the participating centres starting from 1 August 2023. We
aim to include all patients within 6 months after the first
inclusion. Expected end date of the study is 1 February
2025. Informed consent will be obtained prior to any trial
related visits in accordance with Good Clinical Practice
(GCP) guidelines.

Study population

A total of 240 adult patients with TIDM aged 18-75 years
will be included who are on an MDI schedule in combina-
tion with FGM /CGM or use an HCL for at least 3 months.
Patients are required to have a glycated haemoglobin
(HbAlc)<91 mmol/mol (#10.5%) and a TIR<80% or
time-below-range (TBR)>4% in 8 weeks before screening.
Patients who are using a non-approved HCL device,
have a body mass index >35kg/m” or have an estimated

glomerular filtration rate <30mL/min/1.73 m? will be
excluded. Moreover, pregnant women are excluded. Full
inclusion and exclusion criteria are presented in table 1.

Study plan

This outpatient trial has six visits (screening, baseline and
at 3, 6, 9 and 12 months). Trial activities are described
in the online supplemental appendix 2. Briefly, after
screening, baseline data are collected. A blinded sensor
(FreeStyle Libre Pro IQ, Abbott, USA) is placed for
collecting glucose data, that is, TIR, time-above range
(TAR) and TBR. The minimum required blinded sensor
data is 50% (ie, 168 hours). In addition, at each study
visit, online questionnaires are sent to the patient to be
filled out at home. At the 3-month, 6-month, 9-month and
12-month visits, data are collected on (serious) adverse
events, device issues, patientreported daily insulin use,
unplanned contact moments, medication use, glucose
levels using a blinded sensor (FreeStyle Libre Pro IQ),
Abbott, USA) and the PROMs in both the intervention
and control group.

DHFCL and training

The DHFCL in this trial has been developed by Inreda
Diabetic B.V. (Goor, the Netherlands). This Conformité
Européene (CE) marked device is a wearable device
integrating two pumps (for insulin and glucagon) and
an algorithm, with two sensors and two infusion sets (for
insulin and glucagon) that results in fully automated
glycaemic control without the need—or possibility—for
meal or correction boluses.” The device is not commer-
cialised yet. At the start, Inreda Diabetic provides patients
with a I-day DHFCL training and (telephone) guidance
in the first 8weeks. After these 8weeks, patients will
receive routine support from their diabetes team in the
participating centres. Patients will replace the pump
glucagon (Glugon, United Biotech) each day during use
of the DHFCL.

Questionnaires (PROMs)

At the baseline and subsequent visits, a link to the ques-
tionnaires (see online supplemental appendix 3) will be
sent to the participating patients via email. The question-
naires cover multiple aspects of the participants’ quality
of life including general well-being, (fear of) hypogly-
caemia, diabetes treatment satisfaction, sleep and expec-
tations regarding use of insulin delivery systems (online
supplemental appendix 3). In addition, the scores from
the Medical Consumption Questionnaire (iMCQ) and
Productivity Cost Questionnaire (iPCQ) are used for
the cost-effectiveness analysis. Scoring of the question-
naires will be performed in accordance with the original
articles."””™ Participants can fill out the questionnaires
at their convenience. One automatic reminder will
be sent through the electronic case report form if not
completed within 4days. Weekly, unfinished question-
naires will be monitored. If not completed, a maximum
of two reminders will be sent (with a minimum interval
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Table 1 Overview of patient inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

» Age between 18 and 75 years.

» Diagnosed with type 1 diabetes mellitus at least 1 year
ago.

» HbA1c<91 mmol/mol.

» Treated with either MDI with FGM/CGM or treated with

HCL:

— MDI+FGM/CGM for >3 months with an adequate
sensor use during at least 70% of the time in the
month prior to screening (based on sensor usage from
the download summary report of the FGM/CGM).

— HCL for >3 months with a frequency of use >70% of
the time in auto mode over the previous month prior to
screening.

» Not reaching the treatment goals over the last 8 weeks:
— for MDI+FGM/CGM: subject has a TIR<80% or time-
below-range (TBR)>4%.
— for HCL: subject has a TIR<80% or TBR>4%.
» Willing to take or switch to insulin Humalog when
randomised to the intervention DHFCL arm (the used
DHFCL has only been tested with Humalog?®).

» Under treatment in one of the participating centres.

» Willing and able to sign informed consent.
» Access to the internet at home (for DHFCL data upload).

» Current use of non-approved HCL device.
» BMI>35kg/m?.

» eGFR<30mL/min/1.73 m?.
» Plan to change usual diabetes regimen in the next 3 months.

» Current participation in another diabetes-related clinical trial.

» Actively participating 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
enrolment into this study, as per investigator judgement.

» Established history of allergy or severe reaction to adhesive or
tape that must be used in the study.

» Use of oral glucose-lowering medication.

\4

Active retinopathy or painful neuropathy.

» Daily use of acetaminophen during the trial (all arms), as this
may influence the sensor glucose measurements. Incidental
use with a maximum of, for example, three daily doses of
1000 mg paracetamol for a maximum of three consecutive
days is allowed.

» Limited ability to see, hear or feel alarm signals of the closed
loop system.

» Current pregnancy, breast feeding or planning to become
pregnant in the 12 months of the trial or using ineffective birth
control methods.

» Presence of a medical or psychiatric condition, longstanding
serious adherence problems, anticipated problems in handing
over diabetes control to a device or use of a medication that,
in the judgement of the investigator, clinical protocol chair or
medical monitor, could compromise the results of the study or
the safety of the participant.

BMI, body mass index; CGM, continuous glucose monitoring; DHFLC, dual hormone fully closed loop; eGFR, estimated glomerular filtration
rate; FGM, flash glucose monitoring; HbA1c, glycated haemoglobin; HCL, hybrid closed loop; MDI, multiple daily insulin injections; TIR, time-

in-ranges.

of 4days). Two weeks after the initial invitation, the ques-
tionnaires will be closed and reported as missing data in
case the questionnaires have not been completed.

ENDPOINTS

The primary endpoint is the proportion of time spent in
the TIR (3.9-10mmol/L (70-180mg/dL)) at 12 months.
Secondary glycaemic control endpoints include the TAR

(Ievel 1 hyperglycaemia >10.0 mmol/L (180mg/dL) and
level 2 hyperglycaemia >13.9mmol/L (250mg/dL)),
the TBR (level 1 hypoglycaemia <3.9mmol/L (70mg/
dL) and level 2 hypoglycaemia: <3.0mmol/L (54mg/
dL)), the number of hypoglycaemic events (defined as
glucose <3.0mmol/L for 15 consecutive minutes), the
time in tight range (3.9-7.8mmol/L) (70-140mg/dL),
the mean glucose (at day or night and combined), the

Jancev M, et al. BMJ Open 2023;13:€074984. doi:10.1136/bmjopen-2023-074984
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glycaemic variability (coefficient of variation and SD),
the mean HbAlc, the percentage patients achieving
HbAlc<b3mmol/mol (7%), the percentage achieving
TIR>70% or TBR<4%and the percentage patients
with 25% points improvement from baseline (%) at 12
months. For the cost-effectiveness analysis, results from
the iMCQ and iPCQ at 0, 3, 6, 9 and 12 months will be
evaluated. Information on detailed hospital healthcare
consumption for each individual patient (collected from
electronic patient files, including unplanned additional
contact moments) will be used to calculate cost per
quality-adjusted life year (QALY). We will examine the
PROMs using the questionnaire scores at the predefined
intervals. Additionally, we assess the daily insulin use,
DHFCL outcomes and safety outcomes. Finally, the
continuation rate expressed as the percentage of partici-
pants that continue DHFCL treatment after 1year of use
and reasons for discontinuation of the DHFCL treatment
will be evaluated. All study endpoints are summarised in
online supplemental appendix 4.

STATISTICAL CONSIDERATIONS

Sample size calculation

The DHFCL is compared with two different control treat-
ments in two separately randomised study arms.

Study arm with HCL as control treatment

Previous studies show a mean TIR with HCL treatment
of 70% (SD 16-17%).* A recent small cross over
study of the index intervention treatment (DHFCL)
showed a median TIR of 86%.° To be conservative,
assuming a 7% increase in mean TIR from 78% under
the HCL control treatment to 85% under the index
intervention treatment, the required sample size for
this arm is around 68 per group (two sample t-test with
unequal variance, two-sided significance level of 0.05
and a power of 90%). To allow for potential loss to
follow-up and sufficient statistical power to address
the main secondary endpoints we estimated a required
sample size of 85 per group.

Study arm with MDI+FGM/CGM as control treatment

Previous studies show a mean TIR under MDI+FGM /
CGM treatment of 50-59% (SD of 12-20%).%
However, to be conservative we assume a mean TIR
in the MDI+FGM/CGM control group of 70% and for
the index intervention of 85%, thus assuming a 15%
increase in mean TIR due to the intervention treat-
ment. Based on that effect size, the required sample
size for this arm is 22 per group (two sample t-test with
unequal variance; two-sided significance level of 0.05;
power of 90%). Similar to the HCL group, to allow
for potential loss to follow-up and sufficient statistical
power we estimated a required sample size of 35 per

group.

Statistical analyses

Primary endpoint

The primary endpoint will be compared between the
DHFCL treatment and each of the two control treatments
separately, using linear regression modelling, assuming a
normal distribution. In case of non-normal distribution,
transformed TIR (to obtain a normal distribution) will be
used as an outcome. The stratification factor for rando-
misation (centre) will be used as covariate in this anal-
ysis. The difference in mean TIR at 12 months between
the index intervention treatment and each of the two
control treatments will be calculated with the 95% CI.
Subsequently, we will repeat this analysis by adjusting for
alimited number of a priori defined prognostic factors of
TIR at 12 months, that is, baseline TIR (which is blinded
for outcome assessors), age and gender. This analysis will
be performed on the intention-to-treat principle, but also
on a per-protocol principle.

A secondary analysis of the primary endpoint will be
performed using random effects multilevel modelling to
account for the nested and longitudinal structure of the
primary endpoint data over the full 12 months follow-up.
This analysis provides insight into the change of mean
TIR over time, compared between the intervention and
each of the control treatments.

Secondary endpoints

The analysis for continuous secondary outcomes follows
the analysis strategy of the primary outcome. Binary
secondary outcomes will be compared using relative risk
estimates with 95% CI in which the stratification factor
for randomisation (centre) will be used as covariate.
Subsequently, as for the analysis of the continuous
endpoints, a multivariable logistic regression analysis will
be performed by adjusting for the same a priori defined
prognostic factors as above.

QALYs will be calculated and described using means
with 95% CI, and indirect costs will be calculated and
described using medians and IQRs, and also means with
95% CI based on bootstrapping, separately per group.
Incremental cost-effectiveness ratios will be calculated
with both probabilistic and deterministic sensitivity anal-
ysis to outline uncertainty on outcome measures.

ETHICS AND DISSEMINATION

Ethics

Ethical approval has been granted by the Medical
Research Ethics Committee NedMec Utrecht, the Neth-
erlands (study ID 22-671).

Safety and data protection

Data collection is managed by GCP trained and experi-
enced research staff. Data will be stored securely and in
compliance with the latest European General Data Protec-
tion Regulation privacy guidelines. A data safety moni-
toring board will monitor evidence for harm (adverse

4

Jancev M, et al. BMJ Open 2023;13:2074984. doi:10.1136/bmjopen-2023-074984

“ybuAdoa Aq parosrold 1sanb Aq £20z2 ‘v loquiadag uo jwodfwg-uadolwgy//:dny wol) papeojumoq ‘€20z 1snbny £2 Uo £86120-£20z-uadolwg/osTT 0T Se paysiignd 1say :uado NG


https://dx.doi.org/10.1136/bmjopen-2023-074984
http://bmjopen.bmj.com/

events and serious adverse events) of the intervention
being studied.

Dissemination

We will communicate the study findings to the scientific
community via international peer-reviewed scientific jour-
nals and present the data at (inter)national conferences.
We will also communicate the output to policymakers.
Results of this study will be taken into account for deci-
sion making by the Dutch National Health Care Institute
regarding the reimbursement of DHFCL concepts in the
Netherlands.

PATIENT AND PUBLIC INVOLVEMENT

A patient representative of the Dutch Diabetes Asso-
ciation (HK) was involved during the conceptualisa-
tion of the study. She is a member of the study steering
committee and remains actively involved throughout the
study’s conduct.
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