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[bookmark: _Toc141883445]1	Signature Page


Investigator Statement and Signature
I have read the attached protocol entitled “SCN1A Horizons: A natural history study of SCN1A-related epilepsies in the United Kingdom” 
I understand and agree to the provisions of the protocol, and I accept the responsibilities listed below in my role as Investigator for the study.
The Investigator agrees to perform the investigations and to abide by this protocol. The Investigator agrees to conduct the study in compliance with the approved protocol, EU GCP and UK Regulations, the UK Data Protection Act (1998) and other regulatory requirements as amended.





___________________________________________		____________________
Investigator Signature							Date


__________________________________________
Investigator, Print Name

[bookmark: _Toc141883446]2	List of Abbreviations

Abbreviation	Definition
ADOS-2		Autism Diagnostic Observation Schedule 2nd Edition
BITSEA 		Brief Infant Toddler Social Emotional Assessment
BPVS3		British Picture Vocabulary Scale 3rd Edition
BRIEF-P 		Behaviour Rating Inventory of Executive Function – Preschool
BSID-III 		Bayley Scales of Infant and Toddler Development 3rd Edition
BSID-4 		Bayley Scales of Infant and Toddler Development 4th Edition
CBCL 			Child Behaviour Checklist
CELF			Clinical Evaluation of Language Fundamentals
CMS			Children’s Memory Scale
CRF 			Case Report Form
CSHQ 		Children’s Sleep Habits Questionnaire
DBC			Developmental Behaviour Checklist
DS			Dravet syndrome
EQ-5D-5L		EuroQol-5 Dimension-5 Level
GCP 			Good Clinical Practice
Gillette FAQ 		Gillette Functional Assessment Questionnaire
HCRUQ		Health Care Resource Utilization Questionnaire
ICF 			Informed consent form
ICH 			International Council for Harmonisation
IPES			Impact of Paediatric Epilepsy Scale
IRB 			Institutional Review Board
PedsQL 		Paediatric Quality of Life Inventory
PSI			Parental Stress Index
PMG			Project Management Group
REC			Research Ethics Committee
SAP			Statistical Analysis Plan
SDQ 			Strengths and Difficulties Questionnaire
SRS			Social Responsiveness Scale
SUDEP 		Sudden unexplained death in epilepsy
VABS-III 	Vineland Adaptive Behaviour Scales 3rd Edition, Parent Report Form
WAIS-IV		Wechsler Adult Intelligence Scale 4th Edition
[bookmark: _Hlk60513852]WISC-V		Wechsler Intelligence Scale for Children 5th Edition
WPPSI-IV 		Wechsler Preschool & Primary Scale of Intelligence 4th Edition


[bookmark: _Toc141883447]3	Protocol Overview

	Title

	SCN1A Horizons: A natural history study of SCN1A-related epilepsies in the United Kingdom

	Protocol Number

	TBC

	Phase of Study

	Observational Study

	Number of Sites

	Approximately 25 sites in the United Kingdom

	Study Rationale

	[bookmark: _Hlk61684119]The aims of this prospective natural history study are to define the seizure, neuro-developmental, and behavioural characteristics of SCN1A-related epilepsies/Dravet syndrome in children and adults longitudinally over a period of three years. In addition, this study will compare missense and truncating genotypes in terms of i) rates of change of countable convulsive seizures per month and ii) neurodevelopmental outcome and trajectories.

	Study Endpoints

	[bookmark: _Hlk61687595]Primary endpoints
i) Rate of change of countable convulsive seizures per month compared between participants with missense and truncating genotypes.
ii) Rate of change of neurodevelopmental outcomes over time between participants with missense and truncating genotypes.
Secondary endpoints
· The association between the occurrence and frequency of status epilepticus and neurodevelopmental outcomes in participants with truncating genotypes.
· The association between the observed use of sodium channel blockers and neurodevelopmental outcomes in participants with truncating genotypes.
· The association between genetic pathogenicity scores (Grantham, CADD and REVEL) and neurodevelopmental outcomes in participants with missense genotypes. 
The following descriptive endpoints will be reported on:
Seizure Endpoints:
· Mean monthly countable convulsive seizure frequency, defined as focal clonic/hemiclonic, generalized/focal tonic, generalized tonic-clonic/clonic, atonic seizure, prolonged seizure, or status epilepticus per 4-week period before each study visit as measured by seizure diary
· Total number and proportion of seizure free days
· Maximum number of continuous seizure free days
· Time to 5/10/20 countable convulsive seizures (length of time to the specified number of convulsive seizures)
· Total number and proportion of episodes of prolonged seizures (lasting longer than 5 minutes)
· Total number and proportion of episodes of status epilepticus (lasting longer than 30 minutes)
· Time to 1/2/3 episodes of prolonged seizure and status epilepticus
Neurodevelopmental Endpoints:
· Change in neurodevelopmental status as measured by BSID-III/-4, WPPSI-IV, WISC-V and/or WAIS-IV depending on age, over time
· Change in expressive & receptive language as measured by CELF-Preschool/CELF-5 over time
· Change in a child’s vocabulary development as measured by BPVS3 over time
· Change in a child’s memory performance as measured by CMS Word Lists over time
· Change in adaptive function as measured by VABS-III over time
[bookmark: _Hlk61687728]Behavioural and Social Functioning Endpoints:
· Change in social and emotional behaviour as measured by BITSEA over time
· Change in executive function from Baseline as measured by BRIEF-P over time
· Change in social and emotional function as measured by CBCL/DBC over time
· Change in emotion and behaviour as measured by the SDQ over time
· Prevalence of social communication difficulties at age 3, 6, 9, 12, 15 or 18 years old/adulthood as measured by SRS-2
· Prevalence of autism spectrum disorder at age 3 and 6 years as measured by ADOS-2
Motor Function and Development Endpoints:
· Change in motor developmental milestones over time
· Assessment of ambulation and gait over time as measured by clinical interview and Gillette FAQ
Medication Use Endpoint:
· Characterization of anti-seizure medications used, including the drug name, duration of treatment, and dose over time
[bookmark: _Hlk64400069]Health Economics Outcomes Research and Quality of Life Endpoints:
· [bookmark: _Hlk62905050]Change in quality of life and disease burden as measured by the PedsQL over time
· Number of events requiring seizure emergency medication
· Number of events requiring emergency services (ambulance call)
· Number of emergency room visits for seizures
· Number of hospitalizations to general ward or intensive care unit for seizures
· Change in health care resource utilisation as measured by HCRU Questionnaire over time
· Measurement of Parental Stress Index over time
· Change in parental health status as measured by EQ-5D-5L over time
Sleep Endpoints:
· Change in sleep disturbance as measured by CSHQ over time

	Inclusion Criteria

	1. [bookmark: _Hlk61694390]Patient and/or legally authorised representative must be willing and able to give informed consent/assent for participation in the study.
2. Patient and their parent/caregiver are willing and able (in the Investigator’s opinion) to comply with all study requirements (including ability and willingness to comply with virtual visits).
3. Participant has a confirmed pathogenic (class 5) or likely pathogenic (class 4) SCN1A variant, as demonstrated by genetic testing (confirmed at screening) 


	Exclusion Criteria

	1. [bookmark: _Hlk61694461]Patient has any other significant disease or disorder which, in the opinion of the Investigator, may either put the patient at risk because of participation in the study, or may affect the patient’s ability to participate in the study.

	Concomitant Medications and Treatments

	· This is an observational study; no investigational therapy will be administered.
· All currently approved and investigational therapies for the treatment of SCN1A-related epilepsies are allowed. Changes in therapy are permitted.
· Participants involved in investigational studies and open-label extension studies are eligible for enrolment.
· Patients enrolled in this study may participate in other investigational studies.

	Planned Sample Size

	[bookmark: _Hlk61779677]Approximately 400 participants with a minimum of 2 years of follow-up are planned to be enrolled according to the following age distribution:
· 300 patients in the Comprehensive study arm (clinical and face-to-face neurodevelopmental assessments)
Approximately 60 participants aged 6 to 35 months
Approximately 80 participants aged 3 to 6 years
Approximately 100 participants aged 7 to 16 years
Approximately 60 participants aged 17 years and older
· 100 patients in the Basic study arm (clinical and non-face-to-face neurodevelopmental assessments)
· This provides 90% power to detect a reduction in R2 corresponding to an F-statistic of 0.0356 as statistically significant at a 5% significance threshold.

	Duration of Study

	Participation includes an observation period of up to 36 months following enrolment into the study.

	Study Visit Schedule

	Study visits will occur at Baseline and at 6 months, 12 months, 18 months, 24 months, 30 months and 36 months after enrolment.

	Methodology

	The SCN1A Horizons natural history study is a multicentre, longitudinal, prospective observational study in paediatric and adult patients with a genetically confirmed pathogenic SCN1A variant.
The study is comprised of a baseline assessment and a three-year observation period. After informed consent/assent is obtained, patients will be screened for eligibility. Eligible patients will be enrolled in the study at the Baseline Visit and will undergo baseline assessments. Patients will then undergo neurodevelopmental status, adaptive status, ambulation and quality of life assessments according to age at 6 months, 12 months, 18 months, 24 months, 30 months and 36 months after enrolment. 

	Statistical Methods

	The co-primary outcomes will be explored using multiple linear regression controlling for time to first seizure and time to abnormal EEG. The regression coefficient comparing missense and truncating genotypes will be tested at a 5% significance threshold. No correction for our two primary outcomes will be performed due to the high expected correlation between them.  

Secondary analyses will be performed on each of the two presenting genotypes separately. 
1) Firstly, in those with the truncating genotype, the association between the occurrence and frequency of status epilepticus and neurodevelopmental outcomes will be explored in a multiple regression.
2) A similar analysis will be performed to explore the association between the use of sodium channel blockers and neurodevelopmental outcomes. 
3) In those with missense genotypes the association between genetic pathogenicity scores including Grantham, CADD and REVEL scores and neurodevelopmental outcomes will be presented
All planned descriptive endpoints will be listed and summarized in the tables using descriptive statistics. All clinical data collected in this study will be provided in the listings.
Unless stated otherwise, descriptive summaries will include count, mean, standard deviation, median, minimum and maximum for continuous variables, and n and count proportions and 95% confidence intervals for categorical variables. Selected endpoints captured over time will be assessed using a repeated measures model (mixed effects model), while time to event data will be visually depicted using Kaplan-Meier plots where appropriate. Relationships between potential prognostic variables and outcome measures will be assessed using chi-square or correlational analyses and generalized linear models.
Full details of planned statistical analyses will be included in the statistical analysis plan.

Ongoing Analysis
Due to the hypothesis generating nature of the SCN1A natural history study and the lack of globally recognized instruments specific to SCN1A-related epilepsy/Dravet syndrome, data will be summarized on an ongoing basis in order to evaluate the proposed developmental, behavioural, social- and motor-functioning assessments in real time. These assessments will provide an opportunity to make adjustments in the selection of the existing instruments to characterize each one of the aforementioned domains and observe the downstream results if needed.





[bookmark: _Toc141883448]4	Schedule of Assessments

A schedule of study assessments is provided in Tables 1 and 2.
Table 1:	Schedule of Assessments – Comprehensive Study Arm1
	[bookmark: _Hlk62200430]Study Visit
	Visit 1 Screening/ Baseline
	Visit 2
	Visit 3
	Visit 4
	Visit 5
	Visit 6
	Visit 7/ET

	Month
	0
	6

	12

	18

	24
	30

	36

	Study Day and Window
	+30 d
	182±30 d
	365±30 d
	547±30 d
	730±30 d
	912±30 d
	1094±30 d

	Site and Clinician Assessments

	Informed consent/assent
	X
	
	
	
	
	
	

	Screen for eligibility
	X
	
	
	
	
	
	

	Demographics/ medical history* 
	X
	X
	X
	X
	X
	X
	X

	Concomitant medications*
	X
	X
	X
	X
	X
	X
	X

	Weight and height*
	X
	X
	X
	X
	X
	X
	X

	Physical examination*
	X
	X
	X
	X
	X
	X
	X

	Blood/biological/tissue sampleǂ
	X
	ǂ

	Seizure diary training
	X
	
	
	
	
	
	

	BSID-III/BSID-4/ WPPSI-IV/WISC-V/WAIS-IV/CELF2
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	BPVS3
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	CMS
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	ADOS-23
	X

	Patient/caregiver reported assessments

	Seizure diary
	X
	X
	X
	X
	X
	X
	X

	Seizure diary reminder phone call4
	X
	X
	X
	X
	X
	X
	X

	Home videos of seizures (optional)
	(X)
	(X)
	(X)
	(X)
	(X)
	(X)
	(X)

	VABS-III
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	BITSEA5
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	[bookmark: _Hlk66784635]BRIEF-P/ BRIEF-2†6
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	[bookmark: _Hlk66784683]CBCL/DBC†7
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	SDQ
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	SRS-28
	X

	Gillette FAQ
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	CSHQ
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	PedsQL
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	[bookmark: _Hlk61697999]IPES
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	HCRUQ
	X
	X
	X
	X
	X
	X
	X

	Parent/caregiver reported assessments about parent/caregiver experience

	[bookmark: _Hlk61730206]PSI
	X
	
	X
	
	X
	
	X

	EQ-5D-5L
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X



[bookmark: _Hlk66745496][bookmark: _Hlk65358502][bookmark: _Hlk67526925][bookmark: _Hlk65411017][bookmark: _Hlk65359516][bookmark: _Hlk61781949][bookmark: _Hlk66128896][bookmark: _Hlk66127269][bookmark: _Hlk60516252][bookmark: _Hlk68290468]ADOS-2 = Autism Diagnostic Observation Schedule 2nd Edition; BITSEA = Brief Infant Toddler Social Emotional Assessment; BRIEF-P = Behaviour Rating Inventory of Executive Function - Preschool Version; BRIEF-2 = Behaviour Rating Inventory of Executive Function-2; BSID-III = Bayley Scales of Infant and Toddler Development® 3rd Edition; BSID-4 = Bayley Scales of Infant and Toddler Development®  4th Edition; BPVS3 = British Picture Vocabulary Scale 3rd Edition; CBCL = Child Behaviour Checklist; CELF-Preschool/CELF5 = Clinical Evaluation of Language Fundamentals; CMS = Children’s Memory Scale (Subtests: Stories and Word lists); SHQ = Children’s Sleep Habits Questionnaire; DBC = Developmental Behaviour Checklist; EQ-5D-5L = EuroQol-5 Dimension-5 Level; ET = Early Termination; Gillette FAQ = Gillette Functional Assessment Questionnaire; HCRUQ = Health Care Resource Utilization Questionnaire; IPES = Impact of Paediatric Epilepsy Scale; PedsQL = Paediatric Quality of Life Inventory; SDQ = Strengths Difficulties Questionnaire; SRS-2 = Social Responsiveness Scale; VABS-III = Parent Report Form of Vineland Adaptive Behaviour Scales 3rd Edition; WAIS-IV = Wechsler Adult Intelligence Scale 4th Edition; WISC-V = Wechsler Intelligence Scale for Children® 5th Edition; WPPSI-IV = Wechsler Preschool & Primary Scale of Intelligence™ 4th Edition
*As per standardised clinical data collection proforma (standard of care)
[bookmark: _Hlk91484539]ǂWhere possible biological samples will be collected opportunistically during routine clinical procedures throughout the study.
†6 monthly assessments for those age up to 6 years, inclusive. From age 7 years these assessments will only be performed once a year at visit 1, visit 3, visit 5 and visit 7.
1Patients will automatically be recruited into the Comprehensive study arm (Table 1) unless the age specific quota in the Comprehensive study arm has been filled. In that case the patient will be recruited into the Basic study arm consisting of a clinical and non-face-to-face neurodevelopmental assessment (Table 2).
2For Visit 1 (Baseline), patients who are <30 months of age will be administered the BSID-III/-4. The WPPSI-IV will be added once the patient reaches an age of ≥30 months and at all subsequent visits. Patients should receive the same developmental/cognitive assessment for all subsequent study visits in order to compare equivalent scores over time (Figure 3).
All patients ≥2 years 5 months and ≤6 years of age will be administered the WPPSI-IV at Baseline. If the patient performs below one standard deviation of the mean (IQ <85) they will be administered the BSID-III/-4 in addition to the WPPSI-IV at Baseline and at all subsequent visits. 
For patients aged 7 years and older, the patient will be administered the WISC-V at Baseline. If the patient performs with an IQ <80 they will be administered the WPPSI-IV at Baseline and at all subsequent visits.
For patients aged 17 years and older, the patient will be administered the WAIS-IV at Baseline. If the patient performs with an IQ <80 they will be administered the WPPSI-IV at Baseline and at all subsequent visits.
CELF-Preschool/CELF-5 subtests to assess expressive & receptive language will be used in the small subset of more cognitively able children who are able to access the WPPSI-WISC.
BPVS3 will be used for those children age 3 years until adulthood.
3The ADOS-2 will be performed once, either at age 3 years or at age 6 years, depending on the age of the child at study entry.
[bookmark: _Hlk61801536]4A telephone call should be made to the patient/caregiver 6 weeks prior to each scheduled visit to remind the patient/caregiver to collect seizure diary information during the 4 weeks prior to each scheduled visit.
[bookmark: _Hlk66785221]5For participants aged 12 to 36 months at Baseline, the BITSEA should be completed for the duration of the study.
6For participants aged ≥24 months and ≤6 years at Baseline, the BRIEF-P should be completed for the duration of the study.
[bookmark: _Hlk68335911]7For participants aged ≥18 months at Baseline, the CBCL should be completed and at all subsequent visits in more cognitively able children (based on their BSID/WPSSI score ≥70). In less cognitively able children, the DBC will be used from the age of 4 years instead of the CBCL.
8The SRS-2 will be performed once for any child ≥3 years, either at age 3 or 6 years (coinciding with the ADOS-2) or at 9, 12, 15 or 18 years old/adulthood, depending on the age of the individual at study entry.

Table 2:	Schedule of Assessments – Basic Study Arm1
	Study Visit
	Visit 1 Screening/ Baseline
	Visit 2
	Visit 3
	Visit 4
	Visit 5
	Visit 6
	Visit 7/ET

	Month
	0
	6

	12

	18

	24
	30

	36

	Study Day and Window
	+30 d
	182±30 d
	365±30 d
	547±30 d
	730±30 d
	912±30 d
	1094±30 d

	Site and Clinician Assessments

	Informed consent/assent
	X
	
	
	
	
	
	

	Screen for eligibility
	X
	
	
	
	
	
	

	Demographics/ medical history* 
	X
	X
	X
	X
	X
	X
	X

	Concomitant medications*
	X
	X
	X
	X
	X
	X
	X

	Weight and height*
	X
	X
	X
	X
	X
	X
	X

	Physical examination*
	X
	X
	X
	X
	X
	X
	X

	Blood/biological/tissue sampleǂ
	X
	 ǂ

	Seizure diary training
	X
	
	
	
	
	
	

	Patient/caregiver reported assessments

	Seizure diary
	X
	X
	X
	X
	X
	X
	X

	Seizure diary reminder phone call2
	X
	X
	X
	X
	X
	X
	X

	Home videos of seizures (optional)
	(X)
	(X)
	(X)
	(X)
	(X)
	(X)
	(X)

	VABS-III
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	BITSEA3
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	BRIEF-P/ BRIEF-2†4
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	CBCL/DBC†5
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	SDQ
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	SRS-26
	X

	Gillette FAQ
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	CSHQ
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	PedsQL
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	IPES
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X

	HCRUQ
	X
	X
	X
	X
	X
	X
	X

	Parent/caregiver reported assessments about parent/caregiver experience

	PSI
	X
	
	X
	
	X
	
	X

	EQ-5D-5L
	X
	(X)†
	X
	(X)†
	X
	(X)†
	X



BITSEA = Brief Infant Toddler Social Emotional Assessment; BRIEF-P = Behaviour Rating Inventory of Executive Function – Preschool Version; BRIEF-2 = Behaviour Rating Inventory of Executive Function-2; CBCL = Child Behaviour Checklist; CSHQ = Children’s Sleep Habits Questionnaire; DBC = Developmental Behaviour Checklist; EQ-5D-5L = EuroQol-5 Dimension-5 Level; ET = Early Termination; Gillette FAQ = Gillette Functional Assessment Questionnaire; HCRUQ = Health Care Resource Utilization Questionnaire; IPES = Impact of Paediatric Epilepsy Scale; PedsQL = Paediatric Quality of Life Inventory; SDQ = Strengths Difficulties Questionnaire; SRS-2 = Social Responsiveness Scale; VABS-III = Parent Report Form of Vineland Adaptive Behaviour Scales 3rd Edition; 
*As per standardised clinical data collection proforma (standard of care)
ǂWhere possible biological samples will be collected opportunistically during routine clinical procedures throughout the study.
†6 monthly assessments for those age up to 6 years, inclusive. From age 7 years these assessments will only be performed once a year at visit 1, visit 3, visit 5 and visit 7.
1Patients will automatically be recruited into the Comprehensive study arm (Table 1) unless the age specific quota in the Comprehensive study arm has been filled. In that case the patient will be recruited into the Basic study arm consisting of a clinical and non-face-to-face neurodevelopmental assessment (Table 2).
2A telephone call should be made to the patient/caregiver 6 weeks prior to each scheduled visit to remind the patient/caregiver to collect seizure diary information during the 4 weeks prior to each scheduled visit.
3For participants aged 12 to 36 months at Baseline, the BITSEA should be completed for the duration of the study.
4For participants aged ≥24 months and ≤6 years at Baseline, the BRIEF-P should be completed for the duration of the study.
5For participants aged ≥18 months at Baseline, the CBCL should be completed and at all subsequent visits in more cognitively able children (based on their BSID-4/WPSSI score ≥70). In less cognitively able children, the DBC will be used from the age of 4 years instead of the CBCL.
6The SRS-2 will be performed once for any child ≥3 years, either at age 3 or 6 years 9 (coinciding with the ADOS-2) or at 9, 12, 15 or 18 years old (adulthood), depending on the age of the individual at study entry.



[bookmark: _Toc141883449]5	Introduction

[bookmark: _Toc141883450]5.1	Background and Clinical Importance

Pathogenic variants (mutations) in the gene encoding the α1-subunit of the voltage gated sodium channel (SCN1A) are associated with several epilepsy syndromes. These range from the severe infantile onset epilepsy, Dravet syndrome to relatively mild phenotypes found in families with genetic epilepsy with febrile seizures plus (GEFS+) (Claes et al., 2001). Dravet syndrome typically presents around 6 months of age, in previously well children with prolonged, febrile and afebrile, generalized clonic or hemiclonic epileptic seizures. Other seizure types including myoclonic, focal and atypical absence seizures appear between the ages of 1 and 4 years. The epilepsy is usually highly resistant to standard anti-seizure medication and affected children acquire a severe developmental and epileptic encephalopathy with significant cognitive, behavioural and motor impairment (Dravet et al., 2005, Brunklaus et al., 2012). SCN1A related epilepsies occur at a frequency of 1:12,000 live births, with an estimated 40-50 new diagnoses of Dravet syndrome in infancy per year in the UK (Symonds et al., 2019). Research suggests that the epilepsy as well as the many comorbidities are caused by the underlying SCN1A gene defect resulting in widespread brain sodium channel dysfunction leading to a sodium channelopathy (Yu et al., 2006; Han et al., 2012; Brunklaus et al., 2014).
Despite evidence-based treatments, the outlook for individuals with Dravet syndrome remains extremely poor. Seizures are very difficult to control and affected individuals have repeated emergency room admissions with prolonged seizures and frequent episodes of status epilepticus. Dravet syndrome has one of the highest rates of sudden unexpected death in epilepsy (SUDEP) among all epilepsies, and up to 10% of individuals with DS die by their 20th birthday (Cooper et al., 2016). Nearly all individuals with Dravet syndrome develop significant learning disability and severe behavioural problems, including ADHD and autistic features. Motor and mobility difficulties emerge in late childhood and adulthood with many individuals with Dravet syndrome requiring mobility aids (Ragona et al., 2011; Catarino et al., 2011; Brunklaus et al., 2012). Affected individuals are unable to live an independent life and rely on full-time care which poses significant challenges for family and carers. Rates of anxiety and mood disorder in carers of children with epilepsy are high (Ferro et al., 2009) and often associated with loss of income as one parent/carer has to give up work to look after their child. The risk of mental health problems in parents of individuals with Dravet syndrome is likely to be higher given the greater burden of care, level of learning disability and restriction on normal family routine and functioning. Overall, the care of an individual with Dravet syndrome has significant healthcare utilisation implications due to both direct (disease related) and indirect healthcare costs (Strzelczyk et al., 2019). 
Treatment strategies have focused on achieving better seizure control with established and recently approved new anti-seizure medications (Chiron et al., 2000; Devinsky et al., 2017; Lagae et al., 2019).  Novel gene-specific, disease-modifying therapies have shown to significantly reduce seizure burden and mortality in Dravet syndrome rodent models when given early, and the first-in-human trial of gene-based therapy in Dravet syndrome recently commenced (Han et al., 2020). In order to explore the efficacy of any treatments in SCN1A-related epilepsies we need robust natural history data measuring both seizure burden as well as cognition and associated comorbidities.

[bookmark: _Toc141883451]5.2	Study Rationale

Our aim is to define the seizure, neurodevelopmental, and behavioural characteristics of SCN1A-related epilepsies/Dravet syndrome in children and adults longitudinally over a period of three years. In addition, this study will compare missense and truncating genotypes in terms of i) rates of change of countable convulsive seizures per month and ii) rate of change in neurodevelopmental outcomes over time. We will therefore prospectively study the natural history of SCN1A-related epilepsies and Dravet syndrome in the UK. In order to explore established and novel treatments, including new medications, it is important to not only document seizure frequency but also behaviour, learning and motor function. Treatment interventions are key to prevent the neurodevelopmental comorbidities of Dravet syndrome; as such we require sensitive measures of disease progression and a clear prospective description of the natural history of the disease across the lifespan to know whether therapies are transformative.
Although the decline in neurodevelopmental profile and motor function in patients with SCN1A-related epilepsies/Dravet syndrome have been described, no large scale long-term, prospective studies of cognition and motor function have been conducted in SCN1A-related epilepsies/Dravet syndrome with established measures.
The SCN1A/Dravet syndrome natural history study will provide a platform to systematically collect longitudinal validated outcome measures for SCN1A variant-carrying patients across the UK. The study will prospectively assess changes in cognition, behaviour, and quality of life, as well as other co-morbidities. 

A number of important questions relating to the natural history of SCN1A-related epilepsies/Dravet syndrome over the lifespan remain unanswered:  

· We do not understand the precise neurodevelopmental profile and decline of individuals with SCN1A-related epilepsies over time and which factors might modify this?
· There are no reliable biomarkers that can inform disease severity or treatment planning
· What impact does the underlying genotype have on the neurodevelopmental outcome?
· Do clinical features such as the occurrence of repeated episodes of status epilepticus and/or contraindicated medication use worsen the neurodevelopmental outcome? 
· What is the seizure burden across different ages and does treatment response change over the lifespan?
· We lack understanding of the comorbidity profile that individuals with SCN1A-related epilepsies experience over the lifespan
· We require more information on the socio-economic impact SCN1A-related epilepsies have on affected individuals, families and society


[bookmark: _Toc141883452]6	Objectives and Endpoints

[bookmark: _Toc141883453]6.1	Objectives

The objectives of this prospective natural history study are to define the seizure, neurodevelopmental, and behavioural characteristics of SCN1A-related epilepsies in children and adults longitudinally over a time span of 3 years.

[bookmark: _Toc141883454]6.1.1 	Primary objectives
1) To formally test whether there is a difference in the rate of change of countable convulsive seizures per month between participants with truncating and missense genotypes. 
2) To formally test whether there is a difference in neurodevelopmental outcomes and trajectories over time between participants with truncating and missense genotypes. 

[bookmark: _Toc141883455]6.1.2 	Secondary objectives
1) In those with a truncating genotype the association between the occurrence and frequency of status epilepticus and neurodevelopmental outcomes will be explored in a multiple regression. The rationale here is that truncating variants are homogeneous and manifest in a similar way in all those who suffer from it. It is of interest to know whether the occurrence and frequency of status epilepticus is predictive of poorer neurodevelopmental outcomes. 
2)  A similar analysis will be performed to explore the association between the use of sodium channel blockers and neurodevelopmental outcomes. Sodium channel blockers are contraindicated in this population; however, we know that some of these participants will have been exposed to them. We would like to explore the association between sodium channel blocker use and neurodevelopmental outcomes. 
3) In those with missense genotypes the association between each of the following genetic pathogenicity scores including Grantham, CADD and REVEL and neurodevelopmental outcomes will be presented. Unlike truncating variants that lead to a non-functional protein, missense variants can result in numerous functional effects. These genetic tools are used to characterise variant pathogenicity, but their utility in predicting neuro-developmental outcomes in this cohort is unknown. 

[bookmark: _Toc141883456]6.2	Endpoints

[bookmark: _Toc69239001][bookmark: _Toc141883457]6.2.1 	Primary endpoints
i) Rate of change of countable convulsive seizures per month compared between participants with missense and truncating genotypes.
ii) Rate of change of neurodevelopmental outcomes over time between participants with missense and truncating genotypes.
[bookmark: _Toc69239002][bookmark: _Toc141883458]6.2.2 	Secondary endpoints
· The association between the occurrence and frequency of status epilepticus and neurodevelopmental outcomes in participants with truncating genotypes.
· The association between the observed use of sodium channel blockers and neurodevelopmental outcomes in participants with truncating genotypes
· The association between genetic pathogenicity scores (Grantham, CADD and REVEL) and neurodevelopmental outcomes in participants with missense genotypes. 

[bookmark: _Toc141883459]6.2.3	Seizure Endpoints
· Mean monthly countable convulsive seizure frequency, defined as focal clonic/hemiclonic, generalized/focal tonic, generalized tonic-clonic/clonic, atonic seizure, prolonged seizure, or status epilepticus per 4-week period before each study visit as measured by seizure diary
· Total number and proportion of seizure free days
· Maximum number of continuous seizure free days
· Time to 5/10/20 countable convulsive seizures (length of time to the specified number of convulsive seizures)
· Total number and proportion of episodes of prolonged seizures (lasting longer than 5 minutes)
· Total number and proportion of episodes of status epilepticus (lasting longer than 30 minutes)
· Time to 1/2/3 episodes of prolonged seizure and status epilepticus

[bookmark: _Toc141883460]6.2.4	Neurodevelopmental Endpoints:
· Primary outcomes
1. Change in neurodevelopmental status over time as measured by:
1.1  BSID-III/BSID-4 (Developmental Quotient/DQ)
1.2  WPPSI-IV (IQ)
1.3  WISC-V (IQ)
1.4  WAIS-IV (IQ)

     2.  Change in adaptive function as measured by VABS-III over time:
2.1 Change in raw scores in Communication, Daily Living Skills,
Socialisation and Motor Skills domains over time

· Secondary outcomes
1. Change in Composite scores on the BSID-III/-4, WPPSI-IV, WISC V, WAIS-IV and VABS 3 over time
2. Change in expressive & receptive language as measured by CELF-Preschool/CELF-5 over time
3. Change in a child’s receptive language ability vocabulary development as measured by BPVS3 over time
4. Memory performance as measured by CMS (Subtests: Stories and Word Lists) in children with good cognitive function > 5 years of age over time

[bookmark: _Toc141883461]6.2.5	Behavioural and Social Functioning Endpoints:
1. Change in social and emotional behaviour as measured by BITSEA over time
2. Change in executive function from Baseline as measured by BRIEF-P over time
3. Change in social and emotional function as measured by CBCL/DBC over time
4. Change in emotion and behaviour as measured by the SDQ over time
5. Prevalence of social communication difficulties at age 3, 6, 9, 12, 15 or 18 years old (adulthood) as measured by SRS-2
6. Prevalence of autism spectrum disorder at age 3 and 6 years as measured by ADOS-2

[bookmark: _Toc141883462]6.2.6	Motor Function and Development Endpoints:
· Change in motor developmental milestones over time
· Assessment of ambulation and gait over time as measured by clinical interview and by Gillette FAQ

[bookmark: _Toc141883463]6.2.7	Medication Use Endpoint:
· Characterization of anti-seizure medications used, including the drug name, duration of treatment, and dose over time

[bookmark: _Toc141883464]6.2.8	Health Economics Outcomes Research and Quality of Life Endpoints:
· Change in quality of life and disease burden as measured by the PedsQL over time
· Number of events requiring seizure emergency medication
· Number of events requiring emergency services (ambulance call)
· Number of emergency room visits for seizures
· Number of hospitalizations to general ward or intensive care unit for seizures
· Change in health care resource utilisation as measured by HCRU Questionnaire over time
· Measurement of Parental Stress Index over time
· Change in parental health status as measured by EQ-5D-5L over time

[bookmark: _Toc141883465]6.2.9	Sleep Endpoints:
· Change in sleep disturbance as measured by CSHQ over time


[bookmark: _Toc141883466]7	Overall Study Design and Plan

The SCN1A Horizons natural history study is a multicentre, longitudinal, prospective observational study in children and adults with a genetically confirmed pathogenic SCN1A variant (mutation).
Approximately 400 participants with a minimum of 2 years follow-up are planned to be enrolled. 300 patients in the Comprehensive study arm with clinical and face-to-face neurodevelopmental assessments and 100 patients in the Basic study arm with clinical and non-face-to-face neurodevelopmental assessments.
The study is comprised of a baseline assessment and a 2-3 year observation period. After informed consent/assent is obtained, patients will be screened for eligibility. Eligible patients will be enrolled in the study at the Baseline Visit (Visit 1) and will subsequently undergo an age specific protocol of clinical, neurodevelopmental, adaptive behaviour, comorbidity, motor and quality of life assessments at 6- and 12-monthly intervals.
Recruitment into the Comprehensive and Basic study arm will be stratified by age (Section 8). 
Participants who withdraw from the study prior to Month 36 will be invited to complete an Early Termination Visit.

[bookmark: _Toc141883467]7.1	Duration of the study

The study design includes an assessment period of 3 years. We know from previous natural history studies in related neurological disorders that there is significant benefit in studying patients long-term beyond the envisaged period of 3 years. Our aim will be to continue the SCN1A Horizons natural history study beyond the initial 3-year period. If study recruitment is successful, we will seek further funding in the future to be able to continue the data-collection of this cohort of UK patients beyond 3 years. A similar study approach has been successfully adopted in paediatric neuromuscular disorders (Duchenne Muscular Dystrophy and Spinal Muscular Atrophy) and in paediatric cancer research.



[bookmark: _Toc141883468]8	Study Population

[bookmark: _Toc141883469]8.1	Inclusion Criteria

Patients meeting the following criteria will be considered eligible for this study:
1.	Patient and/or legally authorised representative must be willing and able to give informed consent/assent for participation in the study.
2.	Patient and their parent/caregiver are willing and able (in the Investigator’s opinion) to comply with all study requirements (including ability and willingness to comply with virtual visits).
3.	Participant has a confirmed pathogenic (class 5) or likely pathogenic (class 4) SCN1A variant, as demonstrated by genetic testing.

[bookmark: _Toc141883470]8.2	Exclusion Criteria

1.	Patient has any other significant disease or disorder which, in the opinion of the Investigator, may either put the patient at risk because of participation in the study, or may affect the patient’s ability to participate in the study.

[bookmark: _Toc141883471]8.3	Early Withdrawal from the Study

Participants may withdraw from the study at any time, without prejudice to their continued care. If a patient withdraws consent or is dropped from the study prematurely, the Investigator will complete the appropriate Case Report Form (CRF) describing the reason for discontinuation.
A patient may be withdrawn from the study for the following medical or administrative reasons:
· Protocol deviation: Participant is noncompliant with the study procedures as defined in this protocol.
· Non-treatment adverse event: Participant develops an illness that would interfere with his or her continued participation.
· Withdrawal of consent: Participant or authorised representative withdraws consent.
· Lost to follow-up.
· Investigator discretion: The Investigator requests withdrawal of the participant.
· Study termination: The Sponsor or a regulatory agency terminates the study.

All participants who withdraw prematurely from the study will be invited to complete an Early Termination Visit, as soon as possible.
If a patient or parent/legal representative withdraws consent, the Investigator must make every effort (eg, telephone, e-mail, letter) to determine the primary reason for this decision and record this information in the CRF. If the Investigator decides to withdraw the patient from the study, the reason(s) for withdrawal should be recorded in the CRF.
Identifiable data or tissue already collected with consent will be retained and used in the study. No further data or tissue would be collected or any other research procedures carried out on or in relation to the participant who withdrew from the study. 


[bookmark: _Toc141883472]8.4	Sample Size

[bookmark: _Hlk61779988]Approximately 400 participants with a minimum of 2 years of follow-up are planned to be enrolled. Recruitment will be stratified according to the following age distribution:
· [bookmark: _Hlk61779965]300 patients in the Comprehensive study arm (clinical and face-to-face neurodevelopmental assessments)
· Approximately 60 participants aged 6 to 35 months
· Approximately 80 participants aged 3 to 6 years inclusive
· Approximately 100 participants aged 7 to 16 years inclusive
· Approximately 60 participants aged 17 years and older
· 100 patients in the Basic study arm (clinical and non-face-to-face neurodevelopmental assessments), in case the age specific quota in the Comprehensive study arm has been filled. Rationale: we anticipate that participation in the natural history study will raise standards of care for SCN1A patients across the UK and we would like to give as many individuals as possible the opportunity to take part in the clinical data collection.

Our co-primary outcomes will be assessed through comparing the overall model fit for a model containing all known confounders (age of onset, time to abnormal EEG and time to first seizure) with a model augmented with a genotype indicator. The resulting power curve is displayed below indicating our proposed sample size will provide high power to detect effects that are quite small (90% power to detect a statistically significant reduction in R-square; Cohen’s rules of thumb denote 0.02 as a small effect and 0.15 as a medium sized effect).
[image: ]
[bookmark: _Toc141883473]8.5	Participant Identification

Participants will be identified predominantly by their Consultant Paediatric Neurologist, who will be equipped to provide information to any of their patients who have an identified SCN1A-related epilepsy.
We will also work alongside the charity Dravet Syndrome UK, who will provide information relating to the SCN1A Horizons natural history study as well as study team contact details (designated study email address) via their website. 
The British Paediatric Neurology Surveillance Unit (BPNSU) will be utilised as a route to participant identification. The BPNSU encompasses a registry of Consultant members of the British Paediatric Neurology Association. Upon registration of this study with the BPNSU, members will be alerted regularly by email to remind member Consultants to inform the SCN1A Horizons research team if they have a participant who may meet the eligibility criteria; as per 8.1 Inclusion Criteria and 8.2 Exclusion Criteria. 
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[bookmark: _Toc141883474]9	Treatments

· This study is an observational study and no investigational therapy will be administered in this study.
· All routine standard of care medication use will be recorded in the source documents.
· All currently approved and investigational therapies for the treatment of SCN1A-related epilepsies are allowed. Changes in therapy are permitted.
· Participants involved in investigational studies and open-label extension studies are eligible for enrolment.
· Patients enrolled in this study may participate in other investigational studies.



[bookmark: _Toc141883475]10	Study Activities

The timing of study visits and assessments performed are presented in the Schedule of Assessments in Section 4. Description of all study assessments are presented in Section 11.

[bookmark: _Toc141883476]10.1	Overview of Study Procedures

Participants will be undergoing two different types of regular standardised assessments: 
1. Clinical assessments conducted 6-monthly as part of the patient’s routine clinical standard of care
2. Neurodevelopmental assessments conducted 6-monthly or yearly (according to age) including detailed neurodevelopmental and comorbidity evaluations

Patients should be seen for all visits on the designated day, with the assessments performed as per schedule, within the allowed visit/assessment window. Patients who prematurely withdraw from the study for any reason (except for withdrawal of consent) should be invited for an Early Termination Visit as soon as possible, at which time all the assessments listed for the final neuropsychology visit should be performed and the reason for study withdrawal will be recorded.
Study procedures will be conducted only after patients or their caregivers have provided written informed consent/assent to participate in this study.
Detailed descriptions of patient evaluations required for this protocol are described in section 11. These evaluations will be performed at the scheduled study months indicated in the Schedule of Study Assessments (Section 4). The neuropsychology assessments at each visit are as follows:

· For the patient: BSID-III/-4 and/or WPPSI-IV/CELF, or WISC-V/CELF if performance on WPPSI-IV indicates that WISC-V is more appropriate, or WAIS-IV/CELF, BPVS3, CMS and ADOS-2 (age 3 or 6 only)

· For the caregiver: VABS-III; BITSEA, BRIEF-P/BRIEF-2, CBCL/DBC, SDQ, SRS-2, Gillette FAQ, CSHQ, PedsQL, IPES, HCRUQ, PSI and EQ-5D-5L
[bookmark: _Toc141883477]10.2	Comprehensive versus Basic Study Arm

[bookmark: _Hlk61801462]Patients will automatically be recruited into the Comprehensive study arm (Table 1) unless the age specific quota in the Comprehensive study arm has been filled. In that case the patient will be recruited into the Basic study arm consisting of a clinical and non-face-to-face neurodevelopmental assessment (Table 2). 

[bookmark: _Toc141883478]10.3	Time Allocation for completion of assessments

Table 3: Time Allocation for completion of assessments
	Assessment 
	Patient
	Caregiver
	Administration Time 

	BSID-III/-4 (if required)
	X
	
	50 to 90 mins

	WPPSI-IV (if required)
	X
	
	60 mins

	WISC-V (if required)
	X
	
	60 mins

	WAIS-IV (if required)
	X
	
	60 mins

	CELF-Preschool/CELF-5 (if required)
	X
	
	10 mins

	BPVS3 (age 3 years and over)
	X
	
	20 mins

	CMS (Subtests: Stories and Word lists)
	X
	
	30 mins

	ADOS-2 (once, age 3 or 6 years old)
	X
	
	30-60 mins

	[bookmark: _Hlk65412532]VABS-III
	
	X
	30-60 mins

	BITSEA (≤ 36 months)
	
	X
	5-10 mins

	BRIEF-P / BRIEF-2 (≥24 months)
	
	X
	5-10 mins

	CBCL/DBC
	
	X
	10-20 mins

	SDQ
	
	X
	5-10 mins

	SRS-2 (once, age 3, 6, 9, 12, 15 or 18 years old/adulthood)
	
	X
	15-20 mins

	Gillette FAQ 
	
	X
	5-10 mins

	CSHQ
	
	X
	5-10 mins

	PedsQL
	
	X
	5-10 mins

	IPES
	
	X
	5 mins

	HCRUQ*
	
	X
	5-10 mins

	PSI
	
	X
	10 mins

	EQ-5D-5L
	
	X
	5-10 mins



[bookmark: _Hlk61722831]ADOS-2 = Autism Diagnostic Observation Schedule; BITSEA = Brief Infant Toddler Social Emotional Assessment; BPVS3 = British Picture Vocabulary Scale 3rd Edition; BRIEF-P = Behaviour Rating Inventory of Executive Function - Preschool Version; BRIEF-2 = Behaviour Rating Inventory of Executive Function-2; BSID-III = Bayley Scales of Infant and Toddler Development® 3rd Edition; BSID-4 = Bayley Scales of Infant and Toddler Development® 4th Edition; CBCL = Child Behaviour Checklist; CELF-Preschool/CELF-5 = Clinical Evaluation of Language Fundamentals; CMS = Children’s Memory Scale (Subtests: Stories and Word lists); CSHQ = Children’s Sleep Habits Questionnaire; DBC = Developmental Behaviour Checklist; EQ-5D-5L = EuroQol-5 Dimension-5 Level; ET = Early Termination; Gillette FAQ = Gillette Functional Assessment Questionnaire; HCRUQ = Health Care Resource Utilization Questionnaire; IPES = Impact of Paediatric Epilepsy Scale; PedsQL = Paediatric Quality of Life Inventory; SDQ = Strengths Difficulties Questionnaire; SRS-2 = Social Responsiveness Scale; VABS-III = Parent Report Form of Vineland Adaptive Behaviour Scales 3rd Edition; WISC-V = Wechsler Intelligence Scale for Children® 5th Edition; WPPSI-IV = Wechsler Preschool & Primary Scale of Intelligence™ 4th Edition
*Completed during clinical standard of care visit.

[bookmark: _Toc141883479]11	Study Assessments

The clinician and observer reported measures that will be used in this study are those considered to be the standard procedures in the assessment of clinical, neurodevelopmental, behavioural, social function, language development, and sleep. These assessments are performed by site staff, clinicians, and the parents/caregivers.

[bookmark: _Toc141883480]11.1	Study Visits

[bookmark: _Toc141883481]11.1.1	Clinical standard of care visits
As part of routine clinical practice participants and caregivers will attend clinic visits (standard of care visits) at Screening/Baseline and 6-monthly thereafter at month 6, month 12, month 18, month 24, month 30 and month 36 (Section 4). If the participant is not able to attend a clinic visit within the visit windows, sites will endeavour to undertake assessments via a virtual clinic visit.

[bookmark: _Toc141883482]11.1.2	Neurodevelopmental assessments
The participants in the Comprehensive study arm will attend neuropsychology study visits for face-to-face assessments and the parents/caregivers will complete a series of questionnaires. Children aged 6 months to 6 years inclusive will undergo 6-monthly assessments, whereas participants aged 7 years and above will have annual assessments (Section 4). If a participant is not able to attend a clinic visit within the visit windows, sites will endeavour to undertake assessments via a virtual clinic visit whenever possible.
Participants in the Basic study arm will perform non-face-to-face questionnaire based neurodevelopmental assessments.

[bookmark: _Toc141883483]11.1.3	Effect of emergency medication, status epilepticus and acute illness
Some emergency medications, status epilepticus, and acute illnesses can affect a participant’s performance in the neurodevelopmental assessments. If the participant has experienced status epilepticus or an acute illness, or if an emergency medication has been administered including benzodiazepines within the last 24 hours or intravenous phenytoin within the previous 7 days, the Investigator or designee will determine if the outcome of the neurodevelopmental tests will accurately reflect the participant's abilities. If the Investigator determines the participant cannot perform the assessments due to a recent episode of status epilepticus, acute illness or emergency medication use, the neurodevelopmental assessments will be delayed and rescheduled. 

[bookmark: _Toc141883484]11.2	Informed Consent

The participant and/or the participant’s authorised representative will be given a verbal explanation of the study, the procedures involved, and will have their questions addressed. The participant or the participant’s authorised representative must review, sign and date a consent form that has been approved by the appropriate Institutional Review Board/Research Ethics Committee (IRB/REC) before any study-specific procedures are initiated. A copy of the signed and dated informed consent form will be provided to the participant or participant’s authorised representative. Age-appropriate assents will be obtained according to IRB/REC requirements.

[bookmark: _Toc141883485]11.3	Subject Eligibility

Only participants who meet all inclusion and exclusion criteria specified in Section 8 will be enrolled in this study. The site will verify that of all inclusion/exclusion criteria are met before enrolling the participant.

[bookmark: _Toc141883486]11.4	SCN1A Genetic Test Results

For all participants, SCN1A genetic test results must be obtained and variants (mutations) must be confirmed as pathogenic or likely pathogenic. Genetic test results/laboratory certifications must be submitted to the Chief Investigator for review/screening prior to enrolment.

[bookmark: _Toc141883487]11.5	Seizure Diary Training

At Baseline all participants/parents/caregivers will complete seizure diary training. The participant/parent/caregiver will review the seizure diary training materials and receive instructions on how to complete the seizure diary. Seizure-type definitions will be reviewed, with emphasis on the need for the participant/parent/caregiver to be consistent in their use of the definitions when rating seizures in the seizure diary during the study.

[bookmark: _Toc141883488]11.6	Demographics and Medical History

As part of routine standard of care, patient demographic and baseline characteristic data including age, sex, race/ethnicity and age of seizure onset will be recorded. Past and current seizure history, medication usage, investigation results, developmental, education and comorbidity assessments, psycho-social impact and healthcare utilisation will also be documented.

[bookmark: _Toc141883489]11.7	Concomitant Medications, Therapies, and Medical/Surgical Procedures

As part of routine standard of care, all epilepsy related treatments, including medications, therapies/interventions administered to patients, and medical/surgical procedures performed on the patients, on entry into the study or at any time during the study (as captured by recall at each study visit) will be documented. There is no restriction on the use of concomitant medications during the study. 

[bookmark: _Toc141883490]11.8	Physical Examination

As part of routine standard of care, a physical examination will be performed by the Investigator as clinically indicated.
In addition, height (cm), body weight (kg), and, where indicated, head circumference (cm) will be measured.

[bookmark: _Toc141883491]11.9	Clinical Laboratory Tests

An important part of the SCN1A Horizons natural history study is the identification of potential disease biomarkers to inform future diagnostics and therapeutics. For this purpose, we will collect blood and other tissue samples from participants if available, for example saliva, skin, urine and cerebral spinal fluid samples, for future ethically approved research (see section 14.7 Biospecimens). This will include samples for DNA extraction and storage to perform further analyses in the future, for example to compare genetic data with clinical natural history data. Blood and other tissue samples may be used for future analyses including RNA, proteomics/metabolomics and iPSCs work in order to investigate for disease mechanisms and biomarkers. Where possible blood and urine samples will be collected opportunistically during routine clinical procedures that the participant will be undergoing as part of routine clinical care. Skin samples will only be collected if the individual is undergoing a general anaesthetic as part of routine clinical care. Cerebrospinal fluid samples will only be collected if the individual is undergoing a lumbar puncture as part of routine clinical care. The use of these samples will be overseen by a study steering committee consisting of UK principal investigators from participating sites. There will be a formal application process for the use of any biospecimens and all relevant information will be documented.

[bookmark: _Toc141883492]11.10	Developmental and Cognitive Scale Selection

This study will enrol children and adults with SCN1A related epilepsies and the selected scales reflect the wide chronological and developmental age range of study participants. Test selection will depend on the participants age and ability. The Bayley Scales of Infant and Toddler Development (BSID) is a comprehensive developmental assessment designed for young children, from 1 to 42 months. The 3rd edition (BSID-III) is used extensively in research and clinical trials and is accepted as the ‘gold standard’ in studies of infant development. The 4th Edition of the BSID (BSID-4) is now validated within this population and has recently been released for clinical and research utilisation. The Wechsler Preschool & Primary Scale of Intelligence 4th Edition (WPPSI-IV) is the most widely used intelligence test for young children aged 2-7 year. The Wechsler Intelligence Scale for Children 5th Edition (WISC -V) is the appropriate test for children aged over 6 years and would be used with any patient presenting with indications of broadly normal development. The Wechsler Adult Intelligence Scale 4th Edition (WAIS-IV) is the appropriate test for adults aged 16 years and over and would be used with any patient presenting with indications of broadly normal development. The BSID-III/-4 and/or WPPSI-IV will be used for the vast majority of patients depending on the participant’s chronological age at Baseline, follow-up clinic visit, and at all subsequent clinic visits. 
For Visit 1 (Baseline), patients who are <30 months of age will be administered the BSID-4 and the administration procedure will be supplemented to allow scoring calculation for the BSID-III. The WPPSI-IV will be added once the patient reaches an age of ≥30 months and at all subsequent visits. Patients should receive the same neurodevelopmental assessment for all subsequent study visits to compare equivalent scores over time.
All patients ≥2 years 5 months and ≤6 years of age will be administered the WPPSI-IV at Baseline. If the patient performs below one standard deviation of the mean (IQ <85) they will be administered the BSID-4 (with supplementary items for BSID-III scoring) in addition to the WPPSI-IV at Baseline and at all subsequent visits. 
For patients aged 7 years and older, the patient will be administered the WISC-V at Baseline. If the patient performs with an IQ <80 mean they will be administered the WPPSI-IV at Baseline and at all subsequent visits.
CELF-Preschool/CELF-5 subtests to assess expressive & receptive language will be used in the small subset of more cognitively able children who are able to access the WPPSI-IV or WISC-V. The BPVS3 will be performed in children age 3 years until adulthood. The CMS will be performed in children age 5 years until adulthood.

The order of cognitive assessments is graphically depicted in Figure 3. 



















Figure 3: Cognitive Testing Algorithm
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BSID-4 = Bayley Scales of Infant and Toddler Development® 4th Ed.; WPPSI-IV = Wechsler Preschool & Primary Scale of Intelligence™ 4th Edition, WISC-V = Wechsler Intelligence Scale for Children® 5th Ed. CELF-Preschool/CELF-5 subtests to assess expressive & receptive language will be used in the small subset of more cognitively able children who are able to access the WPPSI-IV, WISC-V or WAIS-IV. The BPVS3 will be performed in children age 3 years until adulthood. The CMS will be performed in children age 5 years until adulthood.

[bookmark: _Toc141883493][bookmark: _Hlk65412275]11.11	Bayley Scales of Infant and Toddler Development 3rd Edition (BSID-III) and 4th Edition (BSID-4)

The BSID-III consists of a series of developmental play tasks that assess cognition, language, social-emotional, motor and adaptive behaviour in infants and toddlers aged 1 to 42 months. These 5 aspects of development are assessed using the following scales:
· Cognitive scale includes items such as attention to familiar and unfamiliar objects, looking for a fallen object, and pretend play.
· Language scale assesses understanding and expression of language, for example, recognition of objects and people, following directions, and naming objects and pictures.
· Social-emotional scale asks parents/caregivers about behaviours including ease of calming, social responsiveness, and imitation play.
· Motor scale assesses gross and fine motor skills such as grasping, sitting, stacking blocks, and climbing stairs.
· General adaptive behaviour scale asks about adaptions to the demands of daily life, including communication, self-control, following rules, and getting along with others.
The BSID-4 has recently been validated for use as the 4th and most up to date version of the BSID assessment. As this tool has been newly released for purchase in the UK Spring 2023, it is not yet widely used within clinical or research settings. The difference between the BSID-III and BSID-4 is a reduction in items across the 5 domains of development on the most recent version. As such, we will supplement the items of the BSID-4 to allow the assessor to calculate the score for BSID-III and BSID-4. This will allow data comparison with existing research, during this period of transition between the two versions of the BSID.
The administration of the BSID-4 will be video recorded by the neuropsychology research assistant, with the written consent of the participant or caregiver.
[bookmark: _Toc141883494]11.12	Wechsler Preschool & Primary Scale of Intelligence 4th Edition (WPPSI-IV)

The WPPSI-IV is a standardized assessment to measure the cognitive development of children aged 2 years 6 months to 7 years 7 months. Within this range, children aged 2 years 6 months to 3 years 11 months are administered the following 5 subtests:
· Receptive Vocabulary
· Block Design
· Information
· Object Assembly
· Picture Memory
And children aged 4 years to 7 years 7 months are administered the 6 subtests:
· Information
· Similarities
· Block Design
· Matrix Reasoning
· Picture Memory
· Bug Search
The administration of the WPPSI-IV will be video recorded by the neuropsychology research assistant, with the written consent of the participant or caregiver.

[bookmark: _Toc141883495][bookmark: _Hlk68291965][bookmark: _Hlk65412361]11.13	Wechsler Intelligence Scale for Children 5th Edition (WISC-V)

The WISC-V is an intelligence test that measures a child’s intellectual ability and cognitive domains that impact performance. Children aged 6 years to 16 years 11 months are administered the following 7 subtests:
· Similarities
· Vocabulary
· Block Design
· Matrix Reasoning
· Figure Weights
· Digit Span
· Coding
The administration of the WISC-V will be video recorded by the neuropsychology research assistant, with the written consent of the participant or caregiver.

[bookmark: _Toc141883496]11.14	Wechsler Adult Intelligence Scale 4th Edition (WAIS-IV)

The WAIS-IV is an intelligence test that measures an individual’s intellectual ability and cognitive domains that impact performance. Adults from age 16 – 90 years are administered the following 10 subtests:
· Similarities
· Vocabulary
· Information
· Block Design
· Matrix Reasoning
· Visual Puzzles
· Digit Span
· Arithmetic
· Symbol Search
· Coding
The administration of the WAIS-IV will be video recorded by the neuropsychology research assistant, with the written consent of the participant or caregiver.

[bookmark: _Toc141883497][bookmark: _Hlk66128836]11.15	Clinical Evaluation of Language Fundamentals (CELF) Preschool/ CELF-5

The CELF-Preschool is a comprehensive, UK normed battery of fourteen stand-alone language assessment tests that are administered, depending on the participant's age. Index language scores include the following domains: core, receptive, expressive, content, structure and memory. The CELF-Preschool subtests on expressive & receptive language will be used in the small subset of more cognitively able children who are able to access the WPPSI-IV or WISC-V between the ages of 3 - 5 years. In older cognitively able children from 6 years onwards the CELF-5 will be used (age range 5-21 years).

[bookmark: _Toc141883498]11.16	British Picture Vocabulary Scale 3rd Edition (BPVS3)

The BPVS3 assesses receptive vocabulary of children aged 3-16 years of age, identifying delays in vocabulary development. The assessment is suitable for non-readers and children with specific learning difficulties, such as autism, as no reading is required and responses can be given by pointing or gesture. The BPVS3 will be performed in children age 3 years until adulthood.

[bookmark: _Toc141883499]11.17	Children’s Memory Scale (CMS)

The CMS provides a comprehensive assessment of learning and memory in children and adolescents of ages 5 through 16 years. The CMS is individually administered and designed to be used as part of a standard psychological or neuropsychological evaluation. It assesses declarative learning and memory functions across three domains: Auditory/Verbal, Visual/Nonverbal, and Attention/Concentration (working memory). We will be performing the subtests: Stories and Word lists for those participants able to access the material.

[bookmark: _Toc141883500]11.18	Autism Diagnostic Observation Schedule - 2nd Edition (ADOS-2)

The ADOS-2 is a standardized, semi-structured observational assessment used to assess communication, reciprocal social interaction, imagination/creativity and stereotyped behaviours and restricted interests to inform diagnosis of autism spectrum disorders. The ADOS-2 is organized into five modules based on the individual’s chronological age and expressive language level, ranging from preverbal to verbally fluent. 
The ADOS-2 will be performed once, either at age 3 years or at age 6 years, depending on the age of the child at study entry.
The administration of the ADOS-2 will be video recorded by the neuropsychology research assistant, with the written consent of the participant or caregiver.

[bookmark: _Toc141883501]11.19	Seizure Diary

On Day 1, participants/parents/caregivers will be trained to complete a seizure diary. Participants/parents/caregivers should be encouraged to complete the seizure diary daily during the study; and must complete the seizure diary for the 4-week period prior to each study visit (except for the Baseline visit, where the 4-weeks after the visit will be documented).
Six-weeks prior to each study visit, parents/caregivers will receive notifications reminding them to complete the seizure diary.
At each study visit, the completed seizure diary will be evaluated by the study staff. If invalid entries are noted, the parent/caregiver will be reminded of correct procedures.
In order to achieve a high standard of seizure diary completion across the participant population, an alert will be sent to Investigators to notify them of incomplete or inconsistent seizure diary entries.

[bookmark: _Toc141883502]11.20	At-home Video Documentation of Seizures (Optional)

When possible and as part of routine standard of care parents/caregivers should video record seizures of the participant. Parents/caregivers will be given instructions on how to upload those videos to an NHS accredited location (vCreate Neuro). With parent/caregiver consent, available videos will be reviewed and archived in an NHS accredited site (vCreate Neuro).

[bookmark: _Toc141883503][bookmark: _Hlk65412848]11.21	Parent/Caregiver Reported Assessments

Observer reported assessments will be completed by the parent/caregiver for their child at the visits shown in Section 4. 

[bookmark: _Toc141883504]11.22	Parent Report Form of Vineland Adaptive Behaviour Scales, 3rd Edition (VABS-III)

The VABS-III is a questionnaire based assessment of everyday adaptive behaviour including activities such as communication, self-care and social abilities. The VABS-III is widely used in diagnosing and classifying intellectual and developmental disabilities. The scales are organized in 3 domains: communication, daily living skills, and socialization. It places emphasis upon activities which a child currently demonstrates in everyday life (i.e., adaptive behaviour) rather than what a child does in a testing situation. The Parent/Caregiver Form is completed by a parent/caregiver or other respondent who describes the participant’s adaptive behaviour using a rating scale format. The VABS-III will be completed during the assessment by the parent/caregiver with the site’s rater oversight.

[bookmark: _Toc141883505]11.23	Brief Infant Toddler Social Emotional Assessment (BITSEA)

The BITSEA is a 42-item standardized norm-referenced instrument designed to assess social emotional problems and competencies of children aged 12 to 36 months. The BITSEA is derived from the longer Infant-Toddler Social and Emotional Assessment and is designed for use in early intervention settings.
[bookmark: _Hlk66784763]For participants aged 12 to 36 months at Baseline, the BITSEA should be completed for the duration of the study.
For participants aged <12 months at Baseline, the BITSEA should not be completed until the participant reaches 12 months of age. At that time, the BITSEA should be assessed at the next visit and completed for the duration of the study.
For participants aged >36 months at Baseline, the BITSEA should not be completed.

[bookmark: _Toc141883506]11.24	Behaviour Rating Inventory of Executive Function – Preschool Version (BRIEF-P)

The BRIEF-P measures executive function using 3 broad indexes (inhibitory self-control, flexibility, and emergent metacognition) in children aged 24 to 71 months. It consists of a single rating form which is used by parents/caregivers, teachers, and daycare providers to rate a child’s executive functions within the context of his/her everyday environments (i.e., home and preschool).
[bookmark: _Hlk66784932]For participants aged ≥24 months and ≤6 years at Baseline, the BRIEF-P should be completed for the duration of the study.
For participants aged <24 months at Baseline, the BRIEF-P should not be completed until the participant reaches 24 months of age. At that time, the BRIEF-P should be assessed at the next visit and completed for the duration of the study.
[bookmark: _Toc141883507]11.25	Child Behaviour Checklist (CBCL)

The CBCL Preschool Forms measure social and emotional functioning in participants aged 18 to 60 months. The forms are completed by parents/caregivers, daycare providers, and teachers, and include 100 items, which are categorised as problem items plus descriptions of problems, disabilities, what concerns respondents most about the child, and the best things about the child. There are 7 syndrome scales that are grouped into 2 broadband scores (internalizing and externalizing) and a total problems score. The CBCL/6-18 is to be used with children aged 6 to 18 years.
Diagnostic and Statistical Manual of Mental Disorders, 5th Edition, oriented scores may also be derived different from the syndrome scales. For this study, only the parent/caregiver assessment will be completed.
[bookmark: _Hlk66785114]For participants aged ≥18 months at Baseline, the CBCL should be completed and at all subsequent visits in more cognitively able children (based on their BSID/WPSSI score ≥70). For participants aged <18 months at Baseline, the CBCL should not be completed until the participant reaches 18 months of age. At that time, the CBCL should be assessed at the next visit. 
In less cognitively able children (based on their BSID/WPSSI score <70), the DBC will be used from the age of 4 years instead of the CBCL.

[bookmark: _Toc141883508]11.26	Developmental Behaviour Checklist (DBC2)

The Developmental Behaviour Checklist, (DBC2) is a questionnaire which is completed by parents or other primary carers or teachers, reporting problems over a six-month period.  The DBC shares the structure of the Child Behaviour Checklist, that is, each behavioural description is scored on a 0, 1, 2 rating where 0 = ‘not true as far as you know', 1 = ‘somewhat or sometimes true', and 2 = ‘very true or often true'.  
Five versions of the Checklist are available including the Parent/Carer Version (DBC-P) and the adult version (DBC-A).
The DBC-P is a 96-item instrument used for the assessment of behavioural and emotional problems young people aged 4-18 years with developmental and intellectual disabilities. It is completed by a parent or carer. It can be used in clinical practice in assessments and monitoring interventions, and in research studies.
The DBC-A is a 107-item instrument for the assessment of behavioural and emotional problems of adults with developmental and intellectual disabilities and is completed by family members or paid carers who know the person well. It can be used in clinical practice in assessments and monitoring interventions, and in research studies.
The DBC2 will be used in less cognitively able children (based on their BSID/WPSSI score <70) from the age of 4 years. 

[bookmark: _Toc141883509]11.27	Strengths and Difficulties Questionnaire (SDQ)

The SDQ is an emotional and behavioural screening questionnaire for children and adolescents. The tool can capture the perspective of children and young people, their parents/caregivers and teachers. The early setting (2 to 4 years) and parent/caregiver (4 to 17 years for the United Kingdom version) versions will be used in this study. The SDQ has a total difficulty score and 5 subscale scores. For this study, only the parent/caregiver assessment will be completed.
For participants aged 24 to 48 months at Baseline, the early setting SDQ should be completed for the duration of the study.
For participants aged <24 months at Baseline, the SDQ should not be completed until the participant reaches 24 months of age. At that time, the early setting SDQ should be assessed at the next visit and completed for the duration of the study.
For participants aged >48 months at Baseline, the SDQ should be completed for the duration of the study.
For participants aged <48 months at Baseline, the SDQ should not be completed until the participant reaches 48 months of age. At that time, the SDQ should be assessed at the next visit and completed for the duration of the study.

[bookmark: _Toc141883510][bookmark: _Hlk91399824]11.28	Social Responsiveness Scale, Second Edition (SRS-2)

[bookmark: _Hlk66125196]The SRS-2 is a 65-item questionnaire identifying the presence and severity of social impairment within the autism spectrum for children aged 2.5 years to adulthood. The SRS-2 identifies social impairment associated with autism spectrum disorders (ASDs) and quantifies its severity. The SRS-2 will be performed once for any child ≥3 years, either at age 3 or 6 years (coinciding with the ADOS-2) or at 9, 12, 15 or 18 years/adulthood, depending on the age of the individual at study entry.

[bookmark: _Toc141883511][bookmark: _Hlk91399856]11.29	Gillette Functional Assessment Questionnaire (Gillette FAQ)

The Gillette FAQ is a self- or proxy-report measure that includes a 10-level classification of ambulatory function (FAQ Walking Scale), and 22 functional locomotor activities rated on a 5-level Likert difficulty scale (FAQ 22-item skill set). The Gillette FAQ will be completed by the parent/caregiver.

[bookmark: _Toc141883512][bookmark: _Hlk91399906]11.30	Children’s Sleep Habits Questionnaire (CSHQ)

The CSHQ is a parent/caregiver-reported screening survey designed to assess behavioural and medically based sleep problems in school children aged 4 to 10 years, but can also be used in children aged 2 to 5.5 years. Domains include bedtime resistance, sleep onset delay, sleep duration, sleep anxiety, night awakenings, parasomnias, sleep disordered breathing, and daytime sleepiness.
For participants aged 2 years and older at Baseline, the CSHQ should be completed 6 monthly or annually (according to age) for the duration of the study.
For participants aged <2 years at Baseline, the CSHQ should not be completed until the participant reaches 2 years of age. At that time, the CSHQ should be assessed at the next visit and completed for the duration of the study.

[bookmark: _Toc141883513][bookmark: _Hlk91399957]11.31	Pediatric Quality of Life Inventory (PedsQL)

The PedsQL will be completed by the parent/caregiver electronically. The participant’s age at Baseline will determine the questionnaire that should be used.
· For participants aged 6 to 12 months at Baseline, the PedsQL Infant Scales (1 – 12 months) should be completed for the duration of the study. When the participant reaches 13 months of age during the study, the PedsQL Infant Scales (13 – 24 months) should be completed in addition to continuing the PedsQL Infant Scales (1 – 12 months).
· For participants aged 13 to 24 months at Baseline, the PedsQL Infant Scales (13 – 24 months) should be completed for the duration of the study.
· For participants aged 2 to 4 years (25 – 59 months) at Baseline, the PedsQL Toddler Scales (2 – 4 years) should be completed for the duration of the study.
· [bookmark: _Hlk61785131]For participants aged 5 to 7 years at Baseline, the PedsQL Young Child Scales (5 – 7 years) should be completed for the duration of the study.
· For participants aged 8 to 12 years at Baseline, the PedsQL Child Scales (8 – 12 years) should be completed for the duration of the study.
· For participants aged 13 to adulthood at Baseline, the PedsQL Teens/Young Adults Scales (13 – 18 years) should be completed for the duration of the study.

[bookmark: _Toc141883514][bookmark: _Hlk91400079]11.32	Impact of Paediatric Epilepsy Scale (IPES)

The IPES is an 11-item questionnaire in which parents rate the degree to which their child’s epilepsy has affected major aspects of their family and child’s HRQOL. This includes the impact on their child’s overall health, relationships, social life, academics, self-esteem, family activities, and the parents’ own hopes for their child’s future. Each item is scored on a 4-point scale and a rating of 0 indicates that epilepsy does not affect the area in question, whereas a rating of three indicates that epilepsy greatly affects functioning in the given area. All of the items are then added to produce an IPES total score. A high IPES total score corresponds to lower perceived epilepsy-related HRQOL. The IPES also includes a numeric scale of the child’s overall quality of life (QOL) ranging from 1 = “poor” to 6 = “excellent”.

[bookmark: _Toc141883515]11.33	Survival Assessment

It is possible that deaths may occur during this observational study.  In the case of death, the parent/legal guardian and the participant’s physician may be contacted by the Investigator (or designee) to obtain additional information. 

[bookmark: _Toc61944977][bookmark: _Toc141883516][bookmark: _Hlk91400156]11.34	Health Care Resource Utilization Questionnaire (HCRUQ)

Health Care resource utilization (HCRU) costs will be assessed using the following data:
· The number of days in the hospital
· The number of emergency call outs
· The number of hospital admissions to the intensive care unit or general ward
· Quantification of unpaid caregivers
· Medical resource use (e.g., mobility, safety, communication, and feeding aids)
· Clinic follow-up attendance
· Healthcare provider visits
The HCRUQ will be completed by the parent/caregiver during each clinical standard of care visit.

[bookmark: _Toc141883517]11.35	Parent/Caregiver Assessments Pertaining to the Parent

Observer reported assessments will be completed by the parent/caregiver at the visits shown in Section 4. These assessments will be completed by the parent/caregiver about themselves as parents/caregivers to a child with SCN1A related epilepsy.

[bookmark: _Toc141883518][bookmark: _Hlk91400200]11.36	Parental Stress Index – Short Form (PSI)

Designed to evaluate the magnitude of stress in the parent–child system, the short form of the PSI is a 36-item inventory that focuses on three major domains of stress: Parental Distress (PD), Parent-Child Dysfunctional Interaction (P-CDI), and Difficult Child (DC), which combine to form a Total Stress scale.

[bookmark: _Toc61944975][bookmark: _Toc141883519][bookmark: _Hlk91400229]11.37	EuroQol-5 Dimension-5 Level (EQ-5D-5L)

The EQ-5D-5L health questionnaire is a health-related quality of life instrument with 5 dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each dimension has 5 possible levels: no problems, slight problems, moderate problems, severe problems, and extreme problems. The EQ-5D-5L is designed for self-completion by respondents. The EQ-5D-5L provides a simple descriptive profile and a single index value for health status that can be used in the clinical and economic evaluation of health care as well as in population health surveys.
The EQ-5D-5L will be completed by the parent/caregiver about themselves.




[bookmark: _Toc141883520]12	Adverse Events

No study treatment will be administered during this observational study; therefore, adverse events are not being collected per protocol. However, if an adverse drug reaction or serious adverse event for example relating to medication occurs it will be recorded as per standard of care.


[bookmark: _Toc141883521]13	Statistical Considerations

[bookmark: _Toc141883522]13.1	General Statistical Methodology

This being an observational study, our primary focus will be on description. Our co-primary outcomes will test a difference in rates of change of countable convulsive seizures and of neurodevelopmental outcomes between two genotypes. Our secondary outcomes will assess the predictive capabilities of the occurrence and frequency of status epilepticus as well as genetic pathogenicity scores. Our conclusions from these questions will not have causal interpretations. 

The primary focus of the study is on description, as such, summary statistics will feature heavily. Summary statistics (means, medians, modes, proportions, as appropriate) will be calculated split by age cohorts and will be presented alongside appropriate measures of uncertainty (standard deviations, interquartile ranges, ranges). Graphical analysis will also be used extensively to summarise the results. Where formal hypothesis testing is performed it will be done under a frequentist framework and 5% statistical significance thresholds used. Multiple comparisons will not be controlled for.

[bookmark: _Toc141883523]13.2	Sample Size Justification

Section 8.4 provides the sample size justification.

[bookmark: _Toc141883524]13.3	Analysis Populations

The “All Patient data set” will consist of all patients enrolled into the study. This analysis set will be used to summarize the data collected in this study.

[bookmark: _Toc141883525]13.4	Handling of Missing Data

Handling of missing values will be described in the Statistical Analysis Plan. In brief, missing data for various scales will be reported descriptively (in line with the observational nature of this study it will be important to report and describe the levels of missing data for different outcomes). For analysis purposes, multiple imputation may be employed as a sensitivity analyses, but this will depend on the question being addressed.

[bookmark: _Toc141883526]13.5	Handling of Outliers

Handling of outliers will be described in the Statistical Analysis Plan. In brief, outliers (determined either by visual inspection, formal testing, or by clinical expertise) will be checked in the first instance with data collectors to ensure their validity. If they are valid, then they will be reported. If their validity is unverifiable a decision will be made about whether to retain them or delete them. This will be performed by the SCN1A Horizons Data Monitoring Group and decided on a case-by-case basis informed by clinical and statistical expertise.

[bookmark: _Toc141883527]13.6	Statistical Analyses

Cognitive tests
Hierarchical modelling (with observations nested within individuals) will be used to estimate the slope of the relationship between time and neurodevelopmental tests for individuals in the cohort. Covariance structures such as autoregressive (AR), moving average (MA) or combinations of the two (ARMA) will be explored to explicitly account for the expected correlations between test scores within an individual. The models will adjust for age at assessment, epilepsy phenotype/severity (seizures types and frequency), genetic details (genotype), treatment approach/response. Standard diagnostic checks including inspection of residuals and fitted versus residual plots will be performed. Transformation of outcome variables or predictor variables may be performed to improve model fit. Akaike Information Criteria will be used to choose between models. Results will be using regression coefficients and associated 95% confidence intervals. Graphical exploration of neurodevelopmental trajectories will also be produced. Latent trajectory analysis may be additionally employed to further refine the analysis.



Seizure frequency
Depending on the observed distribution of seizure frequency we will explore both linear and Poisson hierarchical regression to assess the trajectory of the rate of seizure frequencies. Standard model fitting will be performed as per above.  

[bookmark: _Toc141883528]13.6.1	Analysis of the Endpoints

For all of the endpoints listed in section 6.2 descriptive statistics will summarise the results. These analyses will be focus on reporting the observed natural history of this illness for this cohort. Descriptive statistics including frequencies, ranges, interquartile ranges, medians, standard deviations, proportions and confidence intervals will be reported as appropriate.





[bookmark: _Toc141883529]14	Ethical and Regulatory Requirements

[bookmark: _Toc141883530]14.1	Good Clinical Practice

This study will be conducted in accordance with Guidance on Good Clinical Practice (GCP) as described in the International Council for Harmonisation (ICH) GCP Guidelines. The Sponsor and Investigators are responsible for ensuring that the procedures set out in this study protocol, pertaining to the conduct, evaluation, and documentation of this study, comply with these guidelines. This also constitutes compliance with the ethical principles described in the current version of the Declaration of Helsinki (2002). Personal data will be collected and stored in compliance with the Data Protection Act 2018 and GDPR.

[bookmark: _Toc141883531]14.2	Investigator Responsibilities

The Investigator is responsible for ensuring the study is conducted in accordance with the procedures and evaluations described in this protocol and that all persons involved in the conduct of the study are informed about the protocol, study procedures and any study related duties. The Investigator is responsible for assuring that study site staff are properly trained and credentialed to perform any delegated tasks. The Investigator must maintain a list of sub-Investigators, if applicable, and other appropriately qualified persons to whom he or she has delegated significant study-related duties.

[bookmark: _Toc141883532]14.3	Investigator Financial Disclosure

The Investigator and Sub-Investigators are required to disclose any financial arrangement during the study, whereby the outcome of the study could be influenced by the value of the compensation for conducting the study, or other payments the Investigator received from the Funder.



[bookmark: _Toc141883533]14.4	Institutional Review Board (IRB)/Research Ethics Committee (REC) Approval

The Chief Investigator is responsible for ensuring that this protocol, the study informed consent form, and any other information that will be presented to potential patients are reviewed and approved by the appropriate Institutional Review Board (IRB)/Research Ethics Committee (REC). The IRB/REC must be constituted in accordance with all applicable regulatory requirements. REC approval must refer to the informed consent form and to the study title, study number, and version and date of issue of study protocol, as given by the Sponsor on the cover page of the protocol. If any of the above-mentioned documents or any other information that the IRB/REC has approved for presentation to potential patients is amended during the study, the Chief Investigator is responsible for ensuring the IRB/REC reviews and approves, where applicable, these amended documents and forwards copies of the approved amended documents to the Sponsor promptly.
The Chief Investigator must maintain an accurate and complete record of all submissions made to the IRB/REC, including a list of all reports and documents submitted.

Other Chief Investigator responsibilities include the following:
· During the conduct of the study, submit progress reports to the appropriate committees, if required, and request re-review of the study at least once a year
· Inform the appropriate committees of any changes in the protocol and obtain documented approval of the changes
· Provide the appropriate committees with any other information it requests before or during the conduct of the study
· Maintain a file of study-related information, including all correspondence with the committees
· Provide the appropriate committees with a final report on the study within a time period consistent with local requirements



[bookmark: _Toc141883534]14.5	Informed Consent/Assent

The Principal or Sub- Investigator is responsible for presenting the risks and benefits of study participation, along with the aims and methods of the study, to the participant and parent/caregiver/legal guardian in terms understandable to the parent/caregiver/legal guardian using the IRB/REC approved Informed Consent Form (ICF). The Investigator will also instruct the participants and parents/caregivers/legal guardians that they are free to withdraw their consent and discontinue their participation in the study at any time without prejudice. The Principal Investigator or his/her designee shall re-consent parents/caregivers/legal guardians when the ICF is updated during the study, if required.
[bookmark: _Hlk65416186]The Principal or Sub- Investigator will ensure that written informed consent is obtained from each authorised representative (parent/caregiver/legal guardian) by obtaining the signature on the ICF prior to the performance of protocol evaluations or procedures. A participant younger than 18 years (or defined as a minor, depending on the region) will provide assent if required by IRB/REC or local requirements. Adult participants who are unable to consent for themselves will provide assent if required by IRB/REC or local requirements. Each parent/caregiver/legal guardian will be given a copy of the signed ICF. The source documents for each participant and parent/caregiver/legal guardian shall document that the informed consent was obtained prior to participation.

[bookmark: _Toc141883535]14.6	Patient Confidentiality

The Investigator must assure that participants’ anonymity will be strictly maintained and that their identities are protected from unauthorised parties. Only the patient number and patient initials will be recorded in the CRF. Study findings will be stored in accordance with applicable data protection laws. The patients will be told that the IRB/REC, and/or regulatory authorities may inspect their medical records to verify the information collected, and that all personal information made available for inspection will be handled in the strictest confidence and in accordance with applicable data protection laws. The Principal Investigator will maintain a patient identification list (patient numbers with the corresponding patient names) to enable records to be identified.
The ICF will contain information on the sharing of participant personal information which will only be allowed with the participant’s explicit consent.
Researchers, monitors, and auditors shall be required to adhere strictly to professional standards and applicable law concerning the confidential treatment of the participant information.

[bookmark: _Toc141883536]14.7	Biospecimens for future ethically approved research

Biological samples donated by participants in the study for future ethically approved research will be collected and processed in accordance with the Sample Handling Manual. An EDTA blood sample (2x 4mls) will be collected once at the baseline visit and forwarded for DNA extraction and storage at the West of Scotland Genetics Service in Glasgow: 
  
West of Scotland Genetic Services 
Laboratory Genetics Level 2B 
Laboratory Medicine  
Queen Elizabeth University Hospital  
1345 Govan Road  
Glasgow, G51 4TF, UK 
 
Where possible other blood and urine samples will be collected opportunistically during routine clinical procedures that the participant will be undergoing as part of routine clinical care. Skin samples will only be collected if the individual is undergoing a general anaesthetic as part of routine clinical care. Cerebrospinal fluid samples will only be collected if the individual is undergoing a lumbar puncture as part of routine clinical care. Samples will be stored in the local laboratory as a “save sample” in accordance with the Sample Handling Manual. These will be subsequently forwarded to and stored at the UCL Great Ormond Street Institute of Child Health, University College London (Epilepsy Biobank currently undergoing set-up). 
 
UCL Great Ormond Street Institute of Child Health 
30 Guilford St  
London WC1N 1EH, UK

The use of these samples will be overseen by a study steering committee consisting of UK principal investigators from participating sites. There will be a formal application process for the use of any biospecimens and all relevant information will be documented.
The participant information and consent forms will contain information on the anonymisation procedure and treatment of participant personal information relating to clinical samples, including, if applicable, the labelling of clinical samples with the participant’s unique code.  

[bookmark: _Toc141883537]14.8	Data sharing

Patient groups emphasise the importance of sharing data in the rare diseases sector at a national and international level to maximise the impact of any data collected. It is therefore our intention to share data that are collected as part of the SCN1A Horizons natural history study with other centres nationally and internationally, provided the patient/legal guardian has given explicit consent.
The CI intends to set up a Collaboration Network in the future called EpiNotes UK Network. This is intended to be a platform for co-operation between medical professionals and academics for researching, caring, or sharing best practice, in relation to epilepsy-related studies.
With participants consent we intend to share SCN1A Horizons natural history study data with the EpiNotes UK Network. 
Requests of data on behalf of the scientific community,authorities and/or commercial companies will be addressed to the project management group (PMG) of the SCN1A Horizons study stating the specific reason for the request and intentional use of that thereof. The PMG has representation from UK principal study investigators as well as patient representation.
We will seek ethical approval for future research projects using the stored data, under conditions agreed with the REC.
The collected data and information on the study database will be accessible, following the laws of privacy, after a formal request and details relating to documented health and research objectives and presented to the PMG of the SCN1A Horizons study specifically with the aim of gaining tangible benefits in increasing knowledge and treatment of the illness.


[bookmark: _Toc141883538]14.9	Protocol Compliance

The Principal Investigator will conduct the study in compliance with the protocol. All protocol modifications will be documented in a study protocol amendment (by the CI) and, a new version of the study protocol will be released. The amendment should be approved by the IRB/REC and the appropriate regulatory authority(ies) before implementation, as appropriate. Local requirements should be followed for amended protocols. If a protocol amendment requires a change to the ICF, the IRB/REC must approve the revised ICF before the revised form is used.
Any departures from the protocol must be fully documented on the appropriate page of the CRF.

[bookmark: _Toc141883539]14.10	Study Documentation, Privacy and Record Retention

Access to the SCN1A Horizons study data is strictly confined to authorised doctors and study personnel. Each study centre can only insert data related to patients on the study providing they obtained written patient consent. The patient (or person legally responsible) must sign the consent form at the centre where the information and data will be registered.
To protect the safety of participants in the study and to ensure accurate, complete, and reliable data, the Principal or Sub- Investigator will keep records of laboratory tests, clinical notes, and participant medical records in the participant files as original source documents for the study. If requested, the Investigator will provide applicable regulatory agencies, and applicable IRB/REC with direct access to original source documents and certified copies.
Records containing participant medical information and other personal data must be handled in accordance with local and national laws, rules, and regulations and consistent with the terms of the participant Authorization contained in the ICF for the study. Care should be taken to ensure that such records are not shared with any person or for any purpose not contemplated by the authorization. 
The Investigator and/or institution must take measures to prevent accidental or premature destruction of essential documents, that is, documents that individually and collectively permit evaluation of the conduct of a study and the quality of data produced, including paper copies of study records (e.g., participant charts) as well as any original source documents that are electronic, as required by applicable regulatory requirements. Participant files and other source data must be kept for the maximum period of time permitted by the hospital or institution. These documents should be retained for a longer period, in agreement with the applicable regulatory requirements.

[bookmark: _Toc141883540]14.11	Data Management

The Data
The broad scope of data to be collected within this study is set out in the Schedule of Assessments in Table 1. Details of the information to be collected within this scope are described in section 11 - Study Assessments - and has been designed to support the study endpoints. 

Data Collection
Data will be captured using a range of Case Report Forms (CRFs) and via the neurodevelopmental measures/scales. All collected data including videos of study assessments will be recorded within the SCN1A Horizons study database as follows:

· There is a single comprehensive CRF template which is specialised into a set of four CRFs by removing data fields based on the form’s use with either children or adults and for either a baseline or follow-on clinic visit. The CRFs will be available in two formats, these being an online/electronic form and a printed paper equivalent. The online form is used to enter data directly into the study database. The paper forms are completed during a clinic and subsequently transcribed into the database.

· The neurodevelopmental measures/scales, as detailed in section 11, are proprietary questionnaires. These are completed either during a clinic visit or by a parent/carer. The completed questionnaires are filed according to local clinical administrative procedures and will remain as a primary record. These questionnaires include summary sections which are used to produce an overall score. Summaries are compiled from raw-scores, which are generated from the answers to questions. The raw scores and summaries from the questionnaires will be entered into an online electronic form and recorded in the study database.

· Video recordings will be collected during administration of the BSID-4, WPPSI, WISC & ADOS-2 to facilitate accurate scoring and inter-rater reliability assessment, as per standard clinical and research practice. Videos will be uploaded to the SCN1A Horizons study database and removed from the electronic recording device. The database will provide functional support to marshal video material, to store recording against the corresponding assessments and to support the review processes.

Data Design
The information system that underpins data collection is a well-established platform run by the company CERTUS technology with over 10 years’ experience providing this service to NHS trusts throughout the UK. The data design is based on the information requirements for the study outcomes and for the clinical process through which data is collected. This data design is captured in a Patient Data Model for SCN1A-related epilepsy. This model groups the data into related sections and into the data collection forms (CRFs). The model detailed all data fields providing detailed meta-data including data types and validation rules. The model is encoded within the study database and automatically produces a comprehensive data dictionary, tools for data validation and analytic functions aligned to the data model. These artifacts are available as both human readable documents and machine-readable files.

Data Access and Security
Patient data including video recordings collected during the study is stored within a secure database. This database includes Role Based Access Controls (RBAC) which will be configured to ensure data is only available to appropriate database users. The study database is made available to users via a secure internet connection. Users in each clinical organisation can only see the data for the patients attending their clinic. Users involved in data analytics can only see pseudonymised data. Video recordings will not be directly linked to any other personal identifiable data. Videos cannot be viewed outside the secure database system and access to this system is strictly controlled. All Person Identifiable Information (PII) has restricted access and is encrypted when stored and in transit. The overall database system design and its operation follows best practice guidelines aligned with the ISO27001 standards for information security. The overall system is operated according to the UK's 10 National Data Guardian standards.

Storage and Back-up
The study database is a part of a computing infrastructure designed to provide a robust and secure computing platform for the study. This infrastructure includes automated backup facilities and back up data is stored in multiple locations.

Data Sharing
Details of data sharing arrangements are set out in section 14.8 

[bookmark: _Toc141883541]14.12	Study Discontinuation

The Sponsor reserves the right to terminate the study at any time. Should this be necessary, the Sponsor and the local Investigators will arrange discontinuation procedures and notify the appropriate IRBs/RECs. In terminating the study, the Sponsor and the local Investigators will assure that adequate consideration is given to the protection of the participants’ interests. Reasons to temporarily suspend or prematurely discontinue the study either at a single study site or at all study sites at any time include, but are not limited to, the following:
· The discovery of an unexpected, significant, or unacceptable risk to the patients enrolled at the site
· Safety or ethical issues or severe non-compliance
· Investigator failure to comply with protocol requirements

[bookmark: _Toc141883542]14.13	Confidential Information and Publication

[bookmark: _Hlk66827039][bookmark: _Hlk64405689]The Investigator and the institution shall collect and record all data and results of the study, including all information, CRFs, biospecimens, findings and reports as required by this protocol and the Organisation Information Document (OID). Results are the exclusive property of the SCN1A Horizons Study and are deemed confidential information. 
The SCN1A Horizons research team welcomes the collaboration with companies on future publications based on the data collected as part of the SCN1A Horizons natural history study and invites companies to approach the SCN1A Horizons study team to analyse and publish data together. This approach will enhance the quality of any outputs from the SCN1A Horizons database. All analyses performed on the data will go through independent scientific and ethical scrutiny through the SCN1A Horizons project management group (PMG). This process will ensure adequate pre-specification of analysis plans and the scientific integrity of any resulting findings. The SCN1A Horizons research team regards this rigorous process as a strength and believe that the scientific community will recognise this as a marker of quality. Companies will submit a request and statistical analysis plan (SAP) for any particular proposal which will be vetted by the SCN1A Horizons PMG. The foregoing shall not operate to restrict publication but is intended solely to ensure the accuracy, completeness and quality of data intended for publication. 

[bookmark: _Toc141883543]14.14	End of Study

The end of study will be the date of the completion of any follow-up monitoring and data collection described in the protocol before the end of study is declared. The study design includes an assessment period of 3 years for each participant. We know from previous natural history studies in neurological disorders that there is significant benefit in studying patients long-term beyond the envisaged period of 3 years. Our aim will be to continue the SCN1A Horizons natural history study beyond the initial 3-
year period. If study recruitment is successful, we will seek further funding in the future to be able to continue the data collection

[bookmark: _Toc141883544]15	References

1. Claes L, Del-Favero J, Ceulemans B et al. De Novo Mutations in the Sodium-Channel Gene SCN1A Cause Severe Myoclonic Epilepsy of Infancy. Am J Hum Genet 2001;68:1327-1332.
2. [bookmark: _Hlk41810127]Dravet C, Bureau M, Oguni H et al. Severe myoclonic epilepsy in infancy (Dravet syndrome). In: Roger J, Bureau M, Dravet C, Genton P, Tassinari CA, Wolf P, eds. Epileptic syndromes in infancy, childhood and adolescence. London: John Libbey, 2005:89-113.
3. Brunklaus A, Ellis R, Reavey E et al. Prognostic, clinical and demographic features in SCN1A mutation-positive Dravet syndrome. Brain 2012;135:2329-2336.
4. Symonds JD, Zuberi SM, Stewart K, McLellan A, O‘Regan M, MacLeod S, et al. Incidence and phenotypes of childhood-onset genetic epilepsies: a prospective population-based national cohort. Brain. 2019;142:2303–18.
5. Yu FH, Mantegazza M, Westenbroek RE et al. Reduced sodium current in GABAergic interneurons in a mouse model of severe myoclonic epilepsy in infancy. Nat Neurosci 2006;9:1142-1149.
6. Han S, Tai C, Westenbroek RE et al. Autistic-like behaviour in Scn1a+/- mice and rescue by enhanced GABA-mediated neurotransmission. Nature 2012;489:385-390.
7. Brunklaus A, Zuberi SM. Dravet syndrome--from epileptic encephalopathy to channelopathy. Epilepsia. 2014 Jul;55(7):979-84. doi: 10.1111/epi.12652.
8. Cooper MS, Mcintosh A, Crompton DE et al. Mortality in Dravet syndrome. Epilepsy Res. 2016 Dec;128:43-47. doi: 10.1016/j.eplepsyres.2016.10.006.
9. Ragona F, Granata T, Bernardina BD et al. Cognitive development in Dravet syndrome: A retrospective, multicenter study of 26 patients. Epilepsia 2011;52:386-392.
10. Catarino CB, Liu JY, Liagkouras I et al. Dravet syndrome as epileptic encephalopathy: evidence from long-term course and neuropathology. Brain. 2011 Oct;134:2982-3010.
11. Ferro MA, Speechley KN. Depressive symptoms among mothers of children with epilepsy: a review of prevalence, associated factors, and impact on children. Epilepsia 2009;50:2344–54.
12. Strzelczyk A, Kalski M, Bast T et al. Burden-of-illness and cost-driving factors in Dravet syndrome patients and carers: A prospective, multicenter study from Germany. Eur J Paediatr Neurol. 2019 May;23(3):392-403. doi: 10.1016/j.ejpn.2019.02.014
13. Chiron C, Marchand MC, Tran A, et al. Stiripentol in severe myoclonic epilepsy in infancy: a randomised placebo-controlled syndrome-dedicated trial. Lancet 2000;356:1638–42. 
14. Devinsky O, Cross JH, Laux L, et al. Trial of Cannabidiol for Drug-Resistant Seizures in the Dravet Syndrome. N Engl J Med 2017;376:2011-20.
15. Lagae L, Sullivan J, Knupp K, et al. Fenfluramine hydrochloride for the treatment of seizures in Dravet syndrome: a randomised, double-blind, placebo-controlled trial. Lancet 2019;394:2243–54. 
16. Han Z, Chen C, Christiansen A, et al.  Antisense oligonucleotides increase Scn1a expression and reduce seizures and SUDEP incidence in a mouse model of Dravet syndrome. Sci Transl Med 2020;12:eaaz6100.

image1.tiff
Power

Power curve for identifying a significant reduction in R*2 in a regression with n=300

1.0

2 4 Small effect Medium effect

0.4

T T T
0.05 0.10 0.15 0.20

F statistic




image2.png
AGE

Screening/Baseline

Follow-up

<30 months | 2 years 6 months — 6 years 11 months 7 years to adulthood
BSID-4 WPPSI-4 WISC-5
Not able t Not able t
a:ceass :ES: a< 85 a= 85 a:CEaSS teesﬁ < 80 a= 80
WPPSI-4 WPPSI-4
BSID-4 2 BSID4 WPPSI-4 BSID-4 & BSID-4 WISC-5
BSID-4 ) )
swppsia | | BSID-4 | ggans | WPPSI-4| | BSID-4 || grems | wisCS
(2 30 months)

N

vV VvV





