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1. SYNOPSIS OF THE STUDY 

 

SPONSOR CHU de Toulouse 

CO-ORDINATING /PRINCIPAL 

INVESTIGATOR  

Pr Maïthé Tauber  
Reference Centre for Prader-Willi Syndrome, Endocrinology Team 
/ Hôpital des Enfants [Children's Hospital]/330 av de Grande 
Bretagne/ TSA70034/31059 Toulouse Cedex 9/Tel 05 34 55 85 51 
 

TITLE  

Evaluation of children aged from 3 to 4 years with Prader-
Willi Syndrome who received OT between 0 and 6 months of 
age during the OTBB2 study and comparison with a group of 
untreated and age-matched children with PWS (OT2SUITE) 
 

JUSTIFICATION / CONTEXT  

PWS is a genetic developmental disorder affecting 1 child in 20,000 
at birth, which combines neonatal hypotonia with a severe 
deficiency in the sucking reflex which may lead to a complete lack 
of weight gain. Currently diagnosis is made during the first weeks 
of life. In the absence of specific care and prevention, obesity then 
occurs in the 2nd year of life in association with other endocrine 
anomalies probably linked to hypothalamic dysfunction. An 
anomaly in the neurones secreting OT in the hypothalamic 
paraventricular nucleus is found both in patients and in 2 animal 
models (Necdin mice and MAGEL2 mice obtained after invalidation 
of these 2 genes situated in the PWS chromosomal region). 
Administration of OT during the first 5 hours of life in MAGEL2 
mice allows the survival of 93% of pups as opposed to 51% without 
administration of OT, due to deficiency in the sucking reflex. Long-
term effects are also found after early administration of OT, in 
particular the restoration of social behaviour in adult Magel 2 mice. 
In our previous OTBB2 study we carried out repeated intranasal 
administrations of OT for 7 days at different doses (4IU every 2 
days, 4IU/day or 2x4IU/day) in babies with PWS aged less than 6 
months. The tolerance of these administrations was excellent: no 
clinically significant anomaly in the different clinical and biological 
parameters monitored. Investigations have shown that out of the 18 
babies included, 88% have normalised sucking/swallowing after the 
7 days of treatment. Significant improvement in social skills is 
found, with increased eye contact, less withdrawal and intensified 
mother-baby interactions. Our results have also shown an increase 
in the levels of acylated ghrelin and changes in cerebral activity with 
increased connectivity of the right orbitofrontal cortex. These results 
will be published in the Pediatrics journal in February 2017. 
 
We have presented these very promising results to ANSM and EMA 
and both agencies have strongly recommended that we collect long-
term data on these patients treated before the age of 6 months. We 
therefore hope to confirm the safety and long-term effects on the 
children treated before the age of 4 years. On the other hand, due to 
its neuromodulating action, OT could have long-term effects as 
reported in the Magel2 mouse model. Clinical observation of the 
children monitored at the centre of reference in Toulouse two years 
after the end of the OTBB2 study supports this hypothesis. The 
treated children appear to have better social skills, better 
psychomotor development and earlier establishment of the 
prerequisites for communication compared with children with PWS 
who were not treated with OT during the first months of life. 
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OBJECTIVES 

Main objective: to compare the communication skills of children 
with PWS aged between 3 and 4 years who have been treated for 7 
days with OT in the OTBB2 study before the 6th month of life with 
untreated and age-matched children with PWS.  
Secondary objectives: 
To compare the group of treated children with PWS with the 
untreated group in terms of 
- adaptive behaviour, daily living skills, socialisation and motor 
skills 
- global behaviour 
- orality and eating behaviour 
- global development 
- evolution of height and weight and clinical condition  
- oculometric skills  
- cerebral activity 
- circulating rates of ghrelin and other peptides and neuropeptides 
involved in regulation of the appetite. 
 

OUTLINE OF THE STUDY  

Cross-sectional study of children with PWS comparing at the age of 
3-4 years the behaviour and development of two groups of children 
with PWS treated or not with OT for 7 days during the first 6 months 
of life. 
 

INCLUSION CRITERIA  

- Male or female child with PWS (genetically confirmed 
diagnosis) 

- Aged from 3 to 4 years 
- The parents (or legal representative) must have signed the 

consent form and the child must be registered with a social 
security regime. 

- For the treated group: The child has participated in the OTBB2 
study.  

- For the control group: The child has never received OT, age-
matched to children treated with OT by plus or minus 3 months.  

EXCLUSION CRITERIA  

- Administrative problems: inability to give parents (or legal 
representative) expert information, no coverage by a Social 
Security regime, refusal of parents (or legal representative) to sign 
the consent form. 

OUTCOME MEASURES 

 
Main criterion: 
Score in the “Communication” field of the Vineland II scale  
 

Secondary criteria:  
o Scores in the fields “Daily living skills”, “Socialisation” and 

“Motor skills”, and the composite score for adaptive behaviour 
on the Vineland II scale 

o Global behaviour (CBCL)  
o Global development (BSID III) 
o Evaluation of orality and eating behaviour (questionnaire, X-

ray, clinical observation) 
o Oculometric tests 
o Evolution of height and weight and clinical parameters 
o Cerebral activity by functional MRI 
o Circulating rates of ghrelin and certain peptides and 

neuropeptides involved in regulation of the appetite 
 

STUDY SIZE  

36 children: 
18 children with PWS included in OTBB2 
18 control children with PWS aged from 3 to 4 years and age-
matched to the treated children (plus or minus 3 months) 
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EXPECTED NUMBER OF 

CENTRES 
Monocentric  

STUDY DURATION  

Duration of inclusion period: 18mois 
Duration of participation of each patient: 3 days 
Total study duration: 24 months 
 

STATISTICAL ANALYSIS OF 

DATA  

Comparison of the 2 groups of children with regard to the studied 
criteria: communication, adaptive behaviour, global behaviour, 
eating behaviour and orality, global development, oculometric 
skills, cerebral activity, circulating rates of ghrelin and other 
neuropeptides  
  

EXPECTED OUTCOMES 

If positive effects on communication skills, eating behaviour, 
development and social skills in children with PWS aged between 
2 and 4 years who have received early intranasal administration of 
OT are demonstrated with good tolerance, we will document the 
long-term effect of OT administered during the first months of life 
to babies with PWS and its modifying action on the natural history 
of the disease.  
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2.  ABSTRACT 

This research has been registered in http://www.clinicaltrials.gov/ the date under the n° numéro. 
 

Long term evaluation of infants aged from 3 to 4 years old included in the OTBB2 study (repeated 
administrations of oxytocin in infants with PWS aged from 0 to 6 months) and comparison with not 

treated and age-matched PWS infants (OT2SUITE) 
Follow-up of PWS infants treated by oxytocin and comparison with not-treated infants. 
Sponsor of this research. CHU Toulouse 

 
Background: In our previous OTBB2 study, 18 infants with PWS aged from 0 to 6 months received 
intranasal administrations of oxytocin (4 UI every 2 days, 4UI every day or 2x4UI every day during 7 days). 
Tolerance of oxytocin was excellent. Sucking assessed by the neonatal oral motor scale (NOMAS) was 
abnormal in all infants at baseline and normalized in 88%. Significant improvements in Clinical Global 
Impression scale, social withdrawal behavior and mother-infant interactions were observed. We also 
documented a significant increase in acylated ghrelin and connectivity of the right superior orbitofrontal 
network that correlated with changes in sucking and behavior.  
Purpose: 
In accordance with recommendations of regulatory authorities (EMA and ANSM), we want to collect long 
term data of patients treated with oxytocin before the age of 6 months. Morover clinical observations of these 
infants support long term effects on communication skills, global development and behaviour. The objective 
of this study is to collect data on tolerance and effects of early treatment with oxytocin in infants with PWS 
aged from 3 to 4 years and to compare these infants with not treated age-matched infants with PWS. 
• Primary outcome: Evaluation of communication skills assessed by Vineland-II scale. 
• Secondary outcomes: 
Evaluation of: 
o Adaptative behavior composite and 3 domains: “Daily living skills”, “Socialization”, “Motor skills” 

(Vineland-II scale).  
o Behavioral troubles (CBCL questionnaire) 
o Global development (BSID III questionnaire) 
o Orality and eating behaviour (questionnaire, videofluoroscopy of swallowing, clinical observation)Eye 

tracking abilitiesAuxological and clinical parameters  
o Brain activity (fMRI bold) 
o Plasma levels of ghrelin and other peptides involved in feeding behaviour or energy metabolism 

• Study design: comparison of 2 groups of infants with PWS: infants treated with oxytoxin at the age of 0-
6 months and age-matched infants not treated 

• Eligibility criteria:  
• inclusion criteria:  

� infants with PWS (genetic diagnosis confirmed) 
� aged from 3 to 4 years 
� For treated group : infant included in the OTBB2 study 
� For not treated group: infant never treated with OT 

• exclusion criteria: none 
• Arm number or label and arm type: 2 groups of infants with PWS: infants treated with oxytoxin at the 

age of 0-6 months  and age-matched infants not treated 
• Interventions: not applicable  
• Number of subjects: 18 infants treated with oxytocin at the age of 0-6 months and 18 infants not treated 
• Statistical analysis: description of variables in the oxytocin treated group and comparison between the 

treated and the age-matched not treated group by Mann-Witney test for continuous variables and by 
Fisher’s test for nominal variables.  

• Key-words: Prader-Willi, oxytocin, communication skills, oral skills, brain activity. 
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3. SCIENTIFIC JUSTIFICATION AND GENERAL DESCRIPTION 

3.1. CURRENT STATE OF KNOWLEDGE 

3.1.1. REGARDING THE PATHOLOGY 

Prader-Willi Syndrome (PWS) is a rare genetic developmental disease (1/20,000 births) linked to the lack of 

expression of genes of paternal origin (parental imprinting) situated on chromosome 15 in the region q11-q12. 

For about ten years, due to the early diagnosis (1st month of life), the natural history of the disease has been 

well described, in particular the various nutritional phases (Miller et al., 2011). 

These children all present severe neonatal hypotonia and difficulties with sucking/swallowing which can lead 

to a severe deficit in weight gain, justifying nutrition by naso-gastric tube in 80% of cases, followed by an 

improvement in food intake (Miller et al., 2011). A phase of weight increase without increase in food intake 

appears at around 2 years of age. Secondarily, after the age of 3 years, patients undergo excessive weight gain 

and develop increased interest in food along with significant anxiety and behavioural problems (Goldstone et 

al., 2012, Miller et al., 2011). In the absence of treatment, severe obesity appears with hyperphagia and lack 

of satiety together with aggravation of behavioural problems, constituting the classic profile of the disease 

(Goldstone et al., 2012, Miller et al., 2011). The physiopathological mechanism explaining the transition 

between anorexia and severe obesity has not yet been explained. Hyperphagia and behavioural troubles, which 

are consistent in these patients, have a large impact on their daily life and that of their families and hinder their 

socialisation (Dykens et al., 2011). Moreover, these patients present endocrine deficiencies, partly linked to 

dysfunction of the hypothalamus, requiring hormone supplementation. At the psychiatric level, autistic 

spectrum characteristics and severe anxiety are often associated with mood disorders.  

Patients with Prader-Willi Syndrome present communication disorders from birth. Then during childhood and 

adulthood they present mild or moderate intellectual impairment, attention deficit, dysfunction of executive 

functions, and also communication disorders, problems with social skills, emotional and linguistic disorders. 

One recent study showed that children with PWS have more somatic problems, difficulties in social 

interactions, problems with train of thought and signs of withdrawal/depression compared to age-matched 

control groups (Skokauskas et al., 2012). The authors also specified that cut-off scores were found for the 

affective and somatic domain and attention deficit/hyperactivity. This complex combination of somatic, 

psychiatric and behavioural problems cause severe consequences for patients, their parents and family. Due 

to their early lack of interaction and social engagement, children with PWS do not benefit as much from the 

experience of daily audiovisual exposure to communicating faces in comparison with children without PWS. 

This can dramatically impact their skills at integrating and interpreting the acoustic and visual signals which 

may contribute to their socio-cognitive immaturity later in their development.  

We have demonstrated a deficit in audiovisual integration and discrimination of the human voice in PWS 

adults in a collaborative study with a team from the brain and cognition research centre (Salles et al., 2016). 

3.1.1. REGARDING REFERENCE PROCEDURES AND THOSE UNDER REVIEW 

OT and behaviour: 

Oxytocin (OT) is a nonapeptide synthesized in the paraventricular and supraoptic nuclei of the hypothalamus 

and is secreted into the blood system via axonal projections in the posterior lobe of the pituitary gland. The 
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peripheral actions of OT are well known on the triggering of labour and the stimulation and maintenance of 

breast feeding. In addition, OT also acts as a neuromodulator/neurotransmitter in the central nervous system, 

essentially via a dendritic secretion. In addition, its anorectic effect by controlling satiety has been known for 

several years. The central actions of OT and the peptide of the same family, arginine vasopressin or AVP, 

have more recently been implicated in social recognition, social memory, the attachment process (formation 

of the mother/child bond and intimate relationships, distress caused by separation and other aspects of social 

attachment) (Kosfeld et al., 2005). Finally, OT has also been implicated in the regulation of the response to 

stress (Lischke et al., 2012), and intranasal administration of OT has allowed improvement in the quality of 

eye contact in children with fragile X syndrome (Hall  et al., 2012) and in children with autistic spectrum 

disorders (Guastella et al., 2010) in this latter case with contradictory results depending on the studies. 

 

OT and eating behaviour: 

It has been demonstrated in adult rats that OT administered intraventricularly or intraperitoneally induces a 

dose-dependent inhibition of nutrition (reduction of the quantity ingested, decrease in the duration of feeding, 

prolongation of the period of fasting) and an inhibition of the ingestion of water. In contrast, intraventricular 

injection of an OT antagonist results in increased appetite and prevents the anti-dipsogenic effect of OT 

(Arletti et al., 1990). The central oxytocinergic projections appear to play a role in the control of consumption 

of sugary foods (Amico et al., 2005, Billings et al., 2006). Moreover, central OT appears to participate in 

limiting the ingestion of unknown foods and limiting the ingestion of appetising, sweet foods.  

 

OT and murine PWS model: 

In collaboration with the team of F. Muscatelli, we demonstrated that in knockout mice for the gene Magel2 

located in the chromosomal region of PWS, which represent a good model of PWS, 50% of new-born mice 

died spontaneously in the first hours of life due to lack of effective suckling. A single administration of OT in 

the window of the first 5 hours of life restores suckling activity and allows the survival of 100% of new-born 

mice (Schaller et al., 2010) and in the longer term in adult mice, normalises learning problems, memory and 

social behaviour (Meziane et al., 2015).  

 

 

The effect of OT on the stimulation of suckling observed at birth in knockout MAGEL2 mice thus appears 

different and novel from this point of view. However, recent data implicating the collaboration between OT 

and endocannabinoids in the hypothalamus and more specifically the supraoptic and paraventricular nucleus 

(McDonald et al., 2008) may explain the important role of OT in suckling. Moreover, OT is implicated in 

early mother-child interactions and in the process of attachment.  

 

OT in Prader-Willi Syndrome: 

In 1995, Swaab et col. reported a deficit in the number and volume of neurons in the paraventricular nuclei of 

the hypothalamus which secrete OT in the brain of patients with PWS (Swaab et al., 1995). A functional 

decrease in expression of the OT receptor gene was shown by Bittel et col (Bittel et al., 2007). Our hypothesis 

is that in PWS, the lack of OT could explain both the difficulties with suckling observed at birth and, in the 
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longer term, the problems linked to the lack of early establishment of the circuits for regulating the appetite 

and certain behavioural problems. 

Thus we carried out a phase I/II proof-of-concept study in infants with PWS aged under 6 months. 18 infants 

from all over France were included from May 2013 to July 2014 in the paediatric endocrinology department 

of CHU de Toulouse. During this study they received OT intranasally for 7 days, in 3 stages: 4 IU every 2 

days (N=6), 4 IU per day (N=6) or 4 IU twice per day (N=6).  

We evaluated the tolerance and the effects on eating behaviour and in particular sucking/swallowing, social 

skills by clinical observations and videos rated blindly by independent third-parties, as well as the circulating 

rates of acylated and non-acylated ghrelin and measurements of cerebral connectivity evaluated by fMRI. 

The results show excellent tolerance with no undesirable effects or arginine-vasopressin-like effects associated 

with an excess of OT. No dose-related effect was observed. Sucking/swallowing was abnormal in all infants 

at inclusion and was normalised in 88% of the children after the 7 days of treatment; this improvement was 

shown by a significant reduction from 16 to 9 (p<0.001) in the scores on the NOMAS scale (neonatal oral 

motor scale) and from 18 to 12.5 (p<0.001) in the videofluoroscopic swallowing scores. We demonstrated a 

significant improvement in the clinical global impression (CGI), of the [social] withdrawal of the child (Alarm 

Distress BaBy scale), and in mother-child interactions (Coding Interactive Behaviour scale). We have also 

documented a significant increase in acylated ghrelin and in the connectivity of the upper right orbitofrontal 

network which are correlated to changes in sucking and behaviour. These key results are detailed in the article 

recently accepted for publication in Pediatrics and will appear in February (Appendix I). 

It is necessary to evaluate the long-term effects to determine whether and how OT changes the course of the 

disorder. 

Moreover, these promising effects must be confirmed by a phase III study which will begin during 2017 and 

for which we have already obtained financing from PHRC in 2015. 

3.2. RESEARCH HYPOTHESES AND EXPECTED RESULTS 

We have presented the very promising results of the OTBB2 study to ANSM and EMA and both agencies 

have strongly recommended that we collect long-term data on these patients treated before the age of 6 

months.  

The OTBB2 study has made it possible to show the major effects of OT on infants with PWS: on the global 

clinical status of the patient, eating behaviour, social skills, cerebral connectivity and circulating levels of 

ghrelin.  

 

These early effects of the administration of oxytocin persist for 3 weeks after the last administration and 

clinical observations of the children monitored at the centre of reference in Toulouse support a long-term 

effect. The 18 treated children appear to have better social skills, better psychomotor development and earlier 

establishment of the prerequisites for communication compared with the children with PWS who were not 

treated. These observations are consistent with the results reported in Magel2 mice which demonstrate that 

early administration of OT normalises learning, memory and social skills in the adult mice. Moreover, 

functional modifications have been observed after treatment with oxytocin in these infants. 
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In accordance with the request of the agencies, we hope to re-evaluate the 18 children treated in the OTBB2 

protocol and compare them to a control group of children with PWS who have never been treated with OT. 

The comparison will focus on communication skills, adaptive behaviour, global behaviour, orality and eating 

behaviour, global development, evolution of height and weight and clinical parameters, oculometric skills, 

cerebral activity and circulating rates of peptides implicated in eating behaviour. 

The control group will consist of 18 children with PWS aged between 3 and 4 years, age-matched to the 

experimental group, seen at the reference centre for evaluation and/or routine monitoring.   

3.3. RISK/BENEFIT BALANCE 

The risks linked to participation in this study are: 

- The risk linked to X-rays is low because with current methods the irradiation is 20 µGray which is far 

lower than 1 non-digital chest X-ray. 

- There is currently no known risk linked to MRI examination other than the standard contraindications. 

Patients with PWS routinely have cerebral imaging carried out generally after 2 years. There is no need 

for anaesthesia or sedation. MRI examinations have already been performed by our team on patients 

with PWS with no major difficulty in the vast majority of cases. 

It is important to note that all these examinations are likely to be carried out as part of the care of the children 

with PWS at the Reference Centre. 

- For the oculometric assessment, no undesirable effect is expected with the eye-tracking system, a non-

ionising and non-invasive technique. The infra-red light emitted by the eye tracker (TOBI) is not harmful 

to the human eye. 

Taking account of the minimal risks incurred by the subjects, the risk/benefit balance for the children with 

PWS can be considered acceptable for this study. The benefit is above all collective: if an improvement is 

observed in the long-term state of health of the children with PWS treated with OT during their first 6 months 

of life, this will document our hypothesis of a positive long-term effect and will support our request for market 

authorisation in the near future, so that all babies with PWS can be treated. 

3.4. EXPECTED OUTCOMES 

If the safety and long-term effects (between 2 and 4 years) of early and repeated intranasal administration of 

OT are demonstrated, we will be in a favourable position to begin our next phase III study with a view to 

obtaining the MA for oxytocin in Prader-Willi Syndrome. 

4. OBJECTIVES OF THE STUDY 

4.1. MAIN OBJECTIVE 

The main objective is to compare the communication skills of children with PWS aged between 3 and 4 years 

who have been treated for 7 days with OT before their 6th month of life in the OTBB2 study with untreated 

and age-matched children with PWS. 
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4.2. SECONDARY OBJECTIVES 

The secondary objectives are to compare the group of treated children with PWS with the group of untreated 

children in terms of: 

- adaptive behaviour, daily living skills, socialisation and motor skills 

- global behaviour 

- orality and eating behaviour 

- global development 

- evolution of height and weight and clinical condition  

- oculometric skills 

- cerebral activity 

- circulating rates of ghrelin and other peptides and neuropeptides involved in regulation of the appetite 

(leptin, cortisol, insulin, GLP-1, PYY, pancreatic polypeptide, orexin A, αMSH). 

5. OUTLINE OF THE STUDY 

A cross-sectional biomedical study comparing at the age of 3-4 years the behaviour and development of two 

groups of children with PWS treated or not with OT for 7 days during the first 6 months of life. This national, 

mono-centric study will take place at CHU de Toulouse Purpan. 

6. ELIGIBILITY CRITERIA 

6.1. INCLUSION CRITERIA 

The OTBB2 study finished in July 2014 and it was possible to include 18 babies who were seen regularly at 

the reference centre; all the children included in OTBB2 will be offered the study. This will be the treated 

group.  

For the treated group: 

- Male or female child with PWS (genetically confirmed diagnosis) who has participated in the OTBB2 

study (i.e. has received intranasal administrations of OT for 7 days before the age of 6 months), aged from 3 

to 4 years at the time of inclusion.  

 

For the untreated control group: 

- Male or female child with PWS (genetically confirmed diagnosis) aged from 3 to 4 years at the time of 

inclusion and never treated with OT, age-matched to the children treated with OT plus or minus 3 months.   

 

The parents (or legal representative) must have signed the consent form and the child must be registered with 

a social security regime. 

6.2. NON INCLUSION CRITERIA 

- Subject participating in another study including an exclusion period and still under way at inclusion. 

- Administrative problems: 
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- inability to give parents or legal representatives expert information, 

- no coverage by a Social Security regime 

- Refusal by the parents or legal representative to sign the consent form. 

NB: If a patient presents a contraindication for MRI, he/she can be included in the study but the MRI will not 

be carried out. 

6.3. RECRUITMENT METHODS 

For the group of children treated with OT:  

The team from the reference centre will contact the families. There should not be any patients lost to follow-

up, given that the patients who participated in the OTBB2 study and treated with OT are regularly monitored 

as part of their normal care by the PWS Centre of Reference at CHU de Toulouse. 

 

For the control group of untreated children: 

Since treatment with OT is not authorised, no child with PWS currently benefits from this treatment. For the 

group of control patients, the team at the reference centre will present the study by telephone to the families 

whose children meet the inclusion criteria ahead of a planned hospital stay at the reference centre. They will 

be included after the signature of the informed consent form by the parents or legal representative. 

Approximately 40 children with PWS are born in France every year. The inclusion period of 18 months will 

therefore be sufficient to include the 18 patients planned in this group.  

After an adequate reflection period (between 2 and 10 days), if the parents agree to participate in this protocol 

they will contact one of the investigators at the reference centre who will organise the inclusion visit at CHU 

de Toulouse. The children will be hospitalised at CHU de Toulouse in the PWS reference centre, only one 

parent may sleep in the room with the child, the other may be accommodated in a suitable facility close to the 

Children's Hospital.  

We will also explain to the family that, with some exceptions, participation in the study will not extend the 

duration of hospitalisation of these children for the routine assessments carried out, which is generally 3 days. 

The study will thus be carried out during a routine hospital stay in the reference centre. 

7. STRATEGY OF THE STUDY 

7.1. STRATEGY OF THE STUDY 
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7.2. COMPARISON STRATEGY 

In the 18 babies included in the OTBB2 study we have not observed a serious adverse effect linked to OT. 

These children appear to have improved from the point of view of behaviour, development, communication 

and social skills. We wish to compare them to a control group of children with PWS not treated with OT, age-

matched and monitored in a comparable manner at the reference centre in order to analyse the long-term 

effect of OT. This strategy will allow us to document the modifying effect of early treatment with OT on the 

course of the disease. 

8. ASSOCIATED TREATMENTS AND PROCEDURES 

Chronic treatments will be continued and noted. In general, there are few at this age. Growth hormone treatment 

is started during the second semester of life. This treatment has also been started according to recommendations 

in the children included in the OTBB2 protocol. No treatment will be forbidden due to participation in the 

study. 

9. OUTCOME MEASURES 

9.1. PRIMARY OUTCOME MEASURE 

The primary outcome measure is the score for the domain of Communication obtained using the Vineland II 

adaptive behaviour evaluation scale (cf. appendix 2). 

This tool, which has been validated in France from the age of 1 year in different populations (autism, attention 

deficit/hyperactivity disorder, mental retardation, etc.), allows for the multidimensional assessment of skills 

and disabilities in daily living.  

The validity of this tool has been tested in different populations with and without intellectual deficiency, aged 

from 3 to 16 years. Vineland II is configured to have a mean of 100 and a standard deviation of 15 (Sparow, 

2015). 

This tool has several applications, including the evaluation of the effects of various treatments or clinical 

interventions on the level of adaptive functioning.   
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This questionnaire is adapted to PWS and is currently used in the care of the children monitored at the reference 

centre. It has been the subject of a recent publication concerning the effect of growth hormone in a population 

of 96 children and adolescents with PWS aged from 4 to 21 years (Dykens et al., 2016). 

For children aged under 7 years, Vineland II examines four domains: Communication, Daily Living Skills, 

Socialisation and Motor Skills. 

The 4 domains are summarised in a composite score for adaptive behaviour which is defined as the execution 

of activities of daily living required for personal and social autonomy. 

Vineland II is based on standard scores for describing the global functioning of a person and his/her level of 

functioning in each of the domains of adaptive behaviour. A standard score indicates the deviation between 

the raw score of the subject and the mean gross score, taking into account the standard deviation in the 

distribution of gross scores. 

9.2. SECONDARY OUTCOME MEASURES 

The secondary outcome measures are: 

o Scores in the fields Daily living skills, Socialisation and Motor skills, and the composite score for 

adaptive behaviour on the Vineland II scale 

o The CBCL (Child Behaviour Check List questionnaire, cf. appendix 3), often used to assess the 

psychopathology of patients (behavioural and emotional disorders) and in particular those with PWS 

(Dykens et al., 2007, Skokauskas et al., 2012, van Lieshout et al., 1998). We will use the version aimed 

at children from 1.5 to 5 years of age. The CBCL is usually completed by the parents at home prior to 

their arrival and allows an global score to be obtained, as well as a score for the following 6 sub-scales: 

  - Anxiety / Depression 

  - Withdrawal 

  - Emotional reactivity 

  - Somatic complaints 

  - Attention problems 

- Aggressive behaviour 

The results are expressed as a “total problem” score and in sub-scores. For the “total problem” scale, T 

scores from 50 to 59 are normal; T scores from 60 to 63 are borderline; above 63 are pathological. 

o BSID-III (Bayley Scales of Infant and Toddler Development, 3rd edition, N. Bayley, 2006) is a 

standardised test designed to measure the global development of infants/young children aged from 1 to 

42 months. This assessment battery examines all the spheres of development of the child. It is composed 

of 5 scales evaluating cognitive abilities, language (receptive and expressive) and motor skills (fine and 

gross) administered by the psycho-motor therapist of the reference centre. This test will be used 

regardless of the age of the child, taking account of the developmental delay observed in patients with 

PWS. The French translation, adaptation and validation of BSID-III form the subject of a national PHRC 

started in 2012 in Toulouse (principal investigator: Dr C Arnaud) and which will finish in December 

2016. We have access to the final French version and are in contact with Dr C. Alberge who led this 

study and used this version. The French standards must be available during 2017. The Bayley 

development scales are those most frequently used in clinical research. We are working with the neonatal 
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department of CHU de Toulouse, and in particular with Dr C. Alberge who began using this test as part 

of the routine evaluation and care of her patients. It therefore seems relevant to use the most recent 

version of this scale. Dr Alberge believes that there is no problem using this test at the age of 4 years, 

even if the upper age limit is 42 months, given that these children have a developmental delay. In order 

to rate the competences of the child in detail and make qualitative observations, the application of the 

BSID-III scale will be filmed. The use of video media for rating this test is standard practice. 

o The assessment of eating behaviour, comprising: 

- a questionnaire on eating behaviour (cf. Appendix 4) is designed and used in clinical routine 

by the psychologist of the PWS Reference Centre in Toulouse. Indeed, no validated scale 

currently takes into account the eating behaviour problems encountered specifically in 

children with PWS, particularly at this age. It is completed during the interview with the 

parents. 

- a filmed assessment of eating behaviour during a meal. 

o The assessment of orality, comprising: 

- a recording of the voice 

- a videofluoroscopy of swallowing, which represents the “gold standard” for the objective 

assessment of swallowing problems. It will be carried out and interpreted by the speech and 

language pathologist of the Reference Centre who carries these out routinely. This is a video 

radioscopy, the recorded images of which can be reviewed and discussed after the 

examination, by another expert if need be. The contrast medium used for the radioscopy of the 

swallowing process is Micropaque®, produced by Laboratoire Guerbet (cf. SPC, appendix 5).  

It is an oral suspension. In the context of the trial, each child will receive 10 ml of 

Micropaque® diluted in 20 ml of apple juice. 

o The cerebral activity, studied by BOLD effect in functional MRI (carried out at INSERM U825 in Baudot 

ward, Purpan Hospital under the responsibility of Prof. Pierre Payoux, the head of this unit). Two types 

of acquisition will be carried out: a morphological MRI and a resting-state functional MRI (rs-fMRI). No 

injection of contrast medium will be administered to the subjects during this examination. The 

examination will last approximately 20 minutes. This examination has already been carried out during 

the OTBB2 study on the 18 infants with PWS.  

o Oculometric tests, which allow the gaze position and eye movements in response to visual or auditory 

stimulation to be studied. The type of eye movement, saccadic eye movements and the position on which 

the observer focuses are good indicators of the type of social interaction. These oculometric tests are 

carried out using a TOBII eye tracker, which uses pupillary and corneal refraction of infrared light to 

track the rotation of the eyes. Eye-tracking is innovative technology, powerful and non-invasive, which 

is widely used to study social cognition and the perception of emotions, particularly in young children 

with autism. We have acquired this device which will be used in a study on young children with PWS 

under the initial supervision of the PhD student (Jimmy Debladis) whose thesis is co-directed by P Barone 

of the Brain and Cognition Research Centre (CerCo) and M Tauber.  
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o Circulating rates of acylated and non-acylated ghrelin and certain peptides and neuropeptides involved in 

regulation of the appetite (leptin, cortisol, insulin, GLP-1, PYY, pancreatic polypeptide, orexin A, 

αMSH). 

o The evolution of height and weight and clinical parameters collected on a routine basis. 

10. CONDUCT OF THE STUDY 

10.1. STUDY SCHEDULE 

- Start of inclusions: January 2017 

- Duration of inclusion period: 18 months 

- Duration of participation of each patient: 3 days 

- Total study duration: 24 months 
 

10.2. SUMMARY TABLE OF FOLLOW-UP 

 

 Pre-inclusion 
M-6 / M-3 

Inclusion 
D0 

Visit 
D0-D1-D2 

Eligibility criteria X X  

Collection of informed consent  X  

Medical consultation and clinical examination 
Weight 
Height 
HC 
Waist/hip circumference 
SBP, DBP, HR 

  X 

5 ml blood sample during the general biological test 
carried out for follow-up 

  X 

Evaluations:  
- VINELAND-II assessment scale 
- CBCL questionnaire 
- BSID III 
- Evaluation of eating behaviour  
- Evaluation of orality 
- MRI 
- Oculometry 

  X 

Collection of AEs and SAEs   X 

 

10.3. PRE-INCLUSION VISIT 

The pre-inclusion visit is performed by the investigator during a follow-up hospitalization or by telephone 

ahead of a planned hospital stay at the reference centre. The patient information sheet will be sent to the 

family by email or by post. 

During this pre-inclusion visit, the investigating doctor will present the study to the parents (or legal 

representative). The presentation of the study will take place at the latest 90 days prior to the inclusion visit 

to explain the objective of the research, the nature of the constraints, foreseeable risks and the expected 
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outcomes of the research. The doctor will also outline the rights of the patient and his/her parents (or legal 

representative) in the framework of biomedical research and will check the eligibility criteria. The parents (or 

legal representative) will then have time to read the project, contact the investigator if necessary and will be 

entirely free to give a positive or negative response. After this information session, the parents (or legal 

representative) have a reflection period of 2 to 10 days. 

The investigating doctor is responsible for obtaining the written informed consent from the parents (or legal 

representative) of the patient. The consent form will be signed by at least one parent (or by the legal 

representative) at the latest by D0 at the inclusion visit, before any clinical or paraclinical examination is 

carried out as part of the research. 

The various copies of the information leaflet and consent form signed by the parent(s) will then be distributed 

as follows:  

- a copy of the information leaflet and signed consent form is given to the patient and his/her parents.  

- another copy is kept by the investigating doctor in a safe place inaccessible to third parties. 

10.4. INCLUSION VISIT (D0) 

The inclusion visit will be carried out under the responsibility of an investigating doctor of the study at the 

Hospital of Toulouse during a 3-day hospital stay planned for the normal follow-up of the patient. It will be 

verified that the information on the set-up and objectives of the research has been understood correctly. 

During this visit, the investigator will ensure that the consent form has been signed by the parent(s) (or the 

legal representative) and the eligibility criteria will be checked. 

10.5. FOLLOW-UP VISIT D0 - D1 - D2 

The assessments planned for the study are spread over the 3 days of the hospital stay (D0, D1, D2) in the 

paediatric endocrinology department of Hôpital Pierre-Paul Riquet / the Children's Hospital where the child 

is admitted. 

- A clinical examination is carried out in order to record the weight, height, head circumference and waist/hip 

circumference. Blood pressure and heart rate are measured. 

- During the fasting blood test carried out for the usual follow-up of the patient, an additional 5 ml tube is 

taken to measure the circulating rates of ghrelin and certain peptides and neuropeptides involved in regulation 

of the appetite. 

- The psychologist administers the Vineland-II questionnaire in consultation with the parents, as well as the 

eating behaviour questionnaire (approx. 1.5 hours). He/she will collect and if necessary complete the CBCL 

questionnaire with the parents. 

- The speech therapist will administer the “language” scale of BSID III to the child (approx. 1 hour). 

- The psycho-motor therapist will administer the “motor skills” and “cognition” scale of BSID III to the child 

(approx. 1 hour). 

- A midday meal is filmed in order to assess eating behaviour. 

- A radioscopy of the swallowing process (15 mins + installation time) and a recording of the voice are made 

by the speech and language pathologist. Depending on availability, these examinations will be carried out 
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either in the radiology department of the Children’s Hospital or in the ENT department on the site of Hôpital 

Larrey. In the latter case, the patient and his/her parents will be transported by a hospital ambulance. 

 

At the Brain and Cognition Research Centre, in Baudot ward on the Purpan site, the assessments will include: 

- an fMRI (30 minutes + installation time) 

- oculometric tests using eye-tracking (30 minutes). 

10.6. STOPPING RULES FOR THE STUDY  

Withdrawal from the study may take place: 

� by the considered decision of the parents or legal representative, 

� or by necessity, after a decision by the investigator, in the event of the occurrence of an 

unacceptable adverse event. 

10.7. CONSTRAINTS LINKED TO THE STUDY AND POSSIBLE INDEMN IFICATION OF 
THE SUBJECTS/PATIENTS 

The main burden for the patient is to undergo additional assessments during their routine 3-day hospital stay 

at CHU de Toulouse, in particular clinical tests, a videofluoroscopy, a medical imagery examination and an 

additional 5 ml blood sample. 

It is important to state that these examinations form part of the standard examinations carried out at the 

reference centre on children with PWS. 

The person must not be included in another interventional biomedical study for the duration of the study. 

There is no subsequent exclusion period. 

10.8. COLLECTION OF BIOLOGICAL SAMPLES 

A plasma bank will be set up in order to additionally measure hormonal levels of ghrelin and certain peptides 

and neuropeptides involved in regulation of the appetite (leptin, cortisol, insulin, GLP-1, PYY, pancreatic 

polypeptide, orexin A, αMSH). 

During the fasting blood test carried out for the normal follow-up of the patient, an additional EDTA tube of 

5 ml will therefore be taken. The tubes will be centrifuged, the plasma collected and aliquoted then stored at 

-80°C before measurement. The samples will be coded using a code including the acronym of the study 

(OT2suite) and the identifying number of the patient specific to the research (cf. 14.3). 

The plasma bank will be kept at -80°C at the Biological Resources Centre (CRB) of CHU de Toulouse under 

the responsibility of the principal investigator, Prof. M Tauber. At the end of the study, the collection will be 

kept for 10 years in order to be able at a later date to make hormonal level measurements not accessible at the 

time of the study. 

11. MANAGEMENT OF ADVERSE EVENTS AND NEW FACTS 

11.1. DEFINITIONS  

Adverse event (article R. 1123-39 of the Public Health Code) 
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Any detrimental event occurring in a person taking part in biomedical research, whether or not this event is 

linked to the research or to the product being studied. 

 

Adverse reaction (article R. 1123-39 of the Public Health Code) 

Any unwanted event due to the research. 

 

Serious adverse event or reaction (article R. 1123-39 of the Public Health Code and ICH guideline E2B) 

Any unwanted event or reaction which: 

results in death, 

endangers the life of the person participating in the research, 

requires admission to hospital or a longer stay in hospital, 

causes a significant or persistent incapacity or handicap, 

is a congenital anomaly or birth defect, 

or any event considered to be medically serious (according to the medical judgement of the investigator), 

and regarding the medicine, regardless of the dose administered. 

 

Unexpected adverse reaction (article R.1123-39 of the Public Health Code) 

For research involving non-medical products such as OT2suite, an unexpected adverse reaction is considered 

to be any undesirable effect the nature, severity or evolution of which does not correspond to the information 

relating to the actions taken and methods used during the research. The reference document for assessing the 

unexpected nature [of the reaction] will be the protocol, in particular paragraph 11.2. 

 

New fact (ruling of 24 May 2006) 

New safety information, liable to lead to a re-evaluation of the risk/benefit ratio of the study, or which could 

be sufficient to consider modifying documents relating to the study, the conduct of the study, or if applicable, 

to the use of the product. 

11.2. DESCRIPTION OF THE EXPECTED SERIOUS ADVERSE REACTIO NS 

- linked to the radioscopy of the swallowing process: no reaction expected at the low level of radiation 

received (20µG).  

- linked to the MRI: if the contraindications are respected, no serious adverse reaction is expected for the 

fMRI study, given that no contrast agent is injected and this method is non-invasive and does not use ionising 

radiation. 

- linked to the oculometric tests (eye-tracking):  no serious adverse reaction is expected with the eye-tracking 

system, a non-ionising and non-invasive technique. The infra-red light emitted by the eye tracker (TOBI) is 

not harmful to the human eye. 

- linked to the blood samples: apart from exceptional complications (infection, inflammation, pain at the 

puncture site), no serious reaction is expected. 
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These examinations form part of the standard examinations carried out at the reference centre on children 

with PWS. 

 

Any serious adverse reaction not mentioned in this paragraph will be considered as “unexpected” in this study. 

11.3. ACTION TO BE TAKEN IN CASE OF AN ADVERSE EVENT  

In the event of the occurrence of an adverse event, whether serious or not, the child will remain hospitalised 

and will not return home until clinical and biological parameters have returned to normal. 

The investigator evaluates the gravity of each adverse event. He must notify the sponsor, without delay from 

the date on which he is made aware of it, of every serious adverse event or any new fact, if one arises: 

� from the date of signature of the consent form, 

� throughout the patient follow-up provided for by the study, 

 

 

EVENT TYPE  METHODS OF NOTIFICATION  PERIOD FOR NOTIFYING THE SPONSOR  

Non-serious 
adverse event 

In the case report form No immediate notification 

Serious adverse 
event  

Initial SAE declaration form + written 
report if necessary Immediate notification of sponsor 

 
 

Name of pharmacovigilance manager for the sponsor: Dr Pascale OLIVIER-ABBAL 
 

CHU de TOULOUSE 

Tel: +33 (0)5 61 14 59 98 or +33 (0)5 61 77 85 56 
Fax: +33 (0)5 61 77 84 11 

E-mail: pascale.olivier@univ-tlse3.fr  
 
 
All these events must be followed-up until complete resolution. Additional information (additional 

declaration form) concerning the evolution of the event, if not mentioned in the first report, will be sent to the 

sponsor by the investigator. 

 

The investigator must document the event as fully as possible, giving the medical diagnosis if possible, and 

establish a causal link between the serious adverse event and the study procedures.  

 The investigator may transmit, in addition to the SAE declaration form, copies of laboratory results or records 

of examinations or hospitalisation mentioning the serious adverse event, including relevant negative results, 

without omitting to anonymize these documents. 

If the SAE is not resolved following the initial declaration, the investigator must send the sponsor one or more 

additional declaration(s) until it is completely resolved (with or without sequelae). 

11.4. DECLARATION AND RECORDING OF UNEXPECTED SAES AND NE W FACTS  

The sponsor/pharmacovigilance unit will declare the unexpected SAEs and new facts occurring during the 

research according to the mandatory time limits: 
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- to the ANSM, 

- to the competent Ethics Committee (CPP). The committee will ensure, if necessary, that the subjects 

participating in the study have been informed of the adverse reactions and that they confirm their 

consent. 

11.5. ANNUAL SAFETY REPORT 

Once a year, the sponsor will draw up a safety report comprising: 

- the list of serious adverse events likely to be linked to the study, including expected and unexpected 

serious reactions, 

- a concise and critical analysis of the safety of participants in the study. 

This report will be sent to ANSM and the CPP within the regulatory time limits.  

12. STATISTICAL ASPECTS 

12.1. CALCULATING THE STUDY SIZE 

 

The main objective is to compare the communication skills of children with PWS aged between 3 and 4 years 

who have been treated for 7 days with OT in the OTBB2 study before the 6th month of life with untreated 

and age-matched children with PWS. 

 

Analysis of the primary outcome measure will be a comparison of the distribution of scores for the 

Communication domain of Vineland-II: 

- Comparison of the means if the hypothesis of normality is verified (graphic verification + description 

of coefficients of skewness and kurtosis): Student's test and variance comparison test to determine 

whether the Student’s test should take account of unequal variances between the two groups, 

- Non-parametric comparison of ranks in the event of non-normal distribution of scores: Mann-

Whitney test. 

 

The test of hypotheses which will be carried out in the case of normal distribution of scores for 

Communication is as follows: 

H0: the mean of scores for Communication is identical in the two groups (treated group/control group) 

(µtreated = µcontrol) 

H1: the mean of scores for Communication differs between the two groups (µtreated ≠ µcontrol) 

If the p-value in this test is less than 5%, the null hypothesis will be rejected and it will be concluded 

that there is a significant difference in the Communication scores between the two groups at the 

threshold of 5%. 

 
Hypotheses for calculating the number of subjects required:  

- Bilateral test for comparison of means; 
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- Expected mean in the control group: this value will be varied: 60, 65, 70, 75, 80, 85 points (estimates 

of the author of the publication (Dykens et al 2016) concerning children with PWS between 4 and 21 

are 79.57 (std. dev = 14.12) on average in group 1 versus 65.05 (std. dev = 17.31) in group 2); 

- Standard deviation equal in the two groups and fixed at 15 points; 

- Desired power: 80%; 

- Significance threshold (α risk): 5%; 

- Difference to be shown (clinically relevant): 15 points (i.e. 1 standard deviation); 

- Ratio between the size of the two groups (Control Group / Treated Group): this value will be varied: 

1 (number of subjects equal in the two groups), 2 (two times more patients in the Control group), 3 

(three times more patients in the Control group). 

Estimate: 

With the STATA 14 SE software, we use the command “power twomeans” in order to estimate the number 

of subjects required. Estimates are based on the formulae presented by Armitage, Berry and Matthews (2002); 

Chow, Shao and Wang (2008); and Dixon and Massey (1983)1. 

Moreover, we use the tables proposed by Julious (2004)2 as a basis in the case of a study in parallel groups, 

for a comparison of means (bilateral test), with a power of 90% and an α risk of 5%. 

 

Results: 

To ensure a statistical power of 80% and to show a difference of standard deviation between the scores of the 

Control group and the Treated group, assuming a mean varying from 60 to 85 in the control group, with an α 

threshold fixed at 5%, the number of subjects that need to be included would be: 17 patients per group if we 

include as many patients in the Control group as in the Treated group. 

This study will be carried out with the 18 patients included in the preceding OTBB2 study. The number of 

patients to include in the Control group will be 18 children of the same age.  

 

12.2. STATISTICAL METHODS USED 

A statistical analysis plan (SAP) will be defined before the database is frozen. All the statistical analyses 

detailed in the SAP will be carried out by a statistician from the Methodological Support Unit for Research 

of CHU de Toulouse using Stata® or SAS® software.  

All the study variables will be presented by exposure group (children having received early OT versus 

children never treated with OT) using the descriptive statistics appropriate to each type of variable. 

 

– Continuous variables: number of non-missing observations, median, 1st and 3rd quartile, minimum and 

maximum, average and standard deviation. 

                                                 
1 Armitage, P., G. Berry, and J. N. S. Matthews. 2002. Statistical Methods in Medical Research. 4th ed. Oxford: Blackwell. 
Chow, S.-C., J. Shao, and H. Wang. 2008. Sample Size Calculations in Clinical Research. 2nd ed. New York: Dekker. 
Dixon, W. J., and F. J. Massey, Jr. 1983. Introduction to Statistical Analysis. 4th ed. New York: McGraw–Hill. 
2 Julious, S. A. 2004. Tutorial in biostatistics : Sample sizes for clinical trials with Normal data. Statistics in Medicine; 23:1921-
1986. 
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– Categorical variables: number of non-missing observations, number and percentage of each modality 

(percentages will be calculated on the basis of the non-missing observations). 

 

Taking into account the limited staff complement, the analyses will primarily be exploratory. For the primary 

and secondary outcome measures, the total scores and scores per dimension on the different scales (Vineland-

II, CBCL, BSIDIII) will be calculated according to the recommendations of the authors. Missing data may 

be imputed according to the recommendations.  The differences in scores obtained in the group of children 

exposed to treatment before the age of 6 months and the group of control children who have never been treated 

with oxytocin will be calculated, as well as their confidence intervals at 95%. Comparisons between the 

exposure groups will be made using a Student's test or a Mann-Whitney test for the scores for the different 

scales and continuous variables and with a Fisher’s exact test for categorical variables. No correction will be 

applied for the multiplicity of the tests.  

For the MRI, the analyses will be made by the MRI team using the same method as that used in the OTBB2 

study (article under publication). 

All the statistical comparisons on the principal and secondary criteria will be carried out with an alpha risk of 

5%. 

13. MONITORING OF THE STUDY 

This follow-up study does not need an independent surveillance committee, however a scientific council will 

be set up comprising the study investigators, project leaders and CRA study coordinators, parties involved in 

the study, a person from the Methodological Support Unit for Research and a member of the DRCI, and will 

meet once a year or more frequently if necessary. 

14. RIGHTS OF ACCESS TO DATA AND SOURCE DOCUMENTS 

14.1. ACCESS TO DATA 

The sponsor is tasked with obtaining the agreement of all the parties involved in the study in order to guarantee 

direct access to all study sites, source data, source documents and reports for the purposes of quality control 

and auditing by the sponsor. 

The investigators will make available the individual documents and data strictly necessary for the follow-up, 

quality control and auditing of the biomedical research to persons having access to these documents in 

accordance with current laws and regulations (articles L.1121-3 and R.5121-13 of the Public Health Code). 

14.2. SOURCE DATA 

Any original document or object (medical record, result of a biological examination, report of an imaging 

test, video recordings) making it possible to prove the existence or accuracy of data or facts recorded in the 

course of the research is defined as a source document. 
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14.3. DATA CONFIDENTIALITY 

In line with current legislation (articles L.1121-3 and R.5121-13 of the Public Health Code), persons having 

direct access to source data will take all necessary precautions to ensure the confidentiality of information 

relating to research, participating persons, particularly as regards their identity, and the results obtained. These 

persons, as well as the investigators themselves, shall be subject to professional secrecy. 

The subjects participating in the study will be coded using an identifier. For the treated group, the identifiers 

will correspond to those of the OTBB2 protocol, i.e. the number of the order of inclusion in OTBB2 (from 1 

to 18) followed by the 1st letter of the surname and 1st letter of the first name of the patient. For the control 

group, the identifiers will correspond to the number of the order of inclusion in OT2suite (starting from 19) 

followed by the 1st letter of the surname and 1st letter of the first name of the patient. 

The investigator will ensure that the anonymity of each person participating in the study is guaranteed. No 

information allowing the identification of persons will be communicated to third parties other than those 

authorised by regulatory requirements to hold this information (and who are bound by the obligation of 

professional secrecy). 

During or at the end of the biomedical research, the data collected concerning the participating persons and 

transmitted to the sponsor by the investigators (or any other specialised associates) shall be anonymised. They 

must not in any case allow the names or addresses of the persons concerned to appear in uncoded form. 

The sponsor will ensure that the legal representative of each person participating in the research has given 

his/her consent in writing for access to the individual data about the participant that is strictly necessary for 

quality control of the study. 

15. QUALITY CONTROL AND ASSURANCE 

15.1. INSTRUCTIONS FOR COLLECTING DATA 

All information required by the protocol must be entered into the case report forms and an explanation must 

be given for any missing information. The data must be collected as it is obtained and transcribed into these 

case report forms neatly and legibly. 

Incorrect data removed from the case report forms will be clearly struck out and the new data will be copied 

next to the struck out information, together with the initials, date and possibly an explanation by the 

investigator or authorised person who has made the correction. 

15.2. STUDY FOLLOW-UP 

The follow-up of the study will be carried out by a clinical research associate. He/she will be tasked by the 

coordinating investigator with: 

- the logistics and monitoring of the study, 

- drawing up reports concerning its progress, 

- checking the updating of the case report forms (request for additional information, corrections, etc.), 

- sending samples, 

- transmission of SAEs to the sponsor. 
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He/she will work in accordance with the standardised operating procedures, in collaboration with the clinical 

research associate delegated by the sponsor. 

15.3. QUALITY CONTROL 

A clinical research associate authorised by the sponsor will regularly visit the investigation centre, during the 

set-up of the research, once or more during the study according to the rate of inclusions, and at the end of the 

study. During these visits the following elements will be reviewed: 

� informed consent, 

� compliance with the study protocol and the procedures defined therein, 

� quality of the data collected in the case report form: accuracy, missing data, coherence of data with source 

documents (medical files, appointment calendars, originals of laboratory results, etc.), 

Every visit will be the subject of a written monitoring report. 

15.4. DATA MANAGEMENT 

A list identifying the subjects participating in the study will be kept in the investigator's file. 

The information will be collected for each subject in a standardised case report form completed by the 

investigator or CRA. The case report form will include the identification of the subject (coded), clinical data 

and study data.  

The source document (existing medical file) will be kept for each subject participating in the study; 

observation and medical follow-up concerning the study must be recorded in the source document. 

All the data from the study will be transcribed in the case report form and kept by the investigating doctors 

of CHU de Toulouse under the responsibility of Pr M Tauber. The case report forms will be completed legibly 

and indelibly using a blue or black ball point pen. In case of error, the incorrect data will be struck through 

with a single line, so that the original information remains legible, and the correct information will be written 

next to it. Each correction will be explained and authenticated (dated and signed or initialled by the 

investigator). The principal investigator will sign each case report form to certify his/her agreement with the 

data included therein. The study data is then entered into a file created using Excel software by simple data 

entry with rereading by the study CRAs. 

The data is saved automatically after the entry of new data and is kept for 15 years after the end of the study. 

The data is validated in accordance with the data management plan defined jointly between the coordinating 

investigator and the Centre of Methodology and Data Management (methodologist, data manager and 

statistician). 

The process of freezing/unfreezing the data is carried out in accordance with the procedure set up in the Centre 

of Methodology and Data Management (freezing of raw data in XML format and in the form of an SAS table). 

15.5. AUDIT AND INSPECTION 

An audit may be carried out at any time by persons authorised by the sponsor and independent of the study 

managers. The aim of the audit is to ensure the quality of the research, the validity of its results and compliance 

with the law and current regulations. 
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The investigators undertake to conform with the sponsor’s requirements and with the competent authority 

with regard to an audit or inspection of the study. 

The audit may apply to all stages of the research, from development of the protocol to the publication of 

results and classification of the data used or produced in the context of the research. 

16. ETHICAL AND REGULATORY CONSIDERATIONS 

The sponsor and the investigator(s) undertake that this research shall be carried out in accordance with law 

number 2004-806 of 9 August 2004, and in accordance with Good Clinical Practice (I.C.H. version 4 of 1 

May 1996 and decision of 24 November 2006) and the Helsinki Declaration (cf. full version 

http://www.wma.net). 

The study is conducted in accordance with this protocol. Except in urgent situations requiring the 

implementation of precise therapeutic actions, the investigator(s) undertake(s) to respect all points of the 

protocol, in particular regarding the collection of consent and notification and the follow-up of serious adverse 

events. 

This study received the favourable decision of the Comité de Protection des Personnes (CPP) Sud-Ouest et 

Outre-Mer I [Ethics Committee for South-West France and Overseas] on 21/11/2016 and the authorisation of 

ANSM on 22/12/2016. 

CHU de Toulouse, the sponsor for this study, has taken out an civil liability insurance policy with the company 

GERLING France in accordance with the provisions of article L1121-10 of the Public Health Code. 

The data recorded in this study will be processed electronically at CHU de Toulouse subject to the law no. 

78-17 of 6 January 1978 relating to information technology, files and civil liberties as amended by law 2004-

801 of 6 August 2004.  

This study falls within the framework of “Reference Methodology” (MR-001) under the provisions of article 

54 paragraph 5 of the amended law of 6 January 1978 relating to information, files and liberties. This change 

has been approved by the decision of 5 January 2006. CHU de Toulouse has signed a commitment to comply 

with this “Reference Methodology”.  

- This study is registered in the  European RCB database under registration number 2016-A01348-43 in 

accordance with article L1121.15 of the Public Health Code. 

- This study is registered on the website http://clinicaltrials.gov/.   

 

- The collection of biological samples carried out in the context of this study was declared to ANSM at the 

same time as the request for authorisation of the study. After the study, the conservation of the collection of 

biological samples will be declared to the minister in charge of research and the Director of the Regional 

Health Authority (and submitted to the CPP for an opinion if there is a change in the purpose of the study). 
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PROTOCOL AMENDMENT  

Any substantial amendment, i.e. any amendment likely to have a significant impact on the protection of 

persons, on the conditions of validity and on the results of the research, on the interpretation of the scientific 

documents supporting the implementation of the study or on the methods of conducting the study, shall be 

the subject of a written amendment which is submitted to the sponsor; the latter must, prior to its 

implementation, obtain a favourable decision from the CPP and authorisation from ANSM. 

Non-substantial amendments, i.e. those which do not have a significant impact on any aspect of the research, 

are communicated to the CPP for information. 

All amendments are validated by the sponsor, and by all the parties involved in the study concerned by the 

amendment, prior to submission to the CPP and ANSM. This validation may require a meeting of the CS 

and/or CIS. 

All amendments to the protocol must be brought to the notice of all the investigators participating in the study. 

The investigators undertake to respect the content of these. 

Any amendment which alters the care of patients or the benefits, risks and burdens of the study shall be the 

subject of a new information note and a new consent form, the collection of which follows the same procedure 

as that described above. 

17. RETENTION OF DOCUMENTS AND DATA RELATING TO THE STU DY 

The following documents relating to this study are archived in accordance with Good Clinical Practice: 

- By the investigating doctors: 

- for a period of 15 years following the end of the study 

• The protocol and any amendments to the protocol 

• The case report forms (copies) 

• The source files of the participants who have signed a consent form 

• All other documents and correspondence relating to the study 

• The original informed consent forms signed by participants 

All these documents are under the responsibility of the investigator for the regulation 

archiving period.  

 

- By the sponsor: 

- for a period of 15 years following the end of the study 

• The protocol and any amendments to the protocol 

• The original case report forms  

• All other documents and correspondence relating to the study 

• A copy of the informed consent forms signed by participants 

• The documents relating to serious adverse events 
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All these documents are under the responsibility of the sponsor for the regulation archiving period. 

They may not be moved or destroyed without the permission of the sponsor. At the end of the regulation 

archiving period, the sponsor will be consulted for their destruction. All the data, documents and reports may 

be audited or inspected. 

18. RULES CONCERNING PUBLICATION 

18.1. SCIENTIFIC COMMUNICATIONS 

Analysis of the data is performed by the study investigators in conjunction with Dr C. Arnaud, University 

Department of Epidemiology, Health Economics and Public Health, Faculty of Medicine, Toulouse. This 

analysis results in a written report which is submitted to the sponsor, who will transmit it to the CPP and to 

the competent authority. 

 

Any written or verbal communication of the results of the research must receive the prior agreement of the 

coordinating investigator and, if necessary, any committee created for the study. 

 

Publication of the principal results shall mention the name of the sponsor, all investigators who included or 

followed-up patients in the study, the project leader and CRA coordinators, the methodologists, 

biostatisticians and data managers who participated in the study, members of the committee(s) created for the 

study and the source of financing. Account shall be taken of the international rules for writing and publication 

(The Uniform Requirements for Manuscripts of the ICMJE, April 2010). 

18.2. COMMUNICATION OF RESULTS TO PATIENTS 

In accordance with law no. 2002-303 of 4 March 2002, patients are informed, if they so request, of the global 

results of the study. 

18.3. TRANSFER OF DATA 

The collection and management of data is performed by CHU de Toulouse. The conditions of transfer of all 

or part of the study database are decided by the sponsor of the study and shall be the subject of a written 

contract. 
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Abstract 
 
Background: As supported by pre-clinical data, early treatment with oxytocin (OXT) could restore 
sucking after birth. Patients with Prader-Willi syndrome (PWS) display poor feeding and social skills 
as infants and a decreased number of hypothalamic OXT-producing neurons was documented in adults.  
Methods: We conducted a proof-of-concept phase I/II escalating dose study of a short course (7 days) 
of intranasal OXT administration with three steps. We enrolled 18 infants with PWS under 6 months 
old (6 infants in each step) who received 4 IU of OXT either every other day, daily or twice daily. We 
investigated the tolerance and the effects on feeding and social skills clinically and on blinded videos, 
as well as circulating ghrelin and brain connectivity by fMRI. 
Results: Neither adverse events nor AVP-like effects were reported. No dose effect was observed. 
Sucking assessed by the neonatal oral motor scale (NOMAS) was abnormal in all infants at baseline and 
normalized in 88% with a significant decrease in both NOMAS and videofluoroscopy of swallowing 
scores from 16 to 9 (p<0.001) and from 18 to 12.5 (p<0.001), respectively. Significant improvements in 
Clinical Global Impression scale, social withdrawal behavior (Alarm Distress BaBy scale) and mother-
infant interactions (Coding Interactive Behavior scale) were observed. We also documented a significant 
increase in acylated ghrelin and connectivity of the right superior orbitofrontal network that correlated 
with changes in sucking and behavior.  
Conclusions: Intranasal OXT is well tolerated in infants with PWS, improves oral feeding and social 
skills, increases circulating acylated ghrelin and modifies brain connectivity.  
 
 
 
 

Introduction 
 

Oxytocin (OXT) is a neuropeptide that plays an important role in modulating social interactions 
and mother-infant bonding (Alves et al., 2015, Carson et al., 2013, Carter, 2014, Insel, 2010, Numan 
and Young, 2015). Quantitative neuroanatomical studies of post-mortem human hypothalamic tissue 
from patients with Prader-Willi syndrome (PWS) have demonstrated a reduced number and volume of 
OXT neurons in the paraventricular nucleus in comparison with controls (Swaab et al., 1995). Similarly, 
an alteration in the OXT system was described in PWS mice models (Schaller et al., 2010). Interestingly 
a single OXT injection before the first 5 hours of life, rescued 100% of the newborn Magel2 KO mice 
from early death by restoring normal sucking activity (Schaller et al., 2010). Magel2 KO mouse is now 
considered as a mouse model for PWS and autism spectrum disorder (ASD) as truncated mutations in 
Magel2 gene have been reported in some patients with ASD (Schaaf et al., 2013) Restricted production 
of mature OXT despite normal prohormone production was detected specifically in the hypothalamus 
of the Magel2 KO pups. Altogether these data suggest that OXT is involved in the pathophysiology of 
PWS and ASD12. 

PWS is a rare complex genetic neurodevelopmental disease comprising several nutritional phases 
(Goldstone et al., 2008, Miller et al., 2011). From birth to 9 months infants with PWS display severe 
hypotonia, poor interactions and anorexic behavior with poor suck that may cause life-threatening 
complications like aspiration. Nasogastric tube feeding (NGT) is started at birth in more than 80% of 
the infants to ensure normal weight gain (Bachere et al., 2008).  

Genetic diagnosis which is now made in the first months of life (Goldstone et al., 2008) offers a unique 
opportunity for early treatment with OXT. We report here the results of a proof-of-concept phase I/II 
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study of a short course of intranasal OXT (7 days) in 18 infants with PWS under 6 months old on safety, 
feeding and social skills, ghrelin levels and brain connectivity. 

 

 
Methods 

 
Patients: Eighteen infants with a genetic diagnosis of PWS were recruited and hospitalized in our 
French reference center for PWS with the presence of at least one parent. A detailed description of the 
population is shown in Table 1.  
 
Study protocol: This proof-of-concept monocentric phase I/II escalating dose study was divided into 

three steps of 7 days of OXT treatment (Syntocinon), each step recruiting six consecutive infants under 
6 months old. Infants received 4 IU intranasal OXT every other day (4 administrations) in the first step, 
4 IU intranasal OXT daily (7 administrations) in the second step, or 4 IU intranasal OXT twice daily 
(14 administrations) in the third step. The study protocol (available at NEJM.org; ClinicalTrials.gov 
number, NCT 02205034) was approved by the research ethics committee of the Hospital of Toulouse. 
Written informed consent was provided by the two parents. 
 
Evaluation of tolerance: Each infant was examined daily by the team pediatrician, and blood pressure 
and heart rate were monitored three times per day and for 2 hours after each OXT administration. An 
electrocardiogram was performed before and 5 min after each OXT administration. Biological 
parameters, glucose, potassium, sodium and osmolality were assessed every 2 days. Diuresis and urinary 
density were monitored daily. After discharge, tolerance was evaluated by the parents with a 
standardized daily case report form, and the local pediatrician via links with the study team, until the 
end of the study at day 30.  
 
Evaluation of oral feeding skills  
Sucking and swallowing were evaluated before the first and after the last OXT administration by a 
speech and language pathologist (SLP) with expertise in PWS. We used the Neonatal Oral-Motor 
Assessment Scale (NOMAS; see Table S1)(Palmer et al., 1993) which is a composite scale comprising 
28 items with three sucking pattern categories (normal, disorganized or dysfunctional) assessing jaw 
and tongue aspects and functions and the rhythm and synchronization between sucking and swallowing 
and between sucking/swallowing and respiration. Higher scores indicate greater impairment. We also 
calculated the percentage of infants with a score ≤10 versus a score >10. A score ≤10 corresponds to a 
normal or near normal sucking pattern without severe or life threatening respiratory complications. The 
same day, a dynamic videofluoroscopy of swallowing was performed by the same SPL and scored with 
a grid of nine relevant items that she uses in routine practice (see Table S2). Videofluoroscopy is normal 
if the score is 11, and the maximum abnormal score is 29. The SLP evaluated behavior before and during 
feeding using a clinical global impression (CGI) scale (see Table S 3). 
 
Blind evaluation of social skills: In addition, we assessed social withdrawal behavior and mother-infant 
interactions using the Alarm Distress Baby scale (ADBB) and the validated Coding Interactive Behavior 
(CIB) scale respectively (Feldman, 2007, Guedeney et al., 2013, Viaux-Savelon, 2014). The ADBB and 
CIB were scored in a blinded manner on videos of feeding taken before and after OXT administration 
by two experts who did not participate in either designing the protocol or conducting the trial. The 
ADBB scale is a composite scale comprising eight items with a normal score under five (Guedeney et 
al., 2013). For the CIB scale each of the 42 items was rated from 1 (a little) to 5 (a lot) and grouped into 
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five composites. In addition, according to the infant’s age, 26 specific infant items based on Brazelton’s 
Neonatal Behavioral Assessment Scale (Viaux-Savelon, 2014) were rated and grouped into two 
additional composites (See Table S4). Psychoanalytic infant observation through emotional welcome 
followed by thinking (Bick, 2007) was performed with the parents’ consent, by a psychologist trained 
to E Bick’s method, before the first and after the last OXT administration at the hospital. 
 
Sampling and hormone assays: Blood sampling was performed every 2 days after a minimum of 3 hours 
of fasting. The samples were drawn into EDTA tubes with anti-protease 4-(2-aminoethyl) 
benzenesulfonyl fluoride hydrochloride (AEBSF) (Sigma-Aldrich Chemicals) at a concentration of 2 
mg/ml for the ghrelin and OXT measurements. With these procedures, it has been shown that 
acidification was not necessary to prevent ghrelin degradation (Blatnik and Soderstrom, 2011). Samples 
were stored at -20°C prior to measurements and were assayed not longer than 6 months after collection. 
Measurement of acylated (AG) and unacylated ghrelin (UAG) was performed as described by Delhanty 
et al. (Delhanty et al., 2015). OXT was measured in blood samples as described by Pequeux et al. 
(Pequeux et al., 2001). 

 
Brain connectivity study during resting state using fMRI: The brain connectivity is defined as the 
temporal correlation of neuronal activity as evidenced by BOLD signal of anatomically separated brain 
regions. With resting-state functional MRI (RS-fMRI), it is possible to investigate whole-brain (van den 
Heuvel and Hulshoff Pol, 2010). Regions are said functionally connected if they demonstrate 
synchronous BOLD fluctuations at rest and then form a network. There are multiple resting-state 
networks that pertain to different brain functions that can be detected from the time-series scans 
Independent Component Analysis (ICA) -based methods(Beckmann et al., 2005) are the most 
commonly used and display high level of consistency (Damoiseaux et al., 2006). To investigate the 
effect of OXT on brain connectivity, we scanned 17 of 18 infants at rest without sedation before and 
after OXT administration. We applied ICA (Group ICA fMRI Toolbox; GIFT; 
(http://mialab.mrn.org/software/gift/, Version 4.0a) (Damoiseaux et al., 2006) to find a set of statistically 
independent spatial components. This group analysis allowed us to identify important network and then 
provide the associated map for each subject and each condition where the value in each voxel is a Z-
score measure of the pixel connectivity to the network. (see Methods S4). 
 

Statistical analysis:  

Data are presented for the whole population and for each dose step. The continuous variables were 
expressed as medians and ranges and the categorical data as numbers and percentages. Continuous 
variables before and after treatment were compared using Wilcoxon signed rank tests in the whole 
population and in each dose step. The score changes were compared between dose steps using Kruskall-
Wallis ranking tests when significant evolution was observed in the whole study group. Changes in 
connectivity Z-score before and after OXT were measured with a paired t test Correlations between 
connectivity Z-score changes in fMRI and changes in the oral feeding scales (NOMAS, 
videofluoroscopy) and behavior changes (CGI, ADBB, CIB) were estimated for the whole sample by 
the Kendall Tau-b coefficient. Data analysis was performed with Stata v11.2 software. P-values ≤ 0.05 
were considered as statistically significant. 
 
 
 

Results 
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Tolerance 
 
We observed no adverse event in relation to OXT for any of the parameters specifically surveyed and 
no other event occurred during the 7 days of OXT administration and up to day 30. Overall, the tolerance 
to OXT was excellent, with no cardiovascular or antidiuretic AVP-like effects. Plasma OXT levels were 
highly variable before and after OXT administration and did not significantly change in each step (data 
not shown). 
 
Effect of OXT on oral skills  
 
The NOMAS score significantly improved after treatment in the whole group, with a change in median 
score from 16 to 9 (p-value<0.001). At baseline, the score varied widely from 11 to 24 with no infant 
having a normal score. After OXT treatment, eight infants (47%) reached a score of 8, which is strictly 
normal and 15 (88%) had a score ≤10, meaning that they displayed a near normal sucking pattern (Figure 
1A). Only two patients included in step 1 did not normalize their score after treatment. Overall, the 
changes in NOMAS scores did not differ between the three dose steps (p-value = 0.504). 
The scores of the videofluoroscopy of swallowing significantly improved after treatment in the whole 
group from a median value of 18 to 12.5 (p-value <0.001), and in each dose step (see Figure 1B). 
No significant difference according to dose step (p-value=0.588) was found. Improvement is obvious as 
shown in the videofluoroscopy of swallowing before and after OXT of 1 infant (see video 1 and video 
2 available at NEJM.org). 
 
Figure 1: Evaluation of sucking/swallowing before and after Oxytocin 
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Effect on behavior and social skills: As shown in Figure 2A , the CGI score significantly improved after 
treatment from a median score of 3 to 6 before feeding (p-value=0.001) and 0 to 3.5 during feeding (p-
value=0.001) in the whole group.  

At baseline, the median ADBB score was 6.5, with 62% of the infants with an ADBB score ≥5.The 
score significantly improved in the whole group from 6.5 to 3.5 (p=0.005) with a normal score in 81% 
after OXT (figure 2B). We observed significant improvements on facial expression, from a median score 
of 1.0 to 0.0 (p-value=0.005); eye contact, from 1.0 to 0.5 (p-value=0.043); general level of activity, 
from 1.0 to 0.0 (p-value=0.028); and relationship, from 1.0 to 0.0 (p-value=0.006) (Figure 2C). For the 
total ADBB score as well as for these four items, the observed changes did not significantly differ 
between the three steps. Figure 2D shows the changes in composites of the CIB scale in the whole group. 
We observed significant improvements after treatment on parental sensitivity, from a median score of 
2.47 to 3.08 (p-value=0.033); dyadic reciprocity, 2.43 vs. 2.75 (p-value=0.009); child social 
engagement, 1.91 vs. 2.50 (p-value=0.001); and child state, 2.40 vs.3.20 (p-value=0.002). These 
significant changes did not differ between the three steps. 

Figure 2: Evaluation of behaviour and social skills before and after Oxytocin 
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Infants’ observation revealed an improvement in the parents’ interrelations with the baby in gaze, 
holding and handling. This observation seemed to be a support for the emergence of staggering and 
depressed feelings in the parents caused by the stress generated by the diagnosis of PWS.  
 
Effect of OXT on circulating ghrelin 
As shown in Figure 3, AG levels significantly increased between baseline and, respectively, 2 days 
(from 188.5 to 306.5 pg/ml, p-value=0.037) and 4 days (from 188.5 to 370 pg/ml, p-value=0.044) after 
the first OXT administration. No significant changes were observed in UAG levels. Changes between 
baseline and 4 days after the first OXT administration did not significantly differ between the three dose 
steps (p-value=0.889). 
 
Figure 3: Circulating acylated and unacylated ghrelin before and after Oxytocin 

 
 

Effects of OXT on brain connectivity study during resting state using fMRI:  
In the brain connectivity analysis, we focused on the network encompassing many areas in the 
orbitofrontal cortex (OFC), in the striatum and the anterior cingulate known as key regions in the hunger 
and drive to eat. Interestingly this network involves also the Superior Temporal Gyrus which is involved 
in social cognition  the supramarginal gyrus and the temporoparietal junction which are important area 
in social ability , the inferior frontal opercular and the Supplementary Motor Area (fig. 4A). As shown 
in Figure 4B, inside this network, the connectivity of the right superior orbitofrontal cortex increased 
after OXT treatment (paired t-test, p-value<0.05; familywise error corrected). In addition, the mean 
change calculated over all the voxels in this area for each subject was correlated with the changes in 
NOMAS (tau-b=-0.396), the CIB child social engagement composite (tau-b= 0.555) and the CIB child 
state composite (tau-b=0.535) (figure 4C) 
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Figure 4: Brain connectivity before and after Oxytocin. 

 
 
 

Discussion 
 

This proof-of-concept study demonstrates that a short course of repeated intranasal OXT administration 
is well tolerated and improves oral feeding and social skills in infants with PWS. Given the preclinical 
data with OXT, the early diagnosis of PWS and the possible role of OXT in the pathophysiology of the 
disease, PWS is a good model to study the effects of early OXT administration. The effects on oral 
feeding and social skills in human infants are reported here for the first time. In our study an abnormal 
sucking pattern was present at baseline in all infants and was normalized in 88% of them after OXT. 
Such improvement is highly clinically relevant as there was a complete rescue of the life-threatening 
respiratory complications of poor feeding skills in this population. It is likely that OXT improves oral 
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motor function of the face and head including the larynx and pharynx. Interestingly, these structures and 
the nerves that innervate them were described as part of a system (polyvagal theory) (Porges, 2011) that 
permits social engagement and communication (Carter, 2014).  
In addition, after OXT treatment the infants displayed an increased interest in food that may have been 
related to the observed increase in circulating AG, called “the hunger hormone” as it is the only known 
orexigenic hormone(Cabral et al., 2015). Indeed we have data showing that AG is lower in infants with 
PWS compared with controls and OXT treatment seems to normalize it (data not shown). Importantly, 
we document the positive effects of OXT treatment on behavior and social engagement and on mother-
infant interactions. After OXT, the infants were more alert, less fatigable, more expressive, and have 
less social withdrawal. They initiated mutual activities and, were more engaged in relationship through 
gaze, behavior and vocalizations. These modifications helped the parents to be more sensitive. The dyad 
was less restricted and there was a better reciprocal exchange, thus engaging the dyad in a positive 
transactional spiral as well as optimizing feeding. This improvement was also reported by infant 
observation in gaze, holding and handling. In humans, “mutual gaze” is the most fundamental 
manifestation of social attachment (Carter, 2014). Indeed we are aware that these changes may have 
been due to OXT and/or to the support and guidance provided by the expert team to the parents. 
Interestingly, similar improvement in parent-infant interactions was reported when OXT was given to 
the parent (Weisman et al., 2013). 
Importantly, these early effects of OXT persisted 3 weeks after the last OXT administration and we have 
now preliminary data supporting the long-lasting effects one year after the end of the study on feeding, 
behavior and social skills in 16 infants. This is in line with the results reported in the Magel2 deficient 
mice showing that a short course of early treatment with OXT in pups rescued feeding at birth and had 
late effects normalizing learning, memory and social cues in adult males (Meziane et al., 2015). In 
addition, anatomical and functional modifications of the brain OXT-system were partly restored by OXT 
treatment (Meziane et al., 2015). 
We also document the increasing connectivity of the right superior orbitofrontal network after infants 
treatment with OXT. The OFC contains major cortical representations of taste and food texture, 
olfactory and somatosensory inputs, from both the mouth and other parts of the body, as well as 
information about real faces, gestures and movement (Rolls, 2004). Overall, the OFC is involved in 
motivational behavior such as feeding and drinking, emotional decision-making and social behavior by 
implementing learning mechanisms through decoding the reward and punishment values of stimuli 
(O'Doherty et al., 2000). We found it highly relevant that changes in right superior OFC connectivity 
were correlated with changes in infant oral motor skills and CIB composite scores. Of note, a link 
between oral feeding in premature babies and cognitive development at 2 years was recently documented 
(Wolthuis-Stigter et al., 2015). Taken together, these findings suggest the hypothesis that the observed 
increased right superior OFC connectivity after OXT preserves OFC function, which may be important 
for long-term effects.  
The preclinical data supporting the protective action of maternal OXT during delivery by preventing the 
deleterious effects of enhanced activity of GABA signaling(Tyzio et al., 2014), in addition to the current 
evidence  of changes in brain connectivity after OXT administration in infants under than 6 months old, 
suggest a continuum in the role of OXT from birth to early post-natal life.  
In conclusion, these results reveal that a short course of intranasal OXT administration rescues oral 
feeding and social skills in infants with PWS. These promising effects need to be confirmed by a phase 
3 trial. In addition it will be important to evaluate the long term effects to determine if and how OXT 
changes the course of the disease. We anticipate that these results will also have a broad impact for 
infants with severely impaired sucking and infants with an early diagnosis of ASD. 
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Legends of figures 
Figure 1: Evaluation of sucking/swallowing before and after Oxytocin. All evaluations were performed 
by the same team speech and language pathologist. Individual data in each step are plotted. Step 1: 4 IU 
intranasal OXT every other day (4 administrations); step 2: 4 IU daily intranasal OXT (7 
administrations); step 3: 4 IU twice daily intranasal OXT (14 administrations). 1A/ Clinical evaluation 
of sucking/swallowing was scored using the NOMAS. For this study as recommended for quantification, 
we scored each present item 0 or 1 when listed in the normal sucking pattern and 2 or 3 points when 
listed in the disorganized and dysfunctional sucking pattern category. One item of the disorganized 
category may be scored up to 4 when it documents the occurrence of severe complications (increased 
stridor, aspiration) driven by the impaired synchronization between sucking/swallowing and breathing 
(score can vary between 8 and 28, score ≤10 defining a near normal sucking pattern represented as a 
dotted line). 1B/ Videofluoroscopy of swallowing was scored using a grid with 9 items (score can vary 
between 11 and 29, the lower value defining a normal swallowing pattern).  
Figure 2: Evaluation of behaviour and social skills before and after Oxytocin. 2A/ Scores of Clinical 
global impression (CGI) before (white box) and after the last OXT administration (grey box) before and 
during feeding. Evaluations were performed in 17 infants by the team speech and language pathologist 
concomitantly with the clinical scoring of sucking/swallowing. 2B/ Total Alarm Distress BaBy (ADBB) 
score of the 15 infants scored twice, before (white box) and after OXT administrations (grey box). The 
dotted line represent the cut-off value of normal score (<5). 2C/ Composites of the ADBB scale scored 
before (white box) and after OXT administrations (grey box). 2D/ Composites of the Coding Interactive 
Behaviour (CIB) scale scored before (white box) and after OXT administrations (grey box). Scoring 
was performed (Grading was obtained) in 15 infants except for the parental intrusiveness (N=14) using 
blinded videos taken before and during feeding by the same child psychiatrist.  
In the boxplot the median is represented by a line subdividing the box. The length of the box thus 
represents the interquartile range (IQR). Whiskers are drawn to span all data points within 1.5 IQR of 
the nearer quartile. Any data points beyond the whiskers are shown individually. In the absence of any 
point beyond the whisker, the whisker identifies the extreme observed values (minimum or maximum). 
The scores of CGI, ADBB and CIB scales observed before and after treatment were compared using 
Wilcoxon signed rank tests for paired data. 
Figure 3: Circulating acylated and unacylated ghrelin before and after Oxytocin. 3A/Evolution of 
plasmatic acylated ghrelin (AG) and 3B/unacylated ghrelin (UAG) before the 1st OXT administration, 
2 days and 4 days after the 1st OXT administration in 15 infants. Morning sampling were performed at 
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least 4hours after last feeding. The level of AG and UAG observed before and after treatment were 
compared using Wilcoxon signed rank tests for paired data.  
Figure 4: Brain connectivity before and after Oxytocin. 4A/ Among the 17 infants who were evaluated 
twice, 7 infants were discarded either because the head motion exceeded our limits or because the images 
showed a significant static magnetic field (B0) inhomogeneity. Ten infants (4 in step 1, 3 in step 2 and 
3 in step3) were kept for further analysis. Component obtained after ICA showing the regions with high 
connectivity (Z-score>3.1) (red regions) forming the network we selected for further analysis. The 
regions are superimposed onto spatially normalized anatomical image on one subject. The network is 
composed of the following cerebral areas:  Supplementary Motor Area (1), Precuneus/Inferior Parietal 
(2), Supramarginal/Angular/Posterior Cingulate/Precuneus (3), Frontal/Temporal/Anterior Cingulate 
(4-6) ,inferior frontal opercular/Right Rolandic Operculum (7-8), Left 
calcarine/Lingual/Thalamus/Caudate (8-12), orbitofrontal/Rectus/Vermis (13-15). 4B/ Voxels showing 
greater connectivity Z-score in Post-OXT than Pre-OXT in 10 infants. The voxels are superimposed on 
anatomical T1 images of one subject. Changes in connectivity Z-score before and after OXT were 
measured with a paired t test  Only the right superior orbito-frontal area, survived threshold at p<0.05 
Family Wise Error corrected (small volume correction) and spatial extent >30. The small volume was 
defined as a 10 mm radius sphere centered on the max Z-score voxel. 4C/ Correlations between 
connectivity Z-score changes in right superior orbito-frontal area and NOMAS changes, CIB social 
engagement changes and CIB infant state changes were estimated for the whole sample by the Kendall 
Tau-b coefficient. 
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ANNEXE 2 : RESULTATS DE L’ECHELLE D’EVALUATION DU COMPORTEMENT 
SOCIO ADAPTATIF DE VINELAND-II  
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ANNEXE 3 : FEUILLE DE PASSATION DU QUESTIONNAIRE CB CL 

 
 



OT2SUITE 
V1.6 22/03/2017 

 
 

Page 50 of 57 

 

 
  



OT2SUITE 
V1.6 22/03/2017 

 
 

Page 51 of 57 

 

 
ANNEXE 4 : ECHELLE D’EVALUATION DU COMPORTEMENT ALI MENTAIRE 

 

- Enfant : ……………………………….. 

- Date : …………………  Age : ………………… 

- Evaluation faite par  �  la mère  �  le père   

 Pas du 

tout 

d’accord 

Plutôt pas 

d’accord 

Plutôt 

d’accord 

Tout à 

fait 

d’accord 

1. Votre enfant mange de façon excessive (vu son âge)    
    ⇒  depuis quand son appétit est-il augmenté ? ………………… 

    

2. Il est excessivement préoccupé par la nourriture     

3. Il réclame des quantités importantes lorsqu’on le sert     

4. Il met trop de nourriture à la bouche à la fois     

5. Il compare le contenu de son assiette à celui des autres     

6. Il finit son assiette intégralement en systématique     

7. Il a tendance à vouloir finir l’assiette des autres     

8. Il a faim à peine sorti de table     

9. Il mange entre les repas     

10. Il mange en cachette     

11. Il a tendance à se faire des réserves de nourriture     

12. Il mange des choses inhabituelles ou aliments impropres  
     à la consommation.   Description : …………………………………… 

    

13. On  doit contrôler son accès à la nourriture. Méthodes : 
         �  ne pas laisser traîner à vue    �  fermer le frigo à clef 
         �  enfermer dans les placards    �  autre ………………………… 

    

 
- 14. Moment de la journée où il a le plus faim :  

    �  matin  �  midi  �  goûter  �  soir 
        �  pas de différence observée 

 
- 15. Description ouverte du comportement de l’enfant en situation alimentaire 

……………………………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………………………………… 
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ANNEXE 5 : RCP DU MICROPAQUE  
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