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ABSTRACT

Introduction: In recent decades, the dramatic
rise of obesity among youth in the US has been
accompanied by a rise in the prevalence of type
2 diabetes (T2D) in this population. This
alarming trend underscores the importance of
conducting trials to evaluate new therapies in
children with T2D.
Methods: A targeted review of peer-reviewed
literature and trials registered on www.
clinicaltrials.gov was conducted in January
2021 to identify pharmaceutical interventional
studies in youth with T2D. Information
regarding enrollment data, study design

elements, subjects’ baseline characteristics, and
key treatment outcomes was documented.
Results: Among the 16 clinical studies included
in this review, only five appeared to meet pro-
jected enrollment targets in\4 years. Although
three other studies met recruitment targets, two
took approximately 5 years to complete and the
third took nearly 10 years.
Conclusions: Despite legislation requiring
evaluation of pharmaceutical treatments in
pediatric populations, surprisingly few inter-
ventional studies have been conducted in chil-
dren with T2D. This review highlights that
recruitment challenges may be impeding the
conduct and completion of interventional
studies. Consequently, few pharmaceutical
treatments have been proven to be effective and
approved for children with T2D. Metformin and
liraglutide remain the only non-insulin treat-
ments formally approved in the US for use in
this population. More clinical research is nee-
ded to support regulatory decision-making as
well as treatment decisions for children with
T2D in clinical settings. Sponsors and investi-
gators will need to implement strategies for
improving trial enrollment as well as work with
regulatory agencies to develop novel study
designs that may require fewer patients.
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Key Summary Points

Why carry out this study?

There has been a dramatic rise of obesity
among youth in the US, accompanied by a
rise in the prevalence of youth-onset type
2 diabetes (T2D).

Unlike adults with T2D, treatment options
are limited in youth with T2D,
underscoring the need to conduct clinical
trials evaluating new therapies in children
and adolescents with T2D.

The purpose of the current literature
review was to gather updated information
on completed interventional phase 3 and
4 studies in youth with T2D and to
identify factors that may be limiting
research in this area.

What was learned from the study?

Relatively few pediatric trials evaluating
products for T2D have been completed in
the past 20 years, with recruitment
challenges likely impeding the conduct
and completion of these studies.

Strategies for improving trial enrollment
and potentially leveraging data from
outside the traditional trial context could
help address the lack of efficacy data in
this population.

INTRODUCTION

In recent decades, the increasing prevalence of
obesity among youth in the US has been
accompanied by a corresponding rise in the
prevalence of youth-onset type 2 diabetes (T2D)
[1, 2]. The SEARCH for Diabetes in Youth study,
a population-based epidemiology and surveil-
lance registry, found an increase of approxi-
mately 30% in T2D from 2001 to 2009, with
minority youth particularly affected [1, 3].
Though still considered a rare disease among

youth, the rising trends point to the growing
need for high-quality trials evaluating T2D
therapies in children to inform regulatory and
clinical decision-making.

The number of pediatric trials has increased
over the past 20 years partly due to the passage
of US legislation that requires and incentivizes
evaluation of medical products in children
[4, 5]. These include the Best Pharmaceuticals
for Children Act (BPCA) of 2002 and the Pedi-
atric Research Equity Act (PREA) of 2003. While
BPCA incentivizes sponsors to voluntarily con-
duct pediatric research in therapeutic areas
beyond the approved adult indication, PREA
provides legislative authority to the FDA to
require studies in children whenever the use of
a new treatment approved in adults is relevant
to a pediatric population. Despite these legisla-
tive efforts, relatively few trials focusing on
treatment for T2D in children have been suc-
cessfully completed. Consequently, only three
(i.e., metformin, insulin, and liraglutide) of the
many treatments approved for the treatment of
T2D in adults are currently approved for use in
children.

The purpose of the current literature review
was to gather updated information on com-
pleted interventional phase 3 and 4 studies in
youth with T2D and to identify factors that may
be limiting research in this area.

METHODS

Literature Review

A targeted literature search was performed to
identify peer-reviewed publications of inter-
ventional phase 3 or 4 clinical trials involving
the use of one or more pharmaceutical agents
for the treatment of T2D in children and ado-
lescents. The search was conducted using Med-
line and Embase and was restricted to articles
written in English and published in 2000 or
later. The search was also limited to trials
enrolled fully or in part in the US. Key search
terms included: (1) diabetes, mellitus, type 2,
non-insulin dependent; (2) child, adolescent,
pediatric; (3) clinical trial. Adult-only trials,
phase 1 and 2 trials, trials with no US patients,
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case reports, animal trials, and subgroup analy-
ses were excluded. The literature search was
conducted on 19 January 2021.

Resulting abstracts identified through the
search were reviewed for relevancy. Abstracts
were selected for full-text review if they met the
pre-determined inclusion criteria. Abstracted
information from the peer-reviewed papers
included: basic trial information (i.e., sponsor,
objective, duration, inclusion/exclusion crite-
ria, etc.), study sample information, key efficacy
and safety results, and any information identi-
fied regarding recruitment challenges or
difficulties.

This review is based on previously conducted
studies. No new studies of human or animal
subjects were performed by any of the authors
for the purpose of conducting this review.

Review of Completed Trials

A search of www.clinicaltrials.gov was con-
ducted to identify any trials that may have been
completed but not published. Clinical trials
were required to meet the same criteria as noted
above. A ‘‘completed’’ study, as defined on the
www.clinicaltrials.gov website, is a study that
has ended ‘normally’ and whose participants
are no longer being examined or treated. After
searching for studies listed with a ‘‘completed’’
status, a second search was conducted to iden-
tify any studies that had completed enrollment
and posted primary data results but were not yet
categorized as ‘‘completed.’’ These studies were
listed as ‘‘active—not recruiting’’ rather than
‘‘completed’’ because of their ongoing data col-
lection efforts to inform secondary endpoints
(e.g., open-label extensions). The clinical trials
search was performed on 23 January 2021. Data
were abstracted and categorized utilizing the
same variables abstracted for the scientific
publications noted above.

When information on www.clinicaltrials.gov
or in publications was limited, additional
internet searches were conducted to identify
regulatory review documents or other publicly
available sources of information that could
provide additional details.

RESULTS

Summary of Completed Pediatric T2D
Studies

A total of 16 completed interventional studies
(phase 3 and 4) among children and adolescents
with T2D were identified and included in this
review (Fig. 1, Table 1). Thirteen of these studies
were funded by a pharmaceutical company;
three were funded by a mix of government and
academic institutions.

The 16 studies spanned[2 decades with the
earliest study (A) [6] launching in 1998 and the
latest completed study having concluded in
April 2020 (N) [7] (Table 2). Two studies (O and
P) [8, 9] completed data collection in April and
May (respectively) 2020 to inform their primary
endpoints, but are still ongoing to inform their
secondary endpoints. Study duration or enroll-
ment period for the studies varied, ranging from
1–2 years (five trials) to 3–5 years (eight trials) to
6–11 years (four trials). Note study K [10] was a
pooled analysis of two clinical trials
(NCT01760447 and NCT01472367); the enroll-
ment period for NCT01760447 lasted 5 years
and over 6 years for NCT01472367. Ten trials
included metformin in at least one treatment
arm. Other study drugs (either alone or in
combination) included: sulfonylureas, thiazo-
lidinediones, dipeptidyl peptidase-4 (DPP-4)
inhibitors, glucagon-like peptide-1 (GLP-1)
agonists, bile acid sequestrants, amylin analogs,
sodium-glucose co-transporter-2 (SGLT2) inhi-
bitors, and insulin.

Each study with a peer-reviewed publication
(n = 6) is included in all data tables. One study
(B) [11] had minimal information posted on
www.clinicaltrials.gov and had no publication.
However, details of this trial were found in
regulatory review documents available online
[12, 13], so this study was also included in all
tables. Six studies (K, L, M, N, O, and P)
[7–10, 14, 15] with no associated publications
had sufficient information posted on www.
clinicaltrials.gov to be included in all tables.
Three studies (E, F, G) [16–18] had sufficient
enrollment and study design information pos-
ted on the trial registry site to be included in
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Tables 2 and 3 but were excluded from Table 4
due to lack of available information on study
results.

Enrollment and Enrollment Challenges

Most of the 16 studies appeared to have diffi-
culty recruiting patients. Enrollment for eight
studies (A, B, C, E, H, J, O, and P)
[6, 8, 9, 11, 18–24] was conducted within a rel-
atively short period of approximately 1–3 years;
however, only five of these eight shorter studies
(A, C, E, J, and O) [6, 9, 18, 19, 21–23] met their
projected enrollment numbers. Significant
recruitment challenges were reported in the
publications associated with studies A and H
[6, 20, 24]. Although study A [6] surpassed
projected enrollment by ten subjects, the
authors described recruitment difficulties rela-
ted to the study inclusion criteria. In this study,
481 subjects were screened and only 82 were
randomized. This high screen failure rate may
be in part related to the fact that investigators
were screening subjects who had not yet been
diagnosed with T2D. The authors also noted
that many potential study subjects failed
screening based on the required fasting plasma

glucose (FPG) levels. For the second of these
eight shorter studies (B) [11], projected enroll-
ment information for the trial could not be
found but 167 subjects were randomized in the
study. For the third shorter study (C) [19, 22],
investigators met projected enrollment within
approximately 18 months, and recruitment
challenges were not mentioned in the publica-
tion. Study E [18] achieved its projected enroll-
ment target within 2 years, although the target
was only 16 subjects for this government-fun-
ded, single-center phase 4 trial. Study J (RISE)
[21, 23] investigators were successful in meeting
projected enrollment goals within a slightly
longer period of time (3 years). Study H [20, 24]
ceased enrollment due to unreasonably slow
recruitment after 17 months, which resulted in
a total of 42 subjects despite an enrollment goal
of 358 subjects. The authors did not speculate or
provide reasons for the trial’s slow recruitment
[24]. Study O [9] slightly exceeded its enroll-
ment target after 3 years of recruitment, but the
projected enrollment was relatively modest at
only 54 subjects. Study P [8] began recruitment
in August 2014; however, recruitment efforts
were suspended for approximately a year and a
half for unknown reasons. Following re-

Fig. 1 Combined results from literature and www.ct.gov searches. *Five trial publications had a listing on ct.gov while one
publication was not listed on ct.gov. Ten trials on ct.gov did not have an associated publication
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Table 1 Completed pediatric T2D trials (N = 16)

Brief citation and/or

trial number

Abbreviated title Study

sponsor(s)

Completion

datea
Study drug(s)

A. Jones et al. 2002 Effect of Metformin in Pediatric Patients

with T2D

BMS 1999 Metformin

B. NCT00035542 Safety and Efficacy of Glucovance Compared

to Metformin and Glyburide in Children

and Adolescents with T2D

BMS 2003 Glucovance� (glyburide/

metformin HCl)

Metformin HCl

Glyburide

C. Gottschalk et al.

2007/NCT00353691

Glimepiride Versus Metformin as

Monotherapy in Pediatric Patients with

T2D

Sanofi 2004 Glimepiride

Metformin

D. TODAY

study group

2012/NCT00081328

Treatment Options for T2D in Adolescents

and Youth

TODAY Study

Group and

NIDDK

2011 Metformin

Metformin ? rosiglitazone

Metformin ? lifestyle

program

E. NCT00950677b Effect of Byetta and Symlin on Post-meal

Meal Blood Sugar Levels in Children with

T2D

Baylor, NIH,

and NIDDK

2011 Byetta� (exenatide)

Symlin� (pramlintide

acetate)

F. NCT01204775b Efficacy, Safety, Tolerability, and

Pharmacokinetics of Saxagliptin as

Monotherapy in Pediatric Patients with

T2D

AstraZeneca 2016 Saxagliptin

Metformin

Placebo

G. NCT01434186b Efficacy and Safety of Saxagliptin (BMS-

477118) in Combination with Metformin

IR or Metformin XR in Pediatric Patients

with T2D who have Inadequate Glycemic

Control on Metformin Alone

AstraZeneca 2016 Metformin ? saxagliptin

Metformin ? placebo

H. Wheeler et al.

2018/NCT02131272

Efficacy and Safety of Insulin Detemir Versus

Insulin NPH in Combination with

Metformin and Diet/Exercise in Children

and Adolescents with T2D (iDEAt2)

Novo Nordisk 2016 Insulin NPH ? diet/

exercise

Insulin detemir ? diet/

exercise

I. Tamborlane et al.

2019/NCT01541215

Efficacy and Safety of Liraglutide in

Combination with Metformin Compared

to Metformin Alone in Children and

Adolescents with T2D

Novo Nordisk 2017 Liraglutide ? metformin

Placebo ? metformin

J. RISE Consortium

2018/NCT01779375

Impact of Insulin and Metformin Versus

Metformin Alone on b-Cell Function in

Youth with Impaired Glucose Tolerance

or Recently Diagnosed T2D

RISE Study

Group and

NIDDK

2017 Metformin

Basal insulin glargine

followed by metformin
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initiation of recruitment in early 2016, the trial
was still unable to meet its projected enrollment
of 100 subjects.

Six studies (D, I, K, L, M, and N)
[7, 10, 14, 15, 25–28] appear to have encoun-
tered significant recruitment difficulties, with
each taking approximately C 5 years to com-
plete and many not meeting enrollment goals.
Projected enrollment numbers were not met for

studies D, I, K, L, or N [7, 10, 15, 25–28]. Despite
pooling data from two trials, study K [10] still
failed to meet the projected enrollment num-
bers for either of the original studies. Study M
[14] met projected enrollment numbers; how-
ever, given its lengthy duration (beginning in
late 2010 and concluding its recruitment in
2019), it likely experienced enrollment chal-
lenges as well.

Table 1 continued

Brief citation and/or

trial number

Abbreviated title Study

sponsor(s)

Completion

datea
Study drug(s)

K. NCT01760447c A Pooled Analysis of the Safety and Efficacy

of MK-0431A and MK-0431A XR in

Pediatric Participants with Type 2

Diabetes Mellitus with Inadequate

Glycemic Control on Metformin Therapy

(Alone or in Combination with Insulin)

(MK-0431A-170/MK-0431A-289)

Merck 2019 Sitagliptin ? metformin

FDC

Sitagliptin ? metformin

XR FDC

Metformin XR

Insulin (if participant

entered study already on

background insulin)

L. NCT01485614 Study to Assess Safety and Efficacy of

Sitagliptin as Initial Oral Therapy for

Treatment of Type 2 Diabetes Mellitus in

Pediatric Participants (MK-0431–083)

Merck 2019 Sitagliptin

Metformin

Insulin (if participant

entered study already on

background insulin)

M. NCT01258075 Colesevelam for Children with Type 2

Diabetes (WELKid DM)

Daiichi Sankyo,

Inc

2019 Colesevelam HCl in oral

suspension

N. NCT00658021 Safety and Efficacy of Exenatide as

Monotherapy and Adjunctive Therapy to

Oral Antidiabetic Agents in Adolescents

with Type 2 Diabetes

AstraZeneca 2019 Exenatide

O. NCT02725593 Study to Evaluate Safety and Efficacy of

Dapagliflozin in Patients with Type 2

Diabetes Mellitus Aged 10–24 Years

AstraZeneca 2020 Dapagliflozin

P. NCT01554618 Safety and Efficacy Study of Exenatide Once

Weekly in Adolescents with Type 2

diabetes

AstraZeneca 2020 Exenatide

BMS Bristol Myers Squibb, FDC fixed-dose combination, IR immediate release, NIDDK National Institute of Diabetes and Digestive

and Kidney Diseases, NIH National Institutes of Health, NPH neutral protamine Hagedorn, T2D type 2 diabetes, XR extended release
a Final data collection data to inform primary outcome
b No publication, limited information on www.clinicaltrials.gov and/or no results posted yet; study excluded from Table 4
c NCT01760447 is a pooled data analysis of the NCT01760447 and NCT01472367 trials. The study sponsor made the decision to

merge the trials to facilitate data analysis
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Table 2 Pediatric T2D trials: enrollment (N = 16)

Brief citation or
trial name/number

Projected
enrollment

Screened/
randomized (final
sample size)/
completed

No. of sites Study duration or enrollment duration

A. Jones et al. 2002 72 481/82/22b 44 September 1998–November 1999 (NR if

this represents study duration or

enrollment duration)

B. NCT00035542 NR NR/167/125 NR First subject enrolled August 2001; last

subject completed double-blind April 2003

C. Gottschalk et al.

2007/NCT00353691a
200 536/285/210 96 Enrollment: October 2002–May 2004

D. TODAY study group

2012/NCT00081328

750 1211/699/NR 16 Enrollment: July 2004–February 2009

E. NCT00950677 16 NR/NR/NR 1 Study started in July 2009. First participant

enrollment date unknown. Final data

collection to inform primary outcome was

in May 2011

F. NCT01204775 204 26/8/NR 16 Enrollment: August 2011–February 2016

G. NCT01434186 224 32/6/NR 16 Enrollment: July 2013–February 2016

H. Wheeler et al.

2018/NCT02131272

358 71/42/39 82 Study began recruiting in June 2014. Trial

was terminated early because of slow

recruitment rate. Final data collection to

inform primary outcome was in June 2016

[52]

I. Tamborlane et al.

2019/NCT01541215

172 307/135/109 185 Enrollment: November 2012–May 2017

J. RISE Consortium

2018/NCT01779375

90 236/91/86 4 Enrollment: July 2013–April 2016

K. NCT01760447 240 NR/NR/220 NR Two trials pooled:

NCT01472367 enrollment: December

2011–August 2018

NCT01760447 enrollment: February

2013–February 2018

L. NCT01485614 360 NR/200/184 NR Enrollment: February 2012–August 2018

M. NCT01258075 200 NR/236/171 NR Study began in December 2010. Initiation of

recruitment unknown. Recruitment ended

in April 2019

N. NCT00658021 195 NR/122/81 NR Enrollment: May 2008–April 2019

O. NCT02725593 54 NR/72/61 42 Enrollment: June 2016–April 2019

Diabetes Ther (2021) 12:2827–2856 2833



Finally, two studies (F and G) [16, 17], both
examining the safety and efficacy of saxagliptin
and conducted by the same study sponsor,
appear to have failed because of recruitment
challenges. Their final sample sizes were recor-
ded as N = 8 and N = 6, respectively, while
projected enrollment for each of these studies
was greater than 200 subjects. Based on publicly
available regulatory review documents, it
appears that the sponsor discontinued enroll-
ment for these trials based on a recommenda-
tion from their independent Data Monitoring
Committee (DMC) [29]. The DMC noted that
the continued slow accrual of subjects was pre-
venting the studies from achieving their objec-
tives. It appears that the sponsor proposed
replacing these two terminated studies with a
different study (NCT03199053), which is still
actively recruiting subjects according to www.
clinicaltrials.gov and thus not included in this
review.

Study Characteristics and Key Results

The number of enrolling sites varied widely
ranging from a single center for 1 of the phase 4
studies (E) [18] to as many as 185 sites
(I) [26, 27] (Table 2). Inclusion and exclusion
criteria varied across studies; however, there
were some similarities (Table 3). Ten studies
targeted the age group of 10–17 years, while

three studies targeted a slightly younger range
(8–16 [A], 9–16 [B], and 8–17 [C]) [6, 11, 19, 22]
and three recruited an older group (12–21 years
[E], 10–19 years [J], and 10–24 years [O])
[9, 18, 21, 23]. The three studies with younger
age ranges were older studies, conducted before
regulatory expectations for interventional
studies in youth-onset T2D were established,
and two of the three studies with older age
ranges were academic studies, which would not
be subject to these regulatory expectations. The
required HbA1c for study enrollment varied
slightly across trials and even varied within
some trials depending on a subject’s treatment
history. The most common required HbA1c
range was C 7.0% and B 10.5%. Most studies
stipulated a body mass index (BMI) of C 85%
(adjusted for age and gender) and/or a weight
of C 30 kg. Exclusion criteria also varied across
studies; however, some common exclusion cri-
teria included diabetic ketoacidosis, previous
use of antidiabetic agents other than met-
formin, use of corticosteroids, use of weight loss
agents, and diabetes of monogenic or secondary
etiology.

It is important to note that the largest studies
included in this review (D and J) [21, 23, 25, 28],
which were both academic- and government-
sponsored trials, were not designed to assess
effect of treatment on change from baseline in
HbA1c or other parameters. Study D (TODAY)
[25, 28] was designed to assess time to treatment

Table 2 continued

Brief citation or
trial name/number

Projected
enrollment

Screened/
randomized (final
sample size)/
completed

No. of sites Study duration or enrollment duration

P. NCT01554618 100 NR/82/73 29 Enrollment: August 2014 (suspended until

February 2016) to March 2019

EMA European Medicines Agency, EU CTR European Union Clinical Trials Register, FDA Food and Drug Association,
HbA1c glycated hemoglobin, NPH neutral protamine Hagedorn, NR not reported
a Discrepancy between publication and www.clinicaltrials.gov: Final sample listed on www.clinicaltrials.gov was n = 100;
however, Gottschalk et al. (2007) noted that 210 completed the study [19]. Estimated enrollment end date based on when
the last subject completed the study (November 2004) and assuming they completed the full 24-week treatment duration.
Information on sites is based on a study summary document posted online by the sponsor [22]
b Low completion number is attributed to the fact that any subject who required rescue medication during the trial was
removed from the study
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failure in youth with T2D already under gly-
cemic control treated with metformin, while
study J (RISE) [21, 23] compared the effect of
insulin followed by metformin with metformin
alone in preserving or improving beta-cell
function in youth with either impaired glucose
tolerance (IGT) or recently diagnosed T2D.

Study E [18] has no posted results on the trial
registry site; however, for the 15 trials with
available results, there was a wide range of final
sample sizes (N = 6 to N = 699) and outcome
measures (Table 3). In studies F [17], G [16], and
H [20, 24], no efficacy conclusions could be
drawn because of their small sample sizes. For 9
of the 13 remaining studies, significant differ-
ences between treatment and placebo were
found for at least one of the three efficacy
measures; however, it is notable that four stud-
ies failed to meet their primary endpoints (L, M,
N, and O) [7, 9, 14, 15]. Study L [15] (sitagliptin
monotherapy), study O [9] (dapaglifloxin),
study M [14] (colesevelam), and study N [7]
(exenatide twice daily) failed to demonstrate a
statistically significant reduction in HbA1c
compared with placebo. Study P [8], which
assessed the safety and efficacy of exenatide as a
once weekly treatment, did meet its primary
HbA1c endpoint; however, regulatory decisions
regarding approval for its use in children are
currently unknown. Finally, although statisti-
cally significant results were reported on www.
clinicaltrials.gov for study K [10]
(sitagliptin ? metformin), collectively the
results from this study and study L [15] (sita-
gliptin monotherapy) did not ultimately sup-
port pediatric approval in the US. Labelling for
sitagliptin was updated in 2020 to note that
efficacy in pediatrics was not established.

Safety information, reported for most trials,
is shown in Table 3. While difficult to attribute
to specific medications given the use of per-
mitted background therapies such as met-
formin, the most commonly reported adverse
events (AEs) across trials were gastrointestinal
symptoms/pain, headache, and upper respira-
tory tract infection. In general, medication
safety and tolerability findings in subjects with
youth-onset T2D were consistent with those
observed in adults.

Patient Baseline Characteristics

Mean age of study subjects ranged from about
13.7 to 16.1 years (Table 4). Excluding four
studies (H, I, K, and L) [10, 15, 20, 24, 26, 27],
Black subjects represented approximately 25%
to 35% of the sample. In studies H [20, 24], I
[26, 27], K [10], and L [15], a lower proportion of
Black subjects were enrolled and represented
only between 2.4% and 11.9% of the sample.
Except for study C [19, 22] where White subjects
represented \ 20% of the sample, White
patients represented anywhere from 20% to
65% of the sample in the other 12 studies
included in Table 4. Hispanic and Latino sub-
jects typically represented about 30% to 40% of
the sample, although study B [11] had only 13%
Hispanic/Latino representation and study N [7]
had nearly 47% Hispanic/Latino representation.
In line with the epidemiology of youth-onset
T2D, there was a consistent female majority
with about 60% to 70% of the sample being
female across the 13 studies included in Table 4.

Mean baseline weight ranged from about 73
to 102 kg and BMI ranged from approximately
28 to nearly 37 kg/m2 depending on the study.
Mean baseline HbA1c ranged from 5.7%
(J) [21, 23] to approximately 9.0% (A and H)
[6, 20, 24]. Only 40% of randomized patients in
study J (RISE) [21, 23] had T2D; the rest had
IGT, which is likely why this study had the
lowest mean baseline HbA1c (5.7%).

DISCUSSION

In spite of legislation designed to increase the
number of pharmaceutical treatments evaluated
in pediatric populations and good faith efforts
by sponsors to conduct trials of new treatments,
relatively few interventional phase 3 studies
have been successfully enrolled and completed
in children with T2D. Only 16 trials met criteria
for inclusion in this review, and these studies
varied widely in trial duration, number of
enrolling sites, and sample size. For ten of these
studies, available information was quite limited
because results had not been published at the
time of this review.
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The relative lack of trial data to inform reg-
ulatory decisions coupled with the failure of a
number of recently completed trials to demon-
strate efficacy has led to a paucity of approved
medications for children and limited the infor-
mation available to clinicians caring for these
patients. In contrast to the numerous therapies
available to adults with T2D, metformin and
liraglutide remain the only non-insulin treat-
ments formally approved in the US for use in
children with T2D. While most insulins are not
specifically indicated for treatment of children
with T2D, they are used for this purpose and are
recommended in treatment guidelines for
patients who present with ketosis or for whom
metformin does not provide adequate glycemic
control [30]. The approval of liraglutide in June
2019 was the first approval of a medication for
treatment of T2D in children since 2000 when
metformin was approved. Most of the studies
with recently posted results on www.
clinicaltrials.gov (other than study P [8],
which assessed exenatide once weekly) failed to
meet their primary HbA1c endpoint and, in the
case of sitagliptin, did not support approval for
a pediatric T2D indication. This reiterates the
challenges of managing T2D in youth, given its
more aggressive course as compared to T2D in
adults, and suggests that metformin and
liraglutide may, for now, remain the only
approved non-insulin options for treating these
patients.

The majority of studies included in this
review appeared to encounter challenges when
recruiting patients. Only five studies (A, C, E, J,
and O) [6, 9, 18, 19, 21–23] achieved projected
enrollment targets in \ 4 years, while seven
trials (F, G, H, K, L, N, and P)
[7, 8, 10, 15–17, 20, 24] failed to meet their
initial recruitment targets altogether. There was
no clear relationship between trial success or
recruitment speed and number of sites
involved. For example, study I [26, 27] had 109
participants complete the trial after 5 years
using 185 sites. However, study C [19, 22] had
210 participants complete after only 2 years
using 96 sites, and study J [21, 23] had 86 par-
ticipants complete after 3 years using four sites.
This suggests that when conducting clinical
trials in pediatric T2D, careful consideration

must be given to the location and type of sites
selected. For example, sites in areas that serve
communities of color may be able to increase
diversity in trials. Moreover, sites that have
long-standing and trusted relationships with
families (e.g., general practices) may recruit
more successfully than sites that do not (e.g.,
designated research sites that do not regularly
see patients or manage their care). There are
several factors that may interfere with recruiting
pediatric T2D samples. In general, regardless of
the medical condition, pediatric samples tend
to be more difficult to recruit and retain than
adult samples [31, 32]. For diabetes in particu-
lar, the low prevalence of T2D in children (i.e.,
0.46 per 1000 children aged 10–19 years in the
US [1]) further limits the number of potential
subjects for trials. Demographic characteristics
associated with T2D may also play a role. T2D is
particularly prevalent in non-white communi-
ties with socioeconomic challenges and poor
access to healthcare [33–35]. These demo-
graphic groups are generally considered difficult
to enroll in clinical trials [36]. To address this
challenge, investigators or sponsors can select
clinical sites that specialize in treatment of
pediatric T2D and serve communities with
higher proportions of demographic groups that
may be difficult to recruit elsewhere.

Restrictive study eligibility requirements
may also interfere with recruitment of children
with T2D. For example, pediatric T2D trials
often exclude children with either very high or
near-normal HbA1c levels, which limits the
potential pool of trial participants [37]. In
addition, many potential patients may be
excluded because of obesity-related comorbidi-
ties that are common in this population (e.g.,
hypertension, hyperlipidemia, obstructive sleep
apnea) [38–40]. These restrictive eligibility
requirements may be the reason for the high
rate of screen failures in trials included in the
current review. In most of the trials that even-
tually met enrollment targets (e.g., C, D, I, and
J) [19, 21–23, 25–28], only 40% to 60% of
potential subjects assessed for eligibility were
randomized. Adult T2D trials generally report
similarly high rates of screen failures [41–44].
However, because T2D is more common in
adults than in children, there is a larger pool of
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adult patients, and it may be more feasible to
meet recruitment targets despite high screen
failure rates. To maximize the pool of potential
patients and minimize screen failures,
researchers designing clinical trials may want to
consider less restrictive eligibility criteria and
allow for more comorbidities, a wider HbA1c
range, and increased variety of pre-trial medi-
cation treatments.

One approach for locating and retaining
pediatric patients for trials may be to engage
members of children’s social and medical sup-
port network. These individuals can act as
advisors reviewing protocols, procedures, and
consent forms during the study design process.
For example, parents and pediatricians may be
able to identify potential recruitment or reten-
tion problems that can be addressed prior to
finalizing study materials. Unlike with type 1
diabetes, there is little organized advocacy
activity specific to pediatric T2D. Advocacy
groups that do exist seem to be mostly local
rather than national in scale. As awareness of
pediatric T2D grows, patient advocacy groups
may emerge and play a facilitative role in trial
recruitment for this population.

Finally, it may not always be necessary to
design and conduct a traditional fully random-
ized controlled clinical trial to evaluate treat-
ments in this population. It may be possible to
use alternative study approaches and designs to
assess treatment outcomes while limiting the
number of patients needed for trials [45, 46]. For
example, the use of master protocols and other
collaborative approaches, while requiring
extensive cooperation and engagement from
investigators, regulatory agencies, and pharma-
ceutical companies, could potentially facilitate
more efficient completion of trials or focus
efforts on the most promising drugs to be tested
[45, 46]. Augmenting the placebo arm of a
clinical trial with historical controls from prior
trials or from well-curated and matched real-
world cohorts also holds the potential to
decrease the overall size of trials and limit
exposure to placebo in those trials while
potentially increasing power to detect efficacy
signals [47, 48]. In addition, should we find, as
we come to better understand youth-onset T2D,
that the response to therapies is sufficiently

similar to that in adults, sponsors may be able to
extrapolate from adult data based on pharma-
cokinetic and pharmacologic data from adoles-
cents with T2D [49]. Future use of such
innovative approaches will require careful con-
sultation and coordination between industry
sponsors and regulators.

Findings of this literature review should be
interpreted in the context of several limitations.
First, the level of detail in this review was lim-
ited by the information provided in the original
sources. Second, even among the published
studies, the sample characteristics, endpoints,
and study designs varied. This heterogeneity
makes it difficult to identify trends and draw
conclusions across studies. Third, there were
several instances where information on www.
clinicaltrials.gov diverged from the published
articles, leading to some uncertainty in the
findings.

CONCLUSION

Overall, this review highlights limitations and
challenges in research on treatment for T2D in
pediatric populations. Compared to the body of
clinical research in adult patients with T2D, few
studies have been conducted in children. Fur-
thermore, many pediatric T2D studies have
failed to meet sample size targets, likely because
of recruitment challenges. Several recently
completed trials, including those that assessed
the safety and efficacy of DPP-4 inhibitors and
SGLT2 inhibitors, failed to meet their primary
HbA1c endpoints. Consequently, few pharma-
ceutical treatments have been proven to be
effective and approved for use in this popula-
tion. With over 30 new T2D medications cur-
rently in the phase 2 development pipeline
across sponsors, the number of phase 3 trials in
pediatric patients with T2D is only expected to
grow in the near future [50]. To address these
challenges, sponsors and investigators will need
to implement strategies for improving clinical
trial enrollment and potentially leverage data
from outside the traditional trial context.
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