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ABSTRACT

1. INTRODUCTION

e Background: Naxos disease, a rare genetic condi-
tion marked by arrhythmogenic right ventricular
cardiomyopathy (ARVC), woolly hair (WH), and
palmoplantar keratoderma (PPK), was first identi-
fied in Greece in 1986."” Genetic variants in plako-
globin (JUP), desmoplakin (DSP), and desmocollin2
(DSC2) genes are implicated.?®

o Naxos disease is traditionally associated with
woolly hair (WH) and palmoplantar keratoderma
(PPK); however, cases presenting with sparse hair,
alopecia, and bullous lesions early in life have been
reported. These dermatologic markers are key in-
dicators preceding cardiomyopathy, emphasizing
the need for early detection.>” (Fig. 1)

o Need for a registry: The group of disorders within
the Naxos disease phenotypic spectrum may remain
insufficiently characterized due to their rarity, as
they often go unobserved or are inadequately eval-
uated. Rare diseases pose unique challenges to
study, including limited patient populations,
geographic dispersion, variability in clinical pre-
sentation, and a lack of centralized data. A struc-
tured clinical registry can address these challenges
by enabling centralized data collection and facili-
tating international collaboration, ultimately
improving diagnostic and therapeutic approaches.

e Aims and objectives: The primary goals are to
evaluate the natural history, identify clinical and
genetic correlations, and assess treatment out-
comes. Secondary goals include tracking adverse
events, providing a database for future studies,
and developing genotype-specific insights.

2. REGISTRY DESIGN

The registry adopts a global, multicenter approach,
including 30 centers internationally. It supports both
retrospective and  prospective  data  entry,

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The NAXCARE (NAXos disease and Cardiocutaneous Assessment and Registry for Evaluation) is a global initiative
designed to collect, store, and analyze clinical outcomes data on patients with Naxos disease and related cardiocutaneous
syndromes (CCS). This registry aims to fill the gaps in clinical knowledge, enhance treatment approaches, and improve
patient outcomes by systematically documenting disease progression, genetic profiles, and patient care pathways. The
following methodology outlines the registry's design, data collection protocols, management, security measures, and
anticipated contributions to research and clinical practice. (Hellenic Journal of Cardiology 2025;m:m-m) © 2025 Hel-
lenic Society of Cardiology. Publishing services by Elsevier B.V. This is an open access article under the CC BY-NC-ND

encompassing cases previously documented as well
as new patient records (Fig. 2).
Eligible Participants:

e All individuals (>12 months) to adulthood with
skin and hair phenotypes consisting of woolly hair
or sparse hair or alopecia and palmoplantar kera-
toderma and/or bullous lesions and cardiomyopa-
thy phenotypes of ARVC, NDLVC, and DCM.
Borderline cases, which will be included, might
present additional dental anomalies and ventricu-
lar arrhythmias not fulfilling the criteria for ARVC,
NDLVC, and DCM.

o Infants (0-12 m) with WH, alopecia, PPK, bullous
lesions, or erythrodermia of the palms and soles, and
any or no features of cardiomyopathy phenotypes of
ARVC, NDLVC, or DCM, since the skin phenotypes
may present as initial signs of the disease.”

3. PATIENT RECRUITMENT
AND ENROLLMENT

3.1. IDENTIFICATION. Potential participants are
identified through collaborating centers and clinics.
Ethical protocols ensuring informed consent for
data collection and research participation will
be applied.

3.2. ENROLLMENT. Both retrospective (previously
documented cases) and prospective (new cases)
recruitment is ongoing, with a targeted inclusion of
cases worldwide to capture a representative sample
of disease phenotypes.

4. DATA COLLECTION METHODS

4.1. CLINICAL PRESENTATION (PRESENTING
SYMPTOMS AND PHYSICAL EXAMINATION). Clinical
presentation in Naxos disease is characterized by
distinct cardiac and dermatological manifestations.
The variables to be included in the registry will be
categorized as follows:


http://creativecommons.org/licenses/by-nc-nd/4.0/
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FIGURE 1 A. A 6-year-old boy with Naxos disease, homozygous for JUP2157del, screened as a toddler due to characteristic cutaneous features
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right ventricular apex (C3).

Woolly hair (A1) and keratoderma on the palms (A2) and soles (A3) are evident. His resting 12-lead ECG at the age of 6 years shows no abnormalities, considering that T-
wave inversion in V1-V3 is not considered abnormal at this age. No abnormalities were observed on two-dimensional echocardiography. B. A 12-lead ECG recording
from a boy with Naxos disease at the age of 14 years, following an episode of chest pain and troponin elevation. During a 13-year uneventful follow-up, T-wave inversion
beyond V1 was first recorded, coinciding with positive CMR-LGE findings.® C. Dyskinesia recorded on imaging in patients with Naxos disease homozygous for

JUP2157del2. On CMR, on the right ventricular posterior (arrow) (C1). On two-dimensional echocardiography, on the right ventricular posterior wall (C2), and on the

4.2. DEMOGRAPHIC AND FAMILY HISTORY. De-
mographic and family history, including proband
status, consanguinity details, family history of car-
diomyopathy and sudden cardiac death, age at
referral, and gender.

4.3. COMORBIDITIES. Comorbidities will be system-
atically recorded alongside cardiac and dermatological
manifestations to refine the clinical profile of affected
individuals. Other cardiac and non-cardiac conditions,
including coronary artery disease, metabolic and
autoimmune disorders, cancer, and thromboembolic
events, will be documented for potential links to dis-
ease progression.

4.4. CARDIAC VARIABLES. Cardiac variables in-
cluding presence of cardiovascular symptoms (i.e.,
New York Heart Association [NYHA] class, unexplained
syncope, and palpitations), age at onset of cardiovas-
cular symptoms, reason for clinical presentation (i.e.,
aborted sudden cardiac death, sustained ventricular

tachycardia, symptoms, occasional [abnormal ECG or
echocardiogram], and familial screening).

4.5. CUTANEOUS VARIABLES. Cutaneous variables
including the presence of cutaneous manifestations
(i.e., PPK, WH, sparse hair, alopecia, skin erosions,
bullous lesions, and dental abnormalities) and age at
onset of the first dermatological feature observed.

5. DIAGNOSTIC TESTING

5.1. ELECTROCARDIOGRAPHY (12-LEAD ECG, HOL-
TER), ARRHYTHMIAS. Electrocardiogram (ECG) ab-
normalities are often early markers of cardiomyopathy
in Naxos disease and related cardiocutaneous syn-
dromes, sometimes preceding structural changes.
Resting 12-lead ECG and 24-h Holter monitoring are
essential tools for diagnosis, risk stratification, and
management.® In a cohort of Naxos disease patients,
90% exhibited ECG abnormalities as
symptoms emerged, with a broad spectrum of

over
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FIGURE 2 NAXCARE: the registry flow chart

NaxCARE Registry Flow Chart

Start
Begin the process to access and
manage the registry.

b4

Step 1: Login

Login via https://members.hcs.gr/
using a unique username and
password.

Application access is secured with
encrypted communication through
HTTPS using TLS 1.2/1.3 protocols.

A4

Step 2: Open NaxCARE
Select Digital Recording from the
left menu. Then go to NaxCARE
Registry [ My Entries.

Note: All patients must sign a consent
form before participating in the registry.

hd

Step 3: Add Patient
Information

Enter patient details in the
DataSheet and click Add Recording.

A4

Step 4: Fill in the DataSheet
Ensure all details are accurate.

Choose one of the following options
after filling out the DataSheet:

Save

Publish

A simple user can save, edit, and When an entry is final and requires

delete their own entries.

no further editing, publish it. Only
administrators can edit or delete

published entries.

Data Storage

Data is stored on a dedicated server
in Germany. Backups are performed
daily via FTP to cloud storage
(Digital Ocean) with encrypted files
using MariaDB version 10.11.
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repolarization, depolarization/conduction abnormal-
ities, and arrhythmias.®
5.1.1. Repolarization
inversion is a hallmark ECG feature, with variations
depending on disease stage and phenotype:

abnormalities. T-wave

e In ARVC, the revised diagnostic criteria define
major repolarization abnormalities as T-wave
inversion in leads V1-V3 and beyond in individuals
over 14 years old without complete right bundle
branch block (RBBB), present in at least 50% of

cases.'>"

e Adolescents may experience T-wave reinversion in
V2 and V3.2

¢ In Naxos disease, inverted T waves are frequently
seen in leads V1 to V3 or across the precordial
leads, with low voltage and flat T waves in left
precordial leads observed in severe biventricular
disease.?

e DSP-related cardiocutaneous disease with a dilated
cardiomyopathy (DCM) phenotype often exhibits
T-wave inversion in inferolateral leads, low QRS
voltages, and abnormal Q waves."”

5.1.2. Depolarization and conduction abnorma-
lities. Epsilon waves, indicative of delayed conduc-
tion due to fibro-fatty replacement of the
myocardium, are a major diagnostic criterion in ARVC
and have been reported in approximately 30% of
cases. In Naxos disease, epsilon waves were detected
in 34% of patients and were associated with right
ventricular (RV) wall motion abnormalities and
increased RV diameter.”® Other conduction abnor-
malities include:

e QRS complex prolongation in V1-V3

e Complete or incomplete RBBB

e Low QRS voltage in left precordial leads in severe
disease

5.1.3. Arrhythmias and risk stratification. Ar-
rhythmic manifestations are frequent and crucial for

risk assessment:

e Over 90% of Naxos disease patients experience
frequent ventricular extrasystoles and/or ventric-
ular tachycardia.?

e Non-sustained ventricular tachycardia (NSVT) with
a left bundle branch block (LBBB) morphology and
superior axis is a major diagnostic criterion for
ARVC."

e NSVT of other configurations (LBBB with an inferior
axis) and the presence of more than 500 premature
ventricular complexes on Holter monitoring are
considered minor criteria.'®
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¢ Right bundle branch block (RBBB) ventricular ex-
trasystoles are less common in Naxos disease.’

5.1.4. Clinical implications. Given the high prev-
alence of ECG abnormalities and their prognostic
significance, annual ambulatory ECG monitoring is
recommended for ARVC patients, Class IC recom-
mendation in the most recent guidelines.'” In Naxos
disease and related cardiocutaneous syndromes,
regular ECG and Holter evaluations are critical for
early detection and management of electrical insta-
bility, which carries a high incidence of ventricular
arrhythmias and potential progression to severe
cardiomyopathy.

5.2. IMAGING (2-D -ECHO, CMR-LGE). 5.2.1. Non-
invasive cardiovascular imaging. Non-invasive
cardiovascular imaging techniques play a crucial role
in identifying structural and functional cardiac
anomalies. In patients with Naxos disease and related
cardiocutaneous classic features of
arrhythmogenic right ventricular cardiomyopathy
(ARVC) are mostly observed.®> However, biventricular
involvement has also been described, with pheno-

typic features resembling dilated cardiomyopathy

syndromes,

(DCM) or non-dilated left-ventricular cardiomyopa-
thy (NDLVC). Consequently, a comprehensive evalu-
ation of both right and left heart chambers using
transthoracic echocardiography (TTE) and cardiac
magnetic resonance imaging (MRI) is essential at the
time of diagnosis and during follow-up. To ensure
accurate diagnosis and appropriate therapeutic in-
terventions, imaging studies are reviewed by a
multidisciplinary team at each center. Specific mea-
surements are performed by an expert non-invasive
cardiologist in accordance with current guidelines.
Any discrepancies in imaging interpretation and
related specific measurements are going to be
resolved through consensus discussion.
5.2.2. Two-dimensional (2D) transthoracic
echocardiography (2D-TTE). Comprehensive
standardized 2D-TTE is performed with commercially
available equipment, according to international adult
and pediatric guidelines (Table 1).'*'® A dedicated
TTE case report form (CRF) will be filled out by all
laboratories. Of note, cardiac measurements will be
indexed to body area surface (BSA) in adults,'* while
echocardiographic Z scores will be used in the pedi-
atric population.'®

Due to the complex anatomy of the right ventricle,
advanced transthoracic (TTE)
techniques, such as Doppler strain imaging and 3-D
echocardiography (3-DE) (Table 1), may also be uti-
lized. However, it is important to note that non-

echocardiography
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TABLE 1 Standard and advanced echocardiographic measurements

Echocardiographic view Measurement (Standard TTE)

LV end-diastolic diameter, mm

LV end-systolic diameter, mm

Interventricular septum thickness (end-diastole), mm
Inferolateral wall thickness (end-diastole), mm

LVOT diameter (zoom), mm

RVOTp ax diameter, mm

Wall motion abnormalities

RV akinesia, dyskinesia, or aneurysm

Aortic and mitral function

Pericardial effusion (yes/no), mm (end-diastole)

Parasternal long axes (PLAX)

Parasternal short axes (PSAX) RVOTpsax diameter, mm

Pulmonary artery diameter, mm

RVOT acceleration time, ms

RVOT TVI notch (yes/no)

PR early diastolic velocity, m/s

Peak tricuspid velocity, m/s

Wall motion abnormalities

RV akinesia, dyskinesia, or aneurysm

Aortic, mitral, tricuspid, and pulmonary valve function
Pericardial effusion (yes/no), mm (end-diastole)

LV end-diastolic volume, ml

LV end-systolic volume, ml

LV end-diastolic volume indexed to BSA, ml/m?
LV end-systolic volume indexed to BSA, ml/m?
Wall motion abnormalities

LV ejection fraction (%)

RV and LV akinesia, dyskinesia, or aneurysm

LA volume, ml

LA volume indexed to BSA, ml/m?

Peak E and A-wave velocity, cm/s,

MV deceleration time (ms)

Pulsed-wave TDI e’ velocity lateral, cm/s
Pulsed-wave TDI e' velocity septal, cm/s
Pulsed-wave systolic TDI §, cm/s

Mitral and tricuspid function

Pericardial effusion (yes/no), mm (end-diastole)
Identify thickened moderator band (yes/no).
Basal RV:LV ratio at end-diastole.

Apical 4 chamber

Apical 5-chamber Peak aortic velocity, m/s
LVOT TVI, cm
Aortic valve function

Identify thickened moderator band (yes/no).

LV end-diastolic volume, ml

LV end-systolic volume, ml

LV end-diastolic volume indexed to BSA, ml/m?
LV end-systolic volume indexed to BSA, ml/m?
Wall motion abnormalities

LV ejection fraction (%)

RV and LV akinesia, dyskinesia, or aneurysm

LA volume, ml

LA volume indexed to BSA, ml/m?

Mitral valve function

Pericardial effusion (yes/no), mm (end diastole)

Apical 2-chamber

e e 0o 0 0 0 0 0 0 0 o

Focused apical on the RV e RV dimension 1, mm
e RV dimension 2, mm
e RV end-diastolic area (RVEDA), cm?
e RV systolic area (RVESA), cm?
e FAC (RVEDA-RVESA)/RVEDA*100, %
e RA area, cm?
e TAPSE, mm
e Peak tricuspid velocity, m/s
e Peak E and A-wave velocity, cm/s,
e Pulsed-wave TDI e' and a' velocity, cm/s
e Pulsed-wave systolic TDI S/, cm/s
e Tricuspid valve function
e Pericardial effusion (yes/no), mm (end-diastole)

Continued on the next page
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TABLE 1 Continued

Echocardiographic view Measurement (Standard TTE)

Subcostal e |VC diameter, mm
e |VC collapse, %
e RV-free wall thickness, mm
e RV and LV akinesia, dyskinesia, or aneurysm
e Pericardial effusion (yes/no), mm (end-diastole)

Measurement (Advanced TTE)

Speckle tracking e RV longitudinal strain of lateral RV free wall, %
e RV mechanical dispersion (SD of time-to-peak strain) (ms)
e LVGLS, %

3D-TTE o 3D RV-EF, %
e 3D LV-EF, %

Abbreviations: TTE = transthoracic echocardiography; PLAX = parasternal long axes; PSAX = parasternal short axes; LV = left ventricular; LVOT = left ventricular outflow tract;
PR = pulmonary regurgitation; RA = right atrial; RVOT = RV outflow tract; A = mitral inflow A velocity as measured by PW Doppler; E = mitral inflow E velocity as measured by
PW Doppler; e' = early diastolic velocity of the mitral annulus as measured by tissue Doppler; MV = mitral valve; TAPSE = tricuspid annular plane systolic excursion;
IVC = inferior vena cava; LA = left atrial; S' = pulsed tissue Doppler velocity of lateral tricuspid annulus; TDI = tissue Doppler imaging; TVI = time-velocity integral;
FAC = fractional area change; GLS = global longitudinal; EF = ejection fraction.

conventional echocardiographic Doppler indices are 5.2.3. Cardiac magnetic resonance (CMR). CMR
not fully validated for the diagnosis or risk stratifi- is the gold standard in cardiomyopathy assessment,
cation of ARVC." especially for non-invasive RV structure and function

TABLE 2 Cardiac magnetic resonance protocol and measurements

Protocol Measurement
1. Anatomy LV end-diastolic volume, ml
2. LV function LV end-systolic volume, ml
3. RV function (transaxial and RVOT) LV ejection fraction, %
4. T1 mapping LV regional wall motion anomalies.
5. Oedema LV stroke volume, ml
6. LGE LV stroke volume indexed to BSA, ml/m?
7. LV and RV myocardial tagging LV mass, g

LV mass indexed to BSA, g/m?

Cardiac output, ml/min

RV end-diastolic volume, ml

RV end-diastolic volume indexed to BSA, ml/m?
RV end-systolic volume, ml

RV end-systolic volume indexed to BSA, ml/m?
RV ejection fraction, %

RV regional wall motion anomalies.

RV stroke volume, ml

RV stroke volume indexed to BSA, ml/m?

RV mass, g

RV mass indexed to BSA, g/m?

LA area, cm?

RA area, cm?

Native T1 of remote myocardium, ms

ECV of remote myocardium, %

Native T1 of pathological myocardium, ms

LGE (yes, no)

LGE evaluated with the six SD method

LGE, %

LGE type (1. Subendocardial; 2. intramyocardial; 3. subepicardial; 4. transmural; 5. aspecific).
LA reservoir function, %

LA conduit function, %

LA booster function, %

LV GLS, %

LV GCS, %

LV GRS, %

RV free wall strain, %

Aortic, mitral, tricuspid, and pulmonary valve function

Abbreviations: LV = left ventricular; RV = right ventricular; RA = right atrium; LA = left atrium; BSA = body surface area; ECV = extracellular volume; LGE = late gadolinium
enhancement; GLS = global longitudinal strain; GCS = global circumferential strain; GRS = global radial strain.
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evaluation.'>'” All patients undergo a comprehensive
CMR at the time of diagnosis and during follow-up
(Table 2). A complete LV and RV study is obtained
with a slice thickness of 5-6 mm to increase the pre-
cision of the assessment."” LGE imaging may also be
considered, even though the presence of myocardial
fibrosis is not currently included as a diagnostic cri-
terion for ARVC." However, cardiac magnetic reso-
nance with LGE remains the foremost imaging
modality in non-dilated left-ventricular cardiomyop-
athy (NDLVC), as it provides confirmation of non-
ischemic myocardial fibrosis, which is crucial for
diagnosis in most cases.'” This finding may represent
a step in the progression of the cardiac phenotype in
Naxos disease and related syndromes.>

5.2.4. Other imaging techniques. Cardiac multi-
detector computed tomography (MDCT) may be an
option for patients with non-optimal echocardio-
graphic images and absolute contraindications to
CMR (i.e., claustrophobia and non-MR-conditional
metallic implants, devices, defibrillators, or pace-
makers)."” Relevant cardiac MDCT parameters include
RV and LV measurements, RV-EF, segmental dilata-
tion, regional hypokinesis, and myocardial extracel-
lular volume (ECV) quantification (Table 3).
Moreover, radionuclide angiography could provide
measurements of RV volumes, RV ejection fraction,
and the standard deviation of regional times of end
systole when there is an absolute contraindication to
both CMR and cardiac MDCT."

5.3. GENETIC TESTING AND VARIANT INTERPRE-
TATION. Genetic testing plays a crucial role in the

HELLENIC JOURNAL OF CARDIOLOGY vOL. W, 2025: H-H

NAXCARE registry, particularly when using approved
detection methods such as whole-genome
sequencing (WGS) and panel sequencing (PS).
Whole-exome sequencing (WES) covers all genes but
has limitations, including inconsistent sequence
coverage, gaps, and a lack of information on non-
coding regions. These methods help identify
disease-associated variants in genes like desmopla-
kin, desmocollin-2, and plakoglobin, which are
known to underlie Naxos disease and related syn-
dromes.?>'®72° However, challenges remain in detect-
ing new genes and interpreting variants.

The NAXCARE registry will record genetic variants
and report them based on their current interpreta-
tion, highlighting the importance of accurate genetic
analysis. Proper variant interpretation is essential, as
pathogenic and likely pathogenic variants are
considered clinically significant. Bioinformatics tools
and family data will further refine the understanding
of these variants. Variants will be reported according
to the HGVS (Human Genome Variation Society)
Nomenclature and classified according to the ACMG

Classification®"*? (Supplementary file).

5.4. LABORATORY TESTS. 5.4.1. Clinical
biomarkers. Currently, there are no validated
circulating biomarkers for the onset of ARVC or
NDLVC, but several candidates may help monitor
disease progression.'”

C-reactive protein (CRP) levels are higher in ARVC
patients than in those with idiopathic ventricular
tachycardia and rise significantly within 24 hours of a
ventricular arrhythmia event.”®> Brain natriuretic

Protocol

TABLE 3 Cardiac multidetector computed tomography (MDCT) parameters

Measurements

1. Anatomy

2. LV and RV function

3. Myocardial composition (presence of intramyocardial fat).
4. ECV quantification

LV end-diastolic volume, ml

LV end-systolic volume, ml

LV ejection fraction, %

LV regional wall motion anomalies.

LV stroke volume, ml

LV stroke volume indexed to BSA, ml/m?

LV mass, g

LV mass indexed to BSA, g/m?

Cardiac output, ml/min

RV end-diastolic volume, ml

RV end-diastolic volume indexed to BSA, ml/m?
RV end-systolic volume, ml

RV end-systolic volume indexed to BSA, ml/m?
RV ejection fraction, %

RV regional wall motion anomalies.

RV stroke volume, ml

RV stroke volume indexed to BSA, ml/m?

RV mass, g

RV mass indexed to BSA, g/m?

LA area, cm?

RA area, cm?

Aortic, mitral, tricuspid, and pulmonary valve function

Abbreviations: LV = left ventricular; RV = right ventricular; RA = right atrium; LA = left atrium; BSA = body surface area; ECV = extracellular volume.
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peptide (BNP) levels are elevated in ARVC patients
and correlate with RV ejection fraction and severity
of RV dysfunction and arrhythmogenic substrate.**
High-sensitivity cardiac troponin T (hs-cTNT) levels
are higher in ARVC patients with biventricular
involvement, helping identify those at risk of devel-
oping biventricular disease.”® Naxos disease has been
reported to start as an episode of myocarditis with
troponin elevation, highlighting the importance of
hs-cTNT in early detection.”” Liver and renal func-
tion tests aid in differential diagnosis and are useful
for drug dose adjustment, with liver function paral-
leling BNP changes and predicting heart failure
prognosis.'?

These biomarkers are becoming integrated into
clinical practice for monitoring disease progression
and will be included in the NAXCARE registry records
to aid in the comprehensive management of patients.

6. MANAGEMENT

The treatment of Naxos disease aims to manage
cardiac and cutaneous manifestation, prevent dis-
ease progression, and reduce the risk of adverse
events. Variables to be included in the registry will
be those related to the use of antiarrhythmic med-
ications (e.g., beta-blockers and amiodarone), im-
plantation of implantable cardioverter-defibrillators
(ICDs), catheter ablation for ventricular arrhythmias,
and heart failure therapies (i.e., beta-blockers,
aldosterone antagonists, angiotensin-converting
enzyme [ACEi], angiotensin receptor
blockers [ARBs], sodium-glucose cotransporter 2
inhibitors, and angiotensin receptor neprilysin in-
hibitors [ARNIs]).>

inhibitors

7. FOLLOW-UP AND OUTCOMES

Data collected during the baseline evaluation will also
be gathered during follow-up to monitor changes in
clinical status, ECG findings, imaging results, and
treatment. Follow-up assessments are typically
scheduled every 6-18 months, but the treating
physician at each center may adjust the frequency
based on the patient’s individual needs and routine
follow-up practices. Adverse outcomes, including
death, hospitalizations, heart failure, and arrhythmic
events (e.g., non-sustained and sustained ventricular
tachycardia, sudden cardiac death, or cardiac arrest),
will be evaluated. Additionally, dermatologic out-
comes, adverse treatment reactions, and quality-of-
life indicators will be monitored to assess the
broader impact of the disease and its treatment
strategies.

Tsatsopoulou et al

8. VIRTUAL BIOBANK

In addition to collecting genetic and clinical data
(including ECG, imaging, and other diagnostic mo-
dalities), we aim to integrate a virtual biobank into
the NAXCARE registry. A virtual biobank is an elec-
tronic repository of biological specimens and associ-
ated data within a centralized digital platform (i.e.,
the NAXCARE registry), independent of the physical
storage locations of the specimens.?®

Registries that incorporate biobanks provide a
unique, practical, cost-effective, and impactful solu-
tion for rare disease research. They have the potential
to improve patient outcomes and alleviate the sig-
nificant burden associated with rare diseases.””

The virtual NAXCARE biobank will systematically
document the availability (Yes/No) and storage loca-
tions of the following biological materials:

¢ DNA and/or RNA samples

e Serum and/or plasma samples

o Skin biopsies (fibroblasts)

e Cardiac tissue samples
transplantation or via biopsies)

e Induced pluripotent stem cells (iPSCs)

¢ Hair samples

o Other pertinent biospecimens (buccal swabs)>%2°

(obtained  post-

This initiative will consolidate a diverse collection
of biological samples, each linked to detailed clinical
and genetic information, facilitating efficient identi-
fication of specific biosamples. By providing a
centralized repository, the virtual biobank will enable
researchers to connect with relevant laboratories and
assess the feasibility of potential studies, including
ethical and legal considerations. Additionally, it may
streamline research efforts that would otherwise be
challenging or require coordination across multiple
biobanks. Importantly, this resource could play a
crucial role in developing variant-specific, personal-
ized treatment strategies.

9. QUALITY OF LIFE

9.1. HEALTH-RELATED QUALITY OF LIFE (HR-Qol)
AND WORK ABILITY. HR-QoL describes physical, so-
cial, and psychological aspects of well-being and
functioning related to health status.>° In this regard it
should be highlighted there is no specific score to
evaluate HR-QoL in patients with Naxos disease.
Thus, the most used and widely validated question-
naires, such as the Medical Outcomes Study 36-Item
Short-Form Health Survey (SF-36) for adults and the
Pediatric Quality of Life Inventory (PedsQL™) in
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children and adolescents® >*
be implemented.
In addition, the Work Ability Index (WAI),** is

going to be implemented as well.

are going to

10. QUALITY CONTROL AND
DATA EVALUATION

To ensure robust and reliable data evaluation, the
NAXCARE registry employs a multidisciplinary intra-
center and inter-center approach. This includes
standardized protocols across all participating centers
to systematically ensure consistency and compara-
bility across all contributing sites.

Additionally, tailored machine learning (ML)
models are being developed, trained, and imple-
mented within the NAXCARE framework. These
models will enhance preventive strategies, diagnosis,
prognosis, and therapeutic interventions by inte-
grating and analyzing complex datasets. The combi-
nation of stringent quality control measures and
advanced ML methodologies ensures the generation
of high-quality, reproducible data, fostering
improved patient outcomes in Naxos disease and
related cardiocutaneous syndromes (Fig. 3).
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11. DATA MANAGEMENT AND SECURITY

11.1. GOVERNANCE AND OVERSIGHT. The registry’s
management structure includes a Steering Commit-
tee, an International Leaders Committee, and a Data
Manager and statistical team. The Steering Commit-
tee oversees protocol adherence and data integ-
rity (Fig. 3).

11.2. PLATFORM. Data is systematically recorded on
a centralized platform managed by the Hellenic So-
ciety of Cardiology, accessible to verified contributors
through a secure web interface (https://members.hcs.
gr/), ensuring consistency and ease of access across
multiple centers (Supplementary file).

11.3. DATA SECURITY. Patient data is pseudony-
mized for confidentiality, with each patient assigned
a unique code in place of identifiable information.
Data storage follows strict GDPR-compliant security
protocols, with daily encrypted backups hosted in a
secure data center in Germany.

11.4. DATA ACCESS LEVELS. Access permissions are
tiered; the registry chair has full data access, while
other committee members access data only during
formal sessions with authorized supervision.

FIGURE 3 NAXCARE: the registry management structure
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12. STATISTICAL ANALYSIS

12.1. STATISTICAL
12.1.1. Descriptive
mographics (e.g., age, sex, and ethnicity) and disease

ANALYSIS PLAN.
statistics. Baseline de-

characteristics (e.g., genetic variants, clinical presen-
tation, and comorbidities) are summarized to provide
an overview of the patient population. Continuous
variables are reported as means with standard de-
viations or medians with interquartile ranges,
depending on their distribution. Categorical variables
are reported as absolute frequencies and percentages
to provide a comprehensive overview of the patient
population. Statistical comparisons between sub-
groups are performed using parametric (t-test) or non-
parametric (Wilcoxon rank-sum test) approaches for
continuous variables and chi-square or Fisher’s exact
tests for categorical variables, as appropriate.
12.1.2. Survival and event analysis. Time-to-
event data, such as arrhythmic events, disease pro-
gression, and all-cause mortality, are analyzed using
survival analysis techniques, including Kaplan-Meier
estimators to estimate event-free survival probabili-
ties, providing a graphical representation of disease
progression patterns and event occurrence rates. Cox
proportional hazards models are used to identify po-
tential predictors of clinical outcomes. Hazard ratios
(HR) with 95% confidence intervals (CI) are reported
to quantify the relative risk associated with specific
predictors. These methods provide valuable insights
into the temporal patterns of disease progression and
the factors influencing clinical events.
12.1.3. Genotype-phenotype correlation. Stat-
istical modeling, including regression analyses, is
employed to explore associations between specific
genetic mutations and clinical presentations. For
continuous phenotypic traits, multivariable linear
regression is used to assess the effect of specific ge-
netic mutations while adjusting for potential con-
founders. For binary outcomes (e.g., presence or
absence of a clinical feature), logistic regression
models are applied to estimate odds ratios (OR) with
95% confidence intervals (CI).

To enhance data reliability and model validation
analyses, missing data are assessed and handled
appropriately based on predefined criteria.

13. LEGAL AND ETHICAL CONSIDERATIONS

The study will be performed in accordance with the
Declaration of Helsinki in its current version (2024).
Participants of the prospective cohort will be
informed, both verbally and with a specific written

Tsatsopoulou et al

document, of the nature and scope of the proposed
study, possible benefits for their health, and potential
risks. Their consent will be documented by signing
the consent form. Participation of subjects in the
study is voluntary; the potential participant must be
informed of the right to refuse to participate in the
research or to withdraw consent to participate at any
time without reprisal. The protocol will be submitted
for consideration, comment, guidance, and approval
to the concerned local ethics committee of each
participating and cooperating center before starting
the research. Every precaution will be taken to pro-
tect the privacy of research participants and the
confidentiality of their personal information, ac-
cording to the European Union directive on General
Data Protection Regulation (GDPR). Data transfer for
analysis will be performed with anonymous-coded
data. Personal data that may lead to identification of
the subject will not be transferred.

14. ANTICIPATED IMPACT
AND APPLICATIONS

14.1. PATIENT CARE.

The registry provides real-world insights into disease
progression, facilitating personalized treat-
ment and Dbetter disease management
strategies.

14.2. RESEARCH.

The centralized database enables multi-institutional
research, supporting publications and aiding
in clinical trial recruitment for new therapies
tailored to Naxos disease and related CCS.

15. LIMITATIONS AND CHALLENGES

15.1. CHALLENGES. Key challenges include incon-
sistent follow-up due to the geographic dispersion of
patients and data

across centers.

variability  in reporting
15.2. MITIGATIONS. To address these challenges,
the registry employs standardized data entry formats
and protocols to ensure consistency and streamline
the data collection process across all partici-
pating centers.

16. CONCLUSION

The NAXCARE registry represents a crucial advance-
ment in the understanding and management of Naxos
disease and related cardiocutaneous syndromes
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(CCS). By consolidating data from multiple centers
around the world, it provides a comprehensive and
diverse dataset that will be invaluable for identifying
patterns, outcomes, and therapeutic needs. This
global collaboration facilitates the development of
more personalized and targeted treatment strategies,
improving patient care and outcomes. Additionally,
the registry contributes to the growing body of clin-
ical knowledge, supporting further research into
disease progression, risk factors, and optimal man-
agement approaches. Ultimately, NAXCARE plays a
pivotal role in advancing both clinical practice and
scientific discovery in the field of rare cardiomyopa-

thies and related syndromes.
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