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Abstract

Aims: Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are the recommended

first injectable therapy in type 2 diabetes. However, long-term persistence is sub-

optimal and partly attributable to gastrointestinal tolerability, particularly during initi-

ation/escalation. Gradual titration of fixed-ratio combination GLP-1 RA/insulin

therapies may improve GLP-1 RA gastrointestinal tolerability. We compared gastroin-

testinal adverse event (AE) rates for iGlarLixi versus GLP-1 RAs during the first

12 weeks of therapy, including a sensitivity analysis with IDegLira.

Materials and methods: The PICO framework was used to identify studies from

MEDLINE, EMBASE and CENTRAL searches using a proprietary, web-based, stan-

dardized tool with single data extraction. Gastrointestinal AEs were modelled using a

Bayesian network meta-analysis (NMA), using fixed and random effects for each rec-

ommended dose (treatment-specific NMA) and class (drug-class NMA).

Results: Treatment-specific NMA included 17 trials (n = 9030; 3665 event-weeks).

Nausea rates were significantly lower with iGlarLixi versus exenatide 10 μg twice

daily (rate ratio: 0.32; 95% credible interval: 0.15, 0.66), once-daily lixisenatide 20 μg

(0.35; 0.24, 0.50) and liraglutide 1.8 mg once daily (0.48; 0.23, 0.98). Rates were

numerically, but not statistically, lower versus once-weekly semaglutide 1 mg (0.60;

0.30, 1.23) and dulaglutide 1.5 mg (0.60; 0.29, 1.26), and numerically, but not statisti-

cally, higher versus once-weekly exenatide (1.91; 0.91, 4.03). Sensitivity analysis

results were similar. In a naïve, pooled analysis, vomiting was lower with iGlarLixi ver-

sus other GLP-1 RAs.
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Conclusions: During the first 12 weeks of treatment, iGlarLixi was generally associ-

ated with less nausea and vomiting than single-agent GLP-1 RAs. Enhanced gastroin-

testinal tolerability with fixed-ratio combinations may favour treatment persistence.

1 | INTRODUCTION

Achieving and maintaining glycaemic goals for people with type 2 diabe-

tes are important to reduce diabetes-associated complications.1 A num-

ber of glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are

currently approved for the treatment of type 2 diabetes, and may be

classified according to their plasma half-life, as either short-acting

(exenatide and lixisenatide) or long-acting (liraglutide, dulaglutide,

exenatide extended-release and semaglutide). Although all GLP-1 RAs

reduce fasting and postprandial glucose (PPG) levels, short-acting GLP-1

RAs show greater reductions in PPG versus longer-acting agents, and

have greater effects on slowing gastric emptying.2 Given their high

glucose-lowering efficacy, association with weight loss, low risk of

hypoglycaemia,3 capacity to reduce cardiovascular risk factors,4 and ben-

eficial effect on multiple pathophysiologic abnormalities in type

2 diabetes,5,6 GLP-1 RAs are currently recommended as the first inject-

able therapy for people with type 2 diabetes who need treatment inten-

sification.7 Despite this, outcomes of real-world studies indicate that

long-term persistence with GLP-1 RA therapy is suboptimal. For exam-

ple, in a study of people treated with exenatide or liraglutide in the

United States, <50% of the population demonstrated optimal adher-

ence.8 A number of factors may contribute to poor long-term persistence

with GLP-1 RA therapy, including gastrointestinal (GI) tolerability,9 dislike

of injectable administration, cost and lower than expected efficacy.10

GI adverse events (AEs), in particular, are regarded as a major reason

for a low persistence rate. In reviews of clinical trials involving GLP-1 RA

therapy, nausea was reported to occur in 24%-60% of participants,

vomiting 5%-15% and diarrhoea 9%-20%.11,12 In a survey of 443 physi-

cians who reported on patient discontinuation of GLP-1 RA therapy in

the previous 6 months, nausea/vomiting was considered to be the cause

in 43.8% of cases. Of 194 patients who were surveyed in the same

study, nausea and vomiting were two major reasons for GLP-1 RA dis-

continuation, being reported by 64% and 45% of patients, respectively.10

GI AEs are known to occur early after initiation of therapy and dur-

ing treatment escalation.13,14 Although GI AEs may sometimes persist

with long-term use, there is evidence showing that after initiation of

exenatide twice daily, the incidence of nausea peaked at weeks 4-6 and

declined thereafter, and that after initiation of liraglutide, the incidence

of nausea was highest during the first 4 weeks of treatment.14 Results

of another study suggested that after initiation of lixisenatide, ‘the onset

of gastrointestinal adverse reactions was observed during the first

5 weeks of the study in the majority of cases’.15

By virtue of their small, incremental, gradual titration and thus

reduced exposure to the GLP-1 RA component, and possibly because a

lower dose of GLP-1 RA may be needed to achieve the required glucose

lowering, fixed-ratio combination (FRC) therapies of insulin/GLP-1 RA

may be associated with enhanced GI tolerability relative to their GLP-1

RA components when administered alone.9,16 Current FRC therapies of

insulin/GLP-1 RA include iGlarLixi (insulin glargine 100 U/mL/

lixisenatide 33 μg/mL) and IDegLira (insulin degludec 100 U/mL/

liraglutide 3.6 mg/mL). Studies indicate that GI AEs were lower for the

FRCs versus their respective single-agent GLP-1 RA.9,12,16 While these

studies highlight the lower rates of GI AEs for single comparisons of

FRC therapies against their specific GLP-1 RA components, comparisons

have not been made across the entire GLP-1 RA class.

Given this absence of head-to-head comparison of iGlarLixi versus

GLP-1 RA therapies (other than lixisenatide) when administered alone, we

performed a systematic literature review and network meta-analysis

(NMA) to compare the GI tolerability profile of iGlarLixi with short- or

long-acting single-agent GLP-1 RA therapies during the first 12 weeks of

treatment. To broaden evaluation across the FRC class and strengthen the

assessment, a sensitivity analysis including IDegLira was also performed.

2 | MATERIALS AND METHODS

A protocol was developed a priori and reviewed by a technical expert

panel. Reporting followed the Preferred Reporting Items for System-

atic Reviews and Meta-Analyses (PRISMA) statement.17

2.1 | Data sources and searches

Systematic literature searches of MEDLINE, EMBASE and CENTRAL

were performed to identify randomized controlled trials with weekly

data for any GI AE in adults (≥18 years) with uncontrolled type 2 dia-

betes who were naïve to GLP-1 RAs. Searches of studies performed

in any setting and published in English were conducted from inception

date to September 2018 (and the previous 2 years for conferences).

The full electronic search strategy for articles obtained from

MEDLINE is shown in Table S1.

2.2 | Study selection

The PICO framework [P, patient or population; I, intervention; C,

comparator; O, outcome(s)]18 was used to identify relevant studies. Only

studies that included or were highly likely to include individuals who

were naïve to GLP-1 RA therapy at entry were examined. To ascertain

the suitability of studies that did not specifically state whether partici-

pants were naïve to GLP-1 RA therapy, the following exclusion criteria

were used: previous treatment with any glucose-lowering drug within

3 months of the trial; use of any treatment other than oral glucose-

lowering agents that could affect blood glucose concentration; and use
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of a GLP-1 RA before screening. Permitted interventions included GLP-1

RAs (e.g. albiglutide, dulaglutide, exenatide, liraglutide, lixisenatide,

semaglutide, taspoglutide) with or without oral antidiabetic (OAD) back-

ground therapy (e.g. sodium-glucose transport protein 2 inhibitors,

thiazolidinediones, sulfonylureas, metformin); iGlarLixi; and IDegLira.

Comparators included any of the above or OAD/insulin combinations.

2.3 | Data extraction and quality assessment

A proprietary, web-based, standardized data extraction tool [Digital Out-

come Conversion (DOC) Data 2.0; Doctor Evidence LLC, Santa Monica,

California, USA]19 was used to conduct a single extraction with two layers

of quality control whereby each data point was double-checked, followed

by a global second check to look for outliers. The system has safeguards

to prevent input of impossible data into each field. All characteristics were

collected as reported in each paper and synonyms were bound before

analysis using the DOC Data platform. The revised Cochrane risk-of-bias

tool 2 (Rob2)20 was used to assess the risk of bias at the outcome level.

Outcomes were reported as the number of participants with a GI AE per

week. Each participant could contribute to multiple events over time, but

only the first event was counted each week. Study withdrawal and drug

discontinuation due to GI AEs were also examined.

2.4 | Data synthesis and analysis

A Bayesian NMA was used to model cumulative data for the first

12 weeks of treatment, using both fixed and random-effects

models. The recommended, fully titrated dose of each GLP-1 RA

was examined, both individually (termed Treatment-Specific Net-

work) and when grouped according to class (short- or long-acting

agent; termed Drug-Class Network). GI AEs (nausea, vomiting and

diarrhoea) were extracted from tables or, if necessary, from plots

using digitization software (DOC Data 2.0).19 Data were collected

from individual trials at weekly intervals to assess ‘early’ GI AEs.

Analysis at specific time points (e.g. 2, 4, 8 and 12 weeks) was lim-

ited because too few GI AEs were reported to conduct analyses at

8 and 12 weeks. Therefore, the cumulative number of event-weeks

(weeks in which a person had one or more episodes) over the first

12 weeks was analysed using an NMA with Poisson likelihood. Het-

erogeneity was verified for each pairwise comparison using the I2

Id
en

ti
fi

ca
ti

o
n

S
cr

ee
n

in
g

E
lig

ib
ili

ty

Records identified 

through 

PubMed searching 

(n = 2550)
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through 

EMBASE searching 

(n = 5803)

Records identified 

through 

ClinicalTrials.gov

 searching (n = 765)

Records after duplicates removed

(n = 8081)

Records screened

(n = 8081)

Full-text articles assesed for eligibility

(n = 1250)

Records excluded by title/abstract

(n = 6831)

Full-text articles excluded 

(n = 1213), reasons:

Study design n = 550
Population n = 74

Intervention n = 84

Outcome(s) n = 484

Duplicate publication n = 21

Evidence base:

37 publications reporting on 34 trials

Records identified 

through 

Cochrane searching 

(n = 46)

Records identified 

through 

other sources 

(n = 1798)

Analysis set:

20 trials

Reasons for exclusion from analysis:
No appropriate data n = 9a-i

Incorrect dose n = 2j-k

No appropriate comparator n =2l-m

Incorrect study design n = 1n

F IGURE 1 PRISMA flow diagram. aNauck MA, Stewart MW, Perkins C, et al. Diabetologia 2016;59:266-274; bPratley RE, Nauck MA, Barnett
AH, et al. Lancet Diabetes Endocrinol 2014;2:289-297; cGiorgino F, Benroubi M, Sun JH, Zimmermann AG, Pechtner V. Diabetes Care

2015;38:2241-2249; dDungan KM, Povedano ST, Forst T, et al. Lancet. 2014;384:1349-1357; eDerosa G, Franzetti IG, Querci F, et al. Diabet
Med 2012;29:1515-1523; fRatner R, Nauck M, Kapitza C, Asnaghi V, Boldrin M, Balena R. Diabet Med 2010;27:556-562; gWysham C, Blevins T,
Arakaki R, et al. Diabetes Care 2014;37:2159-2167; hLingvay I, Desouza CV, Lalic KS, et al. Diabetes Care 2018;41:1926-1937; iSeino Y,
Terauchi Y, Osonoi T, et al. Diabetes Obes Metab 2018;20:378-388; jReusch J, Stewart MW, Perkins CM, et al. Diabetes Obes Metab
2014;16:1257-1264; kHollander P, Lasko B, Barnett AH, et al. Obesity (Silver Spring) 2013;21:238-247; lWysham CH, MacConell L, Hardy
E. Diabetes Care 2016;39:1768-1776; mRosenstock J, Rodbard HW, Bain SC, et al. J Diabetes Complications. 2013;27:492-500; nSeino Y,
Stjepanovic A, Takami A, Takagi H; study investigators. J Diabetes Investig 2018;9:127-136
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statistic and inconsistency was assessed using both node splitting

and Bucher tests. Model selection was conducted using the devi-

ance information criterion according to the National Institute for

Health and Care Excellence conventions.21 This criterion provides a

measure of model fit that penalizes for model complexity. The pri-

mary aim was comparison of the GI tolerability profile of iGlarLixi

with short- or long-acting, single-agent GLP-1 RA therapies, but the

protocol and statistical analysis plan also allowed sensitivity ana-

lyses in which the FRC IDegLira was added to the network. For out-

comes for which an NMA was not deemed feasible, a naïve pooled

analysis was conducted. Two sensitivity analyses were conducted,

i.e. one adding IDegLira to the network, and the other restricting the

analysis to open-label trials (an analysis restricting the included studies

to double-blind trials was not feasible, as the network was too sparse).

Significance was assessed at the .05 level. Model parameters were

estimated using a Markov Chain Monte Carlo method implemented in

the JAGS software package (version 4.3). A first series of 20 000 itera-

tions from the JAGS sampler were discarded as ‘burn-in’, and the infer-

ences were based on additional 30 000 iterations using two chains. For

all analyses, model convergence was assessed through trace plots, den-

sity plots and Gelman-Rubin-Brooks (shrink factor) plots.

3 | RESULTS

3.1 | Systematic literature review results

After removal of duplicates, 8081 records were screened, and 37 pub-

lications reporting on 34 trials met the PICO inclusion criteria

(Figure 1). Of these, 14 trials were excluded from the analysis set. The
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F IGURE 2 A, Nausea treatment-specific network. B, Nausea drug-class network. Nodes represent treatments; lines connect every head-to-
head comparison. IDegLira was included for sensitivity analysis only. FRC, fixed-ratio combination; GLP-1 RAs, glucagon-like peptide-1 receptor
agonists; IDegLira, FRC of insulin degludec and liraglutide; iGlarLixi, FRC of insulin glargine and lixisenatide; OAD, oral antidiabetics
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reasons were no appropriate data (nine trials), incorrect dose for the

intervention (two trials), no appropriate comparator (two trials) and

incorrect study design (one trial) (Figure 1). Up to 20 trials were

included in the treatment-specific NMA for nausea (Figure 2, Table 1),

which formed a connected network. The risk of bias assessment is

shown in Table S2 and baseline characteristics for the trials included

in the analysis set are provided in Table S3. Trials were generally simi-

lar for the baseline characteristics of age, glycated haemoglobin and

other clinical variables, but there were some sources of heterogeneity,

namely differences in type 2 diabetes duration and study populations.

For example, most trials included metformin as a background therapy

and had recruited individuals who were receiving a second or third

OAD therapy, but some included those receiving a first OAD therapy.

Two trials enrolled only Japanese participants, while the remainder of

trials enrolled predominantly white participants. No important hetero-

geneity was found between the studies for pairwise comparisons

when more than one study was available, and no heterogeneity was

found between the studies for the effect of OADs (control group). As

such, these differences were assumed not to be treatment effect

modifiers, and further analyses within each group were not pursued.

The raw data of the outcomes used in the analysis are shown in

Table S4. Based on this, two networks using the recommended

GLP-1 RA dose were considered for nausea: a treatment-specific

NMA and a drug-class (short- and long-acting GLP-1 RAs) NMA. For

both networks, the estimated pairwise heterogeneity was zero

throughout and all P-values for inconsistency were ≥.195. Data for

vomiting were not reported in all studies, and neither were they

reported as consistently defined variables across different studies.

Therefore, the network for vomiting was disconnected from iGlarLixi

and analysis of this outcome using an NMA was not feasible. To pro-

vide further information on this outcome, a naïve pooled analysis

(i.e. findings from the active treatment arms were pooled)22 was

used to assess vomiting. Other GI outcomes such as diarrhoea were

under-reported and an NMA was not feasible. Other AEs such as

pancreatitis and pancreatic carcinoma were reviewed, but there

were insufficient data for analysis.

3.2 | Analysis outcomes

3.2.1 | Treatment-specific network meta-analysis
results

The 17 trials included in the treatment-specific NMA involved 9030

individuals reporting on 3665 event-weeks. The list of included trials

and the resulting network of evidence are presented in Figure 2A,

Table 1. In the treatment-specific fixed-effect NMA model, nausea

rates for iGlarLixi were significantly lower than those for titrated

doses of exenatide 10 μg twice daily [rate ratio: 0.32; 95% credible

interval (CrI): 0.15, 0.66], once-daily lixisenatide 20 μg (0.35; 95% CrI:

0.24, 0.50) and once-daily liraglutide 1.8 mg (0.48; 95% CrI: 0.23,

0.98) (Figure 3). Nausea rates for iGlarLixi were numerically, but not

TABLE 1 Trials included in treatment-specific and drug-specific NMA for nausea

Trial
Treatment-specific NMA Drug-class NMA

Without IDegLira With IDegLira Without IDegLira With IDegLira

1860-LIRA-DPP-444 Included Included Included Included

DUAL-I45 Included Included Included Included

DUAL-IV46 Excluded Included Excluded Included

DUAL-V47 Excluded Included Excluded Included

DUAL-VII48 Excluded Included Excluded Included

Kaku K 201849 Included Included Included Included

LEAD-1 SU50 Included Included Included Included

LEAD-651 Included Included Included Included

LIRA-DPP-4 CHINA52 Included Included Included Included

LIRA-SWITCH53 Included Included Included Included

LixiLan-L9 Included Included Included Included

LixiLan-O12 Included Included Included Included

Rosenstock J 200954 Included Included Included Included

SCALE55 Included Included Included Included

Study 182156 Included Included Included Included

SUSTAIN 157 Included Included Included Included

SUSTAIN 258 Included Included Included Included

SUSTAIN 359 Included Included Excluded Excluded

SUSTAIN 460 Included Included Included Included

SUSTAIN 761 Included Included Excluded Excluded

aAbbreviations: IDegLira, FRC of insulin degludec and liraglutide; NMA, network meta-analysis
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statistically, lower versus semaglutide 1 mg once weekly (0.60; 95%

CrI: 0.30, 1.23) or dulaglutide 1.5 mg once weekly (0.60; 95% CrI:

0.29, 1.26), and were numerically, but not statistically, higher versus

exenatide 2 mg once weekly (1.91; 95% CrI: 0.91, 4.03) (Figure 3A).

3.2.2 | Pooled analysis of vomiting adverse events

As an NMA was not feasible for vomiting, a pooled analysis of

vomiting episodes per week was conducted based on the random-

effects meta-analysis. The results suggest that during the first

12 weeks of treatment, vomiting was experienced by fewer individ-

uals who received treatment with iGlarLixi compared with single-

agent short- or long-acting GLP-1 RAs. At week 12, the incidence of

vomiting for those who received iGlarLixi was 0.12% [95% confidence

interval (CI): 0.02-0.85] compared with 0.54% (95% CI: 0.08-3.76) for

short-acting GLP-1 RAs and 0.83% (95% CI: 0.51-1.34) for long-acting

GLP-1 RAs. Results showing the proportions of individuals with

vomiting at all specified time points are detailed in Figure 4.

3.2.3 | Drug-class network network meta-analysis
results

In total, 16 trials were included in the drug-class random-effects NMA

model. These involved 7686 individuals (Figure 2B). In this model, the

rate ratio (95% CrI) for iGlarLixi versus short-acting GLP-1 RAs was

0.52 (95% CrI: 0.11, 3.60) and 0.80 (95% CrI: 0.16, 5.98) versus long-

acting GLP-1 RAs (Table 2A).

3.2.4 | Sensitivity analyses

For the sensitivity analyses that included IDegLira, the treatment-

specific NMA included 20 trials involving 11 351 individuals. Results

for the comparison of iGlarLixi with single-agent GLP-1 RAs were com-

parable with those of the main analysis. The rate ratio for nausea for

iGlarLixi versus IDegLira was 0.86 (95% CrI: 0.43, 1.83; Figure 3B). In

total, 19 trials involving 10 007 individuals were included in the drug-

class network sensitivity analysis that included IDegLira. As for the

treatment-specific NMA, these results (Table 2B) were similar to the

main analysis, and there was no definitive difference in nausea rates

between iGlarLixi and IDegLira, although the direction of the estimate

for iGlarLixi with IDegLira was reversed (rate ratio: 1.65) and the CrI

was wide (95% CrI: 0.26, 16.01). Results of the sensitivity analysis

restricted to open-label trials are summarized in Table S5-A and S5-B.

These results were comparable with those of the principal analysis.

4 | DISCUSSION

While GLP-1 RAs have an established benefit-risk profile and are

increasingly recommended in clinical practice,3 real-world studies

show there is considerable non-persistence with GLP-1 RA therapy

either when used alone23 or as part of a free-dose combination with

basal insulin.24 For example, a study across six European countries

showed that the rate of persistence with therapy after 1 year post-

index was 5.9%-44.4% for exenatide twice daily, 15.5%-40.0% for

lixisenatide, 22.2%-57.5% for liraglutide, 24.7%-44.2% for exenatide

once weekly and 36.8%-67.2% for dulaglutide.25 A propensity score

matched analysis of data from Truven Health's MarketScan Research

Databases showed that individuals treated with dulaglutide had signif-

icantly higher adherence versus exenatide once weekly (0.72 vs. 0.61;

P < .0001) or liraglutide (0.71 vs. 0.67; P < .0001), and were more per-

sistent with therapy (% patients achieving PDC ≥0.80: dulaglutide

vs. exenatide once weekly; 54.2% vs. 37.9%, P < .0001; dulaglutide

vs. liraglutide; 53.5% vs. 44.3%; P < .0001).26 Results from a retro-

spective cohort study (IMS LifeLink database) that assessed

0.1 0.5 1
Rate Ratios

2 10

Exenatide 10 µg
Short-acting GLP-1 RA
(A)

Long-acting GLP-1 RA
Lixisenatide 20 µg

Liraglutide 1.8 µg
Dulaglutide 1.5 mg

Controls
OADs
Insulin

Exenatide 2 mg
Semaglutide 1 mg

IDegLira

0.32 (0.15, 0.66)
0.35 (0.24, 0.50)

0.48 (0.23, 0.98)
0.60 (0.29, 1.26)

3.77 (1.84, 7.74)
6.28 (3.44, 12.16)

1.91 (0.91, 4.03)
0.60 (0.30, 1.23)

iGlarLixi
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better
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Short-acting GLP-1 RA
(B)

Long-acting GLP-1 RA
Liraglutide 1.8 mg
Dulaglutide 1.5 mg

Controls
OADs
Insulin

Exenatide 2 mg
Semaglutide 1 mg

0.24 (0.12, 0.53)
0.35 (0.24, 0.50)

0.36 (0.18, 0.78)
0.48 (0.23, 1.05)

2.81 (1.40, 6.04)
6.15 (3.36, 12.25)

1.52 (0.72, 3.32)
0.48 (0.24, 1.02)
0.86 (0.43, 1.83)

iGlarLixi
better

Comparator
better

0.25 1 20.5 10 15

F IGURE 3 A, Treatment-specific fixed-effect NMA model for
nausea with iGlarLixi versus other GLP-1 RAs, OADs and insulin. B,
Treatment-specific NMA model for nausea at 12 weeks – sensitivity
analysis including IDegLira. Results are rate ratios with 95% credible
intervals. Results in bold type show statistical significance at the .05
level. For the sensitivity analysis, the random-effects model was
favoured. FRC, fixed-ratio combination; GLP-1 RA, glucagon-like
peptide-1 receptor agonist; IDegLira, FRC of insulin degludec and
liraglutide; iGlarLixi, FRC of insulin glargine and lixisenatide; NMA,
network meta-analysis; OADs, oral antidiabetics
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persistence with GLP-1 RA therapy in adults from Italy showed that at

6 months after treatment initiation, patients prescribed exenatide twice

daily had the lowest persistence (35%) and those prescribed dulaglutide

had the highest (62%). Rates for exenatide weekly, liraglutide once

daily, and lixisenatide once daily were 47%, 50% and 40%, respectively.

Over the entire follow-up, median persistence varied from 73 days with

exenatide twice daily to >300 days with dulaglutide.27

The lack of persistence with GLP-1 RA therapy is thought, at least

in part, to be attributable to GI AEs, which are the most frequently

reported treatment-related AEs associated with this drug class,

occurring predominantly during treatment initiation and titration.11,14

In the absence of head-to-head clinical study data comparing the inci-

dence of GI AEs with iGlarLixi versus other short- or long-acting

GLP-1 RA therapies administered alone, this NMA was conducted to

compare the GI tolerability profile of the FRC iGlarLixi with single-

agent GLP-1 RA therapies during the first 12 weeks of treatment. A

sensitivity analysis with IDegLira was included to broaden results and

provide further understanding of the FRC class. The results show that

during the first 12 weeks of treatment initiation, compared with many

single GLP-1 RA therapies, iGlarLixi is associated with lower rates of

Week 2

iGlarLixi

All GLP-1 RA

Long-acting GLP-1 RA

Semaglutide 1 mg

Liraglutide 1.8 mg

Dulaglutide 1.5 mg

Exenatide 2 mg

Short-acting GLP-1 RA

Exenatide 10 µg

Lixisenatide 20 µg

0 5 10 15 20 0 5 10 15 20 0

Patients (% ± 95% confidence interval) with vomiting

5 10 15 20 0 5 10 15 20 0 5 10 15 20

Week 4 Week 8 Week 12 Week 24

F IGURE 4 Proportion of individuals with vomiting (based on random-effects meta-analysis). FRC, fixed-ratio combination; GLP-1 RA,
glucagon-like peptide-1 receptor agonist; iGlarLixi, FRC of insulin glargine and lixisenatide

TABLE 2

A: Drug-class random-effects NMA model for nausea

Rate ratio (95% credible interval)

iGlarLixi 0.52 (0.11, 3.60) 0.80 (0.16, 5.98) 8.16 (1.64, 72.98) 9.95 (2.66, 64.85)

Short-acting GLP-1 RAs 1.54 (0.44, 5.40) 15.67 (4.67, 63.34) 19.12 (4.77, 81.24)

Long-acting GLP-1 RAs 10.21 (5.57, 22.13) 12.40 (3.93, 43.04)

OADs 1.21 (0.29, 4.48)

Insulin

B: Drug-class random-effects NMA model for nausea at 12 weeks – sensitivity analysis including IDegLira

Rate ratios (random effects; 95% credible interval)

iGlarLixi 0.49 (0.09, 3.64) 0.69 (0.12, 5.41) 6.71 (1.19, 60.76) 12.01 (2.64, 85.41) 1.65 (0.26, 16.01)

Short-acting GLP-1 RAs 1.41 (0.38, 5.49) 13.68 (3.78, 60.93) 24.69 (5.91, 114.62) 3.38 (0.65, 19.95)

Long-acting GLP-1 RAs 9.71 (4.95, 21.56) 17.43 (5.42, 59.84) 2.37 (0.66, 9.63)

OADs 1.80 (0.47, 6.43) 0.25 (0.06, 0.96)

Insulin 0.14 (0.04, 0.49)

IDegLira

Note: Results are rate ratios with 95% credible intervals of row versus column treatment. Results in bold type show statistical significance at the .05 level.

For the sensitivity analysis, the random-effects model was favoured.

Abbreviations: FRC, fixed-ratio combination; GLP-1 RA, glucagon-like peptide-1 receptor agonist; IDegLira, FRC of insulin degludec and liraglutide;

iGlarLixi, FRC of insulin glargine and lixisenatide; NMA, network meta-analysis; OAD, oral antidiabetic.
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nausea (per the NMA), and vomiting (per the naïve pooled analysis).

Results for the IDegLira sensitivity analysis were consistent with the

primary analysis.

When basal insulin/GLP-1 RA FRCs such as iGlarLixi and IDegLira

are used, the dose of the GLP-1 RA component is increased or

decreased in a fixed ratio with the insulin dose, and is changed in small

increments, facilitating gradual titration. It is important to note that

FRCs are not fixed-dose combinations; rather, doses are guided by

the insulin component, following titration schedules similar to those

used for titrating insulin,28,29 thus providing flexibility in dosing, with

the GLP-1 RA component increasing in proportion to the insulin dose.

The starting dose of the GLP-1 RA component is lower than when

given alone, and the gradual titration appears to result in improved GI

tolerability. Furthermore, the final dose of the GLP-1 RA component

within the FRC may be less than that when administered as a single-

agent GLP-1 RA. For example, in the LixiLan-O study, the final dose of

lixisenatide in iGlarLixi was 16-17 μg30 rather than the 20 μg used as

monotherapy. There is evidence that the maximal effect of

lixisenatide on PPG concentrations is achieved at a dose of 12.5 μg,

and as such, it may not be necessary to use the maximal available

dose.31 Similarly, in the DUAL-1 study, mean liraglutide doses were

lower for the IDegLira group than for the liraglutide group (1.4

vs. 1.8 mg at week 26).16 This could explain why iGlarLixi and IDegLira

were associated with enhanced GI tolerability relative to their GLP-1

RA components administered as single agents. In the LixiLan-O trial,

rates of overall GI AEs (21.7% vs. 36.9%), nausea (9.6% vs. 24.0%) and

vomiting (3.2% vs. 6.4%) were lower for iGlarLixi than for

lixisenatide.12 Real-world studies with FRCs also suggest enhanced

tolerability with potential for greater treatment persistence. Results

from a real-world, multicentre, retrospective chart review of 611 Euro-

pean adults with type 2 diabetes who started IDegLira ≥6 months

before data collection, showed that of the 109 participants who dis-

continued IDegLira within 12 months, GI adverse effects accounted

for only 4.6% of cases, with 29.4% of the group discontinuing due to

insufficient efficacy and 16.5% due to high cost.32

The results of the current analysis reveal that during the first

12 weeks of treatment, iGlarLixi is associated with lower rates of nau-

sea and vomiting versus the single-agent short-acting GLP-1 RA ther-

apies exenatide 10 μg and lixisenatide 20 μg. iGlarLixi was also

associated with a lower rate of nausea compared with the long-acting

GLP-1 RA liraglutide 1.8 mg, and with a non-statistically significant

reduced rate versus dulaglutide 1.5 mg and semaglutide 1 mg. Nausea

rates with iGlarLixi were not lower than those with exenatide once

weekly. A period of 6-8 weeks is required to reach steady state after

administration of exenatide once weekly,33–35 which may result in

improved GI tolerability compared with other GLP-1 RAs.

In a recent analysis of GI AEs after administration of exenatide once

weekly, exenatide twice daily, or liraglutide,14 upper GI AEs were found

to be less common with exenatide once weekly versus exenatide twice

daily and liraglutide, and rates of lower GI AEs were comparable across

treatments, with the exception of diarrhoea, which occurred more fre-

quently with liraglutide than with exenatide once weekly. In keeping

with this report,14 we found similar rates of nausea for GLP-1 RAs in

the present study. Possible reasons for the variance in GI AEs between

different GLP-1 RAs include differences in pharmacokinetics and the

potential for differences in capacity to cross the blood-brain barrier.

Consequently, there were differences in rates of centrally mediated AEs,

although this has only been assessed in preclinical studies in mice.36

Another consideration is that sustained exposure of the GLP-1 receptor

is known to cause tachyphylaxis for the effects of exogenous GLP-1 on

the slowing of gastric emptying.37 It is possible that a reduced effect of

long- versus short-acting GLP-1 RAs to slow gastric emptying may con-

tribute to the lower incidence of GI AEs with long-acting GLP-1 RAs;

however, it has recently been demonstrated that exenatide once weekly

slows gastric emptying significantly even at steady-state concentra-

tions.38 Moreover, the suppression of energy intake by lixisenatide is

not related to slowing of gastric emptying or changes in intragastric meal

distribution.39 It is notable that recent updates to titration schemas for

weekly GLP-1 RA therapies have incorporated extended titration steps

for up to 4 weeks to help minimize GI AEs.40–42

The strengths of our analysis include a comprehensive literature

search based on standardized prespecified search criteria, with con-

founding reduced by using only studies with the recommended

titrated dose of each GLP-1 RA. Limitations include both the variabil-

ity in definitions of GI AEs and the self-reporting of GI AEs, which

may be influenced either by the expectation that they will occur

(nocebo effect) or by an opinion that one treatment is less likely to

cause GI AEs than another (precebo effect).43 Other limitations

include the lack of data feasibility to construct an NMA for vomiting

or diarrhoea, lack of information about changes in weight of the study

participants, and differences in properties of lixisenatide and

liraglutide that may contribute to the outcomes observed with

iGlarLixi and IDegLira. The findings of this analysis could be further

explored in additional analyses of the FRC class through head-to-head

studies, and by the addition of real-world studies to assess the poten-

tial long-term benefits of minimizing GI AEs during early treatment.

In conclusion, this study suggests a mitigation of GI AEs with the

gradual titration of GLP-1 RA via FRC therapy compared with single-

agent GLP-1 RAs. In this NMA, lixisenatide in the FRC of iGlarLixi was

associated with clinically meaningful lower rates of GI AEs compared

with those observed with many single-agent GLP-1 RAs, but not

exenatide once weekly. The results help inform healthcare providers

about differences between GLP-1 RA-containing therapies and may

allow for individualization of therapy in people with type 2 diabetes to

improve their experience and persistence with therapy.
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