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Prucalopride Is No More Effective Than Placebo for Children
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BACKGROUND & AIMS: Prucalopride is a selective, high-
affinity agonist of the 5-hydroxytryptamine (serotonin) recep-
tor 4 that enhances motility in the gastrointestinal tract. We
performed a multicenter, randomized, placebo-controlled,
double-blind, phase 3 trial to evaluate the efficacy and safety
of prucalopride in children (6 months to 18 years old) with
functional constipation. METHODS: Children with functional
constipation, based on the Rome III criteria, were given pru-
calopride (children �50 kg were given a 0.04 mg/kg oral so-
lution; children >50 kg were given a 2-mg tablet) or placebo
once daily for 8 weeks. The primary efficacy end point was the
proportion of children with toileting skills who had a mean of
�3 spontaneous bowel movements/week and �1 episode of
fecal incontinence/2 weeks, from study weeks 5–8 (re-
sponders). Adverse events, clinical laboratory values, and
electrocardiograms were monitored. RESULTS: Efficacy and
safety were assessed in 213 children (106 prucalopride, 107
placebo). Twenty-five percent were younger than 4 years old,
50% were 4–11 years old, and 25% were 12–18 years old;
55.4% were girls. At screening, 62.3% of patients in the pru-
calopride group and 55.1% in the placebo group had a history
of fecal incontinence; 60.4% and 55.1% in the prucalopride and
placebo groups, respectively, had a mean of �1 spontaneous
bowel movements/week. The proportion of responders was
similar between groups (prucalopride, 17.0% and placebo,
17.8%). There were no statistically significant differences in the
primary efficacy end point when patients were stratified by sex,
age group, or country. The incidence of treatment-emergent
adverse events was similar in the prucalopride (69.8%)
and placebo (60.7%) groups. CONCLUSIONS: Prucalopride,
although generally well tolerated, was not more effective than
placebo in children with functional constipation. ClinicalTrials.
gov Number: NCT01330381.
Abbreviations used in this paper: 5-HT4, 5-hydroxytryptamine (serotonin)
receptor 4; AE, adverse event; BM, bowel movement; ECG, electrocar-
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diogram; FI, fecal incontinence; HRQoL, health-related quality of life;
PedsQL, Pediatric Quality of Life Inventory Generic Core Scales Version
hildhood constipation is a common problem, with an
1

4.0; PEG, polyethylene glycol; SBM, spontaneous bowel movement; TEAE,
treatment-emergent adverse event.
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Cestimated worldwide prevalence of 0.7%�29.6%.
In most children, constipation is characterized by infre-
quent painful defecation, large stools, fecal incontinence
(FI), and abdominal pain.2,3 Chronic constipation is
associated with impaired health-related quality of
life (HRQoL),4,5 with many children needing long-term
treatment. Despite treatment, up to 25% of children
continue to have constipation beyond puberty.6 The treat-
ment of functional constipation in children comprises
education, behavioral modification, and oral laxatives.
Despite the widely accepted use of laxatives, clinical
evidence of their efficacy and safety in children is limited.7

The 5-HT4 agonist cisapride was shown to be effective in
the treatment of children with constipation;8 however, cis-
apride has now been withdrawn from use because of car-
diovascular safety concerns.

Prucalopride (Resolor; Shire-Movetis NV, Turnhout,
Belgium) a dihydrobenzofurancarboxamide derivative, is a
selective, high-affinity 5-HT4 receptor agonist with gastro-
intestinal prokinetic properties.9,10 Prucalopride is
approved in the EU for the symptomatic treatment of
chronic constipation in women for whom laxatives fail to
provide adequate relief. Prucalopride stimulates colonic
motility by increasing high-amplitude propagated contrac-
tions, and accelerates colonic transit in healthy volunteers
and adult patients with constipation.11–13 Several random-
ized, double-blind, placebo-controlled, phase 3 trials in
adults have demonstrated that prucalopride is well toler-
ated and effective in increasing stool frequency, reducing
constipation-related symptoms, and improving HRQoL.14–19

Its high affinity and selectivity for 5-HT4 receptors differ-
entiates prucalopride from previous-generation compounds,
such as cisapride and tegaserod, and minimizes the poten-
tial for target-unrelated side effects.20,21

To date, one open-label pilot study has investigated
the effect of prucalopride in children.22 After 8 weeks of
treatment, constipation-related symptoms improved in
55% of patients, including an increase in bowel move-
ment (BM) frequency and a reduction in FI. Prucalopride
http://dx.doi.org/10.1053/j.gastro.2014.09.005
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was well tolerated and no relevant changes in vital
parameters or electrocardiogram (ECG) recordings were
observed.

The aim of this trial was to determine the efficacy, safety,
and tolerability of prucalopride compared with placebo for
the treatment of functional constipation in children.
Methods
Study Design

A multicenter, randomized phase 3 trial was conducted
from April 2011 to March 2013 at 33 centers in Europe
(ClinicalTrials.gov: NCT01330381). The trial comprised an
8-week double-blind, placebo-controlled period and a 16-week,
open-label, active-controlled period (Figure 1).

The study was conducted in accordance with the Interna-
tional Conference on Harmonisation of Good Clinical Practice,
the principles of the Declaration of Helsinki, and applicable
local ethical and legal requirements. The protocol was reviewed
and approved by the ethical committees of all participating
centers. Written informed consent was obtained and signed by
each child’s legal guardian and by the investigator before the
initiation of any study procedures. Assent was obtained for
children aged >6 years. All authors had access to the study data
and reviewed and approved the final manuscript.

Study Population
Children aged between 6 months and 18 years with a

confirmed diagnosis of functional constipation based on the
Rome III criteria were eligible for inclusion.23 Functional con-
stipation was defined as <3 spontaneous bowel movements
(SBMs)/week with at least 1 of the following during the pre-
vious month (for patients aged <4 years) or 2 months (for
patients aged �4 years): �1 episode of FI/week (after the
acquisition of toileting skills); retentive posturing or excessive
volitional stool retention; painful or hard BMs; large-diameter
stools; or a large fecal mass in the rectum. A BM was consid-
ered spontaneous when neither an oral laxative nor an enema
had been used in the preceding 24 hours. After screening,
eligible patients entered a run-in period that comprised 1 week
of control measurements for the documentation of constipation
symptoms, followed by fecal disimpaction with an oral laxative
(eg, polyethylene glycol [PEG] 3350 for 1–3 days) or an enema
(sodium dioctylsulfosuccinate and sorbitol), if required. The
success of disimpaction was evaluated by questioning the pa-
tient and/or their legal guardian(s) regarding BMs.

In cases in which a laxative or other prohibited medication
was used at screening, this medication was stopped and the
run-in period extended by 1 week to allow for washout. Pro-
hibited medications are listed in the Supplementary Materials.

The following exclusion criteria were applied: underlying
cause of defecation disorder (eg, Hirschsprung’s disease, spina
bifida occulta, cystic fibrosis, or gastrointestinal malforma-
tions); significant developmental delays associated with
musculoskeletal or neurologic conditions affecting the gastro-
intestinal tract; constipation secondary to endocrine, metabolic,
neurologic, organic, autoimmune disorders, surgery, or drugs;
clinically significant cardiac, vascular, liver, pulmonary, or
psychiatric disorders; severe renal insufficiency; human im-
munodeficiency virus; acquired immunodeficiency syndrome;
hepatitis B; hepatitis C; or clinically significant abnormalities of
hematology, urinalysis, or blood biochemistry at screening.
Patients with known lactose intolerance for whom it was ex-
pected that low doses of lactose could lead to diarrhea, or those
who were known to have an allergy to one of the investiga-
tional drugs or its excipients, were also excluded. Patients who
were breast-fed during the study or who used any investiga-
tional drug within the 30 days preceding screening were also
excluded.

The children were not to change their lifestyle or diet. This
instruction was given to the children and/or their legal
guardian(s), and included no changes to exercise levels or fiber
intake. If applicable, legal guardians of children aged �4 years
were instructed to continue with toilet training (defined as at
least three 5-minute visits to the toilet in a silent relaxed at-
mosphere after each meal) during the study.

Randomization and Dosing
Participants were randomized 1:1 to placebo or pruca-

lopride. Randomization was organized using a central interac-
tive web-based, voice-response system, which applied a
minimization algorithm and generated a medication number to
ensure blinding. Randomization was stratified by country and
Figure 1. Study design.
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age (�6 months to <4 years; �4 to <12 years; and �12 to <18
years). It was planned to enroll a minimum of 30% of the total
number of patients from either sex, and at least 15% of the total
from each age group.

During the 8-week double-blind period (Figure 1), children
weighing �50 kg received prucalopride or placebo 0.04 mg/kg
body weight, once daily (prucalopride succinate oral solution
equivalent to 0.4 mg/mL prucalopride). After 4 weeks, the dose
could be increased to 0.06 mg/kg or decreased to 0.02 mg/kg,
based on treatment response and the presence of safety/
tolerability concerns, respectively. Children who underwent
dose adjustment remained on that dose for the remainder of
the double-blind period. Patients weighing >50 kg received
either placebo or a 2-mg prucalopride tablet once daily with no
dose adjustments. Irrespective of body mass, the maximum
dose per intake was 2 mg prucalopride or placebo. The
preferred daily dosing schedule was 1–3 hours before evening
meals. Patients and investigators were blinded to treatment
allocation; placebo was identical in taste and appearance to
prucalopride. Patients visited the study center at weeks 2, 4,
and 8 for efficacy and safety assessments.

To evaluate long-term safety and tolerability, patients who
completed the 8-week double-blind period and wished to
continue treatment were re-randomized 1:1 to receive, without
a washout period, 16 weeks of open-label treatment with
prucalopride or PEG 4000. Randomization was stratified by
preceding treatment, country, and age group. For children ran-
domized to prucalopride, dosing was set by body mass as
measured at the start of the double-blind period. No dose
adjustments were permitted during the open-label period.
Patients assigned to PEG 4000 received 4–20 g once daily before
the evening meal based on their age (�6 months to<1 year: 4 g;
�1 to<4 years: 8 g;�4 to<8 years: 12 g;�8 to<18 years: 20 g).
Patients visited the study center at weeks 16 and 24 for assess-
ment of safety, and patient’s global assessment of constipation
severity, and treatment convenience and efficacy.
Concomitant Medication
Laxatives and agents that influence bowel habits were not

permitted during the run-in or study periods. If the patient
did not have a BM for �3 consecutive days, they could take
5 mg bisacodyl or 7.5 mg/mL sodium picosulfate droplets
(1 droplet per 5 kg body mass) for rescue purposes. If the
standard dose was insufficient, an increase was allowed after
discussion with the investigator. If the patient had no BMs, an
enema (eg, sodium dioctylsulfosuccinate and sorbitol) or oral
agent (eg, PEG 3350) could be administered to remove the
impaction.
Efficacy End Points
Response was defined as a mean SBM frequency of �3/

week and a mean FI frequency of �1/2 weeks during weeks
5–8 of the double-blind period. FI was taken into account only
after the acquisition of toileting skills.

Secondary end points assessed during the double-blind
period included SBM frequency, FI frequency, retentive
posturing or excessive volitional stool retention, pain during
defecation, stool consistency, abdominal pain, use of rescue
medication, and HRQoL. During the open-label period, efficacy
was assessed by global assessment of constipation severity,
treatment convenience, and efficacy. Safety and tolerability
were assessed throughout.

Efficacy Assessments
E-diary. From the start of the run-in period through to the

end of the double-blind period, patients and/or their legal
guardian(s) recorded in daily e-diaries the timing of BMs, stool
consistency (using the Bristol Stool Scale), presence of painful
defecation (6-point scale), passing of a large-diameter stool,
number of FI episodes, presence of abdominal pain (using the
Wong–Baker Faces Pain Rating Scale),24 and presence of
retentive posturing or excessive volitional stool retention. Date
and time of study drug intake, rescue medication use, and toilet
training were also recorded.

Global assessment. At screening, baseline, and weeks 2,
4, 8, 16, and 24, the severity of constipation during the previous
2 weeks (0 ¼ absent, 4 ¼ very severe) and global evaluation of
treatment efficacy were assessed (0 ¼ not at all effective,
4 ¼ extremely effective). At week 24 or discontinuation,
treatment convenience was evaluated (�2 ¼ not at all conve-
nient/very difficult, 2 ¼ very convenient/very easy).

Questionnaires. HRQoL was evaluated at the end of the
run-in period and at weeks 8 and 24, or on discontinuation
using the Pediatric Quality of Life Inventory Generic Core Scales
Version 4.0 (PedsQL) and the PedsQL gastrointestinal symp-
toms module.25–30

Safety and tolerability assessments. Blood pressure,
pulse rate, and temperature were recorded at screening,
and at weeks 0, 8, and 24. ECGs were taken at these visits to
measure RR, PR, QRS, and QT intervals, as well as heart rate.
Physical examinations, including pregnancy testing for girls
who were of childbearing potential, were performed at
screening and weeks 0, 8, and 24. Weight and height were
recorded at all visits except the second screening visit; Tanner
stages were recorded at weeks 0 and 24. Blood samples for
biochemistry/hematology and a urine sample for urinalysis
were taken at screening and at weeks 8 and 24. All adverse
events were recorded. Safety was monitored by an indepen-
dent monitoring board.

Statistical Analysis
It was calculated that 97 patients per treatment group would

be sufficient to detect a difference of �20% in response rate
between prucalopride and placebo with a 5% level of signifi-
cance and a power of 80%. To take into account the possibility of
discontinuations or insufficient e-diary data, the sample size was
set at 105 patients in each group. After approximately 70 chil-
dren had completed the double-blind period, a formal interim
analysis was performed and evaluated by an independent data
safety monitoring board to decide whether a general dose
adjustment was required for the open-label period.

The primary efficacy analysis was performed on the intent-
to-treat population, which included all patients who were
randomized and used the investigational product at least once.
The per-protocol set was used for sensitivity analysis, and was
a subpopulation of the intent-to-treat population, excluding
patients who stopped treatment with the investigational
product before day 37, or who had a protocol violation that had
the potential to affect efficacy and/or safety.

For inferential statistics on binary data, the Cochran–
Mantel–Haenszel test (controlled for stratification factors
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[country and age group]) was used to test for differences
between treatments. For inferential statistics on continuous
parameters, treatment comparisons were performed using an
analysis of covariance model, including treatment, country, and
age group as factors and baseline score as a covariate. Time-to-
event data were analyzed descriptively using a Kaplan–Meier
curve. For inferential statistics, the log-rank test (controlled for
country and age group) was used.

The safety analysis was performed on the safety set, which
comprised all patients who were randomized and used the
investigational product at least once. For each safety parameter,
the last nonmissing value collected before the first dose of
investigational product was used as baseline.
Results
Enrollment

Of the 304 screened patients, 89 were excluded before
randomization (Figure 2). Therefore, 215 patients were
randomized, 107 to the prucalopride group and 108 to the
placebo group. Two patients withdrew consent before
investigational product dosing and, as a result, the safety
population comprised 213 children (prucalopride: 106;
placebo: 107). The per-protocol set excluded 12 patients
who stopped treatment with the investigational product
before day 37, and 43 who had a protocol violation that had
the potential to affect efficacy and/or safety.

The majority (91.6%) of patients completed the double-
blind period (prucalopride: 89.7%; placebo 93.5%). The
most common reason for withdrawal was withdrawn con-
sent (Figure 2). Overall, 197 patients entered the open-label
period; 98 were re-randomized to prucalopride and 99 to
PEG. The discontinuation rate in the PEG group was 18.2%,
compared with 10.2% in the prucalopride group.
Demographics and Baseline Characteristics
Slightly more girls (55.4%) than boys (44.6%) were

randomized; this was similar in both groups (Table 1). Mean
(SD) age was 8.3 (4.54) years in the prucalopride group and
8.2 (4.69) years in the placebo group. Approximately 25% of
patients were aged <4 years, 50% were �4 to <12 years,
and 25% were �12 to <18 years.

Baseline disease characteristics were well balanced
across treatment groups. Patients had a mean duration of
constipation of 4.4 years in the prucalopride group and 4.2
Figure 2. Study flow and
disposition of patients.



Table 1.Patient Demographics and Baseline Characteristics (Safety Analysis Set)

Prucalopride Placebo

Tablet
(n ¼ 22)

Solution
(n ¼ 84)

Total
(n ¼ 106)

Tablet
(n ¼ 27)

Solution
(n ¼ 80)

Total
(n ¼ 107)

Age, y, mean (SD) 14.9 (1.95) 6.6 (3.26) 8.3 (4.54) 14.7 (2.26) 6.1 (2.98) 8.2 (4.69)
Age group, n (%)

<4 y 0 27 (32.1) 27 (25.5) 0 26 (32.5) 26 (24.3)
�4 to <12 y 1 (4.5) 51 (60.7) 52 (49.1) 2 (7.4) 52 (65.0) 54 (50.5)
�12 to <18 y 21 (95.5) 6 (7.1) 27 (25.5) 25 (92.6) 2 (2.5) 27 (25.2)

BMI, kg/m2, mean (SD) 23.8 (5.86) 16.0 (2.08) 17.6 (4.51) 22.5 (2.69) 16.0 (2.62) 17.6 (3.87)
Sex, n (%)

Female 17 (77.3) 43 (51.2) 60 (56.6) 16 (59.3) 42 (52.5) 58 (54.2)
Male 5 (22.7) 41 (48.8) 46 (43.4) 11 (40.7) 38 (47.5) 49 (45.8)

Race, n (%)
White 20 (90.9) 81 (96.4)a 101 (95.3)a 27 (100.0) 75 (93.8) 102 (95.3)
Black 2 (9.1) 1 (1.2) 3 (2.8) 0 3 (3.8) 3 (2.8)
Not allowed to ask 0 2 (2.4) 2 (1.9) 0 2 (2.5) 2 (1.9)

Country, n (%)
Hungary 6 (27.3) 33 (39.3) 39 (36.8) 5 (18.5) 30 (37.5) 35 (32.7)
Netherlands 11 (50.0) 14 (16.7) 25 (23.6) 16 (59.3) 10 (12.5) 26 (24.3)
Poland 2 (9.1) 21 (25.0) 23 (21.7) 1 (3.7) 22 (27.5) 23 (21.5)
United Kingdom 2 (9.1) 8 (9.5) 10 (9.4) 1 (3.7) 9 (11.3) 10 (9.3)
Belgium 1 (4.5) 3 (3.6) 4 (3.8) 2 (7.4) 2 (2.5) 4 (3.7)
Germany 0 1 (1.2) 1 (0.9) 2 (7.4) 4 (5.0) 6 (5.6)
France 0 2 (2.4) 2 (1.9) 0 2 (2.5) 2 (1.9)
Italy 0 2 (2.4) 2 (1.9) 0 1 (1.3) 1 (0.9)

Duration of symptoms, y, mean (SD) 8.4 (5.46) 3.4 (3.13) 4.4 (4.23) 7.0 (5.56) 3.2 (2.63) 4.2 (3.93)
SBMs/week, mean (SD) 0.7 (0.73) 0.9 (0.91) 0.8 (0.87) 1.0 (1.00) 1.1 (1.04) 1.1 (1.03)
FI episodes/2 weeks, mean (SD) 7.1 (15.18) 21.4 (40.50) 18.0 (36.58) 7.6 (15.19) 28.8 (80.10) 22.7 (68.50)
Severity of constipation, n (%)

Mild 1 (4.5) 1 (1.2) 2 (1.9) 1 (3.7) 3 (3.8) 4 (3.7)
Moderate 3 (13.6) 14 (16.7) 17 (16.0) 9 (33.3) 7 (8.8) 16 (15.0)
Severe 9 (40.9) 40 (47.6) 49 (46.2) 8 (29.6) 33 (41.3) 41 (38.3)
Very severe 9 (40.9) 29 (34.5) 38 (35.8) 9 (33.3) 37 (46.3) 46 (43.0)

BMI, body mass index.
aIncludes 1 patient who identified as white/Asian mixed race.
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years in the placebo group. The majority of patients in each
group had �1 SBM/week (prucalopride: 60.4%; placebo:
55.1%) at baseline. The presence of FI was similar in both
groups (prucalopride: 62.3%; placebo: 55.1%). The majority
of children (81.7%) had severe or very severe constipation,
a history of excessive volitional stool retention (61.0%),
painful or hard BMs (85.9%), a large fecal mass in the
rectum (79.7%), large-diameter stools (79.3%), and rectal
fecal impaction (64.8%). More than half of all patients
(63.4%) had never had toilet training.
Study Medication
In total, 68% of patients receiving prucalopride solution

(57 of 84) and 75% of patients receiving placebo solution
(60 of 80) increased their dose to 0.06 mg/kg, and 1 patient
in each group decreased their dose to 0.02 mg/kg after 4
weeks. Concomitant medication use was balanced across the
treatment periods (double-blind: 66.7% of patients; open-
label: 65.5%). The most commonly used medications in
the double-blind and open-label periods were paracetamol
(30.0% and 21.3%, respectively) and ibuprofen (9.4% and
6.1%, respectively). Based on e-diary data, compliance was
93.2% in the prucalopride group and 90.5% in the placebo
group in the double-blind phase. In the open-label period,
compliance was 96.6% in the prucalopride group and 95.4%
in the PEG group.
Efficacy—Double-Blind Period
Primary efficacy end point. A similar proportion of

patients in the prucalopride (17.0%) and placebo (17.8%)
groups met the primary responder definition (mean of �3
SBMs/week and �1 FI episode/2 weeks during weeks 5–8;
P ¼ .90; Figure 3). No differences in the primary efficacy end
point were found when comparing prucalopride (tablet
13.6%; solution 17.9%) and placebo (tablet 18.5%; solution
17.5%) formulations.

Results from the sensitivity analysis on the per-protocol
set were consistent with the intent-to-treat population
(P ¼ .78). Subgroup analyses of the primary end point by
country, dose group, and sex did not reveal any significant
differences (data not shown). The prucalopride group
had a higher proportion of responders than the placebo



Table 2.Secondary End Point Data at Baseline and Changes
From Baseline to Double-Blind Perioda (Intention-to-
Treat Population)

Prucalopride
(n ¼ 106)

Placebo
(n ¼ 107) P valueb

No. of SBMs/week
Mean at baseline (SD) 0.8 (0.87) 1.1 (1.03)
Mean change from

baseline (SD)
þ1.5 (2.35) þ1.0 (1.78) .16

No. of FI episodes/2 weeks
Mean at baseline (SD) 18.0 (36.58) 22.7 (68.50)
Mean change from

baseline (SD)
�8.7 (36.85) �13.9 (64.91) .59

Stool consistencyc (1–7)
Mean at baseline (SD) 3.2 (1.42) 3.4 (1.54)
Mean change from

baseline (SD)
þ0.6 (1.41) þ0.1 (1.17) .02

Mean level of defecation
pain (0–5)

Baseline (SD) 2.0 (1.53) 2.1 (1.47)
Mean change from

baseline (SD)
�0.6 (1.36) �0.4 (1.19) .06

Mean level of abdominal
pain (0–5)

Baseline (SD) 1.1 (1.25) 1.3 (1.33)
Mean change from

baseline (SD)
�0.2 (0.76) �0.3 (0.94) .89

Mean no. of days rescue
medication used

Baseline (SD) 1.5 (1.28) 1.6 (1.48)
Mean change from

baseline (SD)
�0.3 (1.20) �0.4 (1.36) .87

aChange from baseline value to mean value across weeks
1–8.
bP values calculated from analysis of covariance model.
c7-Point Bristol Stool Scale for children.

Figure 3. Primary efficacy end point data (intent-to-treat
population).
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group during the total 8-week double-blind period (pruca-
lopride 14.3%; placebo 8.4%; Figure 3) and weeks
1–4 (prucalopride 13.3%; placebo 10.3%); however, the
difference between treatment groups was not statistically
significant for either analysis period (P ¼ .06 and P ¼ .21,
respectively).

Analysis of the primary end point by age showed that the
proportion of patients who met the primary responder
definition was numerically higher in the prucalopride group
than the placebo group in patients aged �12 to <18 years
(prucalopride: 18.5%; placebo: 14.8%; P ¼ .38), but not in
those aged <4 years (prucalopride: 11.1%; placebo: 15.4%;
P ¼ .73) or �4 to <12 years (prucalopride: 19.2%; placebo:
20.4%; P ¼ .88).

Additional subgroup analyses were performed post hoc
and showed that there was no significant difference in
response rate in patients who had a history of withholding
behavior or retentive posturing (prucalopride: 17.7%;
placebo: 11.8%; P ¼ .40), or who had no such history
(prucalopride: 16.3%; placebo: 28.2%; P ¼ .58). The data
were also analyzed by the presence of FI at baseline. There
was no significant difference in the primary end point
regardless of whether FI was (prucalopride: 19.2%; placebo:
24.6%; P ¼ .34) or was not present at baseline (pruca-
lopride: 12.1%; placebo: 7.1%; P ¼ .28).

Secondary efficacy end points. There was no
significant difference between groups in improvement
from baseline to the double-blind period in the number of
SBMs or FI episodes, pain during defecation, abdominal
pain, or the use of rescue medication (Table 2). There
was significant improvement in stool consistency in
the prucalopride group compared with the placebo group
(P ¼ .02; Table 2). A larger proportion of patients in the
prucalopride group than the placebo group had an
improvement of 1 point in Bristol Stool Scale score (32.6%
vs 21.8%, P ¼ .09). Median time to first SBM was 67 hours
for prucalopride and 100 hours for placebo (P ¼ .38).
Overall, a similar proportion of patients in the prucalopride
(29.2%) and placebo (35.5%) groups had a mean of
�3 SBM/week during weeks 5–8. An identical proportion
of patients (43.0% in both groups) experienced �1 episode
of FI/2 weeks during weeks 5–8. Post-hoc analyses showed
that, in weeks 5–8, the mean abdominal pain score was
significantly lower in patients with �3 SBM/week than in
those with <3 SBM/week (0.72 vs 1.10; P ¼ .02). This
difference was more pronounced in patients in the pruca-
lopride group (0.37 vs 1.06; P ¼ .02) than the placebo
group (0.97 vs 1.15; P ¼ .30).

At the end of the double-blind period, the proportions of
patients rating their constipation severity as severe or very
severe were similar in the prucalopride (43.7%) and
placebo (48.6%) groups, compared with 82.1% and 81.3%
at baseline, respectively. There was no significant difference
in severity ratings between treatment groups at baseline
(P ¼ .27) or at the end of the double-blind period (P ¼ .16).
More patients in the prucalopride than the placebo group
considered their treatment to be quite effective to extremely
effective (36.9% vs 23.3%) at the end of the double-blind
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period, but the difference in effectiveness ratings was not
significant (P ¼ .47).

Overall improvements in PedsQL score from baseline to
week 8 were similar in the prucalopride (child-report:
þ3.9 [SD 13.8]; parent-report: þ6.5 [SD 13.9]) and placebo
groups (child-report: þ2.7 [SD 12.4]; parent-report: þ4.1
[SD 14.2]). PedsQL subscale results showed no consistent
changes (data not shown). There was no significant differ-
ence between the prucalopride and placebo groups in any of
the PedsQL GI module symptom items (data not shown).
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Efficacy—Open-Label Period
At the end of the open-label period, 40.2% of patients

taking prucalopride rated their constipation as severe to
very severe compared with 28.0% of patients taking PEG
(P ¼ .0003); 39.2% of patients taking prucalopride rated
their treatment as quite effective to extremely effective
compared with 67.7% of patients taking PEG (P < .0001).
The proportion of patients considering their treatment to be
quite or very convenient at the end of the open-label period
was 82.4% among those taking prucalopride and 76.7%
among those taking PEG (P ¼ .30).
Table 3.Most Frequent (>5%) Treatment-Emergent Adverse Ev
Events (Safety Analysis Set)

Double-blind pe

Prucalopride (n ¼ 106) P

TEAEs, n (%)
�1 TEAE 74 (69.8)
Headache 17 (16.0)
Pyrexia 15 (14.2)
Abdominal pain 14 (13.2)
Vomiting 15 (14.2)
Nausea 10 (9.4)
Viral infection 6 (5.7)
Cough 6 (5.7)
Diarrhea 6 (5.7)
Nasopharyngitis 3 (2.8)
Pharyngitis 3 (2.8)
Bronchitis 2 (1.9)
Upper respiratory tract infection 2 (1.9)
Constipation 2 (1.9)

Serious TEAEs, n (%)
�1 serious TEAE 5 (4.7)
Abdominal pain 1 (0.9)
Constipation 0
Vomiting 1 (0.9)
Diarrhea 1 (0.9)
Nausea 1 (0.9)
Appendicitis 1 (0.9)
Pneumonia 1 (0.9)
Dizziness 1 (0.9)
Syncope 1 (0.9)
Anxiety 1 (0.9)
Viral infection 0
Contusion 0
Proctalgia 0
Anorectal discomfort 0
At week 16 of the open-label period, mean (SD) scores
on the child-report PedsQL were 81.4 (16.1), 74.8 (14.3),
76.3 (15.4), and 75.8 (17.2) for the prucalopride–
prucalopride, prucalopride–PEG, placebo–prucalopride, and
placebo–PEG treatment sequences, respectively. Mean
(SD) scores on the parent-reported questionnaire were
79.7 (18.7), 78.6 (18.8), 80.5 (16.8), and 80.3 (16.6),
respectively. Analysis of the changes from baseline to the
end of week 16 showed no differences between pruca-
lopride, placebo, and PEG in child or parent reports (data
not shown).
Safety—Double-Blind Period
During the double-blind period, treatment-emergent

adverse events (TEAEs) were reported by 69.8% of
patients in the prucalopride group (tablet: 81.8%; solution:
66.7%) and 60.7% of patients in the placebo group
(Table 3). The prucalopride group (21.7%) had a higher
proportion of patients with a TEAE on day 1 than the
placebo group (3.7%). The most common (>10% overall)
TEAE in either group on day 1 was headache (prucalopride:
13.2%; placebo: 0.9%). After day 1, TEAEs were reported by
ents (TEAEs) and All Serious Treatment-Emergent Adverse

riod Open-label period

lacebo (n ¼ 107) Prucalopride (n ¼ 98) PEG (n ¼ 99)

65 (60.7) 63 (64.3) 61 (61.6)
9 (8.4) 3 (3.1) 7 (7.1)
3 (2.8) 5 (5.1) 7 (7.1)

13 (12.1) 9 (9.2) 12 (12.1)
5 (4.7) 10 (10.2) 5 (5.1)
6 (5.6) 4 (4.1) 1 (1.0)
5 (4.7) 4 (4.1) 4 (4.0)
2 (1.9) 4 (4.1) 6 (6.1)
6 (5.6) 3 (3.1) 12 (12.1)
2 (1.9) 6 (6.1) 5 (5.1)
6 (5.6) 5 (5.1) 4 (4.0)
7 (6.5) 5 (5.1) 3 (3.0)
5 (4.7) 5 (5.1) 5 (5.1)
3 (2.8) 8 (8.2) 2 (2.0)

2 (1.9) 4 (4.1) 1 (1.0)
1 (0.9) 0 1 (1.0)
1 (0.9) 2 (2.0) 0
0 1 (1.0) 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 1 (1.0) 0
0 1 (1.0) 0
0 0 1 (1.0)
1 (0.9) 0 0
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a similar proportion of patients in the prucalopride (62.3%)
and placebo (57.9%) groups.

Five patients receiving prucalopride reported a total of
9 serious TEAEs, and 2 patients receiving placebo reported
a total of 3 serious TEAEs (Table 3). Five of the 12 serious
TEAEs were considered by the investigator to be related to
the investigational product; for all 5, treatment with the
investigational product continued, in 4 cases after drug
interruptions. No fatal TEAEs occurred. Two patients (1 in
each treatment group) permanently discontinued treatment
because of a TEAE.

Changes in clinical chemistry, hematology, and urinalysis
parameters were minimal and similar in both treatment
groups. None of the TEAEs related to clinical laboratory
abnormalities was considered serious, and none led to
treatment discontinuation. Changes over time in physical
examination results and vital signs were comparable across
the treatment groups. The majority of patients were in
Tanner stage I and all pregnancy test results were negative.
The TEAEs related to vital sign abnormalities were non-
serious, mild to moderate in severity, and did not result in
treatment discontinuation.

Mean ECG changes from baseline to final on-treatment
assessment are summarized in Table 4. The proportion
of patients who experienced changes from normal at base-
line to abnormal at the final on-treatment assessment was
minimal and similar in the prucalopride and placebo groups
for pulse rate, PR interval, and QRS interval. No patients had
a change in QT interval corrected according to Bazett’s
formula or QT interval corrected according to Fridericia’s
formula from �450 milliseconds at baseline to >480
milliseconds at the final on-treatment assessment. One
patient in the prucalopride group had an ECG-related TEAE
(increased heart rate), which was nonserious, mild, and was
not considered clinically relevant. No clinically significant
QT prolongation was observed.
Safety—Open-Label Period
During the open-label period, the prucalopride and PEG

groups had a similar proportion of patients with a TEAE
(64.3% vs 61.6%, respectively; Table 3). The most common
(>10% overall) TEAEs in either group were vomiting
(prucalopride: 10.2%; PEG: 5.1%), diarrhea (prucalopride:
Table 4.Electrocardiogram (ECG) Changes From Baseline to F

ECG parameter, mean (SD)

Double-blind peri

Prucalopride (n ¼ 91) Pla

Pulse rate, beats/min �3.3 (12.80)
PR interval, ms �1.1 (13.60)
QRS interval, ms þ0.3 (8.07)
QT interval,a ms þ0.5 (20.42)
QTcB interval,a ms �6.1 (25.94)
QTcF interval,a ms �3.5 (20.17)

QTcB, QT interval corrected according to Bazett’s formula; QT
aCalculations based on 90 patients in the double-blind period (
3.1%; PEG: 12.1%), and abdominal pain (prucalopride:
9.2%; PEG: 12.1%). Five patients (4 in the prucalopride
group and 1 in the PEG group) experienced serious TEAEs;
all were considered to be unrelated to treatment (Table 3).
Two children (both in the prucalopride group) permanently
discontinued treatment because of a TEAE.

Consistent with the double-blind period, changes in
clinical chemistry, hematology, and urinalysis parameters
were minimal and similar in both treatment groups. Two
patients in the PEG group had an ECG-related TEAE (first-
degree atrioventricular block and QT prolongation). There
were no other ECG-related TEAEs in this period. Both ECG-
related events were nonserious, mild, and not considered
clinically relevant.

Discussion
This multicenter, placebo-controlled, double-blind trial

used a carefully chosen primary end point to evaluate the
efficacy of prucalopride in children fulfilling the Rome III
criteria for functional constipation. In contrast to adults
with constipation, the majority of children have infrequent
defecation accompanied by FI as a result of rectal fecal
impaction; therefore, effective treatment should lead not
only to an increase in defecation frequency but also to a
decrease in FI. For this reason, response in this study was
defined using SBMs and FI episodes. After 8 weeks, no
significant difference was found in the proportion of re-
sponders after treatment with prucalopride (17.0%) or
placebo (17.8%). In addition, subgroup analyses of the
primary end point by country, dose, sex, and history of
retentive posturing did not reveal any meaningful trends.

The difference in efficacy of prucalopride between adults
and children suggests that childhood constipation differs
considerably from constipation in adults.31 This may be
reflected in the finding in the current study that the
proportion of patients who met the primary end point was
higher in the prucalopride group than the placebo group in
adolescents (�12 to <18 years), but not in younger chil-
dren. It is known that in a majority of children, functional
constipation is caused by the voluntary withholding of feces
due to fear of painful defecation. In contrast, voluntary
withholding is not a contributing factor in the onset or
maintenance of constipation in adults.31 In the current
inal On-Treatment Assessment (Safety Analysis Set)

od Open-label period

cebo (n ¼ 102) Prucalopride (n ¼ 87) PEG (n ¼ 86)

þ0.4 (14.28) �3.8 (15.45) �1.5 (14.29)
þ2.1 (21.77) �4.4 (14.31) þ0.5 (13.10)
þ0.5 (8.92) þ1.4 (9.27) �0.1 (9.69)
þ1.1 (22.52) þ6.7 (25.92) þ4.4 (23.56)
þ2.8 (24.37) �0.3 (29.30) þ3.7 (22.95)
þ2.1 (18.49) þ2.3 (22.73) þ4.1 (19.11)

cF, QT interval corrected according to Fridericia’s formula.
prucalopride) and 85 patients in the open-label period (PEG).
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study, 61% of participants had a history of excessive
volitional stool retention, which may have contributed to the
low response rates. Previous research has suggested that
prucalopride might accelerate gastrointestinal transit in
constipated patients without rectal evacuation disorder.12

Similar to a placebo-controlled study of prucalopride in
adults with constipation,14 29% of the pediatric patients
receiving prucalopride in the present study had amean of�3
SBMs/week after 8 weeks; however, the proportion of pa-
tients with �3 SBMs/week in the placebo group was 36%,
compared with only 12% in the adult study. It is unclear why
there is a discrepancy in the placebo response between chil-
dren and adults.14,18 Behaviour modification, including toilet
training and positive parental reinforcement, may be signifi-
cant factors in explaining the high placebo response rate in
children.32 In the current study, toilet training in combination
with keeping an e-diary, the high level of expectancy of chil-
dren and their parents participating in this study, and the
frequent contacts between the doctors and patients, might
have contributed to the outcomes in the placebo group.33

In the current study, outcomes during the open-label
period were based on patients’ subjective assessment.
HRQoL results during this period were similar between
prucalopride and PEG groups. Of note, more early with-
drawals occurred in the PEG group than the placebo group
(18.2% vs 10.2%), and the most frequent reason was
withdrawn consent (16.2% vs 7.1%). This might reflect
patients who did not tolerate PEG, or who had been
unsuccessfully treated with PEG before inclusion in the
current study and thus did not complete the open-label
period if they were randomized to the PEG group.

Comparison of this study with others is difficult because
of the lack of high-quality trials of treatments for pediatric
constipation. One study of PEG 3350 vs placebo in children
with constipation demonstrated that the mean number of
complete BMs/week was significantly higher with PEG than
with placebo (3.12 vs 1.45; P < .001).34 However, this study
did not include FI or the proportion of patients with
�3 SBM/week in the primary end point so the results are
difficult to compare with the present study. A 2-week,
multicenter, placebo-controlled trial of PEG 3350 in children
with chronic constipation reported that 77%, 74%, and 73%
of children in the 0.2 g/kg (n ¼ 26), 0.4 g/kg (n ¼ 27), and
0.8 g/kg (n ¼ 26) PEG groups, respectively, and 42% in the
placebo group (n ¼ 24) were successfully treated (>3 BMs
in week 2; P < .04).32 However, the proportion of patients
with >3 BMs and no FI in week 2 was 31% for 0.2 g/kg,
26% for 0.4 g/kg, and 31% for 0.8 g/kg, and 8% for placebo
(P ¼ .2). This suggests that the difference in treatment
response between this and the current study might be
driven by the inclusion of FI in the primary end point.

A third study in 100 children with constipation
comparing PEG 3350 with lactulose over 8 weeks and using
a primary end point (BMs and FI) similar to that in the
current study, showed success rates of 56% and 29%,
respectively,35 which are much higher than those seen in the
current study, despite both studies being performed in
tertiary centers. However, the duration and severity of
constipation at baseline is not provided in the PEG/lactulose
study. Additionally, the success rate was lower and not
significantly different (33% and 14% for PEG and lactulose,
respectively) in children who had been treated for con-
stipation >1 year before enrollment, suggesting that the
overall study population could have had less severe disease
than the population in the current study. This is supported
by the finding that >80% of patients in the current study
reported that their constipation was severe or very severe
at baseline, and >50% had �1 SBM/week. This suggests
that they may have had very severe (intractable) disease
that could have been less responsive to therapy.

In accordance with earlier trials in adults and chil-
dren,14,18,22,36 prucalopride was generally well tolerated. The
incidence of TEAEs was comparable among the treatment
groups, except for headache, pyrexia, vomiting, and abdom-
inal pain, whichweremore commonwith prucalopride. These
differences probably reflect the serotonergic (headache) and
enterokinetic (gastrointestinal adverse events) properties of
prucalopride. Most adverse events were mild to moderate in
severity. There were no clinically relevant changes over time
in laboratory parameters, vital signs, or ECG parameters.
During the open-label continuation, good safety and tolera-
bility profiles were maintained to 16 weeks. This is in
accordance with a follow-up study in adults, which evaluated
patients receiving prucalopride for up to 18 months.

The strengths of this study were the international
composition of the study population, large patient sample
(including a range of age groups), placebo-controlled design,
use of the Rome III criteria, and well-defined primary end
point, which permits firm conclusions to be drawn
regarding the effectiveness of prucalopride and placebo in
children with constipation. A potential limitation was that
the study was conducted in secondary and tertiary care
centers, thus reflecting a more severely affected patient
population. This precludes the application of the results to
the general population of children with constipation.

In conclusion, current guidelines for the treatment of
constipation in children recommend a combination of
education, behavioral therapy, and laxative use; however,
well-designed, placebo-controlled trials that support effi-
cacy of pharmacologic agents in pediatric patients are
limited. This large, multicenter, placebo-controlled trial
showed that prucalopride, although generally well tolerated,
was not more effective than placebo in pediatric patients
with constipation. This is in contrast to its efficacy in adults,
and is supportive of a need for more effective drugs to treat
childhood constipation.

Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at http://dx.doi.org/10.1053/
j.gastro.2014.09.005.
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List of Prohibited Medications
Medication prohibited throughout the trial: opiates

(eg, codeine), antacids containing calcium carbonate or alu-
minum hydroxide, magnesium-containing drugs, b-blockers,
calcium supplements, clonidine, non–potassium-sparing di-
uretics, ganglionic blockers, muscle blockers (D-tubocurarine,
succinylcholine), phenytoin, 5-HT3 antagonists, loperamide,
sucralfate and antispasmodics (eg, dicyclomine).

Medication allowed under certain conditions: nonste-
roidal anti-inflammatory drugs (occasional use of oral

paracetamol is allowed); antibiotics (allowed for a restricted
period of time); iron preparations (allowed during open-
label phase); anticholinergic drugs (occasional use of
second-generation oral antihistamines, such as desloratidine
for allergic rhinitis or urticaria, allowed); and sympathomi-
metics (inhalated sympathomimetics allowed).

Medication allowed if the patient had been on a stable dose
for at least 4 weeks before screening and the same regimen
will be used throughout the trial period: antidepressants,
attention deficit—hyperactivity disorder medication, inhaled
sympathomimetics, and calcium channel blockers.

1295.e1 Mugie et al Gastroenterology Vol. 147, No. 6


	Prucalopride Is No More Effective Than Placebo for Children With Functional Constipation
	Methods
	Study Design
	Study Population
	Randomization and Dosing
	Concomitant Medication
	Efficacy End Points
	Efficacy Assessments
	E-diary
	Global assessment
	Questionnaires
	Safety and tolerability assessments

	Statistical Analysis

	Results
	Enrollment
	Demographics and Baseline Characteristics
	Study Medication
	Efficacy—Double-Blind Period
	Primary efficacy end point
	Secondary efficacy end points

	Efficacy—Open-Label Period
	Safety—Double-Blind Period
	Safety—Open-Label Period

	Discussion
	Supplementary Material
	References




