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lucagon-like peptide-1 receptor agonists (GLP-1RAS) have gained traction for the management of type 2 diabetes and obesity. Unlike
several classes of antidiabetic medications that contribute to weight gain, GLP-1RAS not only reduce haemoglobin A1c, but also
promote weight loss. While there is a large body of evidence supporting its safety and efficacy in adults, paediatric clinical trial data
have only emerged in recent years. This review will discuss the limited treatment options for paediatric type 2 diabetes and the mechanism
of action of GLP-1RAS as it pertains to physiological pathways relevant for type 2 diabetes, obesity and their related comorbidities. The
outcomes of paediatric trials evaluating liraglutide, exenatide, semaglutide and dulaglutide in paediatric type 2 diabetes and obesity will be
closely examined, including differences compared with adult studies. Finally, potential barriers and strategies to expanding GLP-1RA access
in adolescents will be discussed. Future studies are needed to determine if the cardio- and renal-protective benefits of GLP-1RAS apply to

youth-onset type 2 diabetes.
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The incidence of youth-onset type 2 diabetes (T2D) is increasing."? Growing evidence has
demonstrated that youth-onset T2D is rapidly progressive, with earlier onset of life-limiting
complications compared with adult-onset T2D.3* Initiation of effective treatment that can
restore beta cell function is critical. Until 2019, metformin and insulin were the only medications
approved by the United States Food and Drug Administration (FDA) for the treatment of youth
with T2D. In 2019, liraglutide became the first glucagon-like peptide-1 receptor agonist (GLP-
1RA) approved for youth with T2D, followed by exenatide in 2021 and dulaglutide in 2022.57
According to the American Diabetes Association and the International Society for Pediatric and
Adolescent Diabetes’ current clinical practice guidelines for the management of youth-onset
T2D, metformin monotherapy is the standard initial treatment for youth with T2D, once metabolic
control is restored with insulin in those who present with ketosis and/or marked hyperglycaemia ®
However, data collected from the Treatment Options for Type 2 Diabetes in Adolescents and Youth
(TODAY) study demonstrated early glycaemic failure on metformin monotherapy, with a median
treatment failure time of 11.5 months.” Escalation of treatment, including the initiation of insulin,
is recommended.™

The recommendation to start insulin therapy following metformin failure in youth contrasts
with the guidelines for adults with T2D."" In the management guidelines for adults with T2D,
insulin or sulphonylureas are only added to the regimen if other medications fail to achieve
the goal haemoglobin A1c (HbA1c) to avoid additional weight gain, which could worsen insulin
resistance and overall glycaemic control and cardiometabolic health."'> Despite multiple new
pharmacotherapies to treat adult-onset 72D, as of 2023 there remains only five medications that are
approved by the FDA for the treatment of youth-onset T2D. Accordingly, medications approved for
adult T2D have been used off-label in this cohort to improve weight and glycaemic outcomes.™™

Across the lifespan, there is growing interest in utilizing GLP-1RAs in the treatment of T2D, given
the potential to control hyperglycaemia and promote weight reduction, thus addressing the
underlying pathophysiology of T2D."*" GLP-1RAs stimulate postprandial insulin secretion, reduce
glucagon secretion, delay gastric emptying and decrease appetite, leading to improvements in
glycaemic control and weight reduction.” Given the rapid progression of beta cell failure and
development of complications, there is considerable interest in treating youth with new oral and
injectable agents that have been approved for use in adults with T2D."®" The objectives of this
review are to: (1) review the mechanism of action of GLP-1RAS in T2D; (2) summarize the use of
GLP-1RAs in youth-onset T2D, highlighting recent data on the use of dulaglutide in this age group;
(3) discuss accessibility of GLP-1RAs in the paediatric population; and (4) conclude by reviewing
the challenges of conducting phase Il randomized clinical trials of these medications in the
paediatric population, and discussing a potential pathway to facilitate approval of these drugs for
adolescents with T2D.2°
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Figure 1: Therapeutic benefits of glucagon-like peptide-1 receptor agonists in obesity, diabetes and diabetes-related

complications
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GLP-1RA = glucagon-like peptide-1 receptor agonist, MACE = major adverse cardiac events.
Dashed arrow indicates indirect effect. Created with BioRender.com.

Glucagon-like peptide-1 mechanism of action
Expression and regulation

Glucagon-like peptide-1 (GLP-1), which is encoded by the preproglucagon
gene (Gcg), is a pleotropic hormone secreted by the intestinal L cells in
response to nutrients.?" Proconvertase (PC) cleavage of the proglucagon
molecule releases multiple peptides, including glucagon (aa 33-61),
GLP-1 (aa 72-107/108) and GLP-2 (aa 126-158)." This process occurs in
a tissue-specific fashion to coordinate the activity of these hormones,
which may have opposing functions. The expression of PC1 in the
enteroendocrine L cells and the nucleus tractus solitarii (NTS) directs
the cleavage of Gcg into GLP-1 (along with other peptides), whereas PC2
expression in the alpha cells results in the generation of glucagon.

GLP-1 is secreted by the distal ileum and colon and a population of
neurones in the NTS, in response to nutrient and neural inputs.?? GLP-1
level is lowest during fasting and rapidly increases after feeding?®
Luminal exposure of the L cells to nutrients (carbohydrates, amino acids
and lipids) induces GLP-1 secretion into the intestinal microvasculature
to exert its humoral effects and stimulate enteric neurones. GLP-1
secretion is also stimulated by neurotransmitters from vagal and enteric
neurones.? In the brain, the NTS neurones are the primary source of
endogenous GLP-1, whose secretion is stimulated by leptin and gastric
distension. The downstream signalling through the GLP-1 receptor (GLP-
1R) mediates the biological functions of GLP-1. The pleiotropic functions
of GLP-1RA are described below (Figure 1).

Rationale for use in type 2 diabetes

GLP-1RAs have become an attractive treatment option in T2D partly due
to their glucose-dependent incretin effect. Binding of GLP-1 to the GLP-1R
on the beta cell membrane activates cyclic adenosine monophosphate-
mediated protein kinase A (PKA) signalling, resulting in exocytosis of
the insulin granules.?? This coordinated process is highly dependent
on the ambient glucose concentration, which minimizes the risk of
hypoglycaemia in patients receiving GLP-1RA treatment.?? Conditional
mouse models that alter tissue-specific expression of GLP-1Rs have
shown that beta cell GLP-1R expression is required for hyperglycaemia-
and GLP-1RA-induced insulin secretion.?>?® The importance of GLP-1R
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signalling in human subjects has been validated by the ability of exendin
9-39, a GLP-1R antagonist, to block GLP-1RA-induced glucose-stimulated
insulin secretion from human islets, and after a 150 g glucose load in
healthy human volunteers.?’” In adults with T2D, liraglutide improves beta
cell function, as evident by the increase in first- and second-phase insulin
secretion.?®

In addition to its incretin effect, GLP-1 also suppresses glucagon
secretion from alpha cells. GLP-1-mediated inhibition of glucagon
secretion occurs through three pathways: (1) GLP-1 stimulates the
secretion of somatostatin, a potent suppressor of glucagon:® (2)
inhibition of glucagon secretion can also occur through a PKA-dependent
pathway;* and (3) GLP-1-stimulated insulin secretion from beta cells
indirectly suppresses glucagon secretion from alpha cells. In response
to glucose loading, individuals with T2D display delayed insulin secretion
as well as failure of glucagon suppression, contributing to postprandial
hyperglycaemia.®" GLP-1-mediated suppression of glucagon secretion
is thus expected to augment its insulinotropic effect in normalizing
postprandial hyperglycaemia.®

Early rodent studies demonstrating GLP-1RA treatment expansion of
the beta cell mass generated excitement about its potential to reverse
T2D in humans.? Subsequent work showed that GLP-1R-mediated
stimulation of beta cell proliferation only occurred in young but not
older rodents® In human subjects, while GLP-1RAS may improve
beta cell function during treatment, there is no clinical evidence of
sustained improvement after treatment discontinuation in either adults
or adolescents. 3"

As GLP-1RAs stimulate insulin secretion, the question of its potential to
promote beta cell exhaustion has also been raised. Prior studies have
shown that patients treated with sulfonylureas are at increased risk
for beta cell functional decline.® In a humanized mouse model using
transplanted islets, daily injection of high-dose liraglutide for more than
200 days resulted in beta cell dysfunction.® To date, there have been no
clinical studies demonstrating adverse impact of GLP-1RAs on beta cell
function.
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Management of obesity

In addition to its insulinotropic actions, GLP-1RAs are also effective
agents in promoting weight loss. Although distension of the proximal
gut activates GLP-1R-expressing afferent sensory vagal neurones to
inhibit gastric emptying and small intestinal motility, this pathway does
not mediate GLP-1RA-driven weight loss. Downregulation of GLP-1R in
the nodose ganglion in rodents prevented GLP-1RA-induced inhibition
of gastric emptying but had no effect on food intake or body weight.?!

Several lines of evidence support the brain as the central target of
GLP-1RA-induced weight loss. Injection of liraglutide or exendin-4
peripherally, activated multiple nuclei in the hindbrain and hypothalamus
(periventricular nucleus, area postrema and NTS).*%4" In rats,
intracerebroventricular injection of the GLP-1R inhibitor, exendin 9-39,
increased food intake.**** Postnatal knockdown of hypothalamic Glp1r
(the gene encoding GLP-1R) expression increased food intake and
body weight.?? In addition to its effect on homeostatic feeding, GLP-
1RAs also activate brain areas in the mesolimbic system to suppress
reward behaviour and palatability.?> The combination of GLP-1 action
on homeostatic and hedonic feeding likely contributes to its appetite
suppressant and weight loss effect.

Despite the unequivocal pharmacological effect of GLP-1RAs, the
mechanism of physiological central nervous system (CNS) GLP-1R
signalling remains incompletely understood. Although peripherally
injected GLP-1RAs can cross the blood-brain barrier?#*>% it is unclear
if endogenous GLP-1 activates central GLP-1R signalling. The pattern
of neuronal activation differed between mice (or rats) that received
injection of long-acting GLP-1RAs peripherally and intra-portal vein
injection of native GLP-1.22%” Given the short half-life of native GLP-1
(less than 2 minutes), it is questionable whether peripherally or centrally
derived GLP-1 activates CNS GLP-1R signalling. Finally, as mechanistic
studies of CNS GLP-1R signalling largely comes from rodent models, the
physiological importance of CNS GLP-1R signalling in weight control in
humans remains unknown.

Management of diabetic nephropathy

The TODAY study demonstrated that diabetic nephropathy (DN) occurs
early in youth-onset T2D, with a baseline prevalence of 8% at study entry
(mean diabetes duration of 7.8 months) and a cumulative incidence of
54.8% after a mean diabetes duration of 13.3 years.® Treatment for DN
in children consists of glycaemic management, lifestyle modification
and the use of angiotensin-converting enzyme (ACE) inhibitors.®4°
Studies of adults with T2D have demonstrated that GLP-1RAS delay the
progression of diabetic kidney disease.**2 In vitro and in vivo animal
models point to two GLP-1RA-mediated pathways. GLP-1RAs may
promote natriuresis by inhibiting the Na*/H" exchanger isoform 3 on
the apical membrane of the proximal tubule.® GLP-1RAs also inhibit
angiotensin Il (ANG II) action at different levels of the renin-angiotensin
pathway. GLP-1RAs have been shown to increase ACE2 expression and
activity, and downregulate the expression of ANG Il production.> It may
also protect the kidneys by limiting the ANG ll-induced tissue fibrosis
by altering the expression of its receptor subtypes, ANG Il receptor
type 1 and ANG Il receptor type 2.% Finally, GLP-1 may lower ANG
Il-induced oxidative stress in a PKA-dependent pathway.> Future trials
testing the efficacy of GLP-1RAs on the prevention of DN in youth-onset
T2D is needed to expand management strategies for this vulnerable
population.

Other metabolic effects

Elevated alanine aminotransferase — a marker recommended for
screening of nonalcoholic fatty liver disease — has been found in 48% of
patients with paediatric T2D.%*>” GLP-1RAS have been shown to improve
hepatic steatosis in adults who are overweight or have T2D or polycystic
ovary syndrome.®%? GLP-1RA-mediated weight loss may decrease
lipotoxicity, and enhanced hepatic insulin sensitivity may improve
hepatic mitochondrial function.? Additionally, cardiovascular risk
factors such as hypertension, dyslipidaemia and chronic inflammation
are common in youth-onset T2D.*® Sixteen per cent of the TODAY
study participants had abnormal left ventricular structure.®® GLP-1RAS
appear to exert cardioprotective effects by stabilizing atheroma via
improvement of endothelial function and reduction of vascular wall
inflammation.®* Although serious cardiovascular events remain rare in
young adults with youth-onset T2D, the case rates will likely increase
as the incidence of T2D continues to rise. Future studies are needed
to determine if GLP-1RA use will similarly reduce major atherosclerotic
cardiac events.

Safety and efficacy of glucagon-like peptide-1
receptor agonists in paediatric type 2 diabetes
Currently, there are three GLP-1RAS approved for the treatment of T2D
in youth aged 10 years and older, including liraglutide, extended-release
exenatide and dulaglutide (Table 7). Since the approval of metformin
in 2000, liraglutide (1.8 mg daily) was the first non-insulin medication
to receive FDA approval in 2019 for the treatment of T2D in youth. A
randomized, placebo-controlled trial was conducted in 2014 to assess
the pharmacokinetics, pharmacodynamics and safety of liraglutide in
21 youth aged 10-17 years with T2D.®°® A dose-dependent improvement
in HbA1c was observed in this small cohort. Pharmacokinetics and
side effects were comparable to that observed in adults. Given these
findings of efficacy, tolerability and safety, a subsequent randomized,
placebo-controlled study of 135 youth aged 10-16 years with T2D was
conducted by the Ellipse Trial Investigators in 2019. Liraglutide was
started at 0.6 mg daily and titrated up to 1.8 mg daily for 26 weeks,
followed by a 26-week open-label extension period. At 26 weeks, there
was an estimated treatment difference in HbA1c change from baseline
of -1.06% (p<0.001) favouring the liraglutide group, which increased to
-1.30% after 52 weeks. HbA1c levels of <7.0% were achieved in 63.7%
of the liraglutide group versus 36.5% of the placebo group (p<0.001),
and the liraglutide group had a decrease in fasting plasma glucose level
at both time points. In contrast, there was an increase in the placebo

group.

Exenatide extended-release was then approved in 2021 for youth with
T2D aged 10 years and older, which is the first long-acting GLP-1RA
approved for adolescents, given at a dose of 2.0 mg weekly.® An initial
randomized, placebo-controlled, crossover study on the pharmacology
and tolerability of 2.5 pug and 5 ug exenatide pre-prandial injections
in 13 adolescents with T2D demonstrated a significant reduction in
postprandial blood glucose level and glucagon secretion.® Subsequently,
83 adolescents aged 10-17 years were randomized to receive exenatide
2 mg weekly for 24 weeks, followed by a 28-week open-label period.®
At 24 weeks there was a significant between-group difference in HbA1c
change of -0.85%, favouring the treatment group. Mean difference in
fasting glucose, systolic blood pressure and triglyceride levels also
favoured the treatment group, although it did not reach significance.
Adverse events occurred in 61.0% of the treatment group compared
with 73.9% of the placebo group, and no major hypoglycaemic events
occurred in either group.

tOUChREVIEWS in Endocrinology



Glucagon-like Peptide-1 Receptor Agonists for the Treatment of Type 2 Diabetes in Youth

'9100S-7 XopU| $Selll Apoq = INGZ ‘apliedAIS1iy = D1 'S818qelp Z 8dA1 = azL ‘uoheirsp plepueis = ds JUsA8 8SI8Ape SNoLS = JY/S /eli} pajj0Jiuod paziuiopuel = 10y 'ajinusdied yise = 68d uisioidod))
AUsusp-y8iy = 1aH 2L v UIqojSoway = dLqH eunsaiuIonses = |9 ‘a0uslolip JusUIes ] pajellise = 4.3 {UonejedSss asop = 3d ‘ajusdlad (isé ay1 4oA0 1Usd Jad xepul ssewl Apoq = G6dING% Xapul SSew Apoq = [Ng ‘eSeulwiesue) aieredse = 1Sy JUane 8sienpe = v
‘aA0qe pue sieaf zi a8e uj ASaqo Joj [eroidde uoneasIuILpY Snia pue poo4 Sa1els Pallun Paniadal aAey apiniSewss pue apiniSelr]

0022e|d JO %6 SNSISA UORUBAIBIUI JO %L1 Ul SIVS

uonuaAIaIUI Ul Jo1eals

alom 1SV ‘spidi| DL gH ‘9oUBIB)WINDII 1SIEM pPaACIdW|
:s8UIpul 01j0geIBLoIpIRD

00a2e|d JO %81 SNSJaA UORUSAIBIUI JO %E/

1%GZ 4O SSO| JSIoM

UORIPUOD BUIISIX80D
paje|al-1ySiom +

LORUBAIBIUI Ul SISISBI0UI UIM %P | (L00"0>=d) dnoJS uonuaAiaIul SULINOAR) %/ '9L- 40 413 alnusdsed ,58< ING ,(220) e
(0gaoe|d JO %z SNSISA UORUBAIBIUI JO %Z9) Jo1eals sV 19 NG Ul 98ueyd % SYoem 89 Apfeam 8w vz | 10 apuadied nG6< IING /1-CL L0Z 10Y 19 Jagny8am
apninjSewsas
(50°0=0)) uopuBAIBIUI BULINOARY 'L9'0- JO A13
‘onel IaH/9L
3nup Apnis auy 01 pelejal ARoauIp JUsAS 8SI9APE SNOLIBS ON :S8UIpul o1j0geIBLIoIpIRD
UOIUBAIBIUI Ul UOWIWOD 810W S3V |9 (820°0=d) 8oue2lIUBIS
(0gaoe|d JO %6°06 SNSIBA oeaJ 10U PIP ‘UOIUBAIBIUI SULINOARY ‘%L - JO 413 Apjoom ‘oses|al a|nuadsad ,/2202)
UOIUBAIBIUL JO %6°96) SAN0JS usamiaq Jejiwlis Aouanbal) 3y NG Ul 93ueyd % SN9OM 2§ PapuUsIXe BW 0 | ;56 O3 SO Z'L< IING 8Lzl 00l 104 ‘|e 38 X04
(€0°0=0)) uonuBAIBIU| BULINOARY Z6°/L+J0 A13
:uopouny |180-9
(20°0=d)) uopuBAIBIUI BULINOARY 'L '9+ 4O A13
SAUAIISUSS UINSU|
(20°0=d)) uopuBAIBIUI BULINOARY “I/NW §'/- O A13
:98UeYD uINsuUl 8uised
:S8uIpul pajelal-ulinsul
(¢0°0=d) uonuanIBIUI BULINOARY ‘B 6'€- 4O A13
:a8ueyd ySlem Apog |ejoL
(600°0=d) UonUBAIBIUI BULINOARY ‘%6 v~ JO A13
siiealoued Jo ejwsedAiBodAy oN NG Ul 98ueyd % Ajlep 901m3 8 QL JBN0SS010
juedionJed aUo Ul ISINiq &Y LUORIBIUI %/ Ul uled [euiliopge | (L0'0=d) UoRUBAISIUI SULINOAR) ‘(U/3Y) L L- 0 13 ‘Aliep 8o1m1 3rl G130 | ,W/3Y GEX IING 10 ‘%56 ‘leqel-uado 0/(¢L02)
"% Ul 840BpeaY %/ Ul SUNWOA ‘'%9€ Ul BaSneu pliN ‘83ueyo INg sLpuow € Aliep 8o1m3 3ri oL |yl sewn Z'L= INg 9L-6 ZL | ‘paziwopuey ‘e 3o Ajex
apneuaxy
SH90M 9Z 1B 10U ‘SY98M Z§ 18 JURDIHUSIS ale S8ulpul4
(820°0=d) UoRUBAIRIUI BULINOARY ‘%L v~ JO A13
-a8ueyo 56dINGg%
(820°0=d) UoRUBAIRIUI BULINOAR) '%ELZ- 4O A13
NG Up 83ueyd % Alep 3w 'L
(960°0=d) uonRuBAIBIUI BULINOARY ‘(,LW/3Y) 68°0- JO A13 Alep 3w z'L azl pue o(L202)
pajen|eAd JON :93ueYd IINg SY9oM ¢§ Allep 8w 90 alnusosad ,G8< IINg 9L-0L el 10Y | "e 39 Joudisusg
0092e|d JO %L 8 SNSIBA UOIIUBAIBIUI JO %L 9T
19%0L< JO [INg Ul Uoponpay
(%07 SNSIOA %1'Z) STVS Moo 0002e|d JO %/'8L SNSIOA UOIIUBAIBIUI JO %EEY
(%0°0 SNSIBA %1°0L) 19%G< JO IINg Ul uoponpay
uonuBAJBIUI Ul Juanbaly 810w UOIBNUIRUOISIP 0} Sulpes| S3v (200°0=d) uonUBAIBIUI BULINOAR} 'ZZ°0- 40 13 dn moj|o} SYeam dzl J apn|oxa 10u 2(0202)
(%S°9€ SNSIBA %8 '79) LORUBAIBIUI Ul Jusnbal) 810w 3V 19 (@s) 83ueyd IINgz 9T + S40IM 95 Alep 8w o'e | pIp ‘ajnuslad ,56< ING [1-TL 1Sz 104 ‘e 3o Ao
apninjdesn

Kayes

Koeoiya

uoneina

IIESTIE)
uoisnjaul uleiy

sieak
ul 98y

usisaa

A1saqo oujeipaed ul asn 1siuode J0ydadal L-apndad axi-uodeodn|8 Jo SynsaJ [eL |ealuljo dueIpaed Jo Alewwns z a|geL

42

touchREVIEWS in Endocrinology



Review Diabetes

43

Dulaglutide is the newest GLP-1RA approved by the FDA for adolescents
10 years and older with T2D. A randomized, placebo-controlled trial was
completed by the Assessment of Weekly Administration of LY2189265
in Diabetes-Pediatric Study (AWARD-PEDS) investigators with 154 youth
aged 10-17 years of age who received weekly injections of dulaglutide
at a dose of either 0.75 mg, 1.5 mg or placebo for 26 weeks, followed
by a 26-week open-label phase.” At 26 weeks, there was a significant
decrease in mean HbA1c of -0.6% in the 0.75 mg group and -0.9% in
the 1.5 mg group (p<0.001 for both groups versus placebo). HbA1C
levels of <7.0% were achieved in 51% of the pooled dulaglutide groups
compared with 14% of the placebo group (p<0.001), and fasting glucose
concentration also significantly decreased in the pooled dulaglutide
groups (-18.9 mg/dL, p<0.001). Adverse events were similar between
placebo and treatment arms (69%, 75% and 73% in the placebo,
0.75 mg and 1.5 mg arms, respectively). Consistent with adult data,
gastrointestinal adverse events (nausea, vomiting, diarrhoea) were more
frequent in the dulaglutide group compared with the placebo group;
the symptoms were mostly mild and were transient within 2 weeks of
initiation. The study concluded that in youth with T2D, dulaglutide taken
once weekly (0.75 mg or 1.5 mg) improved glycaemic control compared
with placebo.

Contrary to findings from adult studies, the pivotal GLP-1RA paediatric
T2D trials do not demonstrate significant improvement in weight loss.
Adolescents with T2D display more insulin resistance and glycaemic
failure compared with adults.""? GLP-1RA treatment of adults with T2D
resulted in less weight loss compared with participants without T2D.¢”
The AWARD-PEDS investigators thus speculated that the catabolic
effect of hyperglycaemia in the placebo group may obscure detection of
weight loss in the dulaglutide-treated groups. Although the mechanism
is unknown, it is possible that the insulin resistance observed during
adolescence may also contribute to the relative resistance to GLP-1RA-
mediated weight loss.

Safety and efficacy of glucagon-like peptide-1
receptor agonists in paediatric obesity

Following the observed benefit of higher GLP-1RA doses on weight loss
in adults, multiple studies have been conducted evaluating GLP-1RAS
specifically for obesity in the adolescent population (Table 2).%72 A study
was completed in 2012 evaluating daily exenatide for weight loss in
youth 9-16 years of age, with dose increased from 5 pg twice daily to
10 pg twice daily over a 3-month period.”® Body mass index (BMI) (-1.7
kg/m?, p=0.01) and total body weight (-3.9 kg, p=0.02) both decreased
significantly. However, immediate-release exenatide has not received
FDA approval for the indication of paediatric obesity. A subsequent
study showed that extended-release exenatide may partially reduce the
risk of BMI rebound in adolescents with severe obesity who achieved
weight loss with dietary interventions.”" Currently, liraglutide (3 mg
daily) is approved for youth aged 12 years and older with obesity, as a
supplemental indication for chronic weight management. In a study of
251 adolescents aged 12-17 years, liraglutide 3.0 mg daily was superior
to placebo in terms of BMI Z-score change from baseline at 56 weeks,
with an estimated treatment difference of -0.22 (p=0.002).% A reduction
in BMI of at least 5% was observed in 43.3% of the liraglutide group
versus 18.7% in the placebo group, and a reduction in BMI of at least 10%
was observed in 26.1% versus 8.1% in these groups, respectively. There
was an estimated difference of -4.6% in absolute BMI and of -4.50 kg
(-5.0%) in body weight, favouring liraglutide. Reductions in absolute BMI
and per cent change in BMI were also seen in youth with obesity and T2D,
when taking liraglutide for 52 weeks.%

More recently, the efficacy of an additional extended-release GLP-1RA,
semaglutide, was studied in adolescents with obesity.”? Semaglutide
at a dose of 2.4 mg weekly is approved for adults with obesity, or who
are overweight and have weight-related coexisting conditions, for long-
term weight management as an adjunct to lifestyle modifications. In the
recent randomized, placebo-controlled study of 201 youth aged 12-17
years taking semaglutide at a dose of 2.4 mg weekly for 68 weeks,
there was an estimated difference of -16.7% in mean change in BMI
from baseline, favouring the semaglutide group (p<0.001). Weight loss
of 5% or more was seen in 73% of the treatment group versus 18% in
the placebo group. Improvement in cardiometabolic risk factors (waist
circumference, lipids [except high-density lipoprotein cholesterol] and
alanine aminotransferase) were also greater with semaglutide compared
with placebo. Semaglutide 2.4 mg recently received FDA approval for the
treatment of obesity in children 12 years and older.

Precautions with glucagon-like peptide-1 receptor
agonists

Similar to adults, the most common side effects of GLP-1RAS in
adolescents are gastrointestinal symptoms. GLP-1RAS should be initiated
at a low dose, with a gradual titration to limit side effects and increase
tolerability. The length of titration depends on the formulation. The use of
GLP-1RAs is contraindicated in patients with a personal or family history
of medullary thyroid carcinoma or in patients with multiple endocrine
neoplasia type 2. Early concerns of possible pancreatitis risk have
not been corroborated by more recent reports, although pancreatitis
remains a contraindication to GLP-1RA use.”® In patients with suspected
pancreatitis, GLP-1RAs should be discontinued and should not be
resumed if the diagnosis is confirmed. Due to the risk for dehydration and
acute kidney injury, patients who report gastrointestinal symptoms and
have renal impairment should have monitoring of their renal function.

Barriers to glucagon-like peptide-1 receptor
agonist use

Despite the FDA approval of liraglutide in 2019 for paediatric T2D, the
uptake of GLP-1RAs in this population has been slow. Gourgari et al.
assessed clinicians’ experience with prescribing GLP-1RA medications.”*
Members of the Pediatric Endocrine Society (n=102) completed a
survey evaluating barriers and perceived outcomes. The primary
intentions of GLP-1RA use were to lower HbA1c levels (88%) and for
weight management (82%). Alternative indications included reduction
of total daily insulin dose and the treatment of comorbidities such as
nonalcoholic fatty liver disease, hypertension and irregular menses. In
those who did not prescribe GLP-1RAS, lack of clinical experience was
a primary barrier (42%, p=0.0024), especially in those with more than
5 years of clinical experience. The majority initiated a GLP-1RA after
unsuccessful treatment with metformin. About two-thirds of clinicians
prescribed these medications in youth 12 years and older, while others
(19%) initiated in those below 12 years of age. Liraglutide was the GLP-
1RA of choice in the majority of cases (93%, p<0.0001).

Beyond prescription pattern, GLP-1RA access may also be limited due to
cost. As a class, the high cost of these medications contributes to limited
insurance coverage of these medications, especially for the indication
of obesity.”® The above clinician experience assessment by Gourgari et
al. was conducted in the United States, where at least some proportions
of patients were able to obtain insurance authorization. However, it is
important to note that GLP-1RAS are typically not an insurance-covered
benefit in developing countries. The average monthly cost of these
medications in the United States ranges from US$930 for dulaglutide to
US$1,349 for semaglutide and liraglutide, with annual costs ranging from
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US$11,000 to US$16,000.4”7 Even when covered by insurance, the out-
of-pocket expense may be cost prohibitive.

Glucagon-like peptide/glucose-dependent
insulinotropic polypeptide dual agonist therapy
Glucose-dependent insulinotropic polypeptide (GIP) is another gut-
secreted hormone with a dominant insulinotropic effect. Physiologically,
it is secreted from the K cells in the duodenum and jejunum.”® In the
adult population, tirzepatide, which is a GLP-1/GIP dual agonist, was
demonstrated to be even more effective than GLP-1RA monotherapy.
Studies in adults have shown that tirzepatide is superior to placebo, GLP-
1RAs and basal insulin in terms of glycaemic control and body weight
reduction. Data are currently lacking in the paediatric population, and
further studies are needed to support its potential use.

Future directions

Despite clinical guidelines recommending a 5-10% weight reduction for
youth-onset T2D, there remains a gap regarding recommendations for
utilization of novel agents that target the multifaceted pathophysiology
of T2D in this age group. The recent FDA approval of several GLP-1RAS
for paediatric T2D and obesity heralds a much-welcomed increase in the
armamentarium for the management of these conditions. Much work is
needed, however, to expand the use of GLP-1RAS in children.

Many barriers exist in gaining paediatric approval for medications
already approved for adult use. The FDA mandates phase Ill clinical trials
for all new medications for each clinical indication to protect patient
safety. Completion of such trials in adolescents with T2D is difficult
due to a relatively small patient population (compared with adults),
stringent exclusion criteria, and the difficulty of participants/caregivers
repeatedly taking time off from school and work.” Families of historically
marginalized races and ethnicities may also be reluctant to participate

in clinical trials. Pragmatic designs are needed to allow trials to augment
enrollment and overcome historical barriers. These strategies may
include involvement of pertinent stakeholders in trial design, recruitment
and execution.® In addition, long-term follow-up studies will be needed
to determine if GLP-1RAS render the same cardio- and renal-protective
benefits in youth-onset T2D.

There may also need to be a shift in the paradigm in balancing conducting
rigorous safety and efficacy trials of novel agents in paediatric cohorts,
against prescribing these agents off-label when available evidence
supports a substantial potential health benefit. For many clinicians,
the lack of safety and efficacy data impacts prescribing practices and
agent selection. Although sparse, the randomized controlled trials that
do exist in youth support the efficacy and safety of GLP-RAS in this
population. One might argue that once there is FDA approval of one
agent in a class of medications, in the context of safety and efficacy data
of other agents in the class among adults, the initial data are sufficient
to begin the utilization of that agent if the benefit outweighs the risk.
Consideration needs to be given to the health outcome of adolescents
who cannot benefit from novel medications, due to the length of time
required to conduct clinical trials in a relatively small patient population.
Specifically, for GLP-1RAs, their mechanism of action may provide an
opportunity to not only target weight reduction and glycaemic control,
but also reduce cardiovascular, renal and hepatic risk factors, all of
which could significantly improve the health trajectory of youth with T2D
and associated microvascular and macrovascular complications. Taken
together, the pharmacotherapy profile for GLP-1RAS is very favourable
for youth-onset T2D. However, high cost and inadequate insurance
coverage may continue to limit access to these agents in paediatric
cohorts. Further investigation both at the policy and clinical guideline
levels must be conducted to support an equitable and accessible roll-out
of these agents into paediatric clinical care. Q
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