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ABSTRACT

Introduction: Multiple daily injection insulin 

regimen (MDI) represents the most intensive 

insulin regimen used in the management of 

people with type 2 diabetes (PwT2D). Its effi-

cacy regarding glycaemic control is counterbal-

anced by the increased risk of hypoglycaemia, 

frequently observed tendency to weight gain 

and  necessity for frequent glucose monitoring. 

Recent introduction of novel antidiabetic medi-

cations with pleiotropic effects reaching far 

beyond the reduction of glycaemia (HbA1c), 

such as the glucagon-like peptide 1 receptor 

agonist (GLP-1 RA), has significantly widened 

the therapeutic options available for manage-

ment of T2D. Consequently, there is currently 

a substantial number of PwT2D for whom the 

MDI regimen was initiated at a time when no 

other options were available. Yet, in present 

times, these individuals could benefit from sim-

plified insulin regimens ideally taking advantage 

of the beneficial effects of the novel classes of 

antidiabetic medications. iGlarLixi  (Suliqua®) 

is a once-daily fixed-ratio combination of basal 

insulin analogue glargine 100 U/ml and a GLP-1 

RA lixisenatide.

Methods: Insulin therapy DE-intensificAtion 

with iglarLixi (IDEAL) is a six-centre, open-label, 

parallel-group, active comparator, phase IV ran-

domised controlled trial with a 24-week active 

treatment period examining the efficacy and 

safety of MDI regimen de-intensification with 

once-daily administration of iGlarLixi versus 

MDI regimen continuation in PwT2D on a back-

groud therapy with metformin ± sodium-glucose 

cotransporter 2 inhibitor.

Planned Outcomes: The primary objective is to 

compare the effects of MDI therapy de-intensi-

fication with iGlarLixi versus MDI regimen con-

tinuation regarding glycaemic control (HbA1c). 

Secondary objectives include detailed evaluation 
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of the effects of MDI regimen de-intensification 

with iGlarLixi on glycaemic control using stand-

ardised continuous glucose monitoring (CGM) 

metrics and self-monitoring of plasma glucose. 

Furthermore, body weight and body composi-

tion analysis, quality of life and safety profile 

are evaluated.

Trial Registration: ClinicalTrials.gov, identifier 

NCT04945070.

Keywords: Complex insulin therapy 

simplification; Fixed-ratio combination of 

GLP-1 receptor agonist and basal insulin (FRC); 

Insulin therapy de-intensification; Insulin 

glargine/lixisenatide (iGlarLixi); Intensified 

insulin therapy (IIT); Multiple daily injections 

insulin regimen (MDI); Type 2 diabetes (T2D)

Key Summary Points 

Multiple daily injection insulin regimen 

(MDI) represents the most intensive insulin 

regimen used in the management of people 

with type 2 diabetes (PwT2D), and many 

individuals were started on it at a time when 

no other treatment options were available

MDI regimen is very efficient regarding gly-

caemic control but is linked with increased 

risk of hypoglycaemia and a frequently 

observed tendency to weight gain, and it 

requires frequent glucose monitoring and 

insulin dose adaptations

iGlarLixi  (Suliqua®) is a once-daily fixed-ratio 

combination of basal insulin analogue glar-

gine 100 U/ml and a glucagon-like peptide 1 

receptor agonist (GLP-1 RA) lixisenatide

Insulin therapy de-intensification with 

iGlarLixi (IDEAL) is the first randomised con-

trolled trial comparing the efficacy and safety 

of MDI regimen simplification with once-

daily administered iGlarLixi versus MDI regi-

men continuation in PwT2D on a backgroud 

therapy with metformin ± sodium–glucose 

cotransporter 2 inhibitor

Results from IDEAL trial are expected to pro-

vide the evidence base regarding the efficacy 

and safety of MDI regimen simplification 

with the ultimate benefit to the PwT2D cur-

rently treated with complex insulin regimens

INTRODUCTION

Multiple daily injection insulin regimen (MDI), 

also referred to as intensive insulin therapy (IIT), 

represents the most complex type of insulin regi-

men used in the management of people with 

type 2 diabetes (PwT2D). Correspondingly, MDI 

regimen has been the last intensification step 

in the therapeutic guidelines for management 

of hyperglycaemia in T2D after non-pharma-

cological interventions, use of oral antidiabetic 

medication(s) and basal or premixed insulins 

[1–5]. The major advantage of all insulin-based 

therapies is their rapid and dose-dependent glu-

cose-lowering effect. This is counterbalanced by 

the increased risk of hypoglycaemia, a frequently 

observed tendency to weight gain and the neces-

sity for frequent glucose monitoring and pos-

sible insulin dose adaptations by patients nega-

tively affecting their compliance with therapy 

and quality of life. These unwanted side effects 

of insulin therapy become more prominent with 

the increased complexity of insulin regimens 

and increased number of injections per day.

The introduction of novel antidiabetic medi-

cations with pleiotropic effects reaching far 

beyond the reduction of glycaemia (HbA1c) 

such as glucagon-like peptide 1 receptor ago-

nists (GLP-1 RA) or sodium–glucose cotrans-

porter 2 inhibitors (SGLT2i) meant that insu-

lin-based therapies were moved further down 

the treatment algorithms in the most relevant 

clinical guidelines for T2D management [1–5]. 

Fixed-ratio combinations of basal insulin ana-

logues and GLP-1 RA (FRC) benefit from com-

plementary mechanisms of action of their two 

components that cumulatively address seven of 

the eight pathophysiological processes of the 

DeFronzo’s ominous octet [6]. Basal insulins 

provide control of fasting glucose, while GLP-1 

RAs influence both fasting and postprandial 
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glycaemia and reduce food intake and glycae-

mia by stimulation of glucose-dependent insu-

lin secretion, suppression of glucagon secretion, 

delay in gastric emptying and suppression of 

appetite [7]. Consequently, the glucose-lower-

ing effect of FRCs is complemented by compa-

rable or lower risk of hypoglycaemia compared 

to basal insulin therapy, neutral effect on body 

weight and a lower risk of gastrointestinal 

adverse effects compared to GLP-1-RA when 

used alone [8]. Because of these favourable 

developments, we are currently seeing a signifi-

cant pool of PwT2D in whom the MDI regimen 

was initiated at a time when no other options 

were available. Yet, currently, these individuals 

could benefit from simplified insulin regimens 

ideally taking advantage of the beneficial effects 

of the novel classes of antidiabetic medications.

iGlarLixi (Sanofi, Paris, France) is a FRC 

of basal insulin analogue glargine 100 U/ml 

(iGlar) and a GLP-1 RA lixisenatide in a con-

centration of 50 mcg/ml (pen A) or 33 mcg/ml 

(pen B) of lixisenatide (Lixi) in a 3-ml prefilled 

injection pen. iGlarLixi is marketed in Europe 

with a brand name  Suliqua® 100/50 (pen A) and 

 Suliqua® 100/33 (pen B) [9]. iGlar is a long-act-

ing basal insulin analogue which has a half-life 

of approximately 13 h, and it predominantly 

addresses fasting blood glucose levels [10]. Lixi 

is a once-daily exendin-4-based GLP-1 RA ana-

logue based on exendin-4 which has a half-life of 

approximately 3–4 h with a predominant effect 

on postprandial glucose levels [7]. The efficacy 

and safety of iGlarLixi have been established 

in various clinical scenarios by several phase 

2b/3 trials [11–15]. The other available FRC on 

the market, iDegLira  (Xultophy®, NovoNordisk 

A/S, Bagsværd, Denmark), contains basal insulin 

degludec and the GLP-1 RA analogue liraglutide 

[16].

The efficacy and safety of insulin therapy de-

intensification from MDI regimen into once-

daily administration of iDegLira in PwT2D 

has been examined in prospective, non-ran-

domised, observational studies from Hungary 

and Slovakia [17–19]. A pragmatic RCT from 

Italy assessed the feasibility of MDI insulin 

regimen de-intensification by its replace-

ment with either the FRCs or a combination 

of basal insulin plus SGLT2i and also reported 

favourable outcomes [20]. The results of these 

trials are in line with our own clinical experi-

ence and the clinical experience of other cli-

nicians. Yet, a  formal assessment of insulin 

therapy de-intensification in PwT2D in a form 

of a standard RCT has not been done up so 

far. The completion of such an RCT is required 

to acquire data that will support the clinical 

practice of insulin therapy de-intensification 

with FRCs with the necessary evidence base. 

The IDEAL trial is the first RCT formally assess-

ing the efficacy and safety of intensive insu-

lin therapy simplification (de-intensification) 

with once-daily administered FRC iGlarLixi in 

PwT2D. For this purpose, continuous glucose 

monitoring (CGM) metrics reflecting the cur-

rent international consensus statements on 

CGM data reporting [21, 22] will be employed 

in addition to changes in HbA1c levels.

METHODS

Study Design

Insulin therapy de-intensification with iGlar-

Lixi (IDEAL) is a six-centre, open-label, par-

allel-group, active comparator, phase IV ran-

domised controlled trial. This study has been 

registered on US National Library of Medicine 

ClinicalTrials.gov database (NCT04945070).

Study Population

Approximately 100 individuals will be recruited 

following the provision of signed informed 

consent. The main inclusion and exclusion 

criteria are listed in Table 1. Prior to enroll-

ment, the protocol was reviewed and approved 

by the Joint Ethics Committee of the Institute 

for Clinical and Experimental Medicine and 

Thomayer Hospital in Prague, Czechia, and this 

approval is valid for all study sites. This study 

is conducted in accordance with the Helsinki 

Declaration of 1964 and its later amendments 

and the ICH Good Clinical Practice Guidelines.
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Table 1  Main inclusion and exclusion criteria

eGFR estimated glomerular filtration rate; GLP-1 RA glucagon-like peptide 1 receptor agonist; MDI multiple dose injec-
tions; NYHA New York Heart Association; SGLT2i sodium-glucose cotransporter 2 inhibitor

Inclusion criteria

 Age 18–80 years

 Type 2 diabetes

 Treatment with MDI regimen ≥ 3 months prior to screening visit

 Treatment with metformin (unless not tolerated) ± SGT2i on stable doses ≥ 3 months prior to screening visit

 Total daily dose of insulin ≤ 0.8 IU/kg of body weight

 Fasting c-peptide levels above the lower limit of normal range

 HbA1c ≤ 75 mmol/mol (9%) or 76–86 mmol/mol (9.1–10%) (measured by local laboratory) in case of non-compliance 

with MDI regimen

Exclusion criteria

 Other types of diabetes apart from type 2 diabetes

 Use of any oral or injectable glucose-lowering agents other than those stated in the inclusion criteria within the last 

3 months before screening visit

 Systemic glucocorticoid use for a total duration of ≥ 1 week within 3 months before the screening visit

 Medical conditions in which systemic glucocorticoid use can be expected throughout the course of the trial

 History of stroke, pulmonary embolism, myocardial infarction, unstable angina or heart failure requiring hospitalisation 

within the last 3 months before the screening visit

 Chronic heart failure (NYHA stages III–IV)

 Chronic liver disease

 Active malignancy

 Anaemia (haemoglobin < 100 g/l) at screening visit

 Clinically significant diabetic retinopathy or macular oedema likely to require treatment within the study period

 History of prior GLP-1 RA discontinuation for safety/tolerability reasons or lack of efficacy

 Chronic kidney disease stage IV or V (egfr < 30 ml/min/1.73  m2)

 Gastroparesis

 Pregnancy or lactation

 Personal or family history of medullary thyroid cancer or a condition predisposing to it

 History of pancreatitis (with the exception of pancreatitis related to gallstones followed by cholecystectomy)

 Inability to comply with study procedures
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Study Design, Randomisation and Study 

Interventions

Participants in this trial will be followed up 

for approximately 40 weeks. This includes an 

up to 4-week screening period, randomisation 

followed by a 24-week (6 months) open-label 

treatment period and a 12-week follow-up 

period. The protocol includes six on-site visits 

(V1–V6) and ten mandatory phone call visits 

(P1–P10) at pre-specified time points. Figure 1 

shows the study flow chart with the timings 

and interventions performed at each visit.

At screening visit (V0), following the provi-

sion of written informed consent, medical his-

tory and drug history will be taken and physi-

cal examination performed. Anthropometric 

data will be recorded including the body com-

position analysis (InBody  570®, InBodyUSA, 

Cerritos, CA, USA). Venous blood will be taken 

to analyse the study-specific, safety and explor-

atory endpoints (see Fig. 1 and text below for 

further details).

At the end of the screening period, eligible 

participants will be randomised in a 1:1 ratio to 

either undergo re-education and continue with 

the MDI regimen or to discontinue the MDI 

regimen and start iGlarLixi together with life-

style and treatment-specific education. iGlar-

Lixi is considered an investigational medicinal 

product (IMP). For participants randomised to 

remain on MDI regimen, insulin preparations 

are considered to be IMPs and will be provided 

by the investigators during the study treatment 

period.

Self‑monitoring of Blood Glucose (SMBG)

All participants will be provided blood glucose 

meters (FreeStyle Freedom Lite, Abbott Diabe-

tes Care, Alameda, CA, USA) for the duration of 

the trial. During the 24-week treatment period, 

all participants will perform daily fasting SMBG 

measurements, a 4-point SMBG profile (before 

3 main meals of the day and at bedtime) before 

each P visit and a 7-point SMBG profile (before 

and 120 min after the 3 main meals of the day 

and at bedtime) before visits V2, V3 and V5. 

Regular blood glucose meter downloads will 

take place during on-site visits. SMBG data will 

be used for iGlarLixi dose titration to achieve 

target fasting glycaemia and for insulin dose 

modification in the MDI arm according to 

investigators’ clinical judgement.

Administration of iGlarLixi

For participants randomised into the iGlarLixi 

arm, the total basal insulin dose (in case of 

insulin analogues) or 50% of the previous total 

daily dose of insulin (TDD) (in case of human 

insulins) on the day before V2 will be used for 

the iGlarLixi starting dose calculation and pen 

type assignment as indicated in Table 2. Par-

ticipants will be asked not to administer the 

morning dose of basal insulin on the day of V2 

visit or halve their evening dose of basal insu-

lin on the evening before V2 visit depending 

on the time of their usual basal insulin admin-

istration. Any prandial insulin dose of ≤ 8 units 

will be completely stopped on the day of first 

iGlarLixi dose administration. Prandial insulin 

dose exceeding eight units at any main meal 

will be halved at the time of iGlarLixi initia-

tion and then discontinued within the follow-

ing 2 weeks in a fashion which is left to the 

discretion of the investigator. iGlarLixi will be 

administered once daily within 1 h (ideally 

30–45  min) before breakfast. No change in 

metformin ± SGLT2i dosage is allowed during 

the 24-week treatment period.

iGlarLixi Dose Titration

iGlarLixi will be up-titrated every 3 days by two 

dose steps (DS) containing two units of glar-

gine 100 U/ml and 1.0 µg (pen A) or 0.66 µg 

(pen B) of lixisenatide with the aim of achiev-

ing self-monitored morning fasting glucose 

(the mean of fasting glucose values from the 

preceding 3 days is considered) ≤ 6 mmol/l or 

until reaching 60 units of glargine 100 U/ml 

and 20 µg of lixisenatide. Dose adjustments to 

avoid hypoglycaemia are allowed at any time 

at the discretion of the investigator.
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Fig. 1  Study flow chart. ADDQoL Audit of Diabetes Dependent Quality of Life Questionnaire; DTSQc Diabetes Treatment Satisfaction Questionnaire change; 
DTSQs Diabetes Treatment Satisfaction Questionnaire static; HABS Hypoglycemia Attitudes and Behavior Scale; IMP investigational medicinal product; P phone 
call study visits; SMBG self-monitoring of blood glucose; V on-site study visits; WOCBP women of childbearing potential



1467Diabetes Ther (2024) 15:1461–1471 

Rescue Therapy

For participants in the iGlarLixi arm, MDI regi-

men should be re-initiated in case of repeatedly 

detected fasting hyperglycaemia > 14 mmol/l on 

3 consecutive days not reacting to iGlarLixi up-

titration which is subsequently confirmed by a 

laboratory fasting blood glucose (FBG) measure-

ment or in case of repeatedly detected hypergly-

caemia > 17 mmol/l at any time on 3 consecutive 

days not reacting to iGlarLixi up-titration. Short-

term (up to 10 days) uses of rapid-acting insu-

lin therapy (for example due to acute illness or 

surgery) will not be considered rescue therapy.

Multiple Daily Injection (MDI) Arm

Participants who have been performing self-

titration of their insulin doses are allowed 

to perform regular insulin dose adjustments 

throughout the duration of the study. Insulin 

dose adjustments by IDEAL investigators will 

only be conducted during on-site visits accord-

ing to clinical practice of the site. No change in 

metformin ± SGLT2i dosage is allowed during the 

24-week treatment period.

Continuous Glucose Monitoring (CGM)

Two periods of blinded CGM monitoring (Free-

style Libre Pro  iQ®, Abbott Diabetes Care, Alam-

eda, CA, USA) will be performed during the course 

of the study, namely during the screening period 

(CGM started at V1 visit) and at the end of the 

24-week treatment period (CGM started at V4 

visit). Participants and investigators will be able 

to assess and discuss CGM read-outs at the end of 

each CGM period at V2 and V5 visit, respectively. 

No personal CGM/FGM devices can be used dur-

ing the time when the study-specific CGM takes 

place. Participants should not initiate CGM/FGM 

monitoring during the course of the study but 

can use their previously introduced CGM/FGM 

devices outside the study-specific CGM periods.

Patient‑Reported Outcomes

Participants will be administered a set of ques-

tionnaires during the course of the trial, namely 

the Diabetes Treatment Satisfaction Question-

naire static (DTSQs) and Diabetes Treatment Sat-

isfaction Questionnaire change (DTSQc), Hypo-

glycemia Attitudes and Behavior Scale (HABS), 

and the Audit of Diabetes Dependent Quality of 

life (ADDQoL) questionnaire to assess multiple 

patient-reported outcomes. The authors have 

purchased the licence to use the DTSQs, DTSQc 

and ADDQoL questionnaires in this trial from the 

Health Pscyhology Research Ltd. (HPR).

Exploratory Outcomes

As a part of the study protocol parameters related 

to low-grade inflammation, hepatic steatosis and 

adipose tissue metabolism will be assessed includ-

ing selected cytokines and chemokines and their 

receptors, adipokines, hepatokines, fibroblast 

growth factors and others.

Table 2  Starting dose of iGlarLixi (Suliqua®)

*Recommendation for basal insulin once-daily except glargine 300 U/ml  (Toujeo®). For participants receiving  Toujeo®, reduce 
the dose by 20% and then choose a starting dose according to the table

Previous daily basal insulin dose*  ≥ 10 to < 20 
units/day

 ≥ 20 to < 30 units/day  ≥ 30 to ≤ 50 units/day

Initial suliqua dose Suliqua 100/50 (pen A)  ≥ 10 to < 20 

dose steps/

day

20 dose steps/day

Suliqua 100/33 (pen B) 30 dose steps/day
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PLANNED OUTCOMES

Study Objectives

The primary objective of the IDEAL trial is to com-

pare the effects of MDI therapy simplification (de-

intensification) with iGlarLixi versus MDI regi-

men continuation in relation to glycaemic control 

(HbA1c) in individuals with T2D. Secondary objec-

tives include evaluation of such insulin therapy 

simplification on the following aspects of diabetes 

care: CGM-related outcomes, data from self-moni-

toring of plasma glucose (fasting and post-prandial 

glycaemia), body weight and composition, treat-

ment burden, quality of life, and safety profile.

Endpoints

The primary endpoint is the mean change in 

HbA1c from baseline to 24 weeks (6 months) 

after randomisation. Secondary endpoints 

include: mean change in percentage of time 

spent in the following glycaemic ranges: 

time in range (TIR) (3.9–10.0 mmol/l, respec-

tively, 70–180 mg/dl), time above range (TAR) 

(> 10.0  mmol/l, respectively, > 180  mg/dl), 

time below range (TBR) (< 3.9 mmol/l, respec-

tively, < 70  mg/dl), level 1 hyperglycaemia 

(> 10.0–13.9 mmol/l, respectively, > 180–250 mg/

dl), level 2 hyperglycaemia (> 13.9  mmol/l, 

respectively, > 250 mg/dl), level 1 hypoglycae-

mia (3.9–3.0 mmol/l, respectively, 70–54 mg/dl) 

and level 2 hypoglycaemia (< 3.0 mmol/l, respec-

tively, < 54 mg/dl), mean change in sensor glu-

cose and glycaemic variability expressed as coef-

ficient of variation (%CV), mean change in FPG, 

mean change in PPG (calculated as the mean 

of the three 2-h post-prandial glucose levels 

between baseline and end of treatment period) 

and mean change in anthropometric characteris-

tics (body weight, BMI, waist circumference and 

body composition analysis). All listed endpoints 

are comparisons of the change (baseline vs. end 

of the treatment period) between the two arms 

of the trial unless stated otherwise. Safety end-

points include proportion of participants who 

experienced at least one (self-reported) hypogly-

caemic episode and proportion of participants 

who experienced at least one level 3 (severe) 

hypoglycaemia requiring external assistance 

from baseline to end of treatment period, hypo-

glycaemia event rate (expressed as number of 

episodes per participant-year) from baseline to 

end of treatment period, and number of par-

ticipants with adverse events (AE) and serious 

adverse events (SAE) from baseline to end of 

treatment period. Exploratory endpoints include 

measurements of factors related to low-grade 

inflammation, hepatic steatosis and adipose tis-

sue metabolism (e.g. cytokines and chemokines 

and their receptors, adipokines and hepatokines, 

fibroblast growth factors and others).

STATISTICAL CONSIDERATIONS

Sample Size

One hundred participants (50 per arm) will be 

included. We expect an approximately 10% 

drop-out rate with the number of analysed par-

ticipants being approximately 90 (45 in each 

arm). The expected standard deviation (SD) for 

the 6-month change from baseline in  HbA1C is 

0.9% based on the Lixilan-L trial results [13]. 

Given these parameters, the treatment effect, 

expressed as the least square (LS) mean differ-

ence between arms, will be estimated with an 

expected precision of ± 0.372%.

Statistical Analysis

The full analysis set (FAS) will include all patients 

who have received at least one dose of the IMP 

and had at least one post-baseline assessment of 

any efficacy variables, regardless of their compli-

ance with the study protocol and procedures. The 

primary outcome of mean change in HbA1c from 

baseline to end of treatment period and other 

continuous variables will be evaluated using the 

mean difference between treatment groups and a 

95% confidence interval (CI). For variables that 

are not normally distributed, a median difference 

between groups and a bootstrapped 95% CI will 

be used. Proportional variables will be reported as 

an odds ratio with a 95% CI.
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Descriptive summary statistics, including the 

number, mean and SD, will be computed for each 

treatment group. For non-normally distributed 

variables, medians and the first and third quartile 

will be used. To compare the differences between 

groups, two-sample t-tests will be used for nor-

mally distributed data, Mann-Whitney U tests for 

non-normal data and Fisher’s exact test for pro-

portional data. Hypothesis tests will be two sided, 

when possible, and will use a significance level of 

0.05. The Holm method will be used to control 

for type I errors for multiple testing. Statistical 

analysis will be performed with the R statistical 

software.

STRENGTHS AND LIMITATIONS

The main strength of the IDEAL trial is the 

employment of a standard RCT design to test the 

efficacy and safety of intensive insulin therapy 

simplification with once-daily iGlarLixi in PwT2D. 

Its further strengths include the robustness of the 

protocol, close safety follow-up and use of CGM 

technology, which will allow for complex assess-

ment of overall glycaemic control. The limitations 

of this trial include its open-label design which 

is, given the type of investigational drugs, una-

voidable. Furthermore, this is a five-centre trial 

from a single European country (Czech Republic) 

and, due to its demographic characteristics, it is 

likely to include mostly participants of European 

descent. A multi-centre international trial with 

inclusion of participants from different racial 

backgrounds would have provided data from a 

more diverse population and would have been 

more generalizable. Despite these limitations, we 

believe that the results of this RCT will provide a 

solid evidence base for an effective and safe clini-

cal practice of the MDI regimen de-intensification 

with iGlarLixi in PwT2D.

CONCLUSION

The IDEAL trial is the first RCT formally assess-

ing the efficacy and safety of intensive insulin 

therapy simplification (de-intensification) with 

once-daily administered FRC iGlarLixi in PwT2D 

treated with MDI regimen. The results of this 

trial are likely to complement the already exist-

ing data from prospective observational studies 

regarding such therapy simplification with the 

ultimate aim of benefitting the individuals with 

T2D.
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