This is the peer reviewd version of the followng article:

A European pilot study in Dravet Syndrome to delineate what really matters for the patients and families /
Chemaly, Nicole; Kuchenbuch, Mathieu; Teng, Théo; Marie, Elodie; D'Onofrio, Gianluca; Lo Barco,
Tommaso; Brambilla, Isabella; Flege, Silke; Hallet, Anne-Sophie; Nabbout, Rima. - In: EPILEPSIA OPEN. -
ISSN 2470-9239. - 9:1(2024), pp. 388-396. [10.1002/epi4.12557]

Terms of use:

The terms and conditions for the reuse of this version of the manuscript are specified in the publishing
policy. For all terms of use and more information see the publisher's website.

26/12/2024 02:44

(Article begins on next page)




DR. MATHIEU KUCHENBUCH (Orcid ID : 0000-0002-5944-2204)
DR. GIANLUCA D'ONOFRIO (Orcid ID : 0000-0003-4987-5919)
DR. TOMMASO LO BARCO (Orcid ID : 0000-0002-3103-230X)

Article type  : Short Research Article

Short Original Research Articles

A European pilot study in Dravet Syndrome to delineate what

really matters for the patients and families

Nicole Chemaly'23, Mathieu Kuchenbuch'2, Théo Teng', Elodie Marie*, Gianluca D'Onofrio’-°>, Tommaso

Lo Barco'8, Isabella Brambilla’?, Silke Flege®, Anne-Sophie Hallet*, Rima Nabbout'23

Affiliations:
1. Department of Pediatric Neurology, Reference Centre for Rare Epilepsies, Hbpital Necker-Enfants
Malades, APHP, Member of ERN EpiCARE, Paris, France
2. Laboratory of Translational Research for Neurological Disorders, INSERM MR1163, Imagine
Institute, Paris, France
Université de Paris, Paris, France
Alliance Syndrome Dravet, 45330 Malesherbes, France

School of Pediatrics, Department of Women and Child Health, University of Padua

o g &~ w

Child Neuropsychiatry, Department of Surgical Sciences, Dentistry, Gynecology and Pediatrics,
University of Verona, Verona, Italy

Dravet Italia Onlus, 37010 Affi, Italy

8. Dravet-Syndrom e.V., Turmblick 1, 04416 Markkleeberg, Germany

Corresponding author:
Rima Nabbout, MD, PhD

This article has been accepted for publication and undergone full peer review but has not been
through the copyediting, typesetting, pagination and proofreading process, which may lead to
differences between this version and the Version of Record. Please cite this article as doi:
10.1002/EPI14.12557

This article is protected by copyright. All rights reserved

85UB0|7 SUOWIIOD 8AI8.D 8|qed!|dde au Aq peusenob a.e sappie VO ‘SN Jo SN 104 ArIqIT8UIUQ AB|IAM UO (SUORIPUOO-PUR-SWUBHWOD" A3 | 1M AleJq 1 Bul Juo//SANY) SUORIPUOD pue SWB | 8U}88S *[£202/20/0T] Uo ARigiTauluo A8|In uspolN A1sRAIUN AQ £GG2ZT 71d8/200T OT/I0p/woo" A8 Ateiq 1 puluo//sdny woiy pepeojumod ‘el ‘6626072


https://doi.org/10.1002/EPI4.12557
https://doi.org/10.1002/EPI4.12557
https://doi.org/10.1002/EPI4.12557

Reference centre for rare epilepsies
Department of Pediatric Neurology
Necker Enfants Malades Hospital

149 rue de Sévres, 75015 Paris, France
Phone: +33 144381536

Email: rima.nabbout@aphp.fr

Number of text pages: 16
Number of words in abstract: 198/200

Number of words: 1799/1800
Number of references: 47
Number of figures: 1

Number of tables: 2

This article is protected by copyright. All rights reserved

85UB0|7 SUOWIIOD 8AI8.D 8|qed!|dde au Aq peusenob a.e sappie VO ‘SN Jo SN 104 ArIqIT8UIUQ AB|IAM UO (SUORIPUOO-PUR-SWUBHWOD" A3 | 1M AleJq 1 Bul Juo//SANY) SUORIPUOD pue SWB | 8U}88S *[£202/20/0T] Uo ARigiTauluo A8|In uspolN A1sRAIUN AQ £GG2ZT 71d8/200T OT/I0p/woo" A8 Ateiq 1 puluo//sdny woiy pepeojumod ‘el ‘6626072


mailto:rima.nabbout@aphp.fr

Abstract (199/200 words)

We aimed to identify caregivers' opinions on the outcome measures that matter in clinical
trials in individuals with Dravet syndrome (DS). We conducted a prospective European
multicentre study based on a 11-closed questions’ survey developed by the French
reference centre for rare epilepsies and DS patients’ advocacy groups. ltems included
questions on seizures and daily life outcomes that a clinical trial on a therapy for
individuals with DS should target. Statistical analyses were performed to evaluate the
impact of the country of residence and of the patients’ age.

The survey was answered by 153 caregivers (68%: France, 28%: Germany and 24%:
Italy) for individuals with DS. Individuals with DS included 86 males (mean age of 11.4
[interquartile:7-20.4] years). Families ranked as important almost all the items proposed.
However, items related to daily life had the highest rank in all 3 countries compared to
items about seizures (p=0.02). Increase of individuals’ age was associated with a higher
age at diagnosis (p =0.26, p=0.02) and a less important impact of seizure duration (p =-
0.25, p=0.005) and of the need of hospital referral (p =-0.26, p=0.005). These data can

help tailor patient-centered outcome measures in future clinical and real-life trials for DS.

Keywords: Meaningful outcomes, PCOMs, families’ expectations, meaningful change,

burden of the disease

Abbreviations

AE: Adverse Event, ASM: AntiSeizure Medication, DEE: Developmental and Epileptic
Encephalopathy, DS: Dravet Syndrome, ER: Emergency Room, ICU: Intensive Care Unit,
PCOM: Patients-Centered Outcome Measure, PRO: Patients Reported Outcome, POM:
Primary Outcome Measure, PR: PharmacoResistant, RCTs: Randomized Controlled

Trials.

This article is protected by copyright. All rights reserved

85UB0|7 SUOWIIOD 8AI8.D 8|qed!|dde au Aq peusenob a.e sappie VO ‘SN Jo SN 104 ArIqIT8UIUQ AB|IAM UO (SUORIPUOO-PUR-SWUBHWOD" A3 | 1M AleJq 1 Bul Juo//SANY) SUORIPUOD pue SWB | 8U}88S *[£202/20/0T] Uo ARigiTauluo A8|In uspolN A1sRAIUN AQ £GG2ZT 71d8/200T OT/I0p/woo" A8 Ateiq 1 puluo//sdny woiy pepeojumod ‘el ‘6626072



1. Introduction

Determining what really matters, i.e., the meaningful outcomes for the health of
individuals, is a key point in clinical trials, especially for rare diseases. Indeed, rare
diseases generally involve several organs with high inter-individual variability leading to
great disparity in terms of clinical presentations and consequences in the daily life. The
use of primary outcome measures (POMs) elaborated by practitioners might be simplistic
and misrepresents the multiple facets of the impact of a disease’. In epilepsy, evaluation
of clinical trials is mainly based on POMSs targeting efficacy, like responder rate (defined
as the number of affected individuals with at least 50% reduction in total seizure
frequency) or the proportion of subjects who achieved seizure-free status?-5, and safety,
using incidence of adverse events (AEs) and withdrawals rate due to AEs®’. However, it
is important to question the meaning of these endpoints, particularly in the context of
developmental and epileptic encephalopathy (DEE) characterized by major drug
resistance and associated comorbidities beyond seizures. Dravet Syndrome (DS), one of
the archetype of DEEs, is commonly related to pathogenic variant of SCN7A leading to a
loss-of-function of voltage dependent sodium channel®-'2. This DEE is associated with
various degrees of intellectual disabilities, autism spectrum disorder in almost one third
and behavioral disorders which incidence increases with age®?®13, Several additional
features are frequently reported: eating and sleep disorders, gait deterioration,
dysautonomia, and a higher predisposition to infections'4-16, Research into the impact of
DS beyond seizures increased in the last years and allowed to describe DS whole
phenotype based on families and practitioners reports'41517-20_|n addition, the burden-of-
illness of individuals with Dravet syndrome also have a high impact on the caregivers.
Compared to caregivers of individuals with difficult-to-treat epilepsy, caregivers of DS had
higher depression scores and were more likely to change their employment status,
including leaving their job?!.

The aim of this study is to explore the domains that really matters for individuals
with DS and their families emphasizing that a therapy targeting these domains would
have a positive meaningful impact on their outcome.

2. Methods
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2.1.Survey development

We developed, with three national patients’ advocacy groups of DS in Europe
(“Alliance Syndrome Dravet” in France, “Dravet-Syndrom e.V.” in Germany and “Dravet
ltalia Onlus”), a 11-closed questions survey based on our preliminary surveys'”22 and
other literature reports'#1518 This survey explored different items related to current
seizures (frequency, duration, seizures requiring rescue therapy, seizures needing of
referral to emergency room (ER) or intensive care unit (ICU)) and to daily life aspects
(sleep, eating disorders, language, motor skills, daily activity, behavior, communication,
and interaction) using a Likert’s scale from 1 to 5 (not important at all = 1, not important =
2, neutral = 3, important = 4 and highly important = 5).

2.2. Participants

This study was a prospective cohort study with convenience sampling. The survey
was filled during annual associations meeting (France and Germany) or shared online
with families for a period of 6 weeks (may to June 2019, Italy). For every individual with
DS, a unique caregiver completed the survey. Written informed consent to participate in
this study was provided by the participants. This study was approved by the ethics
committee of our institution (Necker Hospital, APHP).

2.3. Statistics

Results are expressed as the average * standard deviation in case of Likert's
scale data and as median [25%"-75" percentile] otherwise. To study the impact of
countries on the responses, we used one-way ANOVA in case of homogeneity of
variance (Levene test) . Otherwise, we used a more robust test called Brown Forsythe
test with the same factors23. Bonferroni post-hoc tests after ANOVAs or Tamhane post-
hoc tests after Brown Forsythe tests were then applied in case of significance. For
qualitative data, khi? tests were used to study the presence or the absence of significant
difference between the different countries. We correlated different quantitative answers to
affected individuals’ age using Spearman's rank correlation coefficient (Rho) coefficients.
To illustrate the possible correlation with age, we presented the data in relation to three

age groups: <6 years, 6-12 years and >12 years.

3. Results
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A total of 153 surveys were filled by parents with 96.5% of response rate (missing
data: 81/2295). Table 1 summarized the characteristic of the population. There was no
significant difference between the three countries regarding demographic characteristics.
Concerning the age at diagnosis, a significant correlation with patients’ age was identified
(Table 2, p =0.26, p=0.002). A lower age of diagnosis was associated with the younger
age group.

Families ranked as important almost all the items proposed (Table 2). They rated
similarly communication, sleep, behavior, daily activity, and motor skills (4.05+/-1.34)
compared to lower scores for items related to seizures (3.96+/-1.22, p=0.02) (Figure 1A).
For items regarding seizures, the highest score was achieved for seizure frequency
(4.25+/-0.78) followed by seizure duration (4.15+/-1.11).
Caregivers in the three countries agreed on the importance with a descending order for
sleep, communication, behavior, daily activities, motor skills, language, seizure duration,
seizures requiring rescue therapy, and seizures necessitating referral to ER or ICU. In
relation to age, only seizure duration and the need of referral to ER or ICU were
negatively correlated with individuals’ age, i.e., the highest scores were reported in the
youngest individuals (p =-0.25, p=0.005 for seizure duration and p =-0.26, p=0.005 for
seizure with referral to ER or ICU) (Figure 1C). There were few significant differences in
the evaluation of the different items according to countries (Figure 1B). These differences
were mainly about seizure frequency, which had higher score in Italy compared to France
(4.57+/-0.55 in Italy and 4.03+/-0.77 in France, p= 0.0005, Germany: 4.36+/-0.72, p=ns)
and those of eating disorders, which was higher in France compared to Germany (3.89+/-
0.8 in France and 2.88+/-1.45 in Germany, p=0.004, Italy: 3.68+/-0.95, p=ns).
4. Discussion

Caregivers of individuals with DS across 3 EU countries expressed their needs for
therapies that improve behavior, communication, sleep, daily activities, motor skills and
language beyond their efficacy on seizures. These are the first direct results from families
across 3 countries in Europe supporting smaller studies hypothesis'7-22,

In order to improve the evidence of efficacy in clinical trials, Food and Drug Agency in
2009 and the European Medicines Agency in 2010924, have encouraged the Patient
Reported Outcomes (PROs) as self-assessment of affected individuals’ health status,

and validated it as a possible secondary endpoint to complement the evaluation of clinical
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trials. The use of PROs in clinical trials, defined as “any report coming directly from
patients, without interpretation by physicians or others, about how they function or feel in
relation to a health condition and its therapy”?, has increased significantly since 200525~
28, The development of specific PROs for DS may seem anecdotic because there are
generic PROs, such as the health-related quality of life. However, generic PROs are not
accurate enough to assess the quality of life of individuals with rare diseases and
intellectual disability?®. This is why, given the lack of standardized PROs dedicated to
individuals with rare diseases, the International Rare Diseases Consortium has decided
to set up the Patient-centered outcome measures (PCOMSs) initiatives3°. Determining the
domains that are important to individuals with DS and their families is the first step of
PRO development31:32,

Our study showed that different needs can emerge in individuals with DS. In addition,
the major needs can vary with age'2. These results are correlated to the 3-phases of
natural history of individuals with DS®°. In the first two phases, seizures are at the
forefront. During the first 15 to 18 months, affected individuals present seizures triggered
by fever often prolonged evolving to status epilepticus. Till around 5-6 years, individuals
show different types of seizures as atypical absences, focal and tonic seizures with
frequency drug resistant epilepsy in addition to the emergence of developmental slowing
and behavioral disorders. Finally, in the third phase, seizures often decrease in term of
frequency®'® and might become nocturnal and brief33. Intellectual disability and behavior
problems move to the front scene with the families struggling for the education and
rehabilitation special needs'®. In this survey, families rated a decreasing need with age
for a therapy targeting seizures’ reduction and referral to ER or ICU. This data can be
interesting in designing age related outcomes as ER and ICU needs are significantly
more frequent in infants and pre-school children with DS compared to adolescents and
adults'®. However, the need of treatment to reduce seizure frequency and of the need to
rescue treatment remains stable with age highlighting the persistence of high drug
resistance throughout life34. Refining the age-related outcomes in DEEs might be the first
step toward a precision design of CTs in such rare diseases.

Another key finding of this study is the age at diagnosis of affected individuals (18 [12-
33.6] months), showing a significant decrease in the age of diagnosis in the youngest

individuals. These data confirm the improvement in the early diagnosis of DS over the
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last years'®3536_ Importantly, this earlier diagnosis age might question a younger age of
inclusion in RCTs where the median age of inclusion in recent trials was between 7.6 and
9.3 years24537.38  An earlier therapy can be a clue for a better neurodevelopmental
outcome?,

Some limitations must be highlighted. This is a cross-sectional study to assess the

impact of age on caregivers' expectations regarding what should treatment target. A
longitudinal study will be probably more efficient to identify the evolution of caregivers’
perspectives. However, to date, there is no study with this design probably due to its
complexity and the rarity of this pathology. The convenient sample of this study might
have led to a selection bias. Indeed, the identification of affected individuals through
national families’ associations might encourage the recruitment of families with specific
profile and individuals with possibly more severe phenotypes. This survey is not
accompanied by a qualitative study of the patients' opinions using for example Delphi
methodology+?, as we previously reported in DS'"22, However, the design of this study is
complex, time consuming, requires the definition of experts and does not allow us to have
as large a population as in this study*'.
In conclusion, this study highlights the domains that a therapy in development for DS
should target in addition to seizures. target non-epileptic features. The next step would
be to develop measurable and reproducible scales adding these items to seizures
frequency as outcome measures for coming trials. For more accuracy and precision, an
age related approach might refine these measures. This shift in our thinking in developing
outcomes measures with more participatory approaches is urgent to establish in the era
of gene therapy. Indeed, these therapies based on correction of the underlying genetic
defect aim to rescue the genetic defect and to change the present path of affected
individuals achieving disease modifying therapies beyond seizures decreases®.
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Total France Italy Germany P
N (%) 153 : 73 (47.7%) 37 (24.2%) 43 (28.1%)
Sex (m/f) 86/67 : 41/32 19/18 26/17 ns
Current age (y) 11.4 [7 - 20.4] : 11 [5-20.5] 10.8 [6.6-17.7] 12.8 [9-23.8] ns
Age at seizure onset (m) 5[3.5-6.5] E 5[3.5-7] 5 [3.5-6] 5 [3-6] ns
Age at diagnosis (y) 18[12-33.6] : 13.2[9.6-27.6] 18 [12-72] 21.6 [13.2-33.6] ns

Table 1: Demographic characteristics
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Tot <6 years From 6 to 12 years >12 years Spearman's p P
Countries (France/ltaly/Germany) 73/37/43 22/3/9 19/14 /14 32/20/20 - -
Current age (year) 11.4[7 - 20.4] 4[3.3-4.5] 8.8[8-10.7] 21[16.3 - 26.5] - -
Age at seizure onset (month) 5[3.5-6] 5.5[4-6.8] 5[3-6.7] 4[3.5-6] ns ns
Age at diagnosis (month) 18[12-33.6] 13.2[9.6 - 21.6] 18[12-27.6] 20.4 [12-60.5] 0.26 0.002
Behavior 452 +/-0.7 4.55 +/- 0.64 4.43 +/-0.85 4.58 +/- 0.56 ns ns
Communication and interaction 4.54 +/- 0.67 4.55 +/-0.71 4.47 +/-0.72 4.59 +/- 0.51 ns ns
Daily activity 4.31+4/-0.7 4.24 +/-0.75 4.39 +/- 0.61 4.28 +/- 0.71 ns ns
Motor skills 4.29 +/- 0.65 4.24 +/-0.7 4.36 +/- 0.64 4.26 +/- 0.57 ns ns
Language 4.29 +/-0.75 4.39 +/- 0.81 4.32 +/-0.75 4.21 +/- 0.61 ns ns
Sleep 4.27+/-0.83 4.52+/-0.85 4.2+/-0.96 4.21+/-0.51 ns ns
Sz frequency 4.25 +/-0.78 4.12 +/-0.87 4.36 +/-0.74 4.24 +/-0.6 ns ns
Sz duration 415 +/-1.11 4.38 +/-1.16 4.22 +/- 1.09 4 +/-0.99 -0.25 0.005
Sz (Rescue therapy) 3.88 +/-1.21 4.25 +/-1.31 3.96 +/- 1.23 3.67 +/-0.79 ns ns
Eating disorders 3.7 +-1 3.65 +/-1.17 3.68 +/- 0.88 3.72 4/-0.73 ns ns
Sz (referral to ER or ICU) 3.55 +/- 1.55 4.09 +/- 1.65 3.68 +/- 1.49 3.22+/-1.26 -0.26 0.005
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Table 2: Impact of age on the different domains.
The statistical impact of age was identified using Spearman’s rank test and illustrated
using three groups of affected individuals, namely <6 years, between 6 and 12 years and

> 12 years.

Figure 1: Caregivers’ opinions (Likert’s scales from 1: not at all to 5: very
important) about the domains that a therapy should improve for their children with
Dravet syndrome (A), same results according to the 3 countries (B) and to the
different age groups (C).

Sz: seizure
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