Received: 17 July 2023

Accepted: 14 December 2023

DOI: 10.1002/jpn3.12184

CLINICAL TRIAL

Gastroenterology

JPGIN

Clinical trial: Randomized controlled trial of linaclotide in
children aged 6-17 years with functional constipation

Carlo Di Lorenzo'

| Samuel Nurko® | Jeffrey S. Hyams® |

Gerardo Rodriguez-Araujo® | Cristina Almansa® | Valentina Shakhnovich® |

Miguel Saps’ |

"Nationwide Children's Hospital, Columbus,
Ohio, USA

2Boston Children's Hospital, Boston,
Massachusetts, USA

3Connecticut Children's Medical Center,
Hartford, Connecticut, USA

“AbbVie Inc., North Chicago, lllinois, USA

5Janssen Pharmaceutical Companies of
Johnson and Johnson, Cambridge,
Massachusetts, USA

8lronwood Pharmaceuticals, Inc., Boston,
Massachusetts, USA

“Miller School of Medicine, University of
Miami, Miami, Florida, USA

8Department of Pediatrics, University of
Kentucky, Lexington, Kentucky, USA

Correspondence

Carlo Di Lorenzo, Gastroenterology &
Hepatology & Nutrition, Nationwide Children's
Hospital, 700 Children's Dr., Columbus,

OH 43205, USA.

Email: carlo.dilorenzo@
nationwidechildrens.org

Funding information
AbbVie Inc.; Ironwood Pharmaceuticals, Inc.

Michael Simon?®

Abstract

Objectives: Linaclotide, a guanylate cyclase-C agonist, was recently approved
in the United States for treatment of children 6-17 years old with functional
constipation (FC). This study evaluated the safety and efficacy of several
linaclotide doses in children 6-17 years old with FC.

Methods: In this multicenter, randomized, double-blind, placebo-controlled
phase 2 study, 173 children with FC (based on Rome Il criteria) were
randomized to once-daily linaclotide (A: 9 or 18 ug, B: 18 or 36 pg, or C: 36 or
72 pg) or placebo in a 1:1:1:1 ratio for 6- to 11-year-olds (dosage determined by
weight: 18 to <35 or =35 kg) and linaclotide (18, 36, 72, or 145 ug) or placebo in
a 1:1:1:1:1 ratio for 12- to 17-year-olds. The primary efficacy endpoint was
change from baseline in weekly spontaneous bowel movement (SBM)
frequency throughout the 4-week treatment period. Adverse events (AE),
clinical laboratory values, and electrocardiograms were monitored.

Results: Efficacy and safety were assessed in 173 patients (52.0% aged 6-11
years; 48.0% aged 12-17 years); 162 (93.6%) completed the treatment period.
A numerical improvement in mean SBM frequency was observed with
increasing linaclotide doses (1.90 in 6- to 11-year-olds [36 or 72 ug] and 2.86
in 12- to 17-year-olds [72 pg]). The most reported treatment-emergent AE was
diarrhea, with most cases being mild; none were severe.

Conclusions: Linaclotide was well tolerated in this pediatric population, with a
trend toward efficacy in the higher doses, warranting further evaluation.

Evaluation of Optimal Dose, Efficacy, and Safety of Linaclotide in Children with Functional Constipation: A Phase Il Study

Linaclotide is a guanylate cyclase-C
agnoist. In this phase Il
dose-finding study, the efficacy
and safety of linaclotide were
evaluated for functional
constipation (FC) in 6-17-year-old
children

f

Mean frequency rates for '/["'I \‘ The 145-pg dose offered no statistically
spontaneous bowel movement B/ significant benefit over the 72-pg dose
(SBM) increased with increasing

2" doses up to 145 9
B LE + No serious adverse events were

reported
+ The most common adverse event
reported was diarrhea

P

&

Higher doses (up to 145 pg)
2D\ showed improvement in:
) - Overall complete SBM

frequency
« Straining severity 93.6%) Patients completed the treatment
» Stool consistency
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1 | INTRODUCTION

Functional constipation (FC), characterized by hard stool
consistency and few and/or painful defecations,’ is one of
the most common disorders of gut—brain interaction in
individuals <18 years of age.? If left untreated, constipa-
tion may cause fecal impaction, fecal incontinence,
abdominal pain and distension, rectal bleeding, and
anorexia.”® The clinical diagnosis of FC is currently
based on the updated pediatric diagnostic Rome IV
criteria. For children and adolescents, the duration of
symptoms needed to fulfill the criteria for FC was
decreased from 2 months in Rome Il to 1 month in
Rome 1V, allowing for an earlier diagnosis.®

FC negatively impacts health-related quality of life
of children and their parents.* Moreover, some cases of
FC can persist into adulthood,® where reduced health-
related quality of life and increased costs remain
common.*® Current treatment for childhood FC
includes rectal or oral disimpaction and maintenance
therapy®’ with over-the-counter or pharmacologic
treatments. Until recently, there were no approved
therapies to treat FC in children in the United States or
European Union, and the current treatment of choice,
polyethylene glycol, is used off label.?°

Linaclotide, a guanylate cyclase-C (GC-C) agonist
acting on the luminal surface of the intestinal epithelium,
is approved in the United States for the treatment of
adults with chronic idiopathic constipation and
constipation-predominant irritable bowel syndrome
(IBS).™ Linaclotide has demonstrated sustained efficacy
in trials in patients with chronic idiopathic constipation'"
and constipation-predominant IBS.'#'3 At the time this
study was conducted, linaclotide was not approved for
use in children. This study therefore aimed to evaluate
the dose response, safety, and efficacy of 4 weeks of
treatment with different linaclotide doses compared with
placebo in pediatric patients aged 6-17 years with FC.

2 | METHODS

2.1 | Trial design

This was a randomized, double-blind, placebo-controlled,
parallel-group, dose-ranging phase 2 trial in the United
States (NCT02559570). Enrolled patients were aged
6-17 years who fulfilled modified Rome Il criteria for
pediatric FC as outlined below. The modified Rome llI
criteria were used to mandate that the first criterion for
stool frequency be met in addition to one of the other
five criteria. For at least 2 months before the screening

What Is Known

e Functional constipation (FC) is a common

disorder in children that severely impacts
quality of life; however, limited treatment
options are available.
At the time of this study, linaclotide, a
guanylate cyclase-C agonist, was approved
for the treatment of adults with chronic
idiopathic constipation and constipation-
predominant irritable bowel syndrome, but
not for use in children.

What Is New

* This phase 2 dose-finding study evaluated
the efficacy and safety of linaclotide in
children with FC.

Linaclotide treatment led to numerical
improvements in mean spontaneous bowel
movement frequency, with a trend toward
efficacy at the higher doses tested.
Linaclotide was well tolerated in this pediatric
population.

visit, the patient had to report 2 or fewer defecations (with
each defecation occurring in the absence of any laxative,
suppository, or enema use during the preceding 24 h) in
the toilet per week. In addition, the patient had to meet
one or more of the following at least once per week: (1)
history of retentive posturing or excessive volitional stool
retention; (2) history of painful or hard bowel movements
(BMs); (3) presence of a large fecal mass in the rectum;
(4) history of large diameter stools that may obstruct the
toilet; and (5) at least one episode of fecal incontinence
per week. Patients who met the conventional Rome Il
criteria were required to meet any two of the criteria listed.

Patients and caregivers were trained on using an
e-diary, which they completed twice daily (morning/
evening) to report on the trial's efficacy assessments
and once weekly to report patient-/observer-completed
global items. The participants were instructed to take
the study treatment at approximately the same time
each day, 30 min before their evening meal.

For the 4-week treatment period, patients aged
6-11 years were randomized 1:1:1:1 to linaclotide
doses A (9 or 18 pg), B (18 or 36 pg), or C (36 or 72 pg),
or placebo, and patients aged 12-17 years were
randomized 1:1:1:1:1 to linaclotide doses A, B, C, or
145 pug, or placebo. Dosage was determined by weight
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for patients aged 6-11 years (18 to <35 or =35kg)
(Supporting Information S1: Figure 1, Supporting
Information Digital Content 1, which shows an overview
of the trial design). The drug was provided as either a
capsule or a liquid oral solution of linaclotide or
placebo. They were packaged in bottles by the sponsor
and were provided as identically appearing bottles
containing linaclotide or matching placebo capsules/
solution.

The trial design was based on the US Food & Drug
Administration Guidance for Industry E11 Clinical
Investigation of Medicinal Products in the Pediatric
Population and conducted in accordance with the
International Council for Harmonisation E6 Guideline
for Good Clinical Practice and the Declaration of
Helsinki. The protocol was approved by an institutional
review board at each site. Patients provided assent and
their legal guardians, or legally authorized representa-
tives or caregivers, provided voluntary and written
informed consent.

More detailed methods and the trial design can be
found in Sections 2.1-2.4 of Supporting Information
Digital Content 2.

2.2 | Patient population

Eligible patients had to have recorded an average of <3
spontaneous BMs (SBMs) per week during the pretreat-
ment period. Full inclusion and exclusion criteria are
provided in Supporting Information Digital Content 3.

2.3 | Efficacy and safety endpoints

The primary efficacy endpoint for this dose-finding
study was the change from baseline in weekly SBM
frequency rate (SBMs per week). An SBM was defined
as a BM that occurred in the absence of laxative,
suppository, or enema use on the calendar day of, or
the calendar day before, the BM. Secondary efficacy
endpoints included change from baseline in the
following: daytime fecal incontinence, daytime abdomi-
nal pain, daytime abdominal bloating, severity of
straining, stool consistency, and overall complete
SBM (CSBM) frequency rate (CSBMs per week).
Complete evacuation was defined as the feeling of
fully evacuating the stool after SBM, without the
residual sensation of the child still feeling like they
had to poop. All efficacy endpoints were measured over
the 4-week treatment period. Additional efficacy end-
points are described in Supporting Information Results
of Supporting Information Digital Content 4. Safety
assessments included recording of adverse events
(AEs), clinical laboratory tests, vital sign measure-
ments, weight, electrocardiograms, physical examina-
tions, and exposure to treatment.

e

Details on the determination of sample size are
available in Section 2.6 of Supporting Information Digi-
tal Content 2, which shows more detailed methods. The
safety population included all patients in the random-
ized population who received at least one dose of
treatment, and the intention-to-treat (ITT) population
included all patients in the safety population who had at
least one postbaseline entry on BM characteristic
assessments that determined occurrences of SBMs.
Comparisons between each linaclotide dose and
placebo were performed using an analysis of
covariance model, with treatment, age group, and
treatment-by-age interaction as factors and the base-
line value of each endpoint as a covariate. Least
squares mean for each treatment group, differences in
least squares means between each linaclotide treat-
ment group (doses A, B, and C) versus placebo,
associated two-sided 95% confidence intervals for
these differences, and the corresponding p values
were calculated, as well as for an exploratory
treatment-by-age group interaction analysis.

2.4 | Statistical analysis

3 | RESULTS

3.1 | Patient disposition

Of 471 patients screened, 173 (36.7%) were random-
ized to receive linaclotide or placebo: 90 (52.0%) were
aged 6-11 years and 83 (48.0%) were aged 12-17
years. Full details on patient dispositions are shown in
Supporting Information S1: Figure 2 of Supporting
Information Digital Content 5. Demographics and other
baseline characteristics were similar across the treat-
ment groups in the overall safety population and within
age groups (Supporting Information S1: Table 1,
Supporting Information Digital Content 6). The most
common medical histories that occurred in >5% of
patients are provided in Supporting Information S1:
Table 2 in Supporting Information Digital Content 7.

3.2 | Primary efficacy endpoint

In the entire ITT population (n=157), there was a
numerical trend toward higher SBM frequency (SBMs
per week) at the higher doses of linaclotide
(Figure 1A). This trend was also seen for doses up
to 72 pg in both the younger (Figure 1B) and older
(Figure 1C) age groups, when analyzed separately. In
the linaclotide 145pug group, administered only to
children 12-17 years of age, the median change from
baseline in overall SBM frequency was numerically
higher (1.68 SBMs per week) compared with the
placebo group aged 12-17 years (0.27 SBMs per
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FIGURE 1 CFB 4-week overall SBM
frequency (SBMs per week) for the (A) ITT
population,* (B) 6- to 11-years age group,
and (C) 12- to 17-years age group. An SBM
was defined as a BM that occurred in the
absence of laxative, suppository, or enema
use on the day of, or the day before, the BM.
Central box plot lines show median CFB
value for each treatment group, with whiskers
showing maximum and minimum values.
*The ITT population (n=157) does not
include the patients treated with the
linaclotide 145 pg dose. BM, bowel
movement; CFB, change from baseline;
SBM, spontaneous bowel movement; ITT,
intention-to-treat.
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week) (Figure 1C). The increased dose appeared to
have no additional efficacy benefit compared with the
linaclotide 72 ug group (dose C) in this age group
(2.563 SBMs per week) (Figure 1C; Supporting
Information S1: Table 3, Supporting Information Digital
Content 8, which shows the primary, secondary, and
additional efficacy results for the 12- to 17-years age
group). The treatment-by-age group interaction
showed no statistically significant difference by age
on the primary efficacy endpoint (p =0.73).

No statistically significant differences were
observed between linaclotide and placebo (minimum
p =0.31) (Table 1). An outlier in the placebo group
resulted in a maximum change from baseline value of
14.32 SBMs per week, compared to 7.78 SBMs per
week in the linaclotide groups (9-72pug) (Table 1;
Figure 1; Supporting Information S1: Figure 3, Support-
ing Information Digital Content 9, which shows a
cumulative distribution plot of CFB in 4-week overall
SBM frequency rate).

3.3 | Secondary efficacy endpoints

For the secondary efficacy endpoints in the ITT
population (n=157; excluding the linaclotide 145 pg
group), numerical trends toward efficacy were
observed for the change from baseline in overall CSBM
frequency rate, straining severity, and stool consist-
ency in the groups given dose C of linaclotide (Table 1).
However, none of the three linaclotide groups showed
clear improvement over the placebo group (minimum
p =0.27). The incidence of daytime fecal incontinence
remained low throughout the trial (Supporting Informa-
tion S1: Tables 3 and 4, Supporting Information Digital
Content 8 and 10, respectively, which show primary,
secondary, and additional efficacy results for each age
group). The treatment-by-age group interaction showed
a significant difference between age groups for strain-
ing (p = 0.03) and no statistically significant influence of
age on the other secondary efficacy endpoints.

In the 12- to 17-years-of-age group, numerically
greater efficacy was observed with the 145pug
linaclotide dose (n=16) versus placebo (n=18) for
the change from baseline in straining severity and
stool consistency. Although the linaclotide 145 pug
dose seemed to have no additional efficacy benefit
on straining severity, the increased dose (n=16)
showed numerical improvements over the linaclotide
72 ug dose (dose C; n=19) in abdominal pain, stool
consistency, CSBM frequency, and abdominal bloat-
ing in the 12- to 17-years-of-age group (Supporting
Information S1: Table 3, Supporting Information Digital
Content 8).

Additional efficacy endpoints have been summa-
rized in Supporting Information Results of Supporting
Information Digital Content 4.

e

Of 173 patients across all treatment groups, 46
experienced treatment-emergent AEs (Table 2). There
were no AEs of special interest or deaths. In patients
aged 12-17 years, two experienced serious AEs
(one of suicidal ideation in the linaclotide dose-A group
and one of vomiting in the linaclotide 145 pg group),
neither of which were related to the study drug. Two
AEs in the linaclotide dose-A group (dyspnea
[related] and suicidal ideation [not related]) and
one (diarrhea [related]) in the linaclotide dose-C group
led to discontinuation. In patients aged 6-11 years, no
serious AEs or AEs led to discontinuation.
Treatment-emergent AEs occurring in =5% of
patients are shown in Table 2. The most reported
treatment-emergent AE was diarrhea; the majority of
the treatment-emergent AEs of diarrhea among all
patients across all doses were mild; none were severe.

3.4 | Safety

4 | DISCUSSION

In this dose-finding phase 2 clinical trial of patients
aged 6-17 years with FC, a trend of progressively
greater numerical improvements with increasing lina-
clotide doses versus placebo was identified for the
primary endpoint of SBM frequency rate. However, the
improvements in SBM frequency did not achieve
statistical significance compared to placebo, as this
phase 2 dose-finding study was not powered to do so.
A similar dose—response trend was observed in the
secondary endpoints of change from baseline in
CSBMs per week, stool consistency, and straining
severity. Although evaluated only in patients aged
12-17 years, linaclotide 145pg appeared to have
minimal additional efficacy benefit versus the lower
doses. These findings support the initiation of an
appropriately powered phase 3 study to confirm the
efficacy trends observed in this dose-finding study.
There are some possible explanations for the lack of
significant differences. Given the relatively small sample
size of this study, the presence of noticeable outliers in
the placebo group could have significantly impacted the
results. In addition to the wide data spread, a high
placebo response was observed in this trial. High placebo
response rates have also been reported in previous trials
examining investigational therapies in pediatric patients
aged 6 months to 18 years with disorders of gut-brain
interaction.”*'® Possible causes of high placebo
response rates have been explored, such as the use of
subjective measures.'”” This trial used an objective
primary endpoint but also relied on subjective secondary
improvement measures that could leave room for
interpretation (e.g., straining and pediatric bristol stool
form scale). Moreover, pediatric trials have the added
complication of more external influences from caregivers;
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TABLE 2 Summary of AEs.?

Placebo Linaclotide dose A Linaclotide dose B Linaclotide dose C Linaclotide 145 pg®
n (%) (n=41) (n = 36) (n=41) (n =39) (n =16)
Linaclotide dose, ug
Participants aged
6-11 years
18 to <35 kg 9 18 36 -
=35 kg 18 36 72 -
Participants aged 18 36 72 145
12-17 years
TEAEs 9 (22.0) 6 (16.7) 12 (29.3) 15 (38.5) 4 (25.0)
Treatment-related 0 1(2.8) 3(7.3) 6 (15.4) 2 (12.5)
TEAEs
SAEs 0 1(2.8) 0 1(6.3)
AEs leading to 0 2 (5.6) 1(2.6) 0
discontinuation
TEAESs in 5% of
patients
Diarrhea® 0 1(2.8) (7.3) 4 (10.3) 2 (12.5)
Headache® 1(2.4) 1(2.8) 4 (10.3) 0
Vomiting 1(2.4) 1(2.8) 0 1(6.3)
Fecaloma® 0 0 2 (5.1) 0
Viral sinusitis 0 0 0 1(6.3)
ALT increased 1(2.4) 0 0 1(6.3)
AST increased 1(2.4) 0 0 1(6.3)

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; SAE, serious adverse event; TEAE, treatment-emergent

adverse event.
®No AEs of special interest or deaths occurred.
PAssigned only in the 12- to 17-years age group.

°Diarrhea occurred in three patients in the 6- to 11-years age group (linaclotide dose A, n = 1; linaclotide dose C, n=2) and seven patients in the 12-17 years age

group (linaclotide dose B, n=3; linaclotide dose C, n=2; linaclotide 145 ug, n=2).

9Headache occurred in two patients in the 6- to 11-years age group (linaclotide dose A, n = 1; linaclotide dose C, n=1) and four patients in the 12- to 17-years age

group (placebo, n=1; linaclotide dose C, n=3).

®Fecaloma is a medically recognized term and refers to a mass of hard dry stool, typically in the colon or rectum.

previous studies have demonstrated that parents/guard-
ians and physicians can have a pervasive role in
pediatric-patient disease management.'*'® For example,
positive parental reinforcement and parental expectations
can modify a child's behavior.'* Additionally, education,
reassurance, and time provided by the physician can
directly impact the child and exert an indirect effect by
changing caregivers' attitudes.® In this trial, the placebo
response was pronounced in patients aged 6-11 years, a
result that may reflect an increased effect of caregivers
on younger children. Other factors such as trial
duration'®2° and fluctuations in disease course can also
contribute to benefits in the placebo group. The data
spread in this trial represents the heterogeneity in
response in the full patient population but is pronounced
in the younger age group.

Interestingly, although higher efficacy was observed
with higher doses of linaclotide, we did not see any
additional efficacy in the primary endpoint in 12- to
17-year-olds treated with linaclotide 145 versus 72 pg.
Dose-response trends have not always been observed
in other pediatric FC trials: dosage had no impact on
efficacy in children aged 6 months to 18 years treated
with prucalopride™ or in children aged 6-17 years
treated with lubiprostone.?’ These two studies were not
designed to explore dose response, however, and
treatment doses were based on weight. Nonetheless,
the authors suggested that the treatment doses may
have been too low to produce the desired treatment
effect.’™2" Meanwhile, in a retrospective review of
pediatric patients aged 8-17 years treated with
linaclotide for FC, 83% (n=50) started with a dose of
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145pug daily (vs. linaclotide 72pg), and although
efficacy data were not presented by dose, the authors
suggested that the symptom improvements could have
reflected the use of higher doses.?? Further research to
define potential dose responses in pediatric patients of
different ages is warranted.

Other reasons for the observed results in this trial
may arise from differences between the younger and
older pediatric patients. Pathophysiology of FC varies
by age and can be impacted by stool withholding and
fear of defecation."®' These behavioral components
might not be overcome by a 4-week pharmacologic
intervention. Evidence in this area is limited; however,
few placebo-controlled trials in children with adequate
sample size and durations in treatment have been
performed.'*18

This trial demonstrated that linaclotide was well
tolerated across all doses and pediatric age groups. Its
safety profile was consistent with that of studies of
adults with chronic idiopathic constipation, as the most
common AE in them was diarrhea.'’?®?* In this
pediatric population, these cases were uncommon,
with diarrhea AEs occurring in three patients in the 6- to
11-years age group (linaclotide dose A: n=1 [moder-
ate]; linaclotide dose C: n =2 [mild]) and seven patients
in the 12- to 17-years age group (linaclotide dose B,
n=3 [mild]; linaclotide dose C, n=1 [mild] and n=1
[moderate]; linaclotide dose 145 pg, n=2 [mild]). High
tolerability with nonsignificant efficacy has been seen in
other pediatric trials in children aged 6 months to 17
years or 6-17 years'*2'; conversely, in the retrospec-
tive review of children aged 8-17 years with FC or
constipation-predominant IBS, AEs were relatively
common, leading to discontinuation in almost one-
third of the children.?®* Plasma concentrations of
linaclotide and its active metabolite remained below
the limit of quantitation in most pediatric patients. Some
initial concerns were that children could have an
exaggerated pharmacodynamic response to linaclo-
tide, as data suggested increased GC-C receptor
density in children.?®> However, a recently published
study confirmed uniform levels of GC-C mRNA
expression in children of the age group studied here.?®

5 | CONCLUSION

This trial identified trends in numerical differences of
efficacy in the higher linaclotide doses without com-
promising safety. But as is commonly the case with
research in the pediatric field, it was limited by small
sample size, short treatment duration, and high
placebo response. The results of this dose-finding
phase 2 trial were validated in a pivotal phase 3 trial
(NCT04026113), and linaclotide 72 uyg was approved
by the United States Food and Drug Administration for
the treatment of pediatric FC in June 2023.
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