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Introduction

Two novel formulations of praziquantel (PZQ) and Levo-(L-)PZQ (arpraziquantel) have been developed for the treatment of schistosomiasis in preschool-age children and infants.



Methods

This open-label, dose-finding Phase 2 study assessed the efficacy and safety of PZQ formulations in children and infants infected with Schisostoma mansoni in Côte d’Ivoire. In Part 1, 420 children aged 2.1–6.9 years (weight 10.0–29.9 kg) were enrolled and randomized to one of 7 treatment arms (n=60 per arm): commercially available racemate (rac)-PZQ at 3x20 mg/kg or 40 mg/kg (treatment arms 1 and 2); rac-PZQ orodispersible tablet (ODT) at 40 mg/kg or 60 mg/kg (treatment arms 3 and 4); or L-PZQ ODT at 30 mg/kg, 45 mg/kg, or 60 mg/kg (treatment arms 5, 6, and 7). The optimal formulation and dose identified (L-PZQ ODT 50 mg/kg) was used in Part 2, which enrolled 24 infants aged 6–24 months (weight 7.5–14.8 kg). Infants were treated in an age-staggered approach: age 13–24 months (treatment arm 8, n=20) and age 6–12 months (treatment arm 9, n=4). The primary endpoint was clinical cure rate (CR) demonstrated by the Kato–Katz method 14–21 days post-treatment. Secondary endpoints included CR by point-of-care circulating cathodic antigen, egg reduction rate (ERR), and adverse events (AEs).



Results

In Part 1, CRs ≥70% were achieved in all treatment arms and were highest with L-PZQ ODT 60 mg/kg (89.7%), rac-PZQ 3x20 mg/kg (89.5%), and L-PZQ ODT 45 mg/kg (86.0%). In Part 2, CRs were >90%. All treatment arms had ERRs >95%. Treatment-related AEs were reported by 71 participants (16.0%) and were similar across treatment arms; most were mild and transient. The most common treatment-emergent AEs were laboratory abnormalities. No deaths or discontinuation due to treatment-emergent AEs were reported and no new safety concerns were identified.



Conclusion

New rac-PZQ and L-PZQ ODT formulations used as single-dose therapy against S. mansoni demonstrated acceptable overall efficacy and safety in preschool-age children and infants, warranting further studies in this population.



Clinical Trial Registration

ClinicalTrials.gov, identifier NCT02806232; Pan African Clinical Trials Registry, identifier PACTR201604001493593.
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Introduction

Schistosomiasis, an acute and chronic disease caused by trematode parasitic worms of the genus Schistosoma, belongs to a group of neglected tropical diseases and represents a major health problem in many developing countries worldwide, including sub-Saharan Africa, where it accounts for 200,000 deaths annually (1, 2).

Schistosoma mansoni is responsible for the vast majority of intestinal schistosomiasis infections in South and Central America and in sub-Saharan Africa (1). The parasite penetrates human skin during contact with infested water (e.g. during swimming or domestic activities). Chronic schistosomiasis is associated with significant morbidity; school-age and preschool-age children are particularly vulnerable to infection, and often suffer from serious consequences such as delayed physical and cognitive development (1, 3, 4).

The World Health Organization (WHO) recommends preventive chemotherapy against schistosomiasis with a single, oral dose of praziquantel (PZQ) at 40 mg/kg body weight. The main target population are school-age children; however, the exposure of adults and preschool-age children/infants to infection is recognized, and WHO now recommends extending preventive campaigns to children under the age of 6 years (3–5). Early targeting of schistosome infections would help achieve maximum benefit for the long-term health of affected children (3, 6).

PZQ, which is administered as a racemic mixture of R-(-)-praziquantel (levo-PZQ or L-PZQ; arpraziquantel) and S-(+)-praziquantel (dextro-PZQ or D-PZQ) (the racemic mixture is hereafter referred to as rac-PZQ), is currently available in the form of large 600 mg tablets that need to be crushed for oral administration in children, given the size of the tablet. Consequently, there is the potential for imprecise dosing; compliance issues can also arise due to the bitter taste of the formulation, which is largely attributed to D-PZQ (7). Against this background, the WHO has long recognized a medical need for a more palatable, easy-to-administer pediatric formulation of PZQ (4), which led to the establishment of the Pediatric Praziquantel Consortium in 2012 (6, 8). This international, non-profit, public-private partnership aims to reduce the global disease burden of schistosomiasis by addressing the medical need of infected preschool-age children (https://www.pediatricpraziquantelconsortium.org/). The consortium subsequently developed two innovative orodispersible tablet (ODT) formulations for PZQ for pediatric use: a rac-PZQ formulation containing a mixture of the enantiomers in a 1:1 ratio, and the other containing only L-PZQ, which is devoid of the biologically inactive enantiomer. Both have been developed as a 150 mg ODT that are smaller, compared with the existing rac-PZQ tablet formulation, and can be taken with or without water. The formulation also includes sweeteners to enhance palatability (less bitterness) and has been formulated with an appropriate shelf-life to withstand challenging logistics and field temperatures that prevail in Africa. Previous studies have shown these formulations to be more palatable to children than the existing tablet formulation of rac-PZQ (7, 9), and would allow for more precise dosing of children and infants of different body weights.

This open-label, dose-finding study assessed the efficacy and safety of three formulations of PZQ (commercially available rac-PZQ tablet, rac-PZQ ODT, and L-PZQ ODT) in preschool-age children and infants infected with S. mansoni in Côte d’Ivoire (NCT02806232).



Methods


Study Design and Participants

This open-label Phase 2 study was performed at the District Hospital of Man in Côte d’Ivoire (between 12 June 2016 and 17 November 2018). The hospital has a catchment area of villages located in the prefectures of Biankouman, Facobly, Kouibly, and Man, where S. mansoni is endemic (10). The study consisted of two parts. Part 1 was a randomized, dose-finding study comparing rac-PZQ tablet, rac-PZQ ODT, and L-PZQ ODT in children aged 2–6 years infected with S. mansoni with the main objective of identifying the optimal single dose of rac-PZQ ODT or L-PZQ ODT formulation that would have a clinically meaningful cure rate (CR) and an acceptable safety profile for further studies. Part 2 assessed the efficacy and safety of the ODT formulation and dosage selected in Part 1 in infants aged 3–24 months infected with S. mansoni.

The study included male and female children and infants (minimum weight 8.0 kg and 4.0 kg, respectively), diagnosed with S. mansoni infection (>1 egg/1 occurrence). Participants were excluded from enrollment if they had a history of adverse reactions to PZQ or of acute or severe chronic disease, liver transaminases above 3x upper limit of normal, fever, another debilitating illness, evidence of mixed S. haematobium and S. mansoni infection, or exposure to any medication that might affect the efficacy or pharmacokinetics of PZQ in the 4 weeks prior to study screening. Participants were also excluded if, in the opinion of the investigator, their participation constituted a risk or a contraindication that could interfere with the study objectives, or they were unlikely to comply with study requirements.



Randomization and Treatment

In Part 1 of the study, preschool-age participants were randomized to one of 7 treatment arms. Randomization was stratified by subjects’ infection intensity at baseline (60% light and 40% moderate/heavy infections), according to WHO categories: light/moderate/heavy corresponding to 1–99/100–399/≥400 eggs per gram of stool, respectively (11). Participants were randomized sequentially by the investigator to receive commercially available rac-PZQ at 20 mg/kg three times a day (treatment arm 1); commercially available rac-PZQ at 40 mg/kg single dose (treatment arm 2); rac-PZQ ODTs at 40 mg/kg single dose (treatment arm 3); rac-PZQ ODTs at 60 mg/kg single dose (treatment arm 4); L-PZQ ODTs at 30 mg/kg single dose (treatment arm 5); L-PZQ ODTs at 45 mg/kg single dose (treatment arm 6); or L-PZQ ODTs at 60 mg/kg single dose (treatment arm 7).

For Part 2, the optimal ODT formulation and dose level for investigation were chosen by the Safety Monitoring Committee (SMC) based on a pre-specified decision algorithm developed by Merck and endorsed by the Pediatric Praziquantel Consortium, which incorporated efficacy and safety results observed in Part 1 of the study. In brief, both efficacy (overall CR, CR by infection intensity, and egg reduction rate [ERR]) and safety (number, type, and severity of adverse events [AEs]) criteria for each of the 5 ODT treatment arms and 2 reference treatment arms included in Part 1 were considered. This allowed for generation of a utility score for each treatment arm according to the number of points assigned for each of the desired attributes. The 45 mg/kg dose of L-PZQ ODT emerged from this assessment of Part 1 as the optimal formulation and dose, followed by the 60 mg/kg dose of L-PZQ ODT. On this basis and given that the ODT tablets have a 150-mg strength, a dose of 50 mg/kg (nearest to 45 mg/kg) was selected for Part 2. Infants were to be enrolled in an age-staggered approach: infants aged 13–24 months (treatment arm 8) and infants aged 3–12 months (treatment arm 9). No randomization was performed in Part 2 of the study because subjects were assigned to treatment arms according to their age, regardless of infection intensity.

All participants received study treatment either three times on a single day or in a single dose after a meal. The actual doses were based on measured body weight and rounded to the closest folds of 150 mg. In this open-label study, no allocation concealment or blinding was performed regarding participants and investigators. The primary endpoint (i.e. egg counts from fecal samples) was evaluated by laboratory staff without being aware of the actual treatment received by subjects.

Analysis sets were: safety analysis set (all participants who received study treatment), modified intent-to-treat (mITT) set (participants who received study treatment and did not receive anti-malarial medications during the study), and per-protocol (PP) analysis set (all participants with no protocol deviation).



Study Endpoints

The primary efficacy endpoint was CR, defined as the proportion of participants with absence of S. mansoni parasite eggs in stool demonstrated by the Kato–Katz method 14–21 days after treatment.

Secondary efficacy endpoints were ERR, calculated based on either arithmetic or geometric group mean egg count per gram of stool determined by the Kato–Katz method before treatment and 14–21 days after treatment, and CR, defined as absence of parasite antigens in the urine as assessed by the commercially available point-of-care circulating cathodic antigen (POC-CCA) test for S. mansoni. Safety endpoints were laboratory safety parameters, vital signs, and AEs.



Efficacy and Safety Assessments

Egg counts in stool were assessed by triplicate Kato-Katz on 2 samples (a total of 6 slides) collected within 5 days, with the first sample collected 14–21 days after treatment. POC-CCA test scores were done using a commercially available POC-CCA cassette at screening and at Days 2, 8, and 14–21 after treatment.

AEs were assessed continuously throughout the study (during the hospital stay and follow-up visits) and included any unfavorable changes reported by the participant or observed by the investigator. In accordance with routine practice for assessment of safety during clinical trials (https://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-harmonisation-technical-requirements-registration-pharmaceuticals-human-use_en-15.pdf), all AEs reported on the same day of study medication – or events that worsened after dosing – were considered treatment-emergent AEs (TEAEs). Regarding severity, investigators rated AEs as mild, moderate, or severe according to standard criteria related to the degree of tolerability/discomfort and impact on functioning. Serious AEs included any untoward medical occurrence that resulted in death, was life-threatening, required inpatient hospitalization or prolonged an existing hospitalization, resulted in persistent or significant disability or incapacity, was a congenital anomaly or birth defect, or was otherwise considered to be medically important. Consideration of causality was based on the investigator’s medical judgement, taking into account available data such as medical history, concomitant medication and conditions, possible worsening of underlying conditions, timing of AE in relation to dosing, and laboratory analysis before and after dosing.



Statistical Analysis

There was no hypothesis testing for the primary endpoint, as this study was intended to determine the dose and formulation to be tested in a subsequent Phase 3 trial. The sample size was based on the minimum number of participants required to reach a meaningful precision (indicated by the lower bound of the 95% confidence interval [CI]) of the primary efficacy endpoint (CR) in each arm. The minimum clinically meaningful CR was considered to be 70% based on literature (12), with the corresponding lower bound of 95% CI greater than 58%. Taking into account the infection intensity stratification factor and assuming approximately 17% dropout rate, the sample size for Part 1 was set at 60 participants per treatment arm, in order to have at least n=50 evaluable participants per arm.

For Part 2, the number of participants envisaged to be enrolled to evaluate efficacy and safety was n=30 for treatment arm 8 (infants aged 13–24 months) and n=10 for treatment arm 9 (infants aged 3–12 months).

All efficacy data were analyzed using descriptive statistics: frequency counts and percentages for qualitative variables, mean, median, quartiles, minimum and maximum values for continuous variables. The calculation of 95% CI for was based on the Clopper-Pearson (exact) method for CR and on resampling for ERR.

The primary analysis for CR was based on the mITT set, with missing follow-up assessment imputed as not cured (mITT with imputation). Sensitivity analyses were performed: 1) excluding mITT participants with missing egg counts (mITT without imputation); and 2) including only PP participants with no imputation. Logistic regression was also performed to determine the impact of baseline characteristics (infection intensity, age group, and sex) and baseline egg counts on CR. No imputation was performed for ERR calculation.




Results

A total of 7906 subjects (5570 children aged 2–6 years; 2336 infants aged 3–24 months) were pre-screened for S. mansoni by POC-CCA urine test. The majority were excluded from further participation because screening results were negative for infection. Some 710 subjects tested positive for S. mansoni by the Kato–Katz method and negative for S. haematobium by the urine filtration method and were invited to the study center for further screening. Of these, 444 subjects met the inclusion/exclusion criteria and were subsequently enrolled, randomized, and treated (safety analysis set), as described below. The reasons for 266 patients not to be enrolled were that they met one or more exclusion criteria (n=124), withdrew consent (n=76), study recruitment had finished before they could be randomized (n=49), or contact was lost between pre-screening and screening (n=17).

In Part 1 (Figure 1), the safety analysis set comprised 420 children aged 2–6 years (60 subjects per treatment arm): treatment arm 1 (rac-PZQ 3x20 mg), treatment arm 2 (rac-PZQ 40 mg/kg single dose), treatment arm 3 (rac-PZQ ODT 40 mg/kg single dose), treatment arm 4 (rac-PZQ ODT 60 mg/kg single dose), treatment arm 5 (L-PZQ ODT 30 mg/kg single dose), treatment arm 6 (L-PZQ ODT 45 mg/kg single dose), and treatment arm 7 (L-PZQ ODT 60 mg/kg single dose). Of these, 18 participants were excluded from the mITT analysis because they were receiving anti-malarial medication (n=16) or S. mansoni infection was not confirmed (n=2). The mITT population for efficacy analysis therefore comprised 402 patients. In Part 2 (Figure 1), the safety analysis set comprised 24 infants aged 6–24 months who were enrolled and treated with L-PZQ ODT 50 mg/kg (treatment arms 8 and 9). After excluding participants receiving anti-malarial medication (n=5), 19 were included in the mITT analysis set (Figure 1). Baseline demographics and disease characteristics are presented for all treatment arms in Table 1. All participants were Black; 53.8% were male; and aged 0.5–6.9 years.




Figure 1 | Participant disposition (CONSORT diagram). mITT, modified intent-to-treat.




Table 1 | Baseline demographics and disease characteristics (safety analysis set).



Concomitant medical events were reported for 28.6% of study participants at baseline; in 76 participants (17.1%) the events were ongoing at the time of study start. Most frequently reported events were infections and infestations (9.7%), gastrointestinal disorders (8.1%), blood and lymphatic system disorders (7.4%), and skin and subcutaneous tissue disorders (5.0%).

A total of 214 (50.8%) study participants used concomitant medication (Supplementary Table 1).

Mean baseline egg counts were 197–434 per gram of stool in treatment arms 1–7, 80 per gram of stool in treatment arm 8, and 43 per gram of stool in treatment arm 9 (Table 2); 60.8% of participants in Part 1 had light infection at baseline.


Table 2 | Baseline egg counts (eggs per gram of stool) measured by the Kato–Katz method (modified intent-to-treat analysis set).



Clinically meaningful CRs (≥70%) were achieved in all treatment arms (Figure 2). In Part 1, the highest CRs (approaching 90%) were observed in participants receiving L-PZQ ODT 60 mg/kg (treatment arm 7; CR=89.7%), commercially available rac-PZQ 3x20 mg/kg (treatment arm 1; CR=89.5%), and L-PZQ ODT 45 mg/kg (treatment arm 6; CR=86.0%). In Part 2, treatment with L-PZQ ODT 50 mg/kg resulted in a CR of 93.3% in treatment arm 8 and 100% in treatment arm 9. Similar trends were obtained from the sensitivity analysis (data not shown).




Figure 2 | Overall clinical cure rate by the Kato–Katz Method (modified intent-to-treat analysis set, with imputation). Participants with missing follow-up egg counts were imputed as not cured. CI, confidence interval; ODT, orodispersible tablet; PZQ, praziquantel; rac, racemate.



In the logistic regression analysis of the primary endpoint, infection intensity was the only covariate significantly associated with CR. Participants with light infections had higher cure rates than those with moderate/heavy infections in all treatment arms; CRs for light infections were between 82.9% and 100%, and for moderate/heavy infections between 56.5% and 85.7% across treatment arms (Table 3). Among participants with moderate/heavy infections, the CRs were 69.6%, 72.7%, and 82.6% for the 30 mg/kg, 45 mg/kg, and 60 mg/kg L-PZQ ODT dosing groups, respectively, and 78.3% and 69.6% for the 40 mg/kg and 60 mg/kg rac-PZQ ODT dosing groups, respectively.


Table 3 | Clinical cure rate by the Kato–Katz method (modified intent-to-treat analysis set).



Both ERRs based on arithmetic mean and geometric means were >95% in all treatment arms (Table 4).


Table 4 | Egg reduction rate (modified intent-to-treat analysis set, without imputation).



CRs assessed by POC-CCA on Day 14–21 were lower than those assessed by the Kato–Katz method and ranged from 36.2% to 72.4%; the highest CRs were observed for the L-PZQ ODT 45 mg/kg and 60 mg/kg treatment arms (Supplementary Table 2).

A total of 286 (64.4%) study participants experienced at least one TEAE; of these, TEAEs were considered related to study treatment in 71 (16.0%) study participants (Table 5). No deaths or discontinuation due to TEAEs were reported. Almost all TEAEs that occurred at the time of treatment were mild and resolved within 2 days after dosing. There were two serious TEAEs, both were events of increased transaminases. One of these, occurring in a study participant who received rac-PZQ ODT 40 mg/kg, was considered by the investigator to be related to study treatment. Nine severe adverse events, all related to laboratory abnormalities, were reported: increased C-reactive protein (n=3), leukocyturia (n=3), increased transaminases (n=2), and thrombocytopenia (n=1). All such events were considered to be related to underlying concomitant diseases.


Table 5 | Treatment-emergent adverse events (safety analysis set).





Discussion

This was the first study assessing the efficacy and safety of novel pediatric oral formulations of rac-PZQ and L-PZQ in preschool-age children and infants infected with S. mansoni. The primary objective of Part 1 was met: clinically meaningful CRs (≥70%) were achieved in all treatment arms. In children aged 2–6 years, a single dose of L-PZQ ODT 45 mg/kg was found to have the best benefit–risk profile with a clinically meaningful CR of 86.0%. L-PZQ ODT at 50 mg/kg, recommended by SMC for Part 2, showed acceptable efficacy and safety in enrolled infants aged 6–24 months. The CRs in this study were slightly higher than those reported previously in studies using commercial rac-PZQ formulation in school-age and preschool-age children (12–14).

CRs assessed by the POC-CCA method showed a similar trend, but were generally lower than those assessed by the Kato–Katz method in detecting S. mansoni infection (15). This is in line with previous publications that showed that POC-CCA has higher sensitivity than the Kato–Katz method, especially in light infection (16). Efficacy analyses performed on the mITT analysis set with imputation (when participants with missing post-treatment assessment were defined as not cured) and without imputation, and on the PP analysis set, reached similar conclusions. ERRs were >95% across all treatment arms, suggesting acceptable efficacy of the novel pediatric ODT formulations of PZQ.

In line with previous results obtained for rac-PZQ, our results suggest that rac-PZQ ODT and L-PZQ ODT are more potent in clearing light than heavy infection with S. mansoni (12, 13, 17). However, due to the small sample size in the subgroup of patients with moderate/heavy infections in this study, further studies are needed to determine whether a higher dose of rac-PZQ ODT or L-PZQ should be used in individuals with heavy infection.

The safety profiles of all tested formulations were generally similar to the previously described safety profile of rac-PZQ (18), and no new safety concerns were identified in the pediatric population investigated in this study. TEAEs were mostly mild and transient, and no TEAEs led to death, discontinuations or withdrawal, indicating that the treatment had an acceptable tolerability profile. The high incidence of anemia recorded in the study has previously been noted in association with malaria and schistosomiasis in Africa and may be common in individuals suffering from S. mansoni infection (17, 19). TEAEs related to abnormal laboratory findings, such as anemia, were detected on samples taken before the administration of study treatment, albeit on the same day, and may therefore reflect the baseline underlying disease status of participants.

Studies of infection prevalence in preschool-age children induced an extension of preventive chemotherapy campaigns against schistosomiasis to preschool-age children (20–22); however, studies using crushed commercially available rac-PZQ tablets noted a lower efficacy in this population compared with school-age children (13, 14). Lower CRs may be explained by imprecise dosing of crushed tablets and/or by different bioavailability of rac-PZQ in children versus adults (23, 24). A recent study using a syrup-based pediatric formulation of rac-PZQ showed a much lower efficacy against S. mansoni than against S. haematobium in preschool-age children (25). Our study thus reports the first successful use of novel ODT pediatric formulations of PZQ in Sub-Saharan Africa, with acceptable efficacy and safety.

This study had several limitations. First, children with S. haematobium infection were excluded from the study; consequently, the efficacy of pediatric ODT formulations of PZQ against this species and against mixed S. mansoni/S. haematobium infections remains to be determined. Second, while the study protocol allowed for patients aged 3–24 months to be screened for inclusion in Part 2, the youngest patient enrolled and treated was aged 6 months. Third, the efficacy results obtained for L-PZQ ODT suggest a dose-dependent response; however, the study was not powered for dose–response analysis. These limitations will be addressed in future studies, which will gain further insights concerning the efficacy of the new ODT formulations of PZQ.

The regions of Man and Biankouman of Côte d’Ivoire were selected as representative regions with high incidence of S. mansoni infections, where treatment programs can be expanded in a real-world setting (10, 26). During study conduct, investigators met with a number of challenges related to local community, cultural, ethical, and economic aspects (26). The successful completion of the study set an example of an effective collaboration of multiple stakeholders in pediatric clinical research in sub-Saharan Africa.



Conclusion

This Phase 2 study demonstrated acceptable efficacy and safety of new pediatric ODT formulations of rac-PZQ and L-PZQ against S. mansoni infection in preschool-age children; treatment with L-PZQ ODT 50 mg/kg also resulted in CRs >90% in infants. The promising profile of the new ODT formulations supports further clinical development for treatment of schistosomiasis in preschool-age children and infants from high-risk regions.
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related to study
treatment
Any serious 1(1.7) 0 1(1.7) 0 0 0 0
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TEAE related to
study treatment
Most commonly reported TEAEs (by preferred term)
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CRP, C-reactive protein; ODT, orodispersible tablet; PZQ, praziquantel; rac, racemate; TEAE, treatment-emergent adverse event.
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