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Background:
CDKL5 Deficiency Disorder (CDD) is a rare, X-linked dominant condition, caused by loss of function variants in the CDKL5 gene, and results in a developmental and epileptic encephalopathy (DEE). The incidence is between approximately 1:40,000 and 1:60,000 live births. Pathogenic variants in CDKL5 lead to seizures from infancy and severe neurodevelopmental delay. During infancy and childhood, individuals with CDD suffer impairments affecting cognitive, motor, visual, sleep, gastrointestinal and other functions.[endnoteRef:1] [1:  International Consensus Recommendations for the Assessment and Management of Individuals With CDKL5 Deficiency Disorder.  Amin S, Monaghan M, Aledo-Serrano A, Bahi-Buisson N, Chin RF, Clarke AJ, Cross JH, Demarest S, Devinsky O, Downs J, Pestana Knight EM, Olson H, Partridge CA, Stuart G, Trivisano M, Zuberi S, Benke TA.Front Neurol. 2022 Jun 20;13:874695. doi: 10.3389/fneur.2022.874695. eCollection 2022.] 

CDKL5 was first mapped by Montini et al[endnoteRef:2] before subsequently seeing an update to its described genomic structure in 2003 by Kalscheuer and colleagues[endnoteRef:3]. It was at this time that CDKL5 was reported as the second cause of X-linked infantile spasms (ISSX), for the first time highlighting genetic heterogeneity in this clinical syndrome. Further genetic reports followed, describing CDKL5 variants as disease causing while also being genetically and clinically distinct from Rett syndrome[endnoteRef:4]. [2:  Montini E, Andolfi G, Caruso A, Buchner G, Walpole SM, Mariani M, et al. Identification and characterization of a novel serine-threonine kinase gene from the Xp22 region. Genomics. (1998) 51:427–33. doi: 10.1006/geno.1998.5391]  [3: Kalscheuer VM, Tao J, Donnelly A, Hollway G, Schwinger E, Kübart S, et al. Disruption of the serine/threonine kinase 9 gene causes severe X-linked infantile spasms and mental retardation. Am J Hum Genet. (2003) 72:1401–11. doi: 10.1086/375538]  [4:  International Consensus Recommendations for the Assessment and Management of Individuals With CDKL5 Deficiency Disorder.  Amin S, Monaghan M, Aledo-Serrano A, Bahi-Buisson N, Chin RF, Clarke AJ, Cross JH, Demarest S, Devinsky O, Downs J, Pestana Knight EM, Olson H, Partridge CA, Stuart G, Trivisano M, Zuberi S, Benke TA.Front Neurol. 2022 Jun 20;13:874695. doi: 10.3389/fneur.2022.874695. eCollection 2022.] 

As an X-linked dominant condition, CDD is more frequently found in females. Males are described as displaying a more severe phenotype. It is detected in 10–20% of females with early-onset DEEs presenting within the first 6 months of life and should be considered as part of a differential diagnosis for children, females and males, presenting with severe, early-onset epilepsy[endnoteRef:5]. [5:  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] 

Seizures typically present in early infancy, with a wide spectrum of semiologies, and are often refractory to treatment[endnoteRef:6]. Criteria for recognition and diagnosis have been proposed to guide clinicians[endnoteRef:7]. [6: International Consensus Recommendations for the Assessment and Management of Individuals With CDKL5 Deficiency Disorder.  Amin S, Monaghan M, Aledo-Serrano A, Bahi-Buisson N, Chin RF, Clarke AJ, Cross JH, Demarest S, Devinsky O, Downs J, Pestana Knight EM, Olson H, Partridge CA, Stuart G, Trivisano M, Zuberi S, Benke TA.Front Neurol. 2022 Jun 20;13:874695. doi: 10.3389/fneur.2022.874695. eCollection 2022.]  [7:  Olson HE, Demarest ST, Pestana-Knight EM, Swanson LC, Iqbal S, Lal D, et al. Cyclin-dependent kinase-like 5 deficiency disorder: clinical review. Pediatr Neurol. (2019) 97:18–25.] 

The majority of the current studies on CDD are international, with data largely originating from the US where patient numbers are greater.  The described international incidence in literature reports are anywhere between 1 in 40,000 to 60,000 live births.  A recent publication by Symonds et al. describes the incidence of CDKL5 Deficiency Disorder in Scotland as 1 in 42,400 live births, but the UK incidence was not studied. [endnoteRef:8]  Cases are spread across the country and the total number of patients is unknown. Anecdotal reports supplied by the patient advocacy group CDKL5 UK suggests that there are between 60 and 80 UK patients. [8:  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(8):2303-18] 

Due to the rare nature of the disease, not all clinicians understand the condition, management or potential treatment options. This is especially difficult for families at the stressful time of patients being diagnosed.  Frustration has been expressed by families of patients not being able to access certain treatments and a desire to take part in research. Families appear keen to be included in a patient database if it will make access to new treatments quicker and easier. 
As research into this rare disease expands, a neuro-active steroid, Ganaxalone, has recently been approved by the Trust Drug Policy Group for use by CDD patients via an extended access programme.  In order for UK patients to have access to this extended access programme it is vital to understand the incidence of cases in the UK, create a consent to contact database and understand individual clinical characteristics in order to be able to advise on acceptability both for this drug and for future treatments as they become accessible. 
Bristol Royal Hospital for Children is recognised as a Centre for Excellence and part of the Rare Disease Collaborative Network by NHS England and thus can accept all CDKL5 Deficiency Disorder referrals from across the UK. 
Clinical phenotype: 
Common Clinical Characteristics and Proposed minimal Diagnostic Criteria
	Common Clinical Characteristics
	Proposed Minimal Diagnostic criteria

	Epilepsy – early onset, and refractory
	A pathogenic or likely pathogenic variant of the CDKL5 gene

	Severe global developmental delay
	Motor and cognitive developmental delay

	Intellectual disability
	Epilepsy with onset in first year of life

	Hypotonia
	

	Cortical visual impairment
	

	Sleep disturbance
	

	Dyskinetic movements
	

	Autonomic and breathing disturbances
	

	GI disturbances (reflux, constipation)
	

	Dysphagia
	


Table 1 – Common Clinical Characteristics and proposed minimal diagnostic Criteria[endnoteRef:9] [9:  Fehr S, Wilson M, Downs J, Williams S, Murgia A, Sartori S, et al. The CDKL5 disorder is an independent clinical entity associated with early-onset encephalopathy. Eur J Hum Genet. 2013;21(3):266-73] 

Objective:
Create a patient database for patients with CDKL5 Deficiency Disorder in the UK which can be used to identify UK patients for future clinical trials and new therapies. 
The CDKL5 Centre of Excellence in Bristol has been leading a project that provides international guidelines for the assessment and management of individuals with CDKL5 Deficiency Disorder. This was published in June 22 in Frontiers in Neurology[endnoteRef:10] and provides detail on early recognition of CDD and helps with dissemination of these management guidelines. [10:  International Consensus Recommendations for the Assessment and Management of Individuals With CDKL5 Deficiency Disorder.  Amin S, Monaghan M, Aledo-Serrano A, Bahi-Buisson N, Chin RF, Clarke AJ, Cross JH, Demarest S, Devinsky O, Downs J, Pestana Knight EM, Olson H, Partridge CA, Stuart G, Trivisano M, Zuberi S, Benke TA.Front Neurol. 2022 Jun 20;13:874695. doi: 10.3389/fneur.2022.874695. eCollection 2022.
] 

As the national centre, we aim to raise awareness of CDD at regional, national and international meetings and conferences. Along with the CDKL5 UK charity, we provide pastoral care to patients diagnosed with CDD.
Study design and methodology:
i) Study Design - Due to the limited literature and studies on CDD in the UK, this study would provide the opportunity to perform a prospective collection of patients diagnosed with CDD. With this we would compile information on semiology, complications and morbidities alongside development. This will allow us to understand the incidence in the UK and the variety of presentations across the cohort and provide clear evidence to inform the direction of future research both in the UK and globally.
In order to accomplish this, we will make contact with families of known CDD patients and invite them to consent to the collection of their data.  Once consent has been taken and an information leaflet has been distributed to all participants, the families will be sent a short, secure on-line survey which will collect any relevant data.  This data will only be accessed by the research team.
Input from patient families and members of the CDKL5 UK Charity was sought during the preparation of the protocol and for the creation of key trial documents such as patient information.  
ii) Recruitment of patients – The intention is to recruit as many children with CDD as possible within a 2 year time frame. Anecdotal reports from the charity CDKL5 UK suggests this will be between 60 and 80 patients.   The Centre of Excellence actively supports 43 families and our objective is to expand our reach to all UK families who wish to be involved. This study will be open to all children and adults with a genetic diagnosis of CDKL5 Deficiency Disorder across the UK which meet the inclusion criteria.  
This project will be advertised via direct contact in the form of emails, newsletters and presentations at relevant meetings/conferences. It will also be advertised via the CDKL5 UK charity website, on the BPNSU website and social media pages.
iii) Inclusion criteria - To be included in this study, children and adults must meet the following diagnostic criteria:
To have a molecular confirmation of a pathogenic or likely CDKL5 variant.
OR
Children with early onset (seizure onset <1 year), difficult to control seizures (failed two or more anti-epileptic medications at therapeutic doses) with neurodevelopmental impairment with a de novo variant of unknown significance in the kinase domain of CDKL5.
iv) Exclusion criteria - Patients that do not meet the inclusion criteria. Parent or carers who do not give consent for the participant to take part in the study.
v) Consent - It is not anticipated that any of the participants will have the cognitive ability to consent. We will therefore seek proxy consent from the guardian/carer/legal representative of adults without capacity to consent; and proxy consent from a parent or guardian of children 16 years or under. There will be tailored participant information for all parents and carers.
Patient families will be alerted about the study via e-mails sent from the CDKL5 Centre of Excellence and via the CDKL5 UK charity website.  The e-mails will inform families of patients with CDKL5 about the proposed patient database.  The families will be sent a patient information sheet outlining the project to inform consent. The family will be allowed to ask any questions they may have. Consent will be taken by the study team, for both enrolment into the study and for the inclusion on a consent to contact database.   
vi) Data collection– Once consent has been taken, families will be contacted in order to complete a secure on-line survey to collect the relevant data.
Patient Families will have three options to complete the data collection form:
1. Data can be captured and uploaded direct to the database by the participants through an online survey using the Survey application within the REDCap database software. This will use validation processes to ensure that data is correct at the point of input. 
2. Data can be captured by the research team in collaboration with the families and uploaded directly on to the REDCap database on behalf of the patients and addresses of study participants will be stored separately from clinical details.
3. Clinicians will capture the data and submit to the secure REDCap server via a link on the BPNSU website.  Clinicians will only be able to submit data, and will have no further access to patient data.  
All information will be stored securely on the REDCap database.  Access to the database and user privileges are granted on an individual level to ensure data is only accessible to authorised personnel and on agreement by the Access Committee.
Complete list of data to be captured:
Demographics (name, DOB, gender, contact details, next of kin)
Genetic mutation (genetic report and date of diagnosis)
Clinical symptoms (including seizures and other symptoms related to CDD)


Seizures and their treatment (type and frequency of seizures, medications used, trials attempted)

The data collection form has been reviewed by the team at the Centre of Excellence and the CDKL5 UK charity.
vii) Data Handling and Protection –The database will be designed so as to protect patient information in line with the General Data Protection Regulation 2018. Study staff will ensure that the participants’ anonymity is maintained through protective and secure handling and storage of patient information at the study centres (as relevant) in line with the Ethics approval. This will include the safe storage of electronic information on encrypted trust servers; ensuring documents have the same level of protection as medical records.   Data will be collected and retained in accordance with the General Data Protection Regulation 2018.
viii) Storage of Records – Any electronic records will be stored on a secure Server (REDCap) during and after the study has finished. Trust policy will be followed.
ix) Data Management - Data will be uploaded directly to the secure database so errors will be minimal or non-existent.
x) Study findings – The main outcome of the study is to understand the amount of patients with CDD in the UK and understand their clinical characteristics, outcomes and mortality. This will provide clinicians with evidence and information on a rare and poorly understood condition which can then inform and prepare for future clinical trials. The study will also seek permission from participants to create a ‘consent to contact’ database to support future therapies, treatments and trail readiness.  
Results will be anonymized and published in a relevant Paediatric Neurology journal, presented to the British Paediatric Neurology Surveillance Unit (BPNSU) board and the CDKL5 Forum. Results will also be anonymized and shared with families via the CDKL5 UK website and through Centre of Excellence Newsletters. The information compiled will directly impact on patients and their families, in particular the potential to access new treatments and clinical trials.  At the time of consent, all families will be given the contact details of the Centre of Excellence and encouraged to get in contact to access pastoral support. 
xi) Safety Reporting - Adverse events will be recorded and reported in accordance with University Hospitals Bristol and Weston NHS Foundation Trust’s Research Safety Reporting SOP.
xii) Monitoring and Audit - The study will be monitored in accordance with University Hospitals Bristol and Weston NHS Foundation Trust’s Monitoring SOP. All study related documents will be made available on request for monitoring and audit by UHBW, the relevant Research Ethics Committee and for any other regulatory authorities.
xiii) Ethics approval – to be obtained
xiv) Sponsorship - University Hospitals Bristol and Weston NHS Foundation Trust, Research and Innovation, Level 3, UH Bristol Education and Research Centre, Upper Maudlin Street, Bristol BS2 8AE. Tel: 0117 342 0233.
xv) Indemnity - This is an NHS-sponsored research study. If there is negligent harm during the clinical trial when the NHS body owes a duty of care to the person harmed, NHS Indemnity covers NHS staff, medical academic staff with honorary contracts, and those conducting the trial. NHS Indemnity does not offer no-fault compensation and is unable to agree in advance to pay compensation for non-negligent harm. Ex-gratia payments may be considered in the case of a claim.
xvi) Authorisations - The study will be performed subject to favourable opinion/ authorisation/permission or equivalent from all necessary regulatory and other bodies. This includes but is not limited to REC, HRA, NHS Trusts.
xvii) Funding – There is no funding requirement for this patient database. The part-time Research and Care Coordinator has been fully funded through the CDKL5 UK Charity and LouLou Foundation and is already in post. 
xviii) CI and Research Team Contact Details – Chief Investigator: Dr Sam Amin, CDKL5 Rare Disease Collaborative Network, Department Of Paediatric Neurology, Bristol Royal Hospital for Children, Level 6 Education & Research Centre, Upper Maudlin Street, Bristol, BS2 8AE. samamin@nhs.net 0117 342 0167
xix) This study will be conducted in accordance with:
· The principles of Good Clinical Practice, as set out in the International Conference for Harmonisation of Good Clinical Practice (ICH GCP) guidelines 
· The UK Policy Framework for Health and Social Care Research.

xx)	 Requests to withdraw from Patient Database – If at any point participants wish to withdraw from the database, they can contact the research team and request either electronically or in writing to have their data deleted.  This can be requested at any point, with no repercussions for the participant.
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