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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

; 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.

PROFESSEURS ASSOCIÉS

M.

GARDON Un grand merci à vous tous.

A toutes les équipes soignantes rencontrées au cours de mon internat

A l'équipe de dermatologie pédiatrique : Christine, un grand merci pour votre enseignement, vos conseils, et votre bienveillance ! Céline, la meilleure infirmière que je connaisse, avec un coeur en or, merci de ton soutien, ton aide et de m'avoir fait partager ton savoir-faire. Je te souhaite le meilleur pour ta nouvelle vie. 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 [START_REF] Anand | Diagnosis of sporadic neurofibromatosis type 2 in the paediatric population[END_REF][START_REF] Ruggieri | Earliest Clinical Manifestations and Natural History of Neurofibromatosis Type 2 (NF2) in Childhood: A Study of 24 Patients[END_REF][START_REF] Gugel | Presenting symptoms in children with neurofibromatosis type 2[END_REF]. However, apart from cutaneous schwannomas, the literature contains few descriptions of dermatological manifestations [START_REF] Mautner | Skin abnormalities in neurofibromatosis 2[END_REF][START_REF] Anand | Diagnosis of sporadic neurofibromatosis type 2 in the paediatric population[END_REF][START_REF] Gugel | Presenting symptoms in children with neurofibromatosis type 2[END_REF][START_REF] Casado-Verrier | Cutaneous and ophthalmic signs as a clue to early diagnosis of severe neurofibromatosis type 2: report of a novel mutation that predicts this poor prognosis[END_REF][START_REF] Plana-Pla | Diagnostic and Prognostic Relevance of the Cutaneous Manifestations of Neurofibromatosis Type 2[END_REF][START_REF] Ruggieri | Natural history of neurofibromatosis type 2 with onset before the age of 1 year[END_REF][START_REF] Rustad | Neurofibromatosis type 2: Multiple intra-dermal tumors in a toddler[END_REF].

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

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 At least 2 meningiomas + 2 among :

Schwannoma, glioma, neurofibroma, posterior subcapsular cataract.

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. [START_REF] Mautner | Skin abnormalities in neurofibromatosis 2[END_REF] (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 [START_REF] Halliday | Trends in phenotype in the English paediatric neurofibromatosis type 2 cohort stratified by genetic severity[END_REF]. 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. 

RESULTS

Patients

We 

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 Fifteen (71%) children had café-au-lait macules (CALMs). The mean number of CALMs was 2.4 [START_REF] Evans | Schwannomatosis: a genetic and epidemiological study[END_REF][START_REF] Evans | A genetic study of type 2 neurofibromatosis in the United Kingdom. II. Guidelines for genetic counselling[END_REF][START_REF] Evans | Neurofibromatosis type 2 (NF2): A clinical and molecular review[END_REF][START_REF] Evans | Neurofibromatosis Type 2[END_REF][START_REF] Ardern-Holmes | Neurofibromatosis Type 2: Presentation, Major Complications, and Management, With a Focus on the Pediatric Age Group[END_REF] per patient. They were congenital in 3 cases. The size was >15mm in 50%, borders were mainly ragged, and the colour was homogeneous within the same spot but heterogeneous between the different lesions (Figure 1c). CALMs were mainly localized on the trunk (50%) and limbs (41%) and sometimes on the face (9%). 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 No other skin or mucosal lesion was identified. 

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 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 (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%) [START_REF] Anand | Diagnosis of sporadic neurofibromatosis type 2 in the paediatric population[END_REF] and Gugel el al. (53%) [START_REF] Gugel | Presenting symptoms in children with neurofibromatosis type 2[END_REF]. 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. [START_REF] Anand | Diagnosis of sporadic neurofibromatosis type 2 in the paediatric population[END_REF]. 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.

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. [START_REF] Halliday | Trends in phenotype in the English paediatric neurofibromatosis type 2 cohort stratified by genetic severity[END_REF],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 [START_REF] Halliday | Trends in phenotype in the English paediatric neurofibromatosis type 2 cohort stratified by genetic severity[END_REF][START_REF] Hexter | Clinical and molecular predictors of mortality in neurofibromatosis 2: a UK national analysis of 1192 patients[END_REF]. 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.

  ), 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.

Figure 1 :

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

  vitropression, suggesting a vascular origin, but no Doppler ultrasonography was performed.

Figure 2 :

 2 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.
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Génétique

La maladie est de transmission autosomique dominante avec une pénétrance complète. On distingue des formes familiales, et des cas sporadiques avec mutation de novo. On retrouve également des formes mosaïques d'expression clinique variables. Les anomalies génétiques conduisant à une altération du gène peuvent être 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 système nerveux central, associée à une atteinte cutanée et oculaire. L'âge moyen de révélation de la maladie est de 17-22 ans. On distingue un phénotype modéré et un phénotype sévère.

Atteinte neurologique: Les tumeurs peuvent être localisées au niveau cérébral, médullaire ou des nerfs crâniens. Les différents types histologiques retrouvés sont les schwannomes, méningiomes, épendymomes ou plus rarement astrocytomes. La présence de schwannomes vestibulaires (également nommés neurinomes de l'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.

Critères diagnostiques

Le diagnostic repose sur l'identification d'une mutation pathogène du gène NF2 (seulement 3/4 des cas) et/ou remplissant les critères diagnostiques de Manchester (Annexe 1).

Evolution

Le pronostic est variable. L'évolution vers la surdité bilatérale, associée à un syndrome vestibulaire, est quasi-constante en l'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 à l'imagerie cérébro-médullaire. Les symptômes et la croissance tumorale guident la prise en charge. Il n'existe pas de traitement spécifique. Les traitements reposent sur l'ablation chirurgicale des tumeurs, la chimiothérapie et la radiothérapie, en association à des soins de support (kinésithérapie, orthophonie, …). La mise en place d'implants du tronc cérébral permet le maintien d'une audition chez certains patients. symptomatiques chez l'adulte jeune, et un phénotype sévère, avec de multiples tumeurs du SNC, ainsi que des symptômes cutanés et ophtalmologiques, débutant dans l'enfance. Le diagnostic précoce chez l'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 à avril 2020 dans huit hôpitaux universitaires français. Les patients ≤ 18 inclus remplissaient les critères de diagnostic de Manchester ou présentaient une mutation pathogène identifiée dans le gène NF2. Tous les patients bénéficiaient d'un examen dermatologique, guidé par un questionnaire standardisé. Résultats et discussion: 21 enfants étaient inclus (âge médian de 13 ans [extrêmes 2-18]; sex-ratio 11 garçons / 10 filles), dont 18 formes sévères et 16 cas sporadiques. A l'exception d'un patient complètement asymptomatique, tous présentaient au moins une tumeur cutanée (81%) souffraient de tumeurs du système 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 à des signes oculaires évocateurs de la maladie. Conclusion: Les lésions dermatologiques (en particulier les schwannomes cutanés) et oculaires sont fréquentes et précoces chez les enfants atteints de NF2, qui présentent principalement des formes sévères et sporadiques, mais ne conduisent que rarement au diagnostic. Ces résultats suggèrent que l'adaptation des critères diagnostiques à la population pédiatrique mériterait d'être discutée. Les TCL et les MHP semblent également évocatrices, et la sensibilité des lésions à type de malformation capillaire reste à évaluer par d'autres études. 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).

Table 1 : Manchester diagnosis criteria for neurofibromatosis type 2 Evans

 1 

et al, 1992. 

  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]).

  ). Complications related to these tumours led to an 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[START_REF] Shah | The Diagnostic and Clinical Significance of Café-au-lait Macules[END_REF], 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%[START_REF] Shah | The Diagnostic and Clinical Significance of Café-au-lait Macules[END_REF], 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

	Our study 21 (C) 63 (A+C) examination with a Gugel et al, 2020 Anand et al, 2018 Ruggieri et al, 2005 Mautner et al, 1997 Parry et al, 1994 cohorte 70 (C) 32 (C) 22 (C) 88 (A+C)	Evans et al, 1992
	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 Patient 11 12 13 14 15 Sex M M F M F Patient 16 17 18 19 20 21 Sex F M F F M M DISCUSSION
	Age (yo) at diagnosis / at time of study Phenotype Age (yo) at diagnosis / at time of study Phenotype This study is the first to systematically and prospectively search for skin anomalies by clinical 10 / 13 11 / 13 11 / 13 ND / 14 11 / 14 severe mild severe severe 12 / 17 14 / 15 14 / 17 14 / 17 15 / 17 15 / 18 severe severe severe severe severe severe mild Family history No Yes No Yes Family history No No No No No No Yes Manchester Criteria fulfilled Yes Yes Yes Yes No Mutation Nucleotide change / protein change Mutation in Intron 4 c.447+2T > C / undefined complete deletion of the NF2 gene c.114G>C / p.(Glu38Asp) ND c.1123-3C>G / p.(Met375fs) + MEN2 Manchester Criteria fulfilled Yes Yes Yes Yes Yes Yes Mutation Nucleotide change / protein change ND ND Mutation in Exon 3 c.357_359delCTT / p.Phe119del Mosaicism 25% undefined c.586C>T / p.Arg196ter ongoing c.1137_1138delGA / Mutation in Exon 6 Mutation in Exon 12 examination performed by a dermatologist in a paediatric cohort with NF2. Six other studies
	Genetic severity score Halliday et al. (18) symptoms leading to diagnosis / Age of onset Dermatological features Genetic severity score Halliday et al. (18) symptoms leading to diagnosis / Age of onset complications (hearing loss) 2A/B Cutaneous sign (excision of a skin lesion for aesthetic purposes) / < 6 yo Yes ND Neurosensory / 12 yo Cutaneous sign (sexcision 2A Family screening / 11 yo Yes ND of skin lesions for aesthetic purposes at 8 and 14 yo) / <8 yo complications (cervicalgy + Neurosensory 2A complications (strabismus + proptosis) / 11 yo Yes 2A 3 genito-sphincter disorders) congenital / 14 yo (retinal hamartoma Family screening / ND ND Yes ongoing secondarily complicated with retinal detachment) / + tinnitus) / 15 yo complications (hearing loss Family screening / 11 yo 3 No 31 2A tumours) / 13 yo Cutaneous signs (skin Neurosensory Neurosensory Ophtalmological sign 32
	Skin tumours / Number Dermatological features	Yes	Yes / 1	Yes	Yes / 1	Yes	Yes / 7	Yes	Yes / 15	Yes	No Yes

diagnosis 9.9 years

[START_REF] Evans | Neurofibromatosis type 2 (NF2): A clinical and molecular review[END_REF][START_REF] Evans | Neurofibromatosis Type 2[END_REF][START_REF] Ardern-Holmes | Neurofibromatosis Type 2: Presentation, Major Complications, and Management, With a Focus on the Pediatric Age Group[END_REF][START_REF] Kanter | Central neurofibromatosis with bilateral acoustic neuroma: Genetic, clinical and biochemical distinctions from peripheral neurofibromatosis[END_REF][START_REF] Parry | Neurofibromatosis 2 (NF2): Clinical characteristics of 63 affected individuals and clinical evidence for heterogeneity[END_REF][START_REF] Mautner | Skin abnormalities in neurofibromatosis 2[END_REF][START_REF] Mautner | The Neuroimaging and Clinical Spectrum of Neurofibromatosis 2[END_REF][START_REF] Goutagny | Neurofibromatosis type 2[END_REF][START_REF] Anand | Diagnosis of sporadic neurofibromatosis type 2 in the paediatric population[END_REF][START_REF] Ruggieri | Earliest Clinical Manifestations and Natural History of Neurofibromatosis Type 2 (NF2) in Childhood: A Study of 24 Patients[END_REF][START_REF] Gugel | Presenting symptoms in children with neurofibromatosis type 2[END_REF][START_REF] Casado-Verrier | Cutaneous and ophthalmic signs as a clue to early diagnosis of severe neurofibromatosis type 2: report of a novel mutation that predicts this poor prognosis[END_REF][START_REF] Plana-Pla | Diagnostic and Prognostic Relevance of the Cutaneous Manifestations of Neurofibromatosis Type 2[END_REF]

); 12 were symptomatic at diagnosis (mean age 11.7 years

[START_REF] Goutagny | Neurofibromatosis type 2[END_REF][START_REF] Anand | Diagnosis of sporadic neurofibromatosis type 2 in the paediatric population[END_REF][START_REF] Ruggieri | Earliest Clinical Manifestations and Natural History of Neurofibromatosis Type 2 (NF2) in Childhood: A Study of 24 Patients[END_REF][START_REF] Gugel | Presenting symptoms in children with neurofibromatosis type 2[END_REF][START_REF] Casado-Verrier | Cutaneous and ophthalmic signs as a clue to early diagnosis of severe neurofibromatosis type 2: report of a novel mutation that predicts this poor prognosis[END_REF][START_REF] Plana-Pla | Diagnostic and Prognostic Relevance of the Cutaneous Manifestations of Neurofibromatosis Type 2[END_REF][START_REF] Ruggieri | Natural history of neurofibromatosis type 2 with onset before the age of 1 year[END_REF][START_REF] Rustad | Neurofibromatosis type 2: Multiple intra-dermal tumors in a toddler[END_REF][START_REF] Halliday | Trends in phenotype in the English paediatric neurofibromatosis type 2 cohort stratified by genetic severity[END_REF]

), with hearing loss (n=7; mean age 11years

[START_REF] Kanter | Central neurofibromatosis with bilateral acoustic neuroma: Genetic, clinical and biochemical distinctions from peripheral neurofibromatosis[END_REF][START_REF] Parry | Neurofibromatosis 2 (NF2): Clinical characteristics of 63 affected individuals and clinical evidence for heterogeneity[END_REF][START_REF] Mautner | Skin abnormalities in neurofibromatosis 2[END_REF][START_REF] Mautner | The Neuroimaging and Clinical Spectrum of Neurofibromatosis 2[END_REF][START_REF] Goutagny | Neurofibromatosis type 2[END_REF][START_REF] Anand | Diagnosis of sporadic neurofibromatosis type 2 in the paediatric population[END_REF][START_REF] Ruggieri | Earliest Clinical Manifestations and Natural History of Neurofibromatosis Type 2 (NF2) in Childhood: A Study of 24 Patients[END_REF][START_REF] Gugel | Presenting symptoms in children with neurofibromatosis type 2[END_REF][START_REF] Casado-Verrier | Cutaneous and ophthalmic signs as a clue to early diagnosis of severe neurofibromatosis type 2: report of a novel mutation that predicts this poor prognosis[END_REF][START_REF] Plana-Pla | Diagnostic and Prognostic Relevance of the Cutaneous Manifestations of Neurofibromatosis Type 2[END_REF]

), which led to an NF2 diagnosis in 3 cases, 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.

[START_REF] Anand | Diagnosis of sporadic neurofibromatosis type 2 in the paediatric population[END_REF] 

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

[START_REF] Casado-Verrier | Cutaneous and ophthalmic signs as a clue to early diagnosis of severe neurofibromatosis type 2: report of a novel mutation that predicts this poor prognosis[END_REF] 

reported multiple HPMs in a case report of a 7-year-old child. The 5 other studies that analysed skin lesions in NF2 patients

SERMENT D'HIPPOCRATE

Au moment d'être admise à exercer la médecine, je promets et je jure d'être fidèle aux lois de l'honneur et de la probité.

Mon premier souci sera de rétablir, de préserver et de promouvoir la santé dans tous ses éléments, physiques et mentaux, individuels et sociaux.

Je respecterai toutes les personnes, leur autonomie et leur volonté, sans aucune discrimination selon leur état ou leurs convictions. J'interviendrai pour les protéger si elles sont affaiblies, vulnérables ou menacées dans leur intégrité ou leur dignité. Même sous la contrainte, je ne ferai pas usage de mes connaissances contre les lois de l'humanité. J'informerai les patients des décisions envisagées, de leurs raisons et de leurs conséquences.

Je ne tromperai jamais leur confiance et n'exploiterai pas le pouvoir hérité des circonstances pour forcer les consciences. Je donnerai mes soins à l'indigent et à quiconque me les demandera. Je ne me laisserai pas influencer par la soif du gain ou la recherche de la gloire.

Admise dans l'intimité des personnes, je tairai les secrets qui me seront confiés. Reçue à l'intérieur des maisons, je respecterai les secrets des foyers et ma conduite ne servira pas à corrompre les moeurs. Je ferai tout pour soulager les souffrances. Je ne prolongerai pas abusivement les agonies. Je ne provoquerai jamais la mort délibérément.

Je préserverai l'indépendance nécessaire à l'accomplissement de ma mission. Je n'entreprendrai rien qui dépasse mes compétences. Je les entretiendrai et les perfectionnerai pour assurer au mieux les services qui me seront demandés. J'apporterai mon aide à mes confrères ainsi qu'à leurs familles dans l'adversité.

Que les hommes et mes confrères m'accordent leur estime si je suis fidèle à mes promesses ; que je sois déshonorée et méprisée si j'y manque.

Cutaneous manifestations of neurofibromatosis type 2 in a paediatric population: a cohort study

Sophie Legoupil 1,2,11 , Didier Bessis 3,11 , Fanny Picard 4,11 , Stéphanie Mallet 5,11 , Juliette Mazereeuw 6,11 , Alice Phan 7,11 , Delphine Dupin Deguine 8 , Michel Kalamarides 9, 10 [START_REF] Kanter | Central neurofibromatosis with bilateral acoustic neuroma: Genetic, clinical and biochemical distinctions from peripheral neurofibromatosis[END_REF][START_REF] Parry | Neurofibromatosis 2 (NF2): Clinical characteristics of 63 affected individuals and clinical evidence for heterogeneity[END_REF][START_REF] Mautner | Skin abnormalities in neurofibromatosis 2[END_REF][START_REF] Mautner | The Neuroimaging and Clinical Spectrum of Neurofibromatosis 2[END_REF][START_REF] Goutagny | Neurofibromatosis type 2[END_REF][START_REF] Anand | Diagnosis of sporadic neurofibromatosis type 2 in the paediatric population[END_REF][START_REF] Ruggieri | Earliest Clinical Manifestations and Natural History of Neurofibromatosis Type 2 (NF2) in Childhood: A Study of 24 Patients[END_REF][START_REF] Gugel | Presenting symptoms in children with neurofibromatosis type 2[END_REF][START_REF] Casado-Verrier | Cutaneous and ophthalmic signs as a clue to early diagnosis of severe neurofibromatosis type 2: report of a novel mutation that predicts this poor prognosis[END_REF][START_REF] Plana-Pla | Diagnostic and Prognostic Relevance of the Cutaneous Manifestations of Neurofibromatosis Type 2[END_REF]). 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 prevalence of skin tumours in our cohort was high (95%) and comparable to that found by Rugierri et al. (95%) [START_REF] Ruggieri | Earliest Clinical Manifestations and Natural History of Neurofibromatosis Type 2 (NF2) in Childhood: A Study of 24 Patients[END_REF], 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 CALMs in 71% of our children, a higher prevalence than in other studies (1.4-46%), probably because of the skin 
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