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Abstract

Objective: The aim of this study was to investigate the pharmacokinetic, pharmaco-

dynamic and safety profile of the glucagon-like peptide-1 receptor agonist,

lixisenatide, for the treatment of type 2 diabetes (T2D) in pediatric individuals.

Materials and Methods: In this Phase 1, multicenter, randomized, double-blind,

placebo-controlled, parallel-group, ascending repeated dose study (NCT02803918),

participants aged ≥10 and < 18 years were randomized 3:1 to receive once-daily

lixisenatide in 2-week increments of 5, 10, and 20 μg (n = 18) or placebo (n = 5) for

6 weeks.

Results: Mean lixisenatide concentrations generally increased with increasing doses

irrespective of anti-drug antibody (ADA) status; however, mean lixisenatide concen-

trations and inter-subject variability were higher for participants with positive ADA

status. Improvements in fasting plasma glucose, post-prandial glucose, AUC0–4.5,

HbA1c, and body weight were observed with lixisenatide. Overall, the safety profile

was consistent with the known profile in adults, with no unexpected side effects and

no treatment-emergent adverse events resulting in death or discontinuation. The

most common events in the lixisenatide group were vomiting (11.1%) and nausea

(11.1%). No symptomatic hypoglycemia was reported in either group. No clinically

significant hematologic, biochemical or vital sign abnormalities were observed.

Conclusions: Mean lixisenatide concentrations generally increased with increasing

dose, irrespective of ADA status. Lixisenatide was associated with improved glycemic

control and a trend in body weight reduction compared with placebo. The safety and

tolerability profile of repeated lixisenatide doses of up to 20 μg per day in children

and adolescents with T2D was reflective of the established safety profile of

lixisenatide in adults.
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1 | INTRODUCTION

The incidence of type 2 diabetes (T2D) in children and adolescents

worldwide has markedly increased over the last few decades,1 for

example, rising annually by 7% between 2002 and 2012 in youths

aged 10–19 years in the United States.2 There is a strong relationship

between increasing incidence of obesity and increasing incidence of

T2D among pediatric populations, with 18.5% of youth aged 2–

19 years in the U.S. meeting the criteria for obesity in 2015–2016.3,4

Evidence suggests that progression of T2D is faster in pediatric

populations than in adult populations due to faster β-cell function

deterioration in young people.5 This increases the likelihood of com-

plications such as hypertension, dyslipidemia, fatty liver and microvas-

cular complications in early adulthood.3,6,7

Being a progressive condition, T2D treatment requires intensifica-

tion to maintain good glycemic control. Current diabetes therapy

guidelines recommend that people with T2D suboptimally controlled

on oral antihyperglycemic drugs (OADs) should be intensified to a

glucagon-like peptide-1 receptor agonist (GLP-1 RA) as the first inject-

able therapy.8 Lixisenatide is a GLP-1 RA that lowers blood glucose in

people with T2D by delaying gastric emptying, enhancing glucose-

dependent insulin secretion by β-cells, and suppressing glucagon

secretion by α-cells.9,10 This drug is approved in many countries,

including the EU, where the addition of lixisenatide is indicated for

adults with T2D suboptimally controlled on OADs and/or basal insulin

together with diet and exercise,11 and in the United States, where

lixisenatide is indicated as an adjunct to diet and exercise to improve

glycemic control in adults with T2D.12

There are numerous challenges to achieving and maintaining good

glycemic control in pediatric populations, including a complex inter-

play of family dynamics, mental health, ability to provide self-care,

supervision in the childcare and school environment, and affordability

of medications as observed for adults with T2D.13,14 This can reduce

the impact of individual lifestyle changes such as increased exercise

and improved nutrition for the treatment of T2D.14 Despite the

increase in childhood diabetes and the diverse range of oral and

injectable agents available for the treatment of T2D in adults, most

have not been studied in children.15 The ability to perform long-term

interventional clinical studies in children and adolescents is limited

due to insufficient pediatric trial infrastructure and inclusion/exclusion

criteria that limit an already restricted participant pool.16 Due to this

paucity of clinical research in pediatric populations, pharmacological

therapy options are limited to metformin, insulin (basal insulin or basal

insulin plus premeal bolus insulin), liraglutide (since 2019) and

extended-release exenatide (since 2021).14,17,18 Consequently, there

is still limited evidence for the efficacy and safety of different GLP-1

RAs in people <18 years of age, and thus controlled pediatric trials are

required to expand the repertoire of available therapies.19

The aim of this study was to evaluate the pharmacokinetics (PK),

pharmacodynamics (PD) and safety of increasing doses of lixisenatide

over 6 weeks of treatment in individuals aged ≥10 and < 18 years

with T2D.

2 | METHODS

2.1 | Study design

In this Phase 1, multicenter, randomized, double-blind, placebo-con-

trolled, parallel-group, ascending repeated dose study (NCT02803918),

pediatric participants with T2D were randomized (3:1) using a central

randomization method to receive once-daily lixisenatide or placebo. Eli-

gible individuals for inclusion in the study were male or female, aged

≥10 and < 18 years with: documented T2D suboptimally controlled

with stable doses of metformin and/or basal insulin for 8 weeks prior to

randomization with no use of other antihyperglycemic treatments

within 1 month prior to screening; HbA1c at screening >6.5%

and ≤ 11% (48 and 97 mmol/mol, respectively); Body Mass Index (BMI)

>85th percentile for age and gender; BMI ≤50 kg/m2; fasting C-peptide

at screening >0.6 ng/mL (>0.20 nmol/L); a negative test at screening for

anti-insulinoma associated protein 2 and anti-glutamic acid decarboxyl-

ase autoantibodies; no contraindication for GLP-1 RAs. For females, eli-

gibility required no ongoing pregnancy, or adequate contraception if

sexually active.

Participants received lixisenatide 5 μg daily for the first 2 weeks,

which was escalated to 10 μg and then 20 μg daily for 2 weeks each

(Figure 1), or matching placebo. Treatment was blinded, but the dose

was not. Lixisenatide 5 μg was administered subcutaneously using a

pen-type injector (Tactipen®), and lixisenatide 10 μg and 20 μg were

administered subcutaneously using a disposable pre-filled pen (Delta

14®). Subcutaneous injection alternated between the left and right

anterolateral and the left and right posterolateral abdominal walls and,

depending on the participant's maturity, they could either self-inject

or a parent could administer injections. If appropriate, a home nursing

service was provided for the first three injections (or more if needed)

to ensure good compliance. Compliance was defined as the actual

number of days with at least one administration of lixisenatide com-

pared to the planned number of days with lixisenatide administration

during the treatment period up to treatment discontinuation. Lifestyle

and diet therapies provided before screening were continued in a sim-

ilar manner during the study. Doses and regimens of metformin

and/or basal insulin at enrolment remained stable throughout the

study, but adjustments of basal insulin were possible at the discretion

of the investigator.

Participants were seen at seven visits and were required to have

fasted for 8 h before breakfast on Visits 2, 4, 5, and 6 (Figure 1).

Plasma glucose profiles were measured at baseline (Day �1) and Days

14, 28 and 42. At baseline and Day 42, plasma glucose profiles were

measured from 30 min prior to a standardized liquid breakfast until up

to 4.5 h later, while PK profiles were performed under the same con-

ditions on Day 42 only. On Days 14 and 28, plasma glucose profiles

and PK samples were taken from 30 min prior to a standardized liquid

breakfast, until up to 2.5 h later. HbA1c was measured at screening

and Day 42, while body weight was measured at all onsite study visits

except Visit 3. Safety information was collected throughout the study

duration.
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This study was conducted in accordance with the Declaration of

Helsinki and the International Conference on Harmonization Guide-

lines for Good Clinical Practice, and the protocol was approved by

institutional review boards or ethics committees at each study site.

Each participant and their parent (or the participant's legal representa-

tive) provided written informed assent and consent, respectively.

2.2 | Outcomes

The primary objective was to assess the safety of 14-day repeated

lixisenatide doses of 5, 10, and 20 μg compared with placebo, by occur-

rence of adverse events (AEs, coded according to the Medical Dictio-

nary for Regulatory Activities [MedDRA v22.1]), treatment-emergent

AEs (TEAEs, defined as AEs that occurred, worsened or became serious

during the on-treatment phase), and clinical laboratory evaluations

including vital signs, 12-lead electrocardiogram (ECG) parameters, body

temperature and physical examination. Other safety evaluations

included the presence of anti-lixisenatide antibodies in plasma samples

taken at baseline (Day �1), and Days 14, 28, and 42. Anti-lixisenatide

antibody status and concentration were measured by a validated assay

based on Surface Plasmon Resonance (SPR) using Biacore technology.

Secondary objectives evaluated PK and PD parameters after

repeated doses of lixisenatide. PK assessments included plasma con-

centrations before and up to 2.5 h post final dose (for lixisenatide

5 and 10 μg doses), maximum plasma concentration (Cmax), time to

reach Cmax (tmax), and area under the curve from 0 h to 4.5 h (AUC0–

4.5) before and up to 4.5 h post dose (for lixisenatide 20 μg dose). PD

assessments included change from baseline in plasma glucose AUC0–

4.5 for lixisenatide 20 μg; change from baseline in fasting plasma glu-

cose (FPG) and change from baseline in 2-h post-prandial glucose

(PPG) excursion for lixisenatide 5, 10, and 20 μg. Other PD assess-

ments included changes from baseline in HbA1c (Day 42), plasma glu-

cose profiles (Days 14, 28, and 42), and changes in body weight and

BMI (Days 14, 28, 42, and 45).

2.3 | Data analysis

The sample size for this study was based upon empirical consider-

ations, with no formal sample size calculation performed. Safety ana-

lyses were performed in the safety population, defined as all

randomized participants exposed to the study drug, regardless of the

amount of treatment administered. Where statistical analysis was

needed, safety data were evaluated using appropriate estimations and

confidence intervals, otherwise evaluation was based upon the review

of the individual values and descriptive statistics. PK analyses were

performed for all participants with no major deviations related to

administration of the study drug, who provided at least one blood

sample for drug concentration measurement. Lixisenatide PK parame-

ters were summarized using descriptive statistics for each dose group.

All participants without any important deviation related to study drug

administration for whom PD data were considered sufficient and

interpretable were included in the PD population. Descriptive statis-

tics for absolute values and changes from baseline in FPG, glucose

AUC0–4.5 and 2-h-PPG excursions were calculated per treatment

group and, for exploratory purposes, the changes from baseline in

these parameters were analyzed using linear models. For HbA1c and

body weight, descriptive analyses for absolute values and change from

baseline were provided per treatment group.

3 | RESULTS

3.1 | Participant disposition and baseline
characteristics

In total, 44 individuals were screened for study entry of whom

23 were eligible for inclusion and randomized to receive treatment:

five with placebo and 18 with lixisenatide (Supplementary Figure 1).

Study participants were recruited from 11 centers across the

United States, Spain, Mexico, Mauritius, South Africa, and Turkey and

Screening period
(up to 3 weeks)

Double-blind treatment period
(6 weeks)

LIXISENATIDE ARM (N=18)

PLACEBO ARM* (N=5)

5 µg
10 µg

20 µg

2 weeks
2 weeks

2 weeks

7
45
7

6
42
6

4
28
5

2
14
4

1
1
3

-1
-1
2

-3

1

Week:
Day:
Visit:

Follow up
(3 days)

R
End of
study

F IGURE 1 Study design. †Placebo
solution and volume to be injected
matching to lixisenatide solution. R,
randomization; ", onsite visit
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were all between 13 and 17 years of age. The first participant was

enrolled on May 17, 2017, and the last participant completed the

study on January 27, 2020. Apart from one individual in the

lixisenatide group who discontinued treatment due to poor compli-

ance to the study protocol, all participants completed the study treat-

ment period. Treatment compliance was >80–100% across both

treatment groups.

Baseline demographics and disease characteristics are shown in

Table 1. While some characteristics were similar between groups,

there were some notable differences as expected with a small sample

size, including differences in FPG, body weight, BMI, duration and age

at onset of T2D, and creatinine clearance. Approximately, 30% of all

participants received concomitant insulin at baseline (Table 1).

3.2 | PK outcomes

Mean lixisenatide concentrations generally increased with each

increase in dose irrespective of anti-drug antibody (ADA) status; how-

ever, mean lixisenatide concentrations and inter-subject variability

were generally higher for participants with positive ADA status

(Table 2; Supplementary Figure 2).

At lixisenatide 20 μg, the median tmax was 1.24 h and 2.00 h for

ADA-negative and ADA-positive participants, respectively, while

mean Cmax and AUC0–4.5 were approximately 6- to 9-fold higher,

respectively, for ADA-positive participants compared to those who

were ADA-negative.

3.3 | PD outcomes

PD outcomes assessed in this study consisted of HbA1c, FPG, plasma

glucose AUC0–4.5, 2-h PPG excursion and change in body weight, BMI

and BMI percentile. For every outcome assessed, participants treated

with lixisenatide demonstrated an improvement compared with pla-

cebo by Day 42 (Table 3), including improved plasma glucose profiles

(Supplementary Figure 3). Notably, at Day 42, 2-h PPG excursion

decreased by �4.0 ± 3.2 mmol/L from a baseline value of

4.0 ± 2.5 mmol/L in the lixisenatide group compared with a decrease

of �0.1 ± 1.2 mmol/L from a baseline value of 4.2 ± 3.0 mmol/L in

the placebo group (p = 0.0121).

TABLE 1 Baseline demographics and disease characteristics by
treatment group

Characteristic

Lixisenatide

(N = 18)

Placebo

(N = 5)

Age, years

Mean ± SD 15.6 ± 1.0 15.4 ± 1.5

Range 14, 17 13, 17

Duration of diabetes, years

Mean ± SD 1.6 ± 1.2 3.5 ± 2.2

Range 0, 5 0, 6

Age at diabetes onset, years

Mean ± SD 14.3 ± 1.2 11.7 ± 3.1

Range 13, 17 8, 16

Sex, female, n (%) 13 (72.2) 3 (60.0)

Race, n (%)

White 12 (66.7) 4 (80.0)

Black 4 (22.2) 0

Asian 0 0

Other 2 (11.1) 1 (20.0)

Weight, kg

Mean ± SD 91.3 ± 18.8 98.0 ± 14.7

Range 61, 123 88, 123

BMI, kg/m2

Mean ± SD 33.2 ± 4.8 37.4 ± 3.6

Range 24, 42 34, 42

HbA1c, % (mmol/mol)

Mean ± SD 8.16 ± 0.93 8.14 ± 1.58

(65.7 ± 10.2) (65.4 ± 17.3)

Range 6.7, 10.3 6.8, 9.9

(50, 89) (51, 85)

FPG, mmol/L

Mean ± SD 9.6 ± 3.1 7.1 ± 2.2

Range 5.3, 16.5 4.7, 10.1

Creatinine clearance, mL/min/1.73 m2

Mean ± SD 107.6 ± 17.0 129.8 ± 28.7

Range 81, 143 84, 157

Background treatment at screening, n (%)

Metformin only 13 (72.2) 3 (60.0)

Basal insulin only 1 (5.6) 0

Metformin + basal insulin 4 (22.2) 2 (40.0)

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; HbA1c,

glycated hemoglobin; SD, standard deviation.

TABLE 2 Pharmacokinetic parameters at Day 42, following
administration of maximum lixisenatide dose (20 μg) for 14 days,
presented by ADA-status (PK population)

ADA Negative

(N = 4)

ADA Positive

(N = 14)

Cmax, pg/mL,

mean ± SD (CV%)

83.9 ± 25.2 (30) 508 ± 453a (89)

tmax, h, median (min, max) 1.24 (0.98, 2.50) 2.00 (0.50, 4.50)a

mean ± SD (CV%),

AUC0–4.5, pg�h/mL

267 ± 96.1 (36) 2300 ± 1940b (84)

Abbreviations: ADA, anti-drug antibody; AUC0–4.5, area under the curve

from 0 h to 4.5 h; Cmax, maximum plasma concentration; CV%, inter-

subject variability; LLOQ, lower limit of quantification; PK,

pharmacokinetic; SD, standard deviation; tmax, time to reach maximum

concentration; tlast, time of last measurable concentration.
an = 11 as all results were < LLOQ for three participants.
bn = 9; not calculable for two participants where tlast was 3.5 h or where

there were <3 quantifiable samples, respectively.
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3.4 | Safety outcomes

All participants received their assigned treatment for at least 42 days,

during which three participants (60%) in the placebo group reported

four TEAEs and seven participants (39%) in the lixisenatide group

reported 32 TEAEs (Table 4). Gastrointestinal (GI) disorders were

reported by two participants for each lixisenatide dose level and by one

participant in the placebo group (nausea), none of which were serious.

Vomiting was the most commonly reported study drug-related TEAE,

with 11 events occurring in two participants at the 20 μg dose level of

lixisenatide. Two vomiting events were reported as severe in one of the

participants, who also reported seven nausea events and three dizzi-

ness events. There were no reports of symptomatic hypoglycemia in

any treatment group. One event of injection site pain was reported by

one participant in the lixisenatide group at the 20 μg dose level, which

was considered as drug related by the investigator.

Few participants showed potentially clinically significant abnormali-

ties (PCSAs) for hematology, clinical chemistry or vital signs, with no

TABLE 3 Pharmacodynamic and other outcomes at Day 42, following administration of maximum lixisenatide dose (20 μg) for 14 days,
presented by treatment group (PD population)

Lixisenatide N = 18 Placebo N = 5

HbA1c, %

Baseline 8.2 ± 0.9 (6.7, 10.3) 8.1 ± 1.6 (6.8, 9.9)

Day 42 7.9 ± 1.3 (5.7, 10.3) 8.2 ± 1.1 (6.6, 9.5)

Change from baseline �0.3 ± 1.2 (�3.3, 2.5) 0.1 ± 1.1 (�1.4, 1.1)

HbA1c, mmol/mol

Baseline 66 ± 10 (50, 89) 65 ± 17 (51, 85)

Day 42 63 ± 14 (39, 89) 66 ± 12 (49, 80)

Change from baseline –3 ± 13 (�36, 27) 1 ± 12 (�15, 12)

BMI, kg/m2

Baseline 33.2 ± 4.8 (24, 42) 37.4 ± 3.6 (34, 42)

Day 42 33.4 ± 5.2 (24, 44) 38.4 ± 4.0 (34, 42)

Change from baseline 0.2 ± 0.6 (�1, 2) 1.0 ± 0.9 (0, 3)

BMI percentile

Baseline 98.28 ± 3.55 (86.30, 99.99) 99.88 ± 0.14 (99.66, 99.98)

Day 42 98.07 ± 4.10 (84.19, 99.99) 99.90 ± 0.12 (99.72, 99.99)

Change from baseline �0.21 ± 0.56 (�2.11, 0.17) 0.02 ± 0.03 (0.00, 0.06)

Body weight, kg

Baseline 91.3 ± 18.8 (61.1, 123.0) 98.0 ± 14.7 (88.4, 123.0)

Day 42 92.0 ± 19.7 (60.2, 123.2) 100.8 ± 17.5 (90.0, 131.0)

Change from baseline 0.7 ± 1.8 (�1.6, 5.0) 2.8 ± 3.0 (0.9, 8.0)

FPG, mmol/L

Baseline 9.6 ± 3.1 (5.3, 16.5) 7.1 ± 2.2 (4.7, 10.1)

Day 42 8.4 ± 2.0 (4.9, 11.3) 10.0 ± 3.6 (6.5, 16.0)

Change from baseline �1.2 ± 2.1 (�6.2, 2.5) 2.9 ± 3.7 (�0.3, 9.2)

Estimated treatment difference (95% CI); p-value �4.2 (�6.8, �1.6); p = 0.0030

Glucose AUC0–4.5, mmol�h/L
Baseline 55.2 ± 16.9 (24.6, 85.2) 44.0 ± 13.5 (32.1, 62.4)

Day 42 38.7 ± 10.7 (19.6, 62.6) 57.8 ± 17.5 (40.4, 84.8)

Change from baseline �17.3 ± 12.2 (�40.3, 9.0) 13.8 ± 18.9 (0.5, 46.5)

Estimated treatment difference (95% CI); p-value �31.2 (�46.3, �16.1); p = 0.0004

2-hr PPG excursion, mmol/L

Baseline 4.0 ± 2.5 (�0.2, 7.8) 4.2 ± 3.0 (2.5, 9.5)

Day 42 0.1 ± 2.4 (�2.9, 6.3) 4.1 ± 2.1 (2.6, 7.7)

Change from baseline �4.0 ± 3.2 (�9.9, 1.1) �0.1 ± 1.2 (�1.8, 1.4)

Estimated treatment difference (95% CI); p-value �3.9 (�6.8, �0.9); p = 0.0121

Note: Data are presented as mean ± SD (range), unless otherwise stated.

Abbreviations: AUC0–4.5, area under the curve from 0 h to 4.5 h; BMI, body mass index; CI, confidence interval; FPG, fasting plasma glucose; HbA1c,

glycated hemoglobin; PD, pharmacodynamic; PPG, post-prandial glucose; SD, standard deviation.
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reported change in renal function, no clinically relevant change in amy-

lase or lipase concentrations, and no obvious differences between the

placebo and lixisenatide groups. In the lixisenatide group, one partici-

pant showed a PCSA for prolonged QRS interval on ECG, although the

participant already had a borderline abnormal interval at baseline that

only marginally increased by the end of study. Additionally, four partici-

pants showed PCSAs for prolonged QTc interval on ECG at end of

study in the lixisenatide group, with two of these participants already

having a prolonged QTc at baseline that increased marginally by 1 ms

and 5 ms, respectively, by the end of study. Furthermore, one additional

participant in the lixisenatide group showed an increase from baseline

in the QTc interval of 30–60 ms from 358 ms to 396 ms. No partici-

pants had a QTc >500 ms or an increase from baseline >60 ms. No par-

ticipants in the placebo group reported any ECG PCSAs.

All participants in the placebo group were negative for anti-

lixisenatide antibodies throughout the study, with one exception on

Day 42 for one participant (thought to be a false positive). Of the

18 participants who received lixisenatide, 14 were positive for anti-

lixisenatide antibodies at Day 42.

One participant in the placebo group reported an AE of special

interest (alanine aminotransferase increased), which was not consid-

ered study drug-related, and one participant in the lixisenatide group

experienced a serious event of viral gastroenteritis on Day 32, which

was not considered as related to study drug and did not trigger treat-

ment discontinuation. No participant reported any TEAE leading to

death or permanent treatment discontinuation.

4 | DISCUSSION

This study explored the PK, PD and safety of the GLP-1 RA,

lixisenatide, in comparison to placebo, for the treatment of T2D in

pediatric populations aged ≥13 and < 18 years already on metformin

and/or basal insulin.

While some differences in baseline characteristics between the

two treatment groups were observed, these may be attributed to the

overall small sample size of n = 23 participants. Similar to lixisenatide

use in adults,20–25 the observed TEAEs in the present study were pri-

marily in the GI system class, although the small sample size and short

study duration mean this study is not powered to evaluate less com-

mon TEAEs (occurring in <10% of participants) or comment on the

overall safety profile of lixisenatide in pediatric populations. Only one

treatment-emergent serious AE was observed, which was not consid-

ered related to study drug, and no TEAEs led to treatment discontinu-

ations or deaths. Few participants showed potentially clinically

significant abnormalities (PCSAs) for hematology, clinical chemistry or

vital signs. While there have been rare reports previously of pancreati-

tis following GLP-1 RA treatment,26 in the present study amylase and

lipase were monitored and did not raise any concerns in the

lixisenatide group, concurrent with multiple long-term studies con-

cluding no evidence for an increased risk of pancreatitis with GLP-1

RA treatment.27,28 No instances of symptomatic hypoglycemia were

recorded in the trial, despite approximately 30% of all participants

receiving concomitant insulin at baseline.

Vomiting was the most observed AE with 11 events in two partic-

ipants in the highest-dose group. In adults, GI AEs with lixisenatide

occur primarily at the start of treatment (e.g. within the first 2 months)

and then subside.21,23,24 As this study examined lixisenatide treatment

only for up to 42 days, further trials would be required to define the

GI tolerability of lixisenatide over a longer period in pediatric

populations.

Mean lixisenatide concentrations increased in a dose-dependent

manner and irrespective of ADA status; however, lixisenatide mean

concentrations and inter-subject variability were generally higher for

participants with positive ADA status, as observed in previous studies

with lixisenatide.22 The increase in exposure with dose in pediatric

participants with negative ADA status was comparable to that in

adults with negative ADA status (Supplementary Figure 4), possibly

TABLE 4 Adverse events by treatment group and dose (safety population)

n (%) of participants with ≥1 TEAE in each category

Lixisenatide

Placebo (N = 5)All (N = 18) 5 μg (N = 18) 10 μg (N = 18) 20 μg (N = 18)

Any AESI (ALT increased) 0 0 0 0 1 (20.0)

Any treatment-emergent SAE (viral gastroenteritis) 1 (5.6) 0 0 1 (5.6) 0

Any TEAE 7 (38.9) 6 (33.3) 3 (16.7) 4 (22.2) 3 (60.0)

Severe TEAE 1 (5.6) 0 0 1 (5.6) 0

Any TEAE leading to death 0 0 0 0 0

Any TEAE leading to permanent treatment discontinuation 0 0 0 0 0

Gastrointestinal disorders 4 (22.2) 2 (11.1) 2 (11.1) 2 (11.1) 1(20.0)

Nausea 2 (11.1) 1 (5.6) 2 (11.1) 1 (5.6) 1 (20.0)

Vomiting 2 (11.1) 0 0 2 (11.1) 0

Gastroesophageal reflux disease 1 (5.6) 1 (5.6) 0 0 0

Abbreviations: AESI, adverse event of special interest; ALT, alanine aminotransferase; SAE, serious adverse event; TEAE, treatment-emergent adverse

event.
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owing to median body weights that broadly overlapped in these

populations.

Approximately three-quarters of the participants developed

ADAs. This incidence is similar to the 71.2% observed in adults who

received 20 μg lixisenatide twice daily.29 Furthermore, no clinically rel-

evant abnormalities in hematology, clinical chemistry or vital signs

were observed in these pediatric individuals with ADA positive status.

This is in line with results from studies in adults which have shown

that antibody development does not appear to affect the efficacy or

safety of lixisenatide.23 Overall, exposure of lixisenatide and incidence

of ADAs appear to be similar in children and adolescents compared

with adults.

In adults, lixisenatide treatment is associated with statistically sig-

nificant improvements in HbA1c versus placebo.22–24 Although this

study was not powered to demonstrate significant changes in HbA1c,

a reduction in HbA1c of 0.3% (3 mmol/mol) was observed after only

6 weeks of treatment with lixisenatide, whereas HbA1c remained

almost stable with placebo. The magnitude of this reduction most

likely reflects the limited treatment duration and the fact that partici-

pants only received the maximum dose of lixisenatide for 2 weeks.

Body weight increase was more pronounced with placebo versus

lixisenatide, which reflected the trend for the positive effects of

lixisenatide on body weight observed in the adult lixisenatide develop-

ment program.22,23,25 Since the short duration of this study may have

limited the impact on body weight change, data generation in a larger

study population would be required for confirmation of this observa-

tion. As with adult studies, lixisenatide treatment in children and ado-

lescents was also associated with pronounced improvements in PPG

and less substantial improvements in FPG when compared with

placebo.22–25

The strengths of this study include that it was a multicenter, ran-

domized, double-blind, placebo-controlled, parallel group study of

lixisenatide in a clinically-relevant group of children and adolescents

with T2D. However, this was a Phase 1 study of only 6 weeks dura-

tion, with a restricted number of participants included and without

formal sample-size calculation; therefore, assessment of the impact

of lixisenatide on glycemic control is limited and would need to be

confirmed in larger clinical trials. Additionally, the paucity of clinical

trials in pediatric populations with T2D limits the ability to compare

these results to other antihyperglycemic drugs. However, HbA1c

lowering effects of liraglutide were also observed in pediatric

populations after 5 weeks in one study,30 and after 6 months in a

longer-term study.31

In conclusion, repeated doses of lixisenatide of up to 20 μg per

day were associated with a safety and tolerability profile in children

and adolescents with T2D that is reflective of the established safety

profile of lixisenatide in adults. Further, larger, long-term investiga-

tions are required to confirm if the safety profiles are consistent

between pediatric and adult populations. Lixisenatide concentrations

increased in a dose-dependent manner and lixisenatide treatment was

also associated with improvements in glycemic control, while a trend

towards a lower increase in body weight was seen compared with pla-

cebo, although this was not the primary focus of the study. The

positive findings from this Phase 1 trial support further research in

this population.
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