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NEUROFIBROMATOSE DE TYPE 2

La Neurofibromatose de type 2 (NF2) est une maladie génétique a transmission autosomique
dominante, résultant de 1’altération du gene NF?2 situé sur le chromosome 22. L’incidence est
estimée a 1 / 33.000 et la prévalence a 1 / 60.000. Le géne NF2 code pour une protéine
appelée schwannomin (ou merlin), dont le role est d’inhiber la croissance de certaines

tumeurs.

Génétique

La maladie est de transmission autosomique dominante avec une pénétrance complete. On
distingue des formes familiales, et des cas sporadiques avec mutation de novo. On retrouve
¢galement des formes mosaiques d’expression clinique variables. Les anomalies génétiques
conduisant a une altération du géne peuvent tre diverses : mutations ponctuelles, délétion de
grande taille, décalage du cadre de lecture, translocation impliquant le chromosome 22,

chromosome 22 en anneau, ...

Présentation clinique

La NF2 est une phacomatose, caractérisée par le développement de tumeurs bénignes du
systéme nerveux central, associée a une atteinte cutanée et oculaire. L’age moyen de
révélation de la maladie est de 17-22 ans. On distingue un phénotype modéré et un phénotype
sévere.

Atteinte neurologique: Les tumeurs peuvent étre localisées au niveau cérébral, médullaire ou

des nerfs craniens. Les différents types histologiques retrouvés sont les schwannomes,

méningiomes, épendymomes ou plus rarement astrocytomes. La présence de schwannomes

16



vestibulaires (également nommés neurinomes de 1’acoustique), souvent bilatéraux, est
caractéristique.

Atteinte ophtalmologique: On retrouve des lésions rétiniennes (hamartome, membranes

épirétiniennes), mais également des cataractes juvéniles.

Atteinte dermatologique: Les patients peuvent présenter des tumeurs cutanées d’aspect

variable. Les manifestations dermatologiques de la NF2 sont peu décrites dans la littérature.

Critéres diagnostiques
Le diagnostic repose sur I’identification d’une mutation pathogéne du gene NF?2 (seulement

3/4 des cas) et/ou remplissant les critéres diagnostiques de Manchester (Annexe 1).

Evolution

Le pronostic est variable. L’évolution vers la surdité¢ bilatérale, associée a un syndrome
vestibulaire, est quasi-constante en 1’absence de traitement. Les complications
neurosensorielles (déficit auditif, visuel, paralysies faciales, troubles moteurs, ...)

conditionnent le pronostic, avec une morbi-mortalité importante.

Prise en charge thérapeutique

Les patients présentant un diagnostic confirmé de NF2 bénéficient d’une surveillance
rapprochée avec un suivi neurologique, ORL et ophtalmologique réguliers, associés a
I’imagerie cérébro-médullaire. Les symptomes et la croissance tumorale guident la prise en
charge. Il n’existe pas de traitement spécifique. Les traitements reposent sur [’ablation
chirurgicale des tumeurs, la chimiothérapie et la radiothérapie, en association a des soins de
support (kinésithérapie, orthophonie, ...). La mise en place d’implants du tronc cérébral

permet le maintien d’une audition chez certains patients.
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RESUME

Introduction: La neurofibromatose de type 2 (NF2) résulte de la mutation du géne NF?2 situé
sur le chromosome 22, a transmission dominante. L.’4ge moyen au diagnostic est de 17 a 22
ans, et repose sur les critéres de Manchester et/ou 1’identification d’une mutation pathogéne
du géne NF2. Le tableau clinique associe des schwannomes vestibulaires (SV), a d’autres
tumeurs bénignes du systéme nerveux central (SNC), ainsi que des atteintes dermatologiques
et ophtalmologiques. On distingue un phénotype modéré, avec des SV bilatéraux
symptomatiques chez I’adulte jeune, et un phénotype sévere, avec de multiples tumeurs du
SNC, ainsi que des symptomes cutanés et ophtalmologiques, débutant dans ’enfance. Le
diagnostic précoce chez I’enfant est difficile, car ceux-ci présentent principalement des signes
cutanés ou ophtalmologiques, pouvant précéder de plusieurs années les SV ou les tumeurs du
SNC, mais peu décrites dans la littérature.

L’objectif de cette étude est de caractériser les manifestations dermatologiques de la NF2 dans

une population pédiatrique.

Matériel et méthode: Cette étude observationnelle, prospective et multicentrique a été menée

d'avril 2019 a avril 2020 dans huit hopitaux universitaires frangais. Les patients < 18 inclus
remplissaient les critéres de diagnostic de Manchester ou présentaient une mutation pathogene
identifiée dans le gene NF2. Tous les patients bénéficiaient d’un examen dermatologique,

guidé par un questionnaire standardisé.

Résultats et discussion: 21 enfants étaient inclus (4ge médian de 13 ans [extrémes 2-18];

sex-ratio 11 garcons / 10 filles), dont 18 formes séveéres et 16 cas sporadiques. A I'exception

d'un patient complétement asymptomatique, tous présentaient au moins une tumeur cutanée
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(nombre moyen de tumeurs 5,9 [1-15]), qui a conduit au diagnostic dans 4 cas. Dans les 17
autres cas, le diagnostic de NF2 résultait de complications neurosensorielles (n=10), d’un
dépistage familial (n=4) ou de signes oculaires (n=3). Douze enfants (70%) présentaient avant
le diagnostic de NF2 au moins une tumeur cutanée non diagnostiquée, et non prise en charge
spécifiquement. L'examen dermatologique des patients retrouvait également des taches café-
au-lait (TCL) (n=15; 71%) précédemment décrites dans la littérature, mais aussi des macules
hypopigmentées (MHP) (n=12; 57%) et des macules réticulées violines (n=4; 19%).

Dix-sept patients (81%) présentaient une atteinte ophtalmologique spécifique et dix-sept
(81%) souffraient de tumeurs du systéme nerveux central. Les complications neurologiques,
incluant les déficits auditifs, conduisaient au diagnostic chez 10 patients. Or, 7 d’entre eux
présentaient auparavant des signes cutanés associés a des signes oculaires évocateurs de la

maladie.

Conclusion: Les Iésions dermatologiques (en particulier les schwannomes cutanés) et
oculaires sont fréquentes et précoces chez les enfants atteints de NF2, qui présentent
principalement des formes séveéres et sporadiques, mais ne conduisent que rarement au
diagnostic. Ces résultats suggerent que 1’adaptation des critéres diagnostiques a la population
pédiatrique mériterait d’étre discutée. Les TCL et les MHP semblent également évocatrices, et

la sensibilité des lésions a type de malformation capillaire reste a évaluer par d'autres études.

19



Cutaneous manifestations of neurofibromatosis type 2 in a paediatric

population: a cohort study

Sophie Legoupil"*!!, Didier Bessis»!!, Fanny Picard*!!, Stéphanie Mallet>!!, Juliette

Mazereeuw®!!, Alice Phan”!'!, Delphine Dupin Deguine®, Michel Kalamarides® '°, Christine

Chiaverini®'!

!CRMRP-Sud, Department of dermatology, CHU de Nice, Nice, France
2Department of pediatrics, CHU de Nice, FondationLenval, Nice, France
3Department of dermatology, CHU de Montpellier, Montpellier, France
*Department of dermatology, CHU de Bordeaux, Bordeaux, France
SDepartment of dermatology, APHM, Timone Enfant de Marseille, Marseille, France
Department of dermatology, CHU de Toulouse, Toulouse, France
"Department of dermatology, CHU de Lyon, Lyon, France

$Department of ENT, CHU de Toulouse, Toulouse, France
"Neurosurgery department, APHP, Pitié-Salpétriére, Paris, France
I0CNR-NF2, Pitié-Salpétriére, Paris, France

"Research Group of the French Society of Pediatric Dermatology

20



ABSTRACT

Objectives: To characterize cutaneous manifestations of neurofibromatosis type 2 (NF2) in a
paediatric population, which are early manifestations of the disease, as ophthalmological
features, which can precede neurosensory complications by several years.

Methods: This observational, prospective and multicentric study was conducted from April
2019 to April 2020 in eight academic French hospitals. Patients < 18 included fulfilled the
Manchester diagnostic criteria or had a pathogenic mutation identified in the NF2 gene. All
patients had a dermatological examination, guided by a standardized questionnaire, and a
collection of anamnestic data.

Results: Twenty-one children were included (median age 13 years [range 2-18]; sex-ratio 11
boys/10 girls), including 18 severe forms and 16 sporadic cases. Except one patient completely
asymptomatic, all of them presented at least one skin tumour (mean number of tumours 5.9
[range 1-15]), which led to diagnosis in 4 cases (median age at diagnosis 12 years [3-15];
median age at first signs 7 years [1-13]). In the other seventeen cases, diagnosis of NF2 resulted
from neurosensory complications (n=10), family screening (n=4) or ocular signs (n=3). Before
the NF2 diagnosis, 70% of children have at least one “undiagnosed” cutaneous tumour that did
not lead to a specific management. Patients’ dermatological examination also found café au lait
macules (CALMs) (n=15; 71%) previously described in literature, hypopigmented macules
(HPMs) (n=12; 57%), and purple reticulated macule (n=4; 19%)).

Conclusion: Dermatological and ophthalmic lesions are frequent and precocious in children
with sporadic severe NF2, but rarely lead to the diagnosis because of lack of clear guidelines.
CALMs and HPMs also seem suggestive, and the sensitivity of reticulated capillary

malformation-like lesions remains to be assessed by further studies.

KEYWORDS  Neurofibromatosis type 2 (NF2), skin tumours, schwannoma,
hypopigmented macules (HPMs), café au lait macules (CALMs).
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INTRODUCTION

Neurofibromatosis type 2 (NF2), a rare genodermatosis with an incidence of 1/25-33.000 births
and a prevalence of 1/60.000 (1-3), is linked to an autosomal dominant mutation of the NF2
gene, located on chromosome 22. The average age at diagnosis, based on Manchester criteria
or the identification of a pathogenic mutation in NF2, is 17 to 22 years old (4). In up to 20% of
cases, especially sporadic ones, no pathogenic mutation in NF2 is identified (5). Clinically, NF2
is characterized by the occurrence of bilateral or unilateral vestibular schwannomas (VS),
associated with benign central nervous system (CNS) tumours localized in brain, spinal or
cranial nerves. The main other presenting features are ophthalmic and dermatological (2,6-9).
Two major phenotypes have been described: mild (Gardner type) with bilateral VS becoming
symptomatic in young adults, and severe (Wishart type), with multiple CNS tumours, cutaneous
and ophthalmological involvement, starting from childhood (10-12).

In this paediatric population, a precocious diagnosis is important to prevent the onset of
neurological complications but is difficult, particularly in absence of a familial history.
Cutaneous or ophthalmological manifestations, that may precede VS or CNS tumours by
several years, may contribute to an early diagnosis (11-13). However, apart from cutaneous
schwannomas, the literature contains few descriptions of dermatological manifestations
(8,11,13-17).

The aim of this study was to characterize the dermatological manifestations of NF2 in a

paediatric population.

MATERIALS AND METHODS
This observational, prospective and multicentric study was conducted from April 2019 to April
2020 in eight academic French hospitals. Patients of both sexes, < 18 years old, fulfilling the

Manchester diagnostic criteria (Table 1) or with a pathogenic mutation identified in the NF2
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gene, were included after oral consent. Recruitment was by dermatologists from the Research
Group of the French Society of Paediatric Dermatology, the French reference centre for NF2
and the French association of patients with neurofibromatosis.

All patients had a dermatological examination, with Wood’s lamp examination, guided by a
standardized questionnaire with an atlas of the various types of schwannomas according to the
Mautner et al. (8) (Supplementary data 2) and a collection of anamnestic data. According to
the literature, the clinical phenotype was considered severe for children with non-VS
neurological-related symptoms and mild for the others (10-12). In the same way, NF2
mutations were stratified by using the previously published and validated UK genetic severity
score (18). Briefly, group 1A/1B represents no NF2 pathogenic variant detected in blood,
groups 2A and 2B represent a mild or moderate, respectively, constitutional or mosaic NF2
pathogenic variant detected in blood; and group 3 represents a constitutional truncating
pathogenic variant within exons 2-13.

The study was considered as non-interventional by our ethics committee and was registered a
ClinicalTrials.gov (NCT03893643). All patients and/or their caregivers gave their written

consent to use their pictures in publications.

Table 1: Manchester diagnosis criteria for neurofibromatosis type 2
Evans et al, 1992.

A Bilateral Vestibular Schwannoma

B First degree family history + unilateral Vestibular Schwannoma or 2 among :

Meningioma, schwannoma, glioma, neurofibroma, posterior subcapsular cataract.

C Unilateral Vestibular Schwannoma + 2 among :

Meningioma, schwannoma, glioma, neurofibroma, posterior subcapsular cataract.

D Atleast 2 meningiomas + 2 among :

Schwannoma, glioma, neurofibroma, posterior subcapsular cataract.
RESULTS
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Patients

We included 21 children (median age 13 years [range 2-18]; sex-ratio 11 boys/10 girls)
diagnosed with NF2 between April 2019 and April 2020 (Table 2). NF2 was sporadic in 16
cases and familial in 5. The phenotype was severe in 18 children and moderate in 2; one child
was asymptomatic.

NF2 was diagnosed with neurological complications due to tumour (n=10; median age 9 years
[6-15]) in patients without a family history, with family screening (n=4; median age 8 years [4-
11]), with early cutaneous signs (n=4; median age at diagnosis 12 years [3-15]; median age at
first signs 7 years [1-13]) or with ocular signs (n=3; median age at diagnosis 4 years [2-14];

median age at first signs 1 year [0-4]).

Dermatological features

Twenty children had at least one skin tumour, which appeared before age 10 in 14 (66%)
children and were congenital in 4 (19%). The mean number of tumours was 5.9 [range 1-15]
per patient, and 5 (23%) children had more than 10 skin tumours. Children with the moderate
form had 0 to 3 tumours. Type A or AH tumours were the predominant subtype and were found
in 15 (71%) children (Figure 1a), type B tumours in 11 (52%) children, type C tumours in 10
(47%) children (Figure 1b), and type D in only two children. Histology concluded
schwannomas (n=9) or neurofibromas (n=2).

Five children specifically consulted for a skin tumour, with a clinical diagnosis of lipomas for
2 children, neurofibromas in 1 child and suspicious lesion in the last 2 children. Four of these
children underwent resection with cytopathological examination leading to the diagnosis of
schwannoma (n=3) or neurofibroma (n=1) and subsequently an NF2 diagnosis.

Fifteen (71%) children had café-au-lait macules (CALMs). The mean number of CALMs was

2.4 [1-5] per patient. They were congenital in 3 cases. The size was >15mm in 50%, borders
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were mainly ragged, and the colour was homogeneous within the same spot but heterogeneous
between the different lesions (Figure 1¢). CALMs were mainly localized on the trunk (50%)

and limbs (41%) and sometimes on the face (9%).

Figure 1: Classical dermatological manifestations in patients with NF2.

a) Type A/AH tumours: pigmented (often pinkish) plaques, rough to the touch, often > 2 cm, with or without
hypertrichosis.

b) Type C tumours: pink or purplish nodular epicutaneous tumours.

¢) Atypical café-au-lait macules with small size, irregular margins and ragged borders, and different colours in the
same individual.

Twelve (57%) children showed hypopigmented macules (HPMs), which were congenital (n=1),
appeared at the age of 5 years (n=1) or unknown age of onset (n=10), and were mainly large
(88% > 15mm), with ragged borders. The mean number was 2.9 [1-7] per patient, with at least
4 spots in 4 children. The spots could be discrete, only highlighted with a Wood’s lamp (Figure
2a).

Finally, 4 (19%) children had a heterogeneous, reticulated, purple macule localized on the trunk

or lower limbs, which was congenital in one case (Figure 2b). These lesions were discrete and
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disappeared at the vitropression, suggesting a vascular origin, but no Doppler ultrasonography
was performed.

No other skin or mucosal lesion was identified.

Figure 2: New dermatological manifestations in patients with NF2.
a) Multiple large hypopigmented macules, with ragged borders, highlighted with Woods’ lamp.
b)Heterogeneous, reticulated, congenital purple macule on the trunk of a 9-year-old girl.

Ocular features

Seventeen (81%) children had a specific ophthalmological involvement. Nine (53%) had retinal
lesions, including 7 with retinal hamartomas (6 congenital and one diagnosed at age 1 year),
and 2 with congenital epiretinal membranes. Seven (41%) children had strabismus, which were
congenital in 4 and appeared at age 11 months and 8 and 10 years for the 3 others. Four (23%)
children had a posterior cataract diagnosed at a mean age of 7.7 years [4-17].

Eight (47%) children had a visual deficit because of isolated or associated: brain tumours (n=2),
bilateral or unilateral optic nerve meningioma (n=4), large retinal hamartoma (n=1), VI nerve
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palsy associated with myopia and ipsilateral divergent strabismus (n=1) or amblyopia (n=5)
secondary to retinal lesions and/or posterior cataract in 3 cases.

Ophthalmologic anomalies led to the NF2 diagnosis for 3 children: one at age 2 years, with 2
retinal hamartomas diagnosed at age 1 year, one with retinal detachment at age 14 years
resulting from congenital retinal hamartoma, and one because of posterior cataract at age 4

years.

Neurosensory features

Seventeen (81%) children had CNS tumours. Tumours were localized in the brain (82%, n=14),
spine (82%, n=14) or cranial nerves (41%, n=7). Eight (47%) children had multiple cauda
equine schwannomas. Seven (41%) had 1 to 8 tumours and the other 10 (59%) had more than
10 tumours. The different histological types were schwannomas (82%, n=14), meningiomas
(70%, n=12) and ependymomas (29%, n=5). Complications related to these tumours led to an
NF2 diagnosis in 7 patients, with headache (n=2; mean age 6.5 years [6-7]), cervicalgia (n=2;
mean age 11.5 years [9-14]), brutal motor deficit (n=1; age 9 years), intracranial hypertension
(n=1) or genito-sphincter disorders (n=1; age 14 years). Epilepsy (n=3; mean age 11 years [10-
14]) and attention deficit disorder with hyperactivity (n=1; age 8 years) also noticed. Brain
tumours also caused proptosis (n = 2; mean age 8.5 years [6-11]), oculomotor palsy (n = 1; age
8 years), XII nerve deficit (n = 1; age 10 years), reduced visual field and retinal detachment (n
=1; age 14 years).

Four (19%) children had optic meningioma (mean age 9.5 years [6-15]) leading to binocular
blindness and proptosis (n = 1), reduced visual field (n = 1) or amblyopia (n = 1).

Finally, most children (19/21) had bilateral (84%) or unilateral (16%) VS (mean age at
diagnosis 9.9 years [3-15]); 12 were symptomatic at diagnosis (mean age 11.7 years [10-18]),

with hearing loss (n=7; mean age 11years [6-15]), which led to an NF2 diagnosis in 3 cases,
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peripheral facial paralysis (n=5; mean age 10.4 years [6-15]) or vestibular damage (n=3; mean
age 10.6 years [6-15]). Only a 14-year-old patient with no symptoms of NF2 and a 2-year-old

did not have VS.

Genetic data

Mutation analysis of the NF2 gene could be performed for 16 children. The other 5 children or
their parents did not want or agree to a genetic test. A pathogenic mutation in the NF2 gene was
found in 11 children (no mutation found in 2 patients; ongoing analysis in 3). For the 3 children
with a mild phenotype, the first presented a complete deletion of the NF2 gene; the second, a
truncating pathogenic variant in exon 11 at mosaic state (15%); and the last, a mutation of intron
11 leading to a splicing anomaly. This last child also had a multiple endocrine neoplasia type
2. Children with a severe phenotype had various constitutional mutations (in-frame large
deletion, n=1; nonsense mutation, n=3; missense mutation, n= 1; spice site mutation, n=1) and
one mosaic (25%) in-frame deletion of a nucleotide. Among the 2 mosaic cases, one with a
diagnosis at age 2 years, presented a moderate form, with only early cutaneous and ocular signs
at age 4 years, and the second, with a diagnosis at age 14 years, presented a severe form revealed
by serious neurosensory complications revealing multiple cerebral-medullary tumours. The

genetic severity score varied from 1A to 3.

Table 2: Characteristics of the population, genetic data, and dermatological, ophthalmological, neurological
and ENT features.
yo: years-old; d: deceased; ND: not done; M: male; F: female

Patient 1 2 3 4 5¢
Sex F M M F F
- Ae(o 2/4 3/3 4/8 6/14 7/10
at diagnosis / at time of study
Phenotype Mild severe severe severe severe
Family history No No No No No
Manchester Criteria fulfilled No Yes Yes Yes Yes 238
Mutation c.1183delG / Deletion of exon 10-13 Mutation in Exon 2

. . p.(Ala395GInfs*31) ¢.886-781446+2del /  c.1-?_114 ?2del / undefined N ND
Nucleotide change / protein change Mosaicism 15% undefined ¢.113delG /p.Asp45fs

Genetic severity score " R A "R ND



Patient 6 1 8 9 10

Sex M F M F M
o Age(o) 7/10 8/9 9/9 ND/10 9/11
at diagnosis / at time of study
Phenotype severe severe severe severe severe
Family history No Yes No Yes No
Manchester Criteria fulfilled Yes Yes Yes Yes Yes
Mutation ongoing No mutation Found ongoing ND No mutation Found

Nucleotide change / protein change

Genetic severity score

. i 1A i ND 1A
Halliday et al. (18) ongomg ongoing
symptoms leading to diagnosis / Age ANegrosensory . . Nel{rosensor}/ . Neurosen.sory . Negrosensory
complications (headache) /7~ Family screening /8 yo  complications (torticollis +  complications (intracranial ~complications (brutal motor
of onset ) . .

yo cervicalgy) / 9 yo hypertension) / ND deficit) / 9 yo

Dermatological features Yes Yes Yes Yes Yes

Skin tumours / Number Yes /10 Yes/2 Yes/4 Yes/ 12 Yes/3

Tune A / AH 1 (after 2 va) n b} 10 b}



Patient 11 12 13 14 15
Sex M M F M F
o Age(0) 10/13 11/13 /13 ND/ 14 11/14
at diagnosis / at time of study
Phenotype severe mild severe severe mild
Family history No Yes No Yes Yes
Manchester Criteria fulfilled Yes Yes Yes Yes No
Mutation Mutation in Intron 4 complete deletion of the c11233¢-G/
Nucleotide change / protein change  ¢.447+2T > C / undefined P NF2 gene ¢ 114G>C/p(Glu38Asp) ND p.(Met37i/f[s];N2 -
Genetic severity score 2A/B 24 24 ND 3
Halliday et al. (18)
sv leading to di is / Age Cutan.eous' sign (excisioy of . ) lNelfrosensory ) . . .
S of onset ° a skin lesion for aesthetic ~ Family screening / 11 yo  complications (strabismus +  Family screening/ND ~ Family screening / 11 yo
purposes) / < 6 yo proptosis) / 11 yo
Dermatological features Yes Yes Yes Yes
Skin tumours / Number Yes/ 1 Yes/1 Yes/7
e A | AIT n n

Yes/ 15
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Patient 16 17 18 19 20 21
Sex F M F F M M
- Age(0) 12/17 14/15 14/17 14/17 15/17 15/18
at diag / at time of study
Phenotype severe severe severe severe severe severe
Family history No No No No No No
Manchester Criteria fulfilled Yes Yes Yes Yes Yes Yes
Mutation in Exon 3 Lo
Mutation ND ND €.357_359delCTT / Mutation in Exon 6 ongoing i\/llu lt ?710? 11281::12102 Alj
Nucleotide change / protein change p.Phel19del ¢.586C>T / p.Argl96ter -
L. undefined
Mosaicism 25%
Genetic severity score .
Halliday et al.) (18) ND ND 2 3 oneoing A
Cutaneous sign (sexcision Neurosensory Ophtélmomgical sign
Neurosensory (retinal hamartoma Neurosensory

symptoms leading to diagnosis / Age

of onset /12y0

complications (hearing loss)

<8 yo

of skin lesions for aesthetic complications (cervicalgy +

purposes at 8 and 14 yo)/  genito-sphincter disorders)

/14 yo

secondarily complicated with ~ complications (hearing loss
retinal detachment) / + tinnitus) / 15 yo
congenital

Cutaneous signs (skin
tumours) / 13 yo

Dermatological features Yes

Yes

Yes

Yes Yes

Yes




DISCUSSION
This study is the first to systematically and prospectively search for skin anomalies by clinical

examination performed by a dermatologist in a paediatric cohort with NF2. Six other studies
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analysed skin lesions in NF2 patients (2,7,8,11-13): 3 were retrospective, 3 included adults and
children, and none included examination by a dermatologist. Comparisons of results are

summarized in Table 3.

Table 3: Summary of studies published on skin features in children with NF2.
ND: not diagnosed; A: adult; C: child; CALMs: Café au lait macules; HPMs: Hypopigmented macules

Ourstudy  Gugel et al, 2020 Anand et al, Ruggieri et al, Mautner et al, Parryetal, Evansetal,

2018 2005 1997 1994 1992
cohorte 21(C) 70 (C) 32(0) 22 (C) 88 (A+C) 63 (A+C) 100 (A+C)
Dermaftolo.glst Yes No No No No No No
examination
Data collection prospective retrospective retrospective prospective prospective  prospective  retrospective
Averagf);’f’;e (years 1300 18] 11 [1-17] 3.5[0-15] 12.5 [4-18] ND 34.6 [7-71] ND
sporadic cases 16 (76%) 55 (78%) 32 (100%) 19 (86%) ND 17 (27%) ND
Severe phenotype 18 (85%) ND 15 (47%) 22 (100%) 62 (71%) 38(60%) 46 (46%)
skins tumours 20 (95%) 31 (44%) 20 (62,5%) 21 (95%) 52 (59%) 9 (14%) 68 (68%)
Type A/AH 15 (71%) ND 12 (38%) 19 (86%) 36 (40%) ND ND
Type B 11 (52%) ND 8 (25%) 9 (41%) 42 (47%) ND ND
Type C 10 (47%) ND ND 4(18%) 7 (8%) ND ND
Type D 2 (9%) ND ND ND 6 (7%) ND ND
CALMs 15 (71%) 1 (1.4%) 12 (38%) 8 (36%) 29 (33%) 29 (46%) 43 (43%)
HPMs 12 (57%) ND 3 (9%) ND ND ND ND
purple tasks 4 (19%) ND ND ND ND ND ND

The prevalence of skin tumours in our cohort was high (95%) and comparable to that found by
Rugierri et al. (95%) (12), in the only prospective study of children with severe NF2, but higher
than the 5 other studies (14-68%). These differences could be explained by these studies also
including adults and/or their retrospective design and/or including patients with milder
phenotype. We found, as others did, that type A or AH tumours were the most represented,
before types B, C and D.

Multiple CALMs, a major clinical diagnostic criterion of neurofibromatosis type 1, have also
been reported in NF2, with which it was initially confused. We found CALMSs in 71% of our
children, a higher prevalence than in other studies (1.4-46%), probably because of the skin
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examination with a Wood’s lamp by a dermatologist. However, none of our children had > 6
CALMs, and only 4 had > 3 CALMs, with a median of 2.4. Furthermore, analysis of
semiological characteristics of CALMs showed that they were atypical (19), with small size,
irregular margins and ragged borders, and different colours in the same individual. Because of
the high prevalence of CALMs in the general population, 18.9% to 36% (19), the specificity
and sensitivity of this clinical sign in NF2 patients seems low, with CALMs not a cardinal
feature of NF2.

We showed a high prevalence (57%) of HPMs in children with NF2. They were mainly > 15
mm, with irregular margins and ragged borders, and could be unnoticed without careful
examination with a Wood’s lamp. Although the age of onset was difficult to assess, because
they could easily go unnoticed, HPMs were congenital in one case and noticed at age 5 years
in second case. Four children had > 3 HPMs (range 4 to 7), and 8 had no lesion. We found only
2 articles in literature concerning these lesions. Anand et al. (11) reported a prevalence of 9%
of “hypopigmented lesions” in a retrospective study including 32 children with NF2, but no
clinical description of lesions was available. Casado-Verrier (14) reported multiple HPMs in a
case report of a 7-year-old child. The 5 other studies that analysed skin lesions in NF2 patients
did not report such lesions, which suggests that analysis with a Wood’s lamp by a dermatologist
is more sensitive. Isolated HPMs are a common feature in a paediatric population, but multiple
(> 3) HPMs could be an inconstant but specific and precocious sign of NF2.

Finally, we found 4 (19%) children with flat purple lesions of a singular aspect, not previously
described, whose sensitivity in NF2 remains to be determined. These lesions were large (>5cm),
asymptomatic and discrete. Unfortunately, no Doppler ultrasonography was performed to
confirm the vascular origin of these lesions. There is no other case reported in the literature.
Despite their precocity and high prevalence, dermatological lesions, that is, cutaneous tumours,

led to the NF2 diagnosis in only 5 (24%) cases after excision and discovery of a schwannoma
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(n=4) or neurofibroma (n=1). These data indicate that before the NF2 diagnosis, 70% of
children have at least one “undiagnosed” cutaneous tumour (but sometimes > 5) that did not
lead to a specific management. We found similar results with ophthalmologic symptoms. In
accordance with the largest study on this topic (20), we found an ophthalmological involvement
in 81% of our children (72% of patients in the MacCollin and Mautner study), mainly retinal
hamartomas, epiretinal membranes, strabismus or amblyopia, and posterior cataracts. These
lesions were often congenital or diagnosed early in childhood, but they allowed for the
diagnosis of NF2 in only 3 (14%) cases.

Indeed, in our series, NF2 was diagnosed in 10 (47%) children because of neurological
complications (including hearing loss). Before this diagnosis, 7 of these children had a
combination of evocative skin and ophthalmic lesions. These results are similar to those found
by Anand et al. (56%) (11) and Gugel el al. (53%) (13). However, in the absence of a familial
history of NF2, none met the Manchester diagnostic criteria. Furthermore, most children had
congenital retinal lesions, which is not part of Manchester criteria.

These data led to several considerations: 1) childhood onset of NF2 is a severity factor, and
early diagnosis is mandatory to improve the outcome of patients; 2) the Manchester diagnostic
criteria are not adapted to paediatric populations; 3) paediatricians and dermatologists must be
aware to not leave skin lesions undiagnosed in children, especially if they are multiple, if their
number increases over time and/or if they are associated with congenital ophthalmic lesions;
and 4) clear guidelines for NF2 screening in case of suggestive neurological or non-neurological
symptoms are mandatory for this population. This would require compiling a list of
ophthalmological and dermatological signs suggestive of the diagnosis of NF2 in childhood as
proposed by Anand et al. (11). In this way, further studies to assess the sensibility and specificity

of HPMs and purples macules in larger cohorts of NF2 patients would be of interest.
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Finally, regarding the molecular analysis of patients, an NF2 pathogenic variant was found in
11/13 (85%) children, which is consistent with the literature. Recently a genetic severity score
was proposed by Halliday et al.(18),with 3 groups: 1A/1B, no NF2 pathogenic variant in blood;
2A/2B, mild/moderate NF2 constitutional or mosaic pathogenic variant in blood; and 3,
constitutional truncating exon 2-13 pathogenic variant. Patients in group 3 may show disease
earlier with greater tumour load and have poorer visual outcomes and more interventions
(18,21). In our series, a severe phenotype was detected in 2 children with no pathogenic variant
detected in blood and without molecular analysis of tumours, 1 patient with an in-frame deletion
of a nucleotide in mosaic state, and 1 patient with a missense mutation (score 1A to 2A), which
suggests that the phenotype—genotype correlation is difficult to clearly establish in the

paediatric population.

CONCLUSIONS

Dermatological and ophthalmic lesions are frequent and precocious in children with sporadic
severe NF2 but rarely lead to the diagnosis because of lack of clear guidelines. Cutaneous
tumours, and in particular schwannomas, are the most frequent dermatological lesions but are
often underdiagnosed, and CALMs are frequent but are atypical and mostly in small numbers.
Multiple HPM lesions seem suggestive although inconsistent. The sensitivity of reticulated

capillary malformation-like lesions remains to be assessed by further studies.
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ANNEXES

Annexe 1 : Critéres diagnostiques de Manchester de la NF2

Evans et al, 1992.

A

Schwannome vestibulaire bilatéral

: Antécédent familial au premier degré + schwannome vestibulaire unilatéral ou 2 parmi :

Me¢éningiome, schwannome, gliome, neurofibrome, cataracte sous-capsulaire postérieure.

Schwannome vestibulaire unilatéral + 2 parmi :

Meéningiome, schwannome, gliome, neurofibrome, cataracte sous-capsulaire postérieure.

: Au moins 2 méningiomes + 2 parmi :

Schwannome, gliome, neurofibrome, cataracte sous-capsulaire postérieure.

Annexe 2 : Classification clinique des tumeurs cutanées dans la NF2

Mautner et al, 1997.

Type A : plaques tumorales rugueuses au toucher, légérement pigmentées
Type AH : Idem A + Hypertrichose

Type B :

Type C: tumeurs épicutanées souvent rosées ou violacées

Type D : tumeurs plexiformes

tumeurs sous-cutanées nodulaires, situées sur les trajets des nerfs
périphériques, souvent sensibles a la palpation
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Annexe 3: Fiche de recueil des données anamnestiques et de I’examen clinique

dermatologique de cette étude, accompagnée d’un atlas dermatologique d’aide a la

classification sémiologique des tumeurs cutanées.

Neurofibromatose de type 2
Fiche de remseignements clinigues population pédiatrigue 0-18 ans

e Centre hospitalier participant : Meédecin:
1= letir du MNom: 1ér2 letire du Prénoem : Seme:FO MO
Date de naizsance © ... WOE N e veean (znnée) Date de 'examen climigue :
Etude génétique ;_oui [ non [] siom, resultat o L.
Age zu dizgnostic Circonstances du diagnostic :
ANTECEDENTS
DDN: mére: .. (modz).. e (amnés SVmptomatique oui [] non []
Pére: ... MO snenrens (année) symptomatique : oui [] nen
ATCD familiux de NF2 : Forme : sévéra [] modérée []
CROISSANCE / DEVEL OFFEMENT
Taille : i D5 Poids : L Dsy  IWC: i D5 PC: { D5
Puberté débutée 7 ouwi[d non[d Sioui:nommale [0  précoce [ reterdée [0 dgededébut: ...
OPHTALMOLOGIE
o non MWD O non ND
Amblvopie O O 0O Hamartomes rétiniens O O O
51 oud, date dizgnostiqus 81 oui, nombre
Strabisme | O 0O Date diagnostiqua:
5i oui, date diagnostique : Membranes épirétiniennes [] O O
Myopie O O O 51 oui, nombee=
51 oui, date dizgnostique Date dizgnostique:
Cataracte sous capsulaire [ O O Gliomes du disque optique [ O O
Postérienre ou corticale irayer la mention inurds) Sioui, nombrz :
51 oud, date diagnoestique Diate diagnostiqua:
Etude du champ visuel O O O Meéningiomes des NO O O O
Résultats : 5i oui, nombrz :
Date Diate diagnostiqua:
Schwannomes inira-scléraux ] O 1
Autre 5i oui, nombrz :
Datz diasnostique:
NEUROLOGIE
) ow nen ND O non WD
Meéningiome O O O Epilepsie O 0O n
3ioui, nombre: Rl )
Localisation : 51 oui, type
date diagnostique : Céphalées | O |
Ependymome O 0O 0O
3ioui, nombrz
Localisation :
dats diagnostique : Atre
Schwannome O O 0O
Sioui, nombee: Imapgerie cérébrale - ..
Localisation : =
datedisgnostiqgua: [ e e s s s
Dats de la dernisrs imaparis
Examen nsurologique nomal [ momsl [0 ND[O Imagerie médullaire -
= e - N L LR LR LR LI R EEEEEREREE
Diats dernisrs imageris




ORL

ow nom  ND Oui nen ND
Déficit auditif O O O Paralysie faciale O O O
51 oui, type périphérique
Dazte demier andiogramme : 51 out, grade/séverns
51 appareillage, type
Schwannome vestibulaire [ O O
Troubles de Uéquilive [ O [O Sioui: unilatéral [ bilatéral [
Acouphénes O O O Date diagnostique :
Nystagmus O o O
PEA oui[] nen[J ND [0 Date:
Autre : Esultats
DERMATOLOGIE Mercide reporter les localisarions des lésions cutanses sur le schéma en damiére page
Tiches café an lait oui[] nen[] out - non
X i Malformations vasculaires O O
Nb<3mm: Nb>3mm: 51 oui, type (HC, aneioms, . )
Mb>15mm: Localisation
Bords :régulisrs [0 irréguliers [0 émisttés O Aged'appariion -
Forme : owalaironda [0  autra...... Oui non
_ - Naevi multiples Ol [
Coulsuran sein: Homogéne [ hstérosin= O Siomi: mb. . 10-50 7 =500
d&unaimémet&cha u R MNasvi d*zllure dysplasique O O
oulaurs anﬁ;?: OImMOESNSS gtarossnas Lentizines multiples O O
les diffarantes tiches S?E;:ll:: b= 1DPD 0 0
Tiches hvpopigmentées oui[[] nen[d Brunes [  noires [
Nb<3imm : Nb>imm: Localization :
Nb=1imm : ouw nen
Bords réguliers []  irréguliers [0 émisttés [ Anomalie des phanéres 0O O
Forme: ovale'ronde[] =utrs Si oui, préciser :
O non out non
Tumeurs cutanées n O Anomalic des muqueuses | |
A tumenr légérement surélevée souvent = 2 cm de SO, PESEIEET e
dizmétre, rugueuse Cuil] noen[]
Nb: Age d"apparition : Exérése de lésions cutanées
AH :idem A + hypertrichoze Oui[] non[] Nb: Age:
Nh- Age d"zpparition : A vizée - esthétique/fonctionnelle [ dizgnostic [
B : tumeur sous-cutanée nodulzire  Oui[]  non O Type climique (si commu) ...

douloursuse 2 1a palpation (similaire 4 ceuxvu dans1a1F1)

Nb: Age d’apparition
C: tumeur épicutane +- violzecde Ouid non [
ou rose
Nh: Age d’apparition :
D : umeur plexiformes Oui[] non[
Nb: Apge d’apparition
Histologie : Oui [] non []
Type clinique'résultats ;
oui non
Autre tumeur cutanée O O

Slow cpréciser. ...

Histologie : Oui [  non[J
Type clmique'résultats ;

Diagnostic évoqueé des lésions cutanées sur des
consultations antérieures : oui ]  non [
Praciser e
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Autre nomalie congénitale (touttype) Oui [ Non[ SiOui, préciser:

Merci de compléter le schema gfin de localiser les lesions cutanéss.
Merci de joindre des photor des lesions st d 'un arbre gensalogiqus.

Tumeurs cutanées : exemples cliniques

Photo du Dy Didisr Bessiz Photo du D Didier Besziz

FPhoto du D Didier Bessis

Merel de renvoyer le questionnaire rempli, le consentement signé des 2 parents pour les photos, ainsi que les
photos, CR génétiques / IEM, par mail : legoupil.sophie/@hotmail fr et chiaverini.c/@chu-nice.fr

F.enzaignemants climiques WNF 2 padiatria
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