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Abstract

Background Linaclotide is a well-tolerated and effective agent for adults with functional constipation (FC) or irritable bowel
syndrome with constipation (IBS-C). However, data in children are lacking. The aim of this study is to examine the efficacy
and safety of linaclotide in children.

Methods We performed a retrospective review of children < 18 years old who started linaclotide at our institution (Nation-
wide Children’s Hospital, Columbus, Ohio). We excluded children already using linaclotide or whom had an organic cause of
constipation or abdominal pain. We recorded information on patient characteristics, medical and surgical history, symptoms,
clinical response, course of treatment, and adverse events at baseline, first follow-up, and after 1 year of linaclotide use. A
positive clinical response was based on the physician’s global assessment of symptoms at the time of the visit as documented.
Results We included 93 children treated with linaclotide for FC (n=60) or IBS-C (n=33); 60% were female; median age
was 14.7 years (IQR 13.2-16.6). Forty-five percent of patients with FC and 42% with IBS-C had a positive clinical response
at first follow-up a median of 2.5 and 2.4 months after starting linaclotide, respectively. Approximately a third of patients
experienced adverse events and eventually 27% stopped using linaclotide due to adverse events. The most common adverse
events were diarrhea, abdominal pain, nausea, and bloating.

Conclusion Nearly half of children with FC or IBS-C benefited from linaclotide, but adverse events were relatively common.
Further prospective, controlled studies are needed to confirm these findings and to identify which patients are most likely
to benefit from linaclotide.

1 Introduction

Approximately 50% of children with functional consti-
pation (FC) or irritable bowel syndrome (IBS) remain
symptomatic with conventional treatment.

Functional gastrointestinal disorders are common in pediat-
rics, affecting nearly a third of children in population-based
studies [1, 2]. The two most common pediatric functional
gastrointestinal disorders are functional constipation (FC),

Linaclotide is a guanylate cyclase-C receptor agonist and
may be beneficial for some children with FC (45%) and
IBS with constipation (42%).

Adpverse events, especially diarrhea, are common and
led to discontinuation of linaclotide in nearly a third of
children.
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with a global pooled prevalence of 9.5%, and irritable bowel
syndrome (IBS), with a pooled prevalence of 12% [3, 4].
Both disorders are diagnosed with the symptom-based Rome
IV criteria [5]. Conventional treatment of FC includes edu-
cation, behavioral intervention with toilet training, and oral
laxatives [6]. Treatment of IBS consists of education, dietary
changes, behavioral therapy, hypnotherapy, and pharmaco-
logic treatment, although in children the evidence for benefit
of pharmacological treatment is very limited [7].
Long-term follow-up studies have shown that a significant
proportion of children with FC and IBS continue to strug-
gle with symptoms despite conventional treatment [8—10].
In addition, these conditions have a detrimental impact on
quality of life for both the children and their family [11, 12].
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Therefore, there is a need to identify new therapeutic options
[13]. In the past decade, a number of novel pharmacologic
treatments have emerged for adults with FC and IBS with
constipation (IBS-C) [13]. One of these is linaclotide, a gua-
nylate cyclase-C receptor agonist that activates intracellular
conversion of guanosine 5-triphosphate to cyclic guanosine
monophosphate, resulting in intestinal fluid secretion, accel-
erated gut transit, and a decrease in visceral hypersensitivity
in stress-induced and inflammation-induced visceral pain
[14]. The drug uses a pathway that has not yet been used
before in the treatment of children with FC or IBS-C and
may be helpful for children who do not respond to conven-
tional therapy. Linaclotide has been shown to be safe and
effective for adults with FC and IBS-C and is included in
current practice guidelines for adults with these conditions
[15-18]. To date, the use of linaclotide in children with FC
or IBS-C has not been published in peer-reviewed literature.
The objective of our study is to evaluate the safety and effi-
cacy of linaclotide in children with FC or IBS-C.

2 Methods

We performed a retrospective chart review of all children
who were prescribed linaclotide for FC or IBS-C at our
institution (Nationwide Children’s Hospital, Columbus,
Ohio) between September 2013 and May 2019. We included
patients 0—18 years of age who were treated with linaclotide
during this period and had follow-up data (i.e., telephone
encounter or office visit) available. We excluded patients
who were already on linaclotide at the time of their initial
presentation at our institution and those with other gastro-
intestinal disorders that could contribute to constipation or
abdominal pain. Data on patient characteristics, medical
and surgical history, symptoms, clinical response, linaclo-
tide dosing, course of treatment, and adverse events were
collected and stored in a REDCap electronic data capture
database [19]. Follow-up data were divided into initial and
long-term follow-up (> 1 year). If the initial follow-up was
after 1 year, data was included in both follow-up time points.
If children had multiple long-term follow-up time points, we
used the data closest to 1 year. Because of the retrospective
nature of our study and reliance on information recorded
in the patient charts, we recorded most clinical outcomes
as binary variables. A positive clinical response was deter-
mined based on the physician’s global assessment of symp-
toms at the time of the visit as documented in the patients’
medical records. This study was reviewed and approved by
the local institutional review board of Nationwide Children’s
Hospital (Columbus, Ohio, USA).

Data distribution was evaluated by both visual inspec-
tion of means, standard deviations, medians, histograms, and
Q—Q plots, as well as by statistical testing with the use of the
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Shapiro—Wilk test. Statistical analyses included descriptive
statistics (median, interquartile range, number, percentage).
We compared baseline and follow-up data using McNemar’s
test or Wilcoxon signed rank test as appropriate. Statistical
analyses were conducted using SPSS for Windows, version
24 (SPSS, Inc., Chicago, IL, USA).

3 Results

We identified 269 patients who were prescribed linaclotide at
our institution (Fig. 1). The majority of patients were excluded
because no follow-up data was available, or patients did not
start using the medication. Primary reasons for not starting
the medication were lack of insurance coverage and high cost
(the current list price in the US is $445 per month depending
on dosage and pharmacy costs [20]). We included 93 patients
in the analysis (60% female, median age 14.7 years, range
8—17 years). Patient characteristics are shown in Table 1. All
included patients had a diagnosis of FC (n = 60; 64.5%) or
IBS-C (n = 33; 35.5%). Nineteen patients (20%) had previ-
ously undergone a surgical intervention. The most common
intervention was an appendicostomy or cecostomy procedure
(10 patients, 11%). Eight patients (9%) had tried lubiprostone
before starting linaclotide and 25 patients (27%) were using
lubiprostone before starting linaclotide. At time of starting lin-
aclotide, 50 patients (FC n=25; IBS-C n=25) had additional
treatment changes simultaneously with the start of linaclotide.
In 40 patients, starting linaclotide was accompanied with a
discontinuation of one or more drugs (lubiprostone [n=24],
polyethylene glycol [n=6], senna [n=3], wean antegrade
flushes [n=2], docusate tablet [n=2], lactulose [n=2], bisa-
codyl [n=1], milk of magnesia [n=1]). In five patients, the
additional change entailed the addition of another intervention
(start bisacodyl [n=3], start glycerin [n=1], start FODMAD
diet [n=1]). In the remaining five patients, the start of lina-
clotide was accompanied by a combination of an addition/
discontinuation of other interventions. Moreover, four patients
(4%) had a clean-out at start of linaclotide. The majority of
patients (n=78; 84%) started with a dose of 145 ug daily.
The median age of children starting with 72 ug was similar to
that of children starting with 145 ug (median age 14.5 years
[IQR 12.6—-15.8] and median age 14.8 years (IQR 13.3-16.6),
respectively).

3.1 Functional Constipation

As shown in Table 2, 50 (83%) of the 60 patients with
FC used linaclotide until their first follow-up 2.5 months
(median) after starting linaclotide. Among those patients,
27/50 (54%) reported a positive clinical response, mean-
ing that 45% of the initial 60 patients reported to have ben-
efited from using linaclotide. Compared with baseline, fewer
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269 patients identified with
linaclotide prescriptions

149 patients did not use medication or had no
follow-up data

10 patients were already using linaclotide
whenfirstseen

\ 4

13 patients were 218 years old when first
started on linaclotide

3 patients were diagnosed with inflammatory
boweldisease, 1 patient was diagnosed with
Hirschsprung’s disease

\ 4

93 patientsincluded in
analysis of first follow-up

26 patients stopped using linaclotide at first
follow-up

13 patients stopped using linaclotide before
long-term follow-up

31 patients used linaclotide at latest follow-
up butdid not have follow-up data after1
vear

A4

23 patientsincluded in analysis
of long-term follow-up

Fig. 1 Patient flow diagram

patients complained of symptoms of constipation (40/48
[83%] vs 17/32 [64%]; p=0.039) and patients reported more
frequent bowel movements (from a median of 4 bowel move-
ments per week [IQR 2-7] to 7 [IQR 7-7]; p=0.027).
After the first follow-up visit, 44/60 (73%) patients con-
tinued to use linaclotide. Fifteen of these 44 patients con-
tinued to use linaclotide and returned to follow-up after a
year of treatment. At a median of 17 months after starting
linaclotide, 14/15 (93%) remained on linaclotide and 13/14
(93%) continued to report a positive clinical response. Ten
of 44 patients stopped using linaclotide between their first
follow-up and long-term follow-up. Nineteen of 44 patients

were still using linaclotide at their latest follow-up but did
not have follow-up data after 1 year. None of the patients
who had a positive clinical response stopped the medication
during the follow-up interval. There were no statistically sig-
nificant differences between reported abdominal pain, fecal
incontinence, or painful/hard bowel movements at baseline
compared with first and long-term follow-up.

3.2 IBS-C

As shown in Table 3, 24 (73%) of the 33 patients with
IBS-C used linaclotide until their first follow-up 2.4 months
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Table 1 Baseline patient characteristics

FC (N=60) IBS-C (N=33)
Female, n (%) 36 (60) 24 (73)
Age in years, median (IQR) 13.9 (12.6-16.2) 15.8 (14.7-16.7)
Duration of symptoms in years, median (IQR)? 5.8 (2.3-8.3) 3.1(1.2-4.6)
Surgical history
None, n (%) 44 (73) 30 (91)
Appendicostomy/cecostomy, n (%) 9 (15) 1(3.0)
Sacral nerve stimulation, n (%) 4(6.7) 1(3.0)
Colonic resection, n (%) 3(5.0) 0(0)
Anal sphincter botulinum toxin injection, n (%) 1(1.7) 2(6.1)
Stoma, n (%) 1(1.7) 0(0)
Colonic motility, total tests 23 3
Normal, n (%) 10 (43) 1(33)
Distal segmental dysmotility, n (%) 12 (52) 1(33)
Generalized dysmotility, n (%) 14.3) 1(33)
Treatment before starting linaclotide
Oral laxatives, n (%) 46 (77) 25 (76)
Polyethylene glycol, n (%) 22 (37) 15 (46)
Senna, n (%) 14 (23) 9 (27)
Psyllium fiber, n (%) 4(6.7) 1(3.0)
Lactulose, n (%) 4(6.7) 0 (0)
Milk of magnesia, n (%) 2(3.3) 1(3.0)
Lubiprostone, n (%) 12 (20) 13 (39)
Neuromodulators, n (%) 10 (17) 10 (30)
Hyoscyamine, n (%) 3(5.0 39.1)
Serotonin reuptake inhibitor, n (%) 3(5.0) 1(3.0)
Dicycloverine, n (%) 2(3.3) 2(6.1)
Gabapentin, n (%) 2(3.3) 1(3.0)
Tricyclic antidepressant, n (%) 0(0) 309.1)
Antegrade continence enemas, n (%) 8 (13) 1(3.0)
Rectal medication, n (%) 5(8.3) 4 (12)
Bisacodyl enema PRN, n (%) 3(5.0 2(6.1)
Mineral oil enema PRN, 7 (%) 1(1.7) 1(3.0)
Bisacodyl enema weekly, n (%) 1(1.7) 0 (0)
Sodium fleet enema daily, n (%) 0(0) 1(3.0)
Sacral nerve stimulation, n (%) 0 (0) 00
Dose at start of linaclotide
72 pg daily, n (%) 10 (17) 4(12)
145 pg daily, n (%) 50 (83) 28 (85)
290 ug daily, n (%) 0(0) 1(3.0)

FC functional constipation, /BS-C irritable bowel syndrome with constipation, PRN when necessary

Includes data of 44 children with FC and 25 children with IBS-C

(median) after starting linaclotide. Of those patients, 14/24
(58%) reported a positive clinical response, meaning that
42% of the initial 33 patients reported to have benefited from
using linaclotide.

After the first follow-up visit, 23/33 (70%) patients con-
tinued to use linaclotide. Eight of these patients continued
to use linaclotide and returned to follow-up after a year of
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treatment. At a median of 17 months after starting linaclo-
tide, 7/8 (88%) remained on linaclotide and 6/7 (73%) con-
tinued to report a positive clinical response. Three of 23
patients stopped using linaclotide between their first follow-
up and long-term follow-up. Fifteen of 23 patients were still
using linaclotide at their latest follow-up but did not have
follow-up data after 1 year. None of the patients who had
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Table 2 Outcomes of patients with functional constipation (FC)
Baseline (N=60) Initial follow-up (N =60) Long-term
follow-up
(N=15)
Time after start linaclotide in months, median (IQR) n/a 2.5(0.9-3.9) 17 (15-25)
Used medication until follow-up, n (%) n/a 50 (83%) 14 (93%)
Overall improvement of symptoms, n/N (%)* n/a 27/50 (54%) 13/14 (93%)
Symptoms®
Constipation, n/N (%) 40/48 (83%) 17/32 (64%)* 2/12 (17%)
BM frequency per week, median (IQR)® 4 (2-7) 7 (T-7)* 7(7-7)
Abdominal pain, n/N (%) 23/38 (61%) 14/30 (47%) 5/12 (42%)
Fecal incontinence, n/N (%) 14/38 (37%) 11/30 (22%) 0/10 (0%)
Painful/hard bowel movements, n/N (%) 13/27 (22%) 7124 (14%) 0/9 (0%)
Decision at follow-up encounter n/a
Continue current dose of linaclotide, n (%) 36 (60%) 12 (80%)
Increase linaclotide dose, n (%) 7 (12%) 2 (13%)
Decrease linaclotide dose, n (%) 1(1.7%) 0 (0%)
Stop linaclotide, n (%) 16 27%) n/a
Because of side effects, n (%) 11 (69%)
Because no effect on symptoms, n (%) 5031%)
Because of switch to lubiprostone, n (%) 1(1.7%)
*p Value <0.05 compared with baseline
# Includes only patients who used medication until follow-up
® Includes only patients who used medication until follow-up and specifically reported details about the given symptom
¢ BM: bowel movement; n=34, n=23, n=9, respectively
Table 3 Outcomes of patients with irritable bowel syndrome with constipation (IBS-C)
Baseline (N=33) First follow-up (N=33) Long-term
follow-up
N=38)
Time after start linaclotide in months, median (IQR) n/a 2.4(0.94.0) 17 (14-20)
Used medication until follow-up, n (%) n/a 24 (73) 7 (88%)
Overall improvement of symptoms, n/N (%)* n/a 14/24 (58) 6/7 (86%)
Symptoms®
Constipation, n/N (%) 27/28 (96) 10/18 (56) 1/5 20%)
BM frequency per week, median (IQR)® 3(2-7) 502-7) 7(3-7)
Abdominal pain, n/N (%) 26/28 (93) 12/15 (80) 4/7 (57%)
Fecal incontinence, n/N (%) 2/22 (9) 0/13 (0) 0/6 (0%)
Painful/hard bowel movements, n/N (%) 12/18 (67) 2/9 (22) 0/5 (0%)
Decision at follow-up encounter n/a
Continue current dose of linaclotide, n (%) 19 (58) 5(71%)
Increase linaclotide dose, n (%) 4(12) 2 (29%)
Decrease linaclotide dose, n (%) 00 0(0%)
Stop linaclotide, n (%) 10 (30) n/a
Because of side effects, n (%) 9 (90)
Because of no effect on symptoms, n (%) 0(0)
Because of insurance denial, n (%) 1(3)

# Includes only patients who used medication until follow-up

® Includes only patients who used medication until follow-up and specifically reported details about the given symptom

¢ BM: bowel movement; n=18, n=12, n=6, respectively
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a positive clinical response stopped the medication during
the follow-up interval. There were no statistically significant
differences between reported constipation, bowel movement
frequency, abdominal pain, or fecal incontinence at baseline
compared with first and long-term follow-up.

3.3 Patients with a Surgical History

Among the 19 patients with a surgical history, 17 (89%) used
linaclotide until their first follow-up. Of those patients, 9/16
(56%) reported a positive clinical response. Two (22%) of
the nine patients who were using antegrade continence ene-
mas at baseline were able to successfully completely wean
off the antegrade flushes while using linaclotide during our
complete follow-up.

3.4 Adverse Events

At the time of the first follow-up appointment, 33/93 (35%)
of patients reported adverse events and 12/93 (13%) had
discontinued linaclotide before their first follow-up because
of adverse events. Adverse events included diarrhea (n=17),
(increase in) abdominal pain (n=11), nausea (n=7), flatu-
lence (n=4), fecal incontinence (n=4), bloating (n=73),
dizziness (n=2), headaches (n=2), weight gain (n=1),
diaphoresis (n=1), and mucus in their stools (n=1). The
most commonly reported adverse events are broken down
to diagnosis and prescribed linaclotide dose in Table 4.
None of the adverse events required hospitalization. After
the first follow-up visit, two patients who had stopped lina-
clotide restarted the medication, but another nine patients
decided to stop using linaclotide because of adverse events,
resulting in 19/93 patients (20%) who had discontinued lina-
clotide because of adverse events at first follow-up. After
their initial follow-up, another six patients stopped using
linaclotide because of adverse events, resulting in a total of
25/93 (27%). At long-term follow-up, two patients reported
adverse events at their follow-up including diarrhea and
bloating.

4 Discussion

This retrospective study suggests that linaclotide may be of
value for the treatment of some children with FC or IBS-C.
Adverse events were reported in 35% of patients at their ini-
tial follow-up and 20% stopped using the medication because
of these adverse events.

For patients with FC, we found that around 45% reported
benefit at first folllw-up. In accordance with what is reported
in adults with FC, we found that linaclotide significantly
improved bowel movement frequency [15]. Since this study
was not controlled, nor blinded, part of this benefit may be
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Table4 Adverse events at first follow-up divided by diagnosis and
linaclotide dose

72 ug 145 pg 290 pg
Functional constipation N=10 N=50 N=0
No adverse events, n (%) 4 (40) 36 (72) n/a
Adverse events, n (%) 6 (60) 14 (28) n/a
Diarrhea, n (%) 2 (20) 5(10)
Abdominal pain, n (%) 1 (10) 6 (12)
Nausea, n (%) 1 (10) 3(6.0)
Flatulence, n (%) 2 (20) 2(4.0)
Fecal incontinence, n (%) 1(10) 2 (4.0)
Bloating, n (%) 1 (10) 1(2.0)
Irritable bowel syndrome with N=4 N=28 N=1
constipation
No adverse events, n (%) 3(75) 16 (57) 0(0)
Adverse events, n (%) 1(25) 12 (43) 1 (100)
Diarrhea, n (%) 0(0) 10 (36) 0(0)
Abdominal pain, n (%) 1(25) 2(7.1) 1 (100)
Nausea, n (%) 0(0) 2(7.1) 1 (100)
Flatulence, n (%) 0(0) 0(0) 0(0)
Fecal incontinence, n (%) 0(0) 1(3.6) 0(0)
Bloating, n (%) 0(0) 0(0) 1 (100)

due to placebo effect, which can range between 17-32% in
this population [21-23]. However, we believe these results
are still promising since our population consisted of children
with particularly severe symptoms, including patients with
antegrade continence enema use (13%), a history of sacral
nerve stimulation (7%), and partial colonic resection (5%).

As for patients with IBS-C, we found that around 40%
of patients reported benefit at first follow-up but we found
no significant differences in reported symptoms. However,
our sample size for patients with IBS-C was relatively small
and our outcomes were not as specific as those used in other
trials [24, 25]. An abstract was recently published report-
ing the preliminary results of a multicenter, randomized,
double-blind, placebo-controlled trial on linaclotide treat-
ment that included 173 children diagnosed with IBS-C aged
6—17 years [26]. The investigators did not find significant
improvement in spontaneous bowel movement frequency
with linaclotide when compared with placebo but reported
a trend towards efficacy at higher doses. The doses used in
this study were dependent on age and weight and ranged
between 18 pg and 290 ug, where 145 pg was considered a
high dose. In contrast, in our study the most common dose
used was 145 ug (78 patients; 84%). Given our study design,
it is possible that the benefit we observed was in part sec-
ondary to placebo effect, and a recent systematic review and
meta-analysis found a similar placebo effect of around 40%
for children with abdominal pain-related functional gastro-
intestinal disorders [27]. It may also be possible that the
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improvement we observed resulted from the higher doses
used in our study. Adult studies investigating the effect of
linaclotide on patients with IBS-C showed that, compared
with placebo, linaclotide improved both abdominal pain and
bowel symptoms [16, 28-30].

Adverse events were common in our study. At initial
follow-up, 35% of patients reported adverse events and 20%
stopped using linaclotide because of them. This number is
high compared with the previously mentioned abstract of the
pediatric trial [26]. The frequency of adverse events in our
study was similar to that described in adult studies. In adults,
diarrhea is the most common adverse event with a preva-
lence of 20%; we found that diarrhea was reported in 18% of
all children (16). However, over the course of our study, 27%
of patients eventually stopped linaclotide because of adverse
events, which is higher than the 9% discontinuation rate in
adults treated with linaclotide [31]. This may be secondary
to the relatively higher doses used in our patient population
or be caused by other medications and/or interactions.

The primary strength of this study is that it is the first
to report on the efficacy and safety of linaclotide in a fairly
large cohort of pediatric patients with FC and IBS-C in clini-
cal practice. Furthermore, we looked into other medication
changes and described in detail the characteristics of our
study population. However, there are several limitations of
this study inherent to its design as a retrospective review.
Our data were based on what was documented in the medi-
cal chart. As noted previously, over half of our patients had
additional treatment changes at the time of starting linaclo-
tide, making it difficult to attribute the subsequent effects
and adverse events solely to linaclotide. The majority of
patients who were prescribed linaclotide did not start treat-
ment because of insurance denial and/or too high costs. In
addition, the majority of children with FC were older than
the average age of children presenting with FC and a sub-
stantial subset had undergone a surgical intervention for
their constipation. Therefore, our sample likely represents a
particularly severe patient population with symptoms refrac-
tory to conventional treatment, limiting the generalizability
of our findings to all children with FC and IBS-C. Lastly, the
improvement noted at long-term follow-up should be inter-
preted with caution as improvement may be secondary to the
natural history of the disorders, as well as other interventions
initiated during the follow-up period.

5 Conclusion

In this review of our experience with children with FC or
IBS-C treated with linaclotide, over 40% of patients reported
benefit and we found significant improvement in constipa-
tion symptoms in children with FC. However, adverse events

were common and nearly a third of patients stopped using
linaclotide because of them. Our findings suggest that lina-
clotide may be of value in the treatment of some pediatric
patients with FC or IBS-C if symptoms persist despite con-
ventional treatment. However, more research is needed to
better understand the efficacy and safety of various doses of
linaclotide in children and adolescents, and to identify which
children may be more likely to respond well to linaclotide
treatment.
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