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ABSTRACT

Background and Objectives: Prucalopride is a selective, high-affinity, 5-HT4 receptor 

agonist, with gastrointestinal prokinetic properties. The aim of this multicenter, 

randomized, placebo-controlled, double-blind, phase 3 trial (NCT01330381) was to 

evaluate the efficacy and safety of prucalopride in children with functional constipation 

aged ≥ 6 months to < 18 years.

Methods: Children were enrolled based on the Rome III criteria for functional constipation. 

They received prucalopride (≤ 50kg: 0.04 mg/kg oral solution; > 50 kg 2 mg tablet) or 

placebo once daily for 8 weeks. The primary efficacy endpoint was the proportion of 

patients with an average of ≥ 3 spontaneous bowel movements (SBM) per week, and 

≤ 1 fecal incontinence episode per 2 weeks in children who had acquired toileting skills, 

calculated over weeks 5–8 (responders). Endpoint data were collected from daily e-diaries 

and questionnaires completed by children and their parents. Adverse events, clinical 

laboratory values, and electrocardiograms (ECGs) were also monitored.

Results: Efficacy and safety were assessed in 213 (106 prucalopride, 107 placebo) children. 

Their age distribution was: 25% < 4 years; 50% 4–< 12 years; and 25% ≥ 12–< 18 years. 

Their mean age was 8.3 years (SD 4.6 years); 55.4% were female. At baseline, 62.3% of 

those in the prucalopride group and 55.1% of those in the placebo group had a history of 

fecal incontinence, and 60.4% and 55.1% of those in the prucalopride and placebo groups, 

respectively, had a history of ≤ 1 SBM/week on average. The proportion of responders 

was similar in both treatment groups (prucalopride 17.0%; placebo 17.8%). No statistically 

significant difference in the primary efficacy endpoint was seen when stratified by sex, 

age group or country. No significant differences were observed between prucalopride 

and placebo in the secondary efficacy endpoints, including patients’ satisfaction with 

treatment and their perception of disease severity.  Overall improvements in PedsQL 

score from baseline to week 8 were similar in the prucalopride and placebo groups. The 

incidence of treatment-emergent adverse events (TEAEs) was similar in the prucalopride 

(69.8%) and placebo groups (60.7%). The most common (> 10%) TEAEs in the prucalopride 

group were headache, pyrexia, abdominal pain and vomiting. There were no clinically 

meaningful changes in clinical chemistry, hematology, urine analysis or ECG parameters.

Conclusions: Prucalopride, although generally well tolerated, was not more effective than 

placebo in children with functional constipation. 
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INTRODUCTION

Constipation is a common problem in childhood, with an estimated worldwide 

prevalence of between 0.7% and 29.6% in the general pediatric population.1 In the 

majority of children, constipation is characterized by infrequent painful defecation, large 

stools, fecal incontinence (FI) and abdominal pain. The pathophysiology underlying 

functional constipation is multifactorial, and remains incompletely understood.2 Chronic 

constipation is associated with impaired health-related quality of life (HRQoL)3,4 with 

many children needing long-lasting treatment; however, despite treatment, up to 25% 

of children continue to have constipation beyond puberty.5 The treatment of functional 

constipation in children consists of a combination of education, behavioral modification 

and oral laxatives. Despite the widely accepted use of laxatives, clinical evidence of their 

efficacy and safety in children is limited.6 

Prucalopride (Resolor®), a dihydrobenzofurancarboxamide derivative, is a selective, high-

affinity 5-HT4 receptor agonist with enterokinetic properties. Prucalopride is approved in 

the EU for the symptomatic treatment of chronic constipation in adult women for whom 

laxatives fail to provide adequate relief.7,8 Prucalopride stimulates colonic motility by 

increasing high-amplitude propagated contractions (HAPCs) and is believed to accelerate 

colonic transit in healthy volunteers and adult patients with constipation.9-11 Several 

placebo-controlled trials in adults have demonstrated that prucalopride is effective in 

increasing stool frequency, reducing constipation-related symptoms and improving 

HRQoL.12-17 Moreover, prucalopride is well tolerated by patients without serious side 

effects. The high affinity and selectivity for 5-HT4 receptors differentiates prucalopride 

from previous-generation compounds, such as cisapride and tegaserod, by minimizing 

the potential for target-unrelated side effects. Concerns relating to adverse cardiovascular 

effects led to market withdrawal of cisapride and tegaserod.18,19

To date, one open-label pilot study has investigated the effect of prucalopride in children.20 

After 8 weeks of treatment, constipation-related symptoms were improved in 55% of 

patients, including an increase in bowel movement frequency and a reduced frequency 

of FI. At least one adverse event was reported in 70% of children, with most being of mild 

or moderate severity; no serious adverse events were reported. In addition, no relevant 

changes in vital parameters or ECG recordings were observed. In this phase 3, multicenter, 

placebo-controlled trial we aimed to determine the efficacy, safety, and tolerability of 

prucalopride compared with placebo for the treatment of functional constipation in a 

pediatric population aged ≥ 6 months to < 18 years.

METHODS

Study design

A multicenter, randomized, double-blind, placebo-controlled, phase 3 trial was conducted 

from April 2011 to March 2013 at 33 centers throughout Europe. This study consisted of 

an 8–17-day run-in period, an 8-week double-blind treatment period, and a 16-week open-

label treatment period (Figure 1). After screening, eligible patients entered a run-in period 

that comprised 1 week of control measurements for the documentation of constipation 
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symptoms, followed by fecal disimpaction with an oral laxative or an enema. In cases 

where proscribed medication was used at screening, intake was stopped, and the run-in 

period extended by 1 week to allow for wash out.

This study was conducted in accordance with the International Conference on 

Harmonization of Good Clinical Practice (ICH), the principles of the Declaration of Helsinki, 

as well as 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 prior to 

the initiation of any study procedures. Assent was obtained for children aged older than 

6 years. The study was designed by Shire, and the academic principal investigator (MB) 

participated in the development of the study design and protocol. Data gathering and 

analysis were performed by a clinical research organization (CRO) under the responsibility 

of Shire. The authors vouch for the completeness and veracity of the data and the data 

analysis. 

Study population

Children aged ≥ 6 months and < 18 years old with a confirmed diagnosis of functional 

constipation based on the Rome III criteria were eligible for inclusion. Functional 

constipation was defined as two or fewer spontaneous bowel movements (SBMs) per 

week together with at least one of the following symptoms during the previous month 

(for patients aged < 4 years) or the previous 2  months (for patients aged ≥ 4 years): 

≤ 1 episode of FI per week (after the acquisition of toileting skills); history of retentive 

posturing or excessive volitional stool retention; history of painful or hard bowel 

movements; history of large diameter stools; or presence of a large fecal mass in the 

rectum. A bowel movement was considered spontaneous when it was not preceded 

within 24 hours by the intake of an oral laxative agent or the use of an enema. The 

following were used as exclusion criteria: presence of specific underlying causes of 

defecation disorders, such as Hirschsprung’s disease, spina bifida occulta, cystic fibrosis, 

gastrointestinal malformations, or significant developmental delays that were associated 

with musculoskeletal or neurological conditions affecting the gastrointestinal tract. 

Patients were also ineligible for inclusion if constipation was secondary to endocrine, 

metabolic, neurological, organic, or autoimmune disorders, or to surgery or drugs. 

Children with clinically significant cardiac, vascular, liver, pulmonary, or psychiatric 

disorders, severe renal insufficiency, HIV infection, AIDS, hepatitis B, hepatitis C, or 

clinically significant abnormalities of hematology, urinalysis or blood biochemistry at 

screening were also excluded. Patients with known lactose intolerance for whom it was 

expected that low doses of lactose could lead to diarrhea, or those who were known to 

have an allergy to one of the investigational drugs or its excipients, were also excluded. 

Patients who were breast-fed during the study or who used any investigational drug within 

the 30 days preceding screening were also excluded. Children and/or their parent(s) or 

legally authorized representative(s) were instructed not to change the lifestyle or diet 

of the patient, including exercise levels or fiber intake. If applicable, parents were also 

instructed to continue with toilet training during the study. 
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Randomization and dosing

Participants were randomized 1:1 to placebo or prucalopride. Randomization was 

stratified by country and 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. Children weighing 

≤ 50 kg received either prucalopride or placebo at a dose of 0.04 mg/kg body weight 

once daily (oral solution of prucalopride succinate equivalent to 0.4 mg/mL prucalopride). 

After 4 weeks of treatment, the dose could be increased or decreased for each patient 

individually based on the presence of safety or tolerability concerns and/or a treatment 

response. The dose was increased to 0.06 mg/kg in cases where there were no safety 

concerns and there was insufficient response. The dose was decreased to 0.02 mg/kg in 

cases where there were safety/tolerability concerns (e.g. diarrhea) that were likely related 

to treatment with the investigational product and where the patient was a responder. 

Children who underwent dose adjustment remained on that dose for the remaining 

4 weeks of the double-blind treatment period. Patients weighing > 50 kg received either 

placebo or a 2 mg prucalopride tablet once daily. No dose adjustments were allowed for 

those receiving the tablet formulation. 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 who completed the 8-week double-blind treatment 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 active control (polyethylene glycol [PEG] 4000) to 

evaluate long term safety and tolerability. Randomization was stratified by the preceding 

treatment (placebo or prucalopride), country, and age group. For children randomized to 

prucalopride, dosing was set by body mass as measured at the start of the double-blind 

treatment period. No dose adjustments were permitted during the open-label treatment 

period. Patients assigned to the active control group received 4–20g of PEG 4000 once 

daily before the evening meal based upon their age (4 g for ≥ 6 months to < 1 year; 8 g 

for ≥ 1 year to < 4 years; 12 g for ≥ 4 years to < 8 years; 20 g for ≥ 8 years to < 18 years). 

figure 1: Trial design PLA = placebo; PRU = prucalopride; PEG = polyethylene glycol
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Concomitant medication 

Laxatives and agents that influence bowel habits were not permitted to be used during the 

study and the use of these medications had to be stopped prior to the start of the run-in 

period. If the patient did not have a bowel movement for three or more consecutive days, 

they were allowed to take 5 mg bisacodyl (one tablet), or 7.5 mg/mL sodium picosulfate 

droplets (one droplet per 5 kg body mass) for rescue purposes. If the standard dose of the 

rescue medication was insufficient, an increase in dose was allowed after discussion with 

the investigator. If no bowel movements were subsequently passed, an enema or oral 

agent could be administered to remove the impaction. The rescue medication (excluding 

enemas) was provided by the study sponsor.

Efficacy endpoints 

The primary objective was to evaluate the efficacy of prucalopride compared with 

placebo for the treatment of functional constipation in a pediatric population. Efficacy 

was evaluated by comparing the proportion of responders in the prucalopride group with 

that in the placebo group (as calculated over weeks 5–8 of the double-blind treatment 

period). A patient was defined as a responder if their mean SBM frequency was ≥ 3 times 

per week and their mean number of FI episodes per 2 weeks was ≤ 1 episode (FI was 

only taken into account in children after the acquisition of toileting skills). Secondary 

endpoints included SBM frequency, FI frequency, retentive posturing or excessive 

volitional stool retention, pain during defecation, stool consistency, and abdominal 

pain. Other secondary endpoints were use of rescue medication, HRQoL, and safety and 

tolerability of prucalopride treatment.

Efficacy assessments

E-diary

From the start of the run-in period through to the end of the double-blind treatment 

period, patients and/or their parent(s) or legally authorized representative(s) recorded in 

daily e-diaries the timing of bowel movements, stool consistency (rated using the Bristol 

Stool Scale), presence of painful defecation (rated on a six-point scale), passing of a large 

diameter stool, number of FI episodes, presence of abdominal pain (rated on a six-point 

scale), and the presence of retentive posturing or excessive volitional stool retention. 

Date and time of intake of the study drug, rescue medication and date and time of each 

toilet training (if applicable) were also recorded. During the open-label treatment period, 

the patient or parent reported whether the investigational product was taken on the paper 

medication intake form daily. 

Subject global assessment

At screening, baseline, week 2, week 4, week 8, week 16 and week 24, the severity of 

constipation over the past 2 weeks was recorded using a five-point scale (0=absent, 

4=very severe) and the global evaluation of treatment efficacy was also noted (0=not 

at all effective, 4=extremely effective). At week 24 or upon early discontinuation, the 
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patient and/or their parent(s) or legally authorized representative(s) reported treatment 

convenience using a five-point scale (–2 =not at all convenient/very difficult, 2=very 

convenient/very easy). 

Questionnaires

The HRQoL of each patient was evaluated at the end of the run-in period and at weeks 

8 and 24, or upon discontinuation, using the Pediatric Quality of Life Inventory Generic 

Core Scales Version 4.0 (PedsQL) and the PedsQL Gastrointestinal Symptoms Module 

(GI module). These are validated questionnaires that include parent proxy-reports for 

toddlers (2–4 years), young children (5–7 years), children (8–12 years), and adolescents 

(13–18  years), 21–25 and child self-report forms for young children (5–7 years), children 

(8–12 years), and adolescents (13–18 years). The questionnaires contain items on Physical 

Functioning (8 items), Emotional Functioning (5 items), Social Functioning (5 items), and 

School Functioning (5 items for children ≥  5 years old; 3 items for toddlers). 

Safety and tolerability assessments

Electrocardiograms (ECGs), systolic and diastolic blood pressure, pulse rate, and 

temperature were recorded at screening, and at weeks 0, 8 and 24. ECGs were recorded to 

measure the RR, PR, QRS, and QT intervals, as well as heart rate. Physical examinations, 

including pregnancy testing for female patients who were of childbearing potential, were 

performed at screening, weeks 0, 8 and 24. Weight and height information were recorded 

at all visits; Tanner stages were recorded at week 0 and week 24 only. Blood samples for 

biochemistry/hematology and a urine sample for urinalysis were taken at screening and 

at weeks 8 and 24. All adverse events (AEs) experienced by the patient were recorded and 

defined as mild (no disruption of normal daily activities), moderate (affected normal daily 

activities) or severe (inability to perform daily activities). A serious AE was defined as any 

untoward medical occurrence that at any dose resulted in death, was life-threatening, 

resulted in persistent or significant disability/incapacity, required inpatient hospitalization 

or led to prolongation of hospitalization. Safety was monitored by an independent data 

safety monitoring board throughout the entire study.  

Statistical analysis

It was calculated that 97 patients per treatment group would be sufficient to detect a 

difference of at least 20% in response rate between prucalopride and placebo with a 5% 

level of significance and a power of 80%. To take into account the possibility of insufficient 

e-diary data or discontinuations, the sample size was set to 105 patients in each group, 

leading to a planned total of 210 randomized children for the study. After approximately 

70 children had completed the double-blind treatment period, a formal interim analysis 

was performed and results were evaluated by an independent data safety monitoring 

board in order to decide whether a general dose adjustment for the open-label treatment 

period was required.
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The primary efficacy analysis was performed on the full analysis set, which included all 

patients who were randomized and used the investigational product at least once. In 

the primary analysis, placebo was compared with prucalopride regardless of the dose; 

dose titrations at week 4 were analyzed in the secondary analysis. The secondary analysis 

consisted of analysis of the different prucalopride dose groups versus placebo over the 

second half of the double-blind treatment, applying a Bonferroni correction for multiple 

comparison tests to control the family-wise error rate. 

The per-protocol set was used for a sensitivity analysis with the primary endpoint. The 

per-protocol set was a subpopulation of the full analysis set, excluding all 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 results. 

For categorical and binary data, frequencies and proportions were tabulated descriptively. 

For inferential statistics on binary data, the Cochran–Mantel–Haenszel test (controlled 

for stratification factors [country and age group]) was used. For continuous parameters, 

both the actual values and the changes from baseline were tabulated descriptively. For 

inferential statistics, treatment comparisons were performed by means of an analysis of 

covariance (ANCOVA) model, including treatment, country, and age group as factors and 

baseline score as a covariate. Time-to-event data were analyzed descriptively by means 

of 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 included all patients who 

were randomized and used the investigational product at least once. Safety parameters 

included AEs, clinical laboratory variables, vital signs, ECG variables, and physical 

examinations. For each safety parameter, the last non-missing value collected before the 

first dose of investigational product was used as baseline for all analyses of that safety 

variable. Descriptive statistics were generated for all safety variables. 

RESULTS

Enrollment

Of the 304 patients who were screened (Figure 2), 89 were excluded as screening failures 

(74 did not meet inclusion criteria, 9 withdrew consent, 4 experienced an AE, and 2 were 

not compliant with trial requirements). Overall, 215 patients were randomized: 107 to 

the prucalopride group and 108 to the placebo group. Two patients withdrew consent 

prior to investigational product dosing and as a result, the safety population included 213 

children (106 in the prucalopride group and 107 in the placebo group). Randomization 

was stratified by country and age in order to have a balanced number of patients from 

each country and age group in both treatment groups. The per-protocol set excluded 55 

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. The majority 

of patients in both treatment groups completed the double-blind treatment period 
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(prucalopride 89.7%; placebo 93.5%). The most common reason for withdrawal in both 

treatment groups was withdrawn consent. A total of 197 (92%) patients completed the 

double-blind treatment period and entered the open-label treatment period, 98 were re-

randomized to prucalopride and 99 to PEG. The discontinuation rate in the PEG treatment 

group was 18.2%, compared with 10.2% in the prucalopride treatment group.

figure 2: Study flow and disposition of patients
PRU = prucalopride, PLA= placebo, DBTP=Double-blind Treatment Period, OLTP=Open-label Treatment 
Period
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Table 1: Demographic and Baseline Data

Prucalopride Placebo

Tablet 

N=22

Solution 

N=84

Total 

N=106

Tablet  

N=27

Solution  

N=80

Total  

N=107

Age (years), mean (SD) 14.9 (2.0) 6.6 (3.3) 8.3 (4.5) 14.7 (2.3) 6.1 (3.0) 8.2 (4.7)

Age group, n (%)

    <4 years 0 27 (32.1) 27 (25.5) 0 26 (32.5) 26 (24.3)

    4 to <12 years 1 (4.5) 51 (60.7) 52 (49.1) 2 (7.4) 52 (65.0) 54 (50.5)

    12 to <18 years 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 (5.9) 16.0 (2.1) 17.6 (4.5) 22.5 (2.7) 16.0 (2.6) 17.6 (3.9)

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) 101 (94.3) 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

    Hungary 6 (27.3) 33 (39.3) 39 (36.8) 5 (18.5) 30 (37.5) 35 (32.7)

    The 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 

(years), mean (SD)

SBMs/wk, mean (SD)

FI episodes/2wks, 

mean (SD)

Severity of 

constipation, n (%)

   Mild

   Moderate

   Severe

   Very severe

8.4 (5.5)

0.7 (0.7)

7.1 (15.2)

1 (4.5)

3 (13.6)

9 (40.9)

9 (40.9)

3.4 (3.1)

0.9 (0.9)

21.4 (40.5)

1 (1.2)

14 (16.7)

40 (47.6)

29 (34.5)

4.4 (4.2)

0.8 (0.9)

18 (36.6)

2 (1.9)

17 (16.0)

49 (46.2)

38 (35.8)

7.0 (5.6)

1.0 (1.0)

7.6 (15.2)

1 (3.7)

9 (33.3)

8 (29.6)

9 (33.3)

3.2 (2.6)

1.1 (1.0)

28.8 (80.1)

3 (3.8)

7 (8.8)

33 (41.3)

37 (46.3)

4.2 (3.9)

1.1 (1.0)

22.7 (68.5)

4 (3.7)

16 (15.0)

41 (38.3)

46 (43.0)

SD=standard deviation; N= number of subjects; BMI=body mass index; FI= fecal incontinence; 
SBMs= spontaneous bowel movements
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Demographic and baseline characteristics

Patient demographics and baseline characteristics are summarized in Table 1. Slightly 

more female (55.4%) than male (44.6%) children were enrolled; this distribution was 

similar in both treatment groups. The mean (SD) age of patients was 8.3 (4.5) years in 

the prucalopride group and 8.2 (4.7) years in the placebo group. Approximately 25% of 

patients were younger than 4 years, 50% were aged 4–12 years and 25% were older than 

12 years. Baseline disease characteristics were well balanced between treatment groups. 

Patients had a mean duration of constipation of 4.4 years in the prucalopride and 4.2 years 

in the placebo group. A majority of patients in each treatment group had ≤ 1 SBM/week 

(60.4% in the prucalopride group and 55.1% in the placebo group). The presence of FI 

was similar between groups with 62.3% of children in the prucalopride treatment group 

and 55.1% in the placebo group reporting at least one FI episode per week. Overall, 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 history of presence of 

a large fecal mass in the rectum (79.7%), and a history of large diameter stools (79.3%). 

Over half of all patients (63.4%) had never had toilet training (consisting of at least three 

5-minute visits to the toilet in a silent relaxed atmosphere after each meal). At baseline, 

64.8% of children had rectal fecal impaction. 

Study medication

In total, 57 patients receiving prucalopride solution and 60 receiving placebo solution 

increased their dose to 0.06 mg/kg, and only 1 patient in each group decreased their dose 

to 0.02 mg/kg after 4 weeks of double-blind treatment. Concomitant medication use was 

balanced across the treatment periods (66.7% of patients in the double-blind treatment 

period and 65.5% of patients in the open-label treatment period). The most commonly 

used medications in the double-blind and open-label periods were paracetamol (30% and 

21.3%, respectively) and ibuprofen (9.4% and 6.1%, respectively). Based on e-diary data, 

compliance was 93.2% in the prucalopride treatment group and 90.5% in the placebo 

treatment group in the double-blind treatment phase. In the open-label treatment period 

the mean compliance was, based on the data from the medication intake form, 96.6% in 

the prucalopride group, and 95.4% in the PEG group.  

Primary efficacy endpoint

A similar proportion of patients in the prucalopride (17.0%) and placebo (17.8%) treatment 

groups met the primary responder definition (i.e. they had an average of ≥ 3 SBMs per 

week and no more than 1 FI episode per 2 weeks during weeks 5–8 of the double-blind 

treatment period [P = 0.90]; Figure 3). No differences were found for the primary efficacy 

endpoint 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 

full analysis set (P = 0.78). Subgroup analyses of the primary endpoint by country, dose 

group, age group and sex did not reveal any significant differences (data not shown). The 
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prucalopride treatment group had a higher proportion of responders than the placebo 

treatment group when evaluating the entire 8-week double-blind treatment period 

(prucalopride 14.3%; placebo 8.4%; Figure 3) and during weeks 1–4 of the double-blind 

treatment period (prucalopride 13.3%; placebo 10.3%); however, the difference between 

treatment groups was not statistically significant for either analysis period (P = 0.06 and 

P = 0.21, respectively).

Post-hoc analyses did not show significant difference in outcome between patients with 

or without a history of retentive posturing. In patients with a history of withholding 

behavior or retentive posturing, 17.7% in the prucalopride group were defined as a 

responder compared with 11.8% in the placebo group (P = 0.40). In patients with no 

history of retentive posturing or withholding behavior, 16.3% were responders in the 

prucalopride group compared with 28.2% in the placebo group (P = 0.58). 

figure 3: The primary efficacy endpoint in the Full Analysis Set 

Secondary efficacy endpoints

Secondary endpoints were similar in the prucalopride and placebo treatments groups 

(Table 2). There was no significant difference between groups in improvement in number 

of SBMs, number of FI episodes, stool consistency, pain during defecation, abdominal 

pain or the overall use of rescue medication. A similar proportion of patients in both the 

prucalopride (29.2%) and placebo (35.5%) treatment groups had an average of ≥ 3 SBMs 

per week during double-blind treatment period 2. An identical proportion of patients 

(43.0% in both the prucalopride and placebo treatment groups) experienced ≥ 1 episode 

of FI per 2 weeks during the second two weeks of the double-blind treatment period. The 

median time to the first SBM after the first intake of trial medication was not statistically 

different between both groups (67 hours in the prucalopride group and 100 hours in the 

placebo group, P = 0.38).

At the on treatment assessment, the percentage of patients rating their constipation 

severity as severe or very severe was comparable between the prucalopride (43.7%) 

and placebo (48.6%) treatment groups, compared with 82.1% and 81.3% at baseline, 

respectively. Analysis did not show significant difference in distribution of severity 

between treatment groups at baseline (P = 0.27) and during double blind treatment 
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period 2 (P = 0.16).  The percentage of patients considering their constipation treatment 

to be quite effective to extremely effective was higher in the prucalopride group than 

the placebo group (36.9% vs. 23.3%), but analysis did not reveal significant difference 

in distribution of effectiveness (P = 0.47). At the end of the open-label treatment period, 

28.0% of patients on PEG rated their constipation as severe to very severe compared 

with 40.2% of patients on prucalopride (P = 0.0003); 67.7% of patients on PEG rated their 

treatment as quite effective to extremely effective compared with 39.2% of patients taking 

prucalopride (P < 0.0001). The percentage of subjects considering their constipation 

treatment at the end of the open-label treatment period to be quite or very convenient 

was 82.4% on prucalopride and 76.7% on PEG.

Table 2: Secondary Efficacy Endpoints 

Endpoint Prucalopride Placebo P-value

Mean of ≥3 SBMs/wk (n, %) 31 (29.2) 38 (35.5) 0.35

No of SBM/wk
   Mean at baseline (SD)
   Mean change from baseline (SD)

0.84 (0.87)
+1.5 (2.35)

1.06 (1.03)
+1.03 (1.78) 0.16

Mean of ≥1 FI episode/2 wks (n, %) 40 (43.0) 40 (43.0) 0.52

No of FI episodes/2 wks
   Mean at baseline (SD)
   Mean change from baseline (SD)

18.0 (36.6)
-8.7 (36.9) 

22.7 (68.5)
-13.9 (64.9) 0.60

Stool consistency [1-7]*
   Mean at baseline (SD)
   Mean change from baseline (SD)

3.2 (1.42)
+0.6 (1.41)

3.4 (1.54)
+0.1 (1.17) 0.02

Mean level of defecation pain [0-5] 
   Baseline (SD)
   Change from baseline (SD)

2.0 (1.53)
-0.6 (1.36)

2.1 (1.47)
-0.4 (1.19) 0.06

Mean level of abdominal pain [0-5] 
   Baseline (SD)
   Change from baseline (SD)

(1.25)
-0.2 (0.76)

(1.33)
-0.3 (0.94) 0.89

Mean no of overall rescue medication 
use 
Baseline (SD)
Change from baseline (SD)

1.47 (1.28)
-0.29 (1.20)

1.64 (1.48)
-0.39 (1.36) 0.87

* 7-point Bristol Stool Scale for children
N= number of subjects; SD = standard deviation; SBMs = spontaneous bowel movements

The changes in overall PedsQL scores were comparable between prucalopride and 

placebo. On a scale of 0–100, with higher scores indicating a better quality of life, the 

mean (SD) total score on the child self-report questionnaire was 76.4 (16.17) in the 

prucalopride group and 75.1 (16.48) in the placebo group. Mean (SD) total scores on 

the parent proxy-reported questionnaire were 79.6 (17.58) and 76.3 (17.56), respectively. 

During the open-label treatment period, changes in HRQoL parameters were generally 

comparable between prucalopride and PEG. The mean (SD) scores on the child self-

report questionnaire were 81.4 (16.05), 74.8 (14.33), 76.3 (15.43), and 75.8 (17.24) for the 

prucalopride–prucalopride, prucalopride–PEG, placebo–prucalopride, and placebo–PEG 
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treatment sequences, respectively. Mean (SD) scores on the parent proxy-reported 

questionnaire were 79.7 (18.66), 78.6 (18.84), 80.5 (16.80), and 80.3 (16.61), respectively. 

The correlation between parent proxy-reported and child self-reported PedsQL 

questionnaires was high, with a Pearson correlation of 0.81 for the total score in the 

double-blind treatment period and 0.77 in the open-label treatment period. Analysis of 

the changes from baseline of the PedsQL questionnaire showed no differences in either 

treatment period between prucalopride, placebo and PEG in child or parent reports. 

Safety

During the double-blind treatment period, treatment-emergent adverse events (TEAEs) 

were reported by a similar proportion of patients in the prucalopride treatment group 

(69.8%) and the placebo treatment group (60.7%). During the double-blind treatment 

period, the prucalopride treatment group (21.7%) had a higher proportion of patients with 

a TEAE on day 1 than the placebo treatment group (3.7%). The most common TEAEs on 

day 1 were headache, nausea and vomiting. After day 1, TEAEs were reported by a similar 

proportion of patients in the prucalopride (62.3%) and placebo (57.9%) groups. Overall, 

during the open-label treatment period, the prucalopride and PEG treatment groups had 

a similar proportion of patients with a TEAE (64.3% vs. 61.6%). The most frequently (> 5%) 

reported TEAEs in both treatment periods are summarized in Table 3; the most common 

(based on > 10% in any one treatment group) were headache, pyrexia, abdominal pain, 

diarrhea and vomiting.

Table 3: Most Frequent (>5%) Treatment-emergent Adverse Events

Preferred Term, n (%)

Double-blind Treatment Period Open-label Treatment Period 

Prucalopride  
N=106

Placebo 
Total N=107

Prucalopride
N=98

PEG
Total N=99

Subjects with ≥1 TEAE 74 (69.8) 65 (60.7) 63 (64.3) 61 (61.6)
Headache 17 (16.0) 9 (8.4) 3 (3.1) 7 (7.1)

Pyrexia 15 (14.2) 3 (2.8) 5 (5.1) 7 (7.1)

Abdominal pain 14 (13.2) 13 (12.1) 9 (9.2) 12 (12.1)

Vomiting 15 (14.2) 5 (4.7) 10 (10.2) 5 (5.1)

Nausea 10 (9.4) 6 (5.6) 4 (4.1) 1 (1.0)

Viral infection 6 (5.7) 5 (4.7) 4 (4.1) 4 (4.0)

Cough 6 (5.7) 2 (1.9) 4 (4.1) 6 (6.1)

Diarrhea 6 (5.7) 5 (5.6) 3 (3.1) 12 (12.1)

Nasopharyngitis 3 (2.8) 2 (1.9) 6 (6.1) 5 (5.1)

Pharyngitis 3 (2.8) 6 (5.6) 5 (5.1) 4 (4.0)

Bronchitis 2 (1.9) 7 (6.5) 5 (5.1) 3 (3.0)

Upper respiratory 
tract infection 2 (1.9) 5 (4.7) 5 (5.1) 5 (5.1)

Constipation 2 (1.9) 3 (2.8) 8 (8.2) 2 (2.0)

N=number of subjects with data; PEG=polyethylene glycol; TEAE=treatment-emergent adverse event
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Five patients in the prucalopride treatment group reported a total of nine  serious 

TEAEs, and two patients in the placebo treatment group reported a total of three serious 

TEAEs (Table 4). Five  of the 12 serious TEAEs were considered by the investigator to 

be related to the investigational product; for all five, treatment with the investigational 

product continued, in 4 after drug interruptions. No fatal TEAEs occurred during this 

study. Two patients in the double-blind treatment period (one in each treatment group) 

permanently discontinued treatment due to TEAE. Five patients (four in the prucalopride 

treatment group and one in the PEG treatment group) experienced serious TEAEs during 

the open-label treatment period, although all were considered to be unrelated to the 

treatment (Table 4). Two children in the open-label treatment period (both in prucalopride 

treatment group) permanently discontinued treatment due to a TEAE.

Table 4: Summary of Serious Treatment-emergent Adverse Events (Safety Population)

Preferred Term, n(%)

Double-blind Treatment Period Open-label Treatment Period

Prucalopride
N=106

Placebo
N=107

Prucalopride
N=98

PEG
N=99

Subjects with ≥1 
serious TEAE 5 (4.7) 2 (1.9) 4 (4.1) 1 (1.0)

Abdominal pain 1 (0.9) 1 (0.9) 0 1 (1.0)

Constipation 0 1 (0.9) 2 (2.0) 0

Vomiting 1 (0.9) 0 1 (1.0) 0

Diarrhea 1 (0.9) 0 0 0

Nausea 1 (0.9) 0 0 0

Appendicitis 1 (0.9) 0 0 0

Pneumonia 1 (0.9) 0 0 0

Dizziness 1 (0.9) 0 0 0

Syncope 1 (0.9) 0 0 0

Anxiety 1 (0.9) 0 0 0

Viral infection 0 0 1 (1.0) 0

Contusion 0 0 1 (1.0) 0

Proctalgia 0 0 0 1 (1.0)
Anorectal discomfort 0 1 (0.9) 0 0

N=number of subjects; PEG=polyethylene glycol; TEAE=treatment-emergent adverse event 

During the double-blind and open-label treatment periods, changes in clinical chemistry, 

hematology, and urinalysis parameters from normal to abnormal were minimal and 

similar between treatment groups. During the double-blind treatment period, no patients 

in the prucalopride treatment group experienced TEAEs related to clinical laboratory 

abnormalities. In the open-label treatment period, there were 13 patients with 19 TEAEs 

related to clinical laboratory abnormalities in the prucalopride treatment group, and 

11 patients with 16 TEAEs related to clinical laboratory abnormalities in the PEG treatment 

group. None of the TEAEs related to clinical laboratory abnormalities were considered 

serious, and none led to discontinuation of use of the investigational product. Changes 

over time in physical examination results, and vital signs were comparable between 



Part IV

134

treatment groups. The majority of patients were in Tanner stage I during the double-blind 

and open-label treatment periods and all pregnancy test results were negative throughout 

the study. The TEAEs related to vital sign abnormalities were non-serious, mild to 

moderate in severity, and did not result in discontinuation of investigational product use. 

Mean ECG changes from baseline to final on-treatment assessment are summarized in 

Table 5. The proportion of patients who experienced changes from normal at baseline 

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 QTcB or QTcF interval from ≤ 450 msec at baseline to > 480 msec at 

the final on-treatment assessment. In the double-blind treatment period, a similar 

proportion of patients in each treatment group had a change in QTcB interval from  

≤ 450 msec at baseline to 450–480 msec at final on-treatment assessment (prucalopride 

8.9%, placebo 6.9%). During the double-blind treatment period, there were no changes in 

QTcF interval from baseline to the final on-treatment assessment; all children had a QTcF 

interval of ≥ 450 msec at baseline and at final on-treatment assessment. In the open-label 

treatment period, a similar proportion of patients had a change in QTcB interval from ≤ 450 

msec at baseline to 450–480 msec at final on treatment assessment (prucalopride 11.5%; 

PEG 10.6%). In the open-label treatment period, one  patient, from the PEG treatment 

group, had a change in QTcF interval from ≤ 450 msec at baseline to 450–480 msec at 

the final on-treatment assessment. No patients in the prucalopride treatment group had 

an ECG-related TEAE in the open-label treatment period. All of the ECG-related events 

were non-serious, mild in severity, and did not lead to discontinuation of investigational 

product.

Table 5: Mean Electrocardiogram Changes from Baseline to Final On-treatment Assessment 

Mean (SD) Double-blind Treatment Period Open-label Treatment Period

Prucalopride 
N=91

Placebo
N=102

Prucalopride
N=87

PEG 
N=86

Heart rate (beats/min) -3.3 (12.80) +0.4 (14.28) -3.8 (15.45) -1.5 (14.29)

PR interval (msec) -1.1 (13.60) +2.1 (21.77) -4.4 (14.31) +0.5 (13.10)

QRS interval (msec) +0.3 (8.07) +0.5 (8.92) +1.4 (9.27) -0.1 (9.69)

QT interval (msec) +0.5 (20.42) +1.1 (22.52) +6.7 (25.92) +4.4 (23.56) 

QTcB interval (msec) -6.1 (25.94) +2.8 (24.37) -0.3 (29.30) +3.7 (22.95) 

QTcF interval (msec) -3.5 (20.17) +2.1 (18.49) +2.3 (22.73) +4.1 (19.11) 

N=number of subjects; SD=standard deviation; PEG=polyethylene glycol; QTcB=QT interval corrected 
according to Bazett’s formula; QTcF=QT interval corrected according to Fridericia’s formula; 



Efficacy and safety of prucalopride in children with constipation

135

chapter

5

DISCUSSION

In this multicenter, double-blind, placebo-controlled trial in pediatric patients fulfilling 

the Rome III criteria of constipation, no significant difference was found in the proportion 

of responders (≥ 3 SBMs/week and ≤ 1 FI episodes per 2 weeks) between treatment with 

prucalopride (17.0%) or placebo (17.8%). In addition, subgroup analyses of the primary 

endpoint by country, dose group, age group, sex and history of retentive posturing did 

not reveal any meaningful trends.

The primary endpoint in this study, ≥ 3 SBMs/week and ≤ 1 FI episodes/2 weeks, was 

carefully chosen as a clinically meaningful measure to evaluate the efficacy of therapy in 

children with constipation. In contrast to studies in adults with constipation, the majority 

of children have infrequent defecation accompanied by FI as result of their rectal fecal 

impaction; therefore, efficacy of treatment will not only lead to an increase in defecation 

frequency, but also to a decrease in the number of episodes of FI. A surprisingly low 

proportion of children successfully responded to prucalopride (17.0%, compared with 

17.8% for placebo). By comparison, a well-designed, multicenter, placebo-controlled trial 

comparing PEG 3350 with placebo for childhood constipation showed a success rate of 

greater than 70% in the PEG group versus 42% in the placebo group.26 Comparison between 

these studies is difficult due to the differences in study design (treatment period of only 

2 weeks in the PEG study) and the difference in the primary endpoint used (response to 

treatment was defined as ≥ 3 bowel movements in the second week of the PEG study). 

Moreover, a majority of the responding children in the earlier study still experienced FI at 

the end of the treatment period, which in the current study would have defined them as 

non-responders. Another well-designed study in children fulfilling the Rome II criteria for 

constipation, comparing PEG 3350 to lactulose and using the same primary endpoint as 

in the present study, showed success rates of 56% and 29%, respectively.27 It is unclear 

why the response rate to prucalopride is lower than the response rate to PEG in this 

earlier study, since the current study was also performed in a tertiary center, suggesting 

a similar study population. Although the working mechanism of prucalopride is different 

to that of PEG 3350, prucalopride has been shown to be effective in increasing stool 

frequency and reducing constipation-related symptoms in adults. 

The difference in efficacy of prucalopride between adults and children indicates that 

childhood constipation differs considerably from constipation in adults.28 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. Once the child has experienced the painful passage 

of hard stool, he or she attempts to avoid the expected discomfort by exercising voluntary 

withholding. In contrast, voluntary withholding of stools is not a contributing factor in the 

onset or maintenance of constipation in adults.28 In the current study population, 61% of 

participants had a history of excessive volitional stool retention, which may have played a 

role in the difference in the primary efficacy results compared with adult studies. Indeed, 

previous research has suggested that prucalopride might accelerate transit through the 
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gastrointestinal tract in constipated patients without rectal evacuation disorder.10 This may 

indicate that prucalopride might be less successful in patients with an outlet obstruction 

compared with those with slow transit constipation. 

Similar to a placebo-controlled study of prucalopride in adults with constipation, 29% of 

the pediatric patients receiving prucalopride in the present study had a mean of ≥ 3 SBMs/

week after 8 weeks of treatment;12 however, the proportion of patients with ≥ 3 SBMs/week 

in the placebo group was 35% compared with only 12% in the adult study. It is unclear 

why there is discrepancy in the placebo responses between children and adults.12,16 As in 

adults, the placebo effect in functional gastrointestinal disorders is substantial.29 There 

may be a significant role for behavior modification, including toilet training and positive 

parental reinforcement, in explaining the high placebo response rate in children.26 In the 

current study, toilet training in combination with keeping an e-diary may also have been 

involved in the high success rate observed in the placebo group; likewise, the high level 

of expectancy of children and their parents participating in this study and the frequent 

contacts between the doctors and patients may also have contributed to the outcomes in 

the placebo group.30

In contrast with other studies, the current study demonstrated that children treated with 

prucalopride had no improvements in their perception of the severity of their constipation 

symptoms compared with placebo-treated patients. At the end of the treatment period, 

patients treated with prucalopride rated the efficacy of their study medication similarly 

to patients who had received placebo, and patients from both treatment groups reported 

similar improvements in measures of HRQoL. It is known from previous studies that 

general wellbeing and HRQoL are lower among constipated patients than in healthy 

controls.3,4 A cohort study of young adults with a history of functional childhood 

constipation compared HRQoL in this population with that of healthy peers. While HRQoL 

was similar in both groups, unsuccessful clinical outcome at adult age (patients with 

continuing constipation-related symptoms) was associated with lower HRQoL.4 This 

suggests that improvement of constipation-related complaints consequently leads to 

improvements in HRQoL and general wellbeing. In contrast with our results, several adult 

studies showed that prucalopride significantly improved the severity of symptoms and 

HRQoL in severely and chronically constipated patients compared with placebo.12,13,15–17,31 

This is consistent with the significant difference in efficacy between prucalopride and 

placebo treatment in adult studies.

In accordance with earlier trials in adults and children, prucalopride was generally 

well tolerated by the pediatric patients.12,16,20,32 The incidence of TEAEs was comparable 

among the treatment groups, except for headache, pyrexia, vomiting, abdominal 

pain and diarrhea; these differences probably reflect the serotonergic (headache) and 

enterokinetic (gastrointestinal AEs) properties of prucalopride. The majority of AEs was 

mild to moderate in severity and occurred mainly during the first day of treatment. There 

were no clinically relevant changes over time in laboratory parameters, urine analysis or 

vital signs. 
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Prucalopride has a high affinity and selectivity for 5-HT4 receptors; its affinity for 5-HT4 

receptors is at least 150 times higher than for other receptors.12 Non-selective 5-HT4 

receptor agonists, such as cisapride and tegaserod, have been associated with adverse 

cardiovascular effects. In the current study, no clinically relevant changes in ECG 

parameters were observed in patients taking prucalopride. No patient in any treatment 

group had a shift in QTcB or QTcF interval from ≤ 450 msec at baseline to > 480 msec at 

the final on-treatment assessment. The ECG findings reported in this study are consistent 

with previous studies in adult patients and healthy volunteers.

In the current study, outcomes for PEG treatment related to constipation severity and 

efficacy of treatment were generally better than those for prucalopride during the open-

label treatment period. In contrast with the better outcomes in the PEG group compared 

with the prucalopride group, a higher incidence of early withdrawals occurred in the 

PEG treatment group than the placebo group (18.2% vs. 10.2%). During the open-label 

continuation, good safety and tolerability profiles were maintained for up to 16 weeks. 

This is in accordance with a follow-up study in adults, which demonstrated satisfaction 

with bowel function maintained for up to 18 months of treatment with prucalopride.32

The strengths of this study were the multinational composition of the study population, 

the large patient sample (including a range of age groups), the placebo-controlled 

design, the use of the Rome III criteria for pediatric constipation, and the well-defined 

primary endpoint, which permits drawing firm conclusions regarding the effectiveness 

of prucalopride and placebo in children with constipation. A potential limitation of the 

present study was that it was conducted in secondary and tertiary care centers, thus 

reflecting a more severely affected patient population. This precludes applying the results 

to the general population of constipated children.

In conclusion, current guidelines for treatment of constipation in children recommend a 

combination of education, behavioral therapy and the use of laxatives; however, well-

designed, placebo-controlled trials that support efficacy of pharmacological 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. 
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