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|. Abréviations

AP-1 = activator protein-1

CASR = Calcium sensing receptor = récepteur sensible au calcium

CKD1 = cycline D1

FANCD2 = protéine de 'anémie de fanconi groupe D2
FGF23 = facteur 23 de croissance du fibroblaste

FIHP = 'hyperparathyroidie familiale isolée

FOxOL1 = protéine forkhead box 1

HDACSs = histone deacetylases

HPTH1 = PHPT= hyperparthyroidie primaire

HPTH2 = hyperparathyroidie secondaire

HPTH3 = hyperparathyroidie tertiaire

HPT-JT = syndrome d’hyperparathyroidie familiale-Jaw tumor
NEML1 = néoplasie endocrinnienne multiple de type 1
NEM2 = néoplasie endocrinnienne mutiple de type 2
NEM4 = néoplasie endocrinnienne multiple de type 3
NF-kB = NF-kB

PTH = parathormone

1-250HD = 1-25 hydroxy vitamine D

25-OHD = 25 hydroxyvitamine D
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[l. Introduction

L’hyperparathyroidie primaire (HPTH1) de I'enfant est une maladie rare avec une incidence
estimée a 1 pour 200 000 a 300 000 naissances vivantes et une prévalence plus difficile a
définir parfois décrite a 2-5 pour 100 000 mais parfois tres inférieur , jusqu’a 11 pour 275 000
[1,2]. L'hyperparathyroidie se caractérise soit par une hypercalcémie, une hypophosphatémie
avec une élévation de la parathormone (PTH) ou une PTH normale inadaptée, soit par une
calcémie normale associée a une PTH élevée [3,4] .

Pour I'hyperparathyroidie secondaire (HPTH2) cela est di a une augmentation compensatoire
de la PTH avec une calcémie basse ou normale basse.

L’hyperparathyroidie tertiaire (HPTH3) est liée a 'autonomisation d’un ou plusieurs adénomes
parathyroidiens avec hypercalcémie suite a une HPTH2.

Au cours des vingt derniéres années, des avancées majeures ont été faites en génétique
permettant la découverte de nombreux genes notamment pour ’lHPTH1 et ceux en lien a une
meilleure connaissance du métabolisme phosphocalcique. Il y a a ce jour peu d’études,
concernant la population pédiatrique, comprenant a la fois I'épidémiologie de 'THPTH1 dont la
génétique, les stratégies thérapeutiques et le mode d’évolution.

Nous proposons donc une étude multicentrique francaise pour répondre a ces questions et
pour permettre la réalisation d’'un registre national sur THPTH1.

Dans ce premier travail nous décrirons I'épidémiologie de cette pathologie dans la population
pédiatrique frangaise.

II.1. Développement des glandes parathyroidiennes

Les glandes parathyroidiennes sont au nombre de 4 dans I'espéce humaine avec toutefois
des variantes pouvant aller jusqu’a 8 glandes. Un nombre inférieur a 4, lui, est beaucoup plus
rare. Elles sont donc généralement par paire au niveau de la face postérieure de la thyroide
avec une paire issue du troisieme arc branchial, dénommée P3 et une paire issue du quatrieme
arc branchial, dénommée P4. Ces arcs branchiaux sont issus de I'ectoderme et se forment
vers la 5™ semaine d’aménorrhée [5] Cf figure 1. Elles sont entourées d’une capsule fibreuse
entourant aussi la thyroide mais individualisable par rapport a la thyroide. Elles sont
composées de cellules principales sécrétant la PTH et de cellules oxyphiles dont la fonction
est encore inconnue. La capacité de sécrétion de PTH est acquise a la 10°™ semaine
d’aménorrhées.
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Figure 1 : Evolution embryologique des poches branchiales | a IV arcs branchiaux 1 a 5 poches ecto-
ou endobranchiales [6]

[I.2. Régulation de la calcémie

Le lieu de stockage majoritaire du calcium est I'os. Seul 1% du calcium de I'étre humain se
retrouve dans la circulation sanguine. Dans le sang, 45% du calcium est sous forme ionisée
et 50% est liée a I'albumine, le reste étant lié a d’autres ions. Le pH sanguin régule la liaison
avec l'albumine et une acidose entraine un relargage du calcium par I'albumine augmentant
le taux de calcium ionisé. [7]

Le calcium

Le calcium a plusieurs roles :
- contribuer a la formation osseuse,

- servir de second messager au niveau cellulaire, par exemple dans les cellules
cardiaques beta

- servir de neurotransmetteur au niveau de la conduction neuronale et musculaire.

La calcémie est régulée aussi par des ions et des hormones. Au niveau hormonal, il s’agit
surtout de la PTH, de la 1,25-dihydroxyvitamine D (1-250HD), du FGF23 et en cas de
situations pathologiques interviennent aussi la calcitonine et la PTH-related peptide (PTH-rp).
Au niveau ionique, le phosphore et le magnésium jouent des réles importants sur le
métabolisme calcique.[7]

Au niveau intestinal, deux mécanismes permettent de réguler I'absorption du calcium. Un
transport passif ou actif contrdlé par la 1-250HD.

Au niveau rénal, 95% du calcium qui entre dans les tubules y est réabsorbé, a la fois par le
mécanisme passif para-cellulaire et a la fois par le mécanisme actif sous contrdle de la PTH

[7].
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Le récepteur sensible au calcium

Le récepteur sensible au calcium (CaSR) est un récepteur transmembranaire couplé a une
protéine G, récepteur dans la membrane plasmatique, exprimé dans les cellules principales
des glandes parathyroidiennes, au niveau des cellules tubulaires rénales et des cellules C de
la thyroide. Il régule notamment la sécrétion de PTH et I'excrétion rénale du calcium en
fonction de la concentration calcique plasmatique.

CaSR AA CaSR

< @ . ° @
TRPV6 © Mg?*® TRPM6

[+ Ca2+
Periosteum

Small intestine  Colon v/
Q/TRPV4 CaSR
PTH ﬁ)
3 é ; TRPV6

686"

I CaSR @
0, TRPM6 Qo TRPVS[\
° ° ° °

PT TAL DCT1 DCT2/CNT

o]

Parathyroid
glands

Ca © Mg

Figure 2 : Représentation schématique de 'homéostasie du calcium et du magnésium [8]. CaSR =
Calcium sensing receptor ; CLDN16 ; 19 = claudin-16 ou 19 ; CNT = connecting tubule; DCT = distal
convoluted tubule; PT = proximal tubule; TAL = thick ascending limb of Henle; TRPM6 = transient
receptor potential melastatin 6; TRPV4 ; 5; 6 = transient receptor potential vanilloid 4 ou 5 ou 6

Le phosphore

Le phosphore intervient sur les acteurs influengant la calcémie. Il est absorbé au niveau de
lintestin gréle par 'action de la 1-250HD. Une hypophosphatémie stimule donc la sécrétion
de 1-250HD et stimule aussi une réabsorption active au niveau rénal. Au niveau rénal, le
FGF23 diminue la réabsorption du phosphore, diminue la sécrétion de PTH et inhibe la 1 alpha
hydroxylase. Cela diminue la 1-250HD.

Le magnésium

Le magnésium, souvent oublié, régule aussi la calcémie. Pour permettre une sécrétion de PTH
et une interaction avec le récepteur de la PTH il est nécessaire d’avoir un taux de magnésium
adéquat. Seul 1% du magnésium de notre corps est retrouvé en extracellulaire, 70% est non
lié dans la circulation plasmatique. L’absorption du magnésium au niveau intestinal est
passive. Par contre, sa réabsorption au niveau rénal est active, elle est stimulée par la PTH et
inhibée par 'hypermagnésémie ou I'hypercalcémie.
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La parathormone

La PTH est un des éléments clés de la régulation du calcium. Il s’agit d’'un polypeptide produit
par les cellules principales des glandes parathyroidiennes. La PTH interagit avec les
récepteurs retrouvés notamment au niveau rénal et des ostéoclastes permettant une
mobilisation de la calcémie en sanguin et une excrétion du phosphore [7].

La 1-25 hydroxy vitamine D

La 1-250HD joue un rdle majeur comme le montre le schéma ci-dessous :
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=
g
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| A
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FGF23 l Z -
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24 hydroxylase
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Calcémie |
Phosphorémie
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Figure 3 : Synthése et métabolisme de la vitamine D. UVB : rayons ultraviolets B ; PTH : parathormone ;
TD : tube digestif ; DBP : D-Binding protein ; VDR : récepteur vitaminique D ; FGF : fibroblast growth

factor ; Ca : calcium ; Ph : phosphore ; CaBP : calcium binding-protein.[9] E. MALLET, « Vitamine
D : le retour »
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11.3. Clinique de I’hyperparathyroidie

La symptomatologie est en lien a la fois a 'hypercalcémie mais aussi a 'action de la PTH sur
los.

En néonatologie , le nouveau-né est toujours symptomatique[1,10] : troubles de l'oralité et
difficulté alimentaire , hypotonie, troubles respiratoires sont les plus fréquents, parfois
déformation thoracique , déminéralisation osseuse, irritabilité.

Chez I'enfant et 'adolescent les symptdomes sont présents selon les études entre 64 a 91 %
des cas [10]. Les lithiases rénales sont les symptémes permettant le plus rapidement d’aboutir
au diagnostic d’hyperparathyroidie [1]. Par ailleurs les symptémes sont peu spécifiques, selon
les études, leur prévalence est trés variable [1,2,10-18] :

- Troubles digestifs : douleur abdominale, nausée, vomissement, pancréatites

- Atteinte osseuses/ articulaires : fracture dont vertébrale, douleurs articulaires, douleurs
osseuses, calcification du tendon d’Achille,

- Troubles rénaux, urinaires : polyuropolydypsie, hématurie, hypertension artérielle
- Myalgies

- Troubles neuropsychologies : asthénie, dépression, anorexie, anxiété, irritabilite,
insomnie, céphalée,

- Troubles cardiaques : tachycardie, palpitation voir cardiomyopathie avec insuffisance
cardiaque.

I.4. Etiologies de I’hyperparathyroidie primaire

L’HPTHL1 est en lien avec diverses causes géneétiques dont les néoplasies endocriniennes
multiples avec tumeur parathyroidienne, une inactivation de la voie de signalisation du
récepteur sensible au calcium, une mutation dans la voie de régulation de la cycline D1
(CKD1). Les étiologies génétiques sont résumées dans le tableau 1.

I1.4.1. Néoplasies endocriniennes multiples

Les néoplasies endocriniennes multiples sont des maladies a transmission autosomique
dominante caractérisées par des tumeurs endocrines dont parfois des adénomes
parathyroidiens ou des hyperplasies parathyroidiennes.

11.4.1.1 Néoplasie endocrinienne multiple de type 1 (NEM1)

La néoplasie endocrinienne multiple de type 1 (NEM1) est due a une mutation inactivatrice
d’'un géne oncosuppresseur, le géne MEN1, codant la ménine [19]. La transmission est
autosomique dominante, souvent familiale, parfois d’apparition sporadiqgue avec
majoritairement une expression dans I'enfance [20,21]. La prévalence est estimée a 1 pour
25 000 habitants a 1 pour 30 000 [21]. La NEM1 est donc un syndrome de prédisposition aux
tumeurs.

Les tumeurs les plus fréquentes, les lésions dites cardinales, sont celles touchant les
parathyroides dans environ 90% des cas , classiquement I'hyperplasie parathyroidienne ou
sinon 'adénome parathyroidien, puis les tumeurs pancréatiques, 50 a 75% des cas ,puis les
tumeurs de I'hypophyse antérieure ,20 a 40% des cas [21] . D’autres tumeurs peuvent étre
retrouvées , moins fréquentes : le gastrinome 30%, les tumeurs neuroendocrines bronchiques
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13%, les tumeurs neuroendocrines du thymus 2 a 8%, les tumeurs corticosurrénaliennes, les
tumeurs cutanées ( angiofibrome, collagénome, lipome) et les méningiomes [21]. Les tumeurs
les plus létales étant les tumeurs du pancréas et du thymus.

La forme familiale typique nécessite d’avoir chez au moins deux sujets apparentés au premier
degré l'existence d’au moins une des lésions cardinales de la NEM1.

Le gene MEN1 est localisé en 11g13. La ménine interagit avec un nombre important de
protéines impliquées dans la régulation de la transcription, dans la stabilité du génome, dans
la prolifération cellulaire, dans la division cellulaire et dans I'apoptose [21].

Le diagnostic de la NEM1 précoce est important pour améliorer I'espérance de vie de ses
patients. La prise en charge précoce permet d’éviter I'apparition de forme inopérable ou
métastasée de néoplasie [20].

11.4.1.2 Néoplasie endocrinienne multiple de type 2 (NEM2)

Les néoplasies endocriniennes multiples de type 2 sont dues a des mutations du géne RET.
La transmission est autosomique dominante. Nous pouvons distinguer deux formes dans les
NEM2 :

- Les NEM2A , caractérisées par le cancer médullaire de la thyroide (99% des patients),
le phéochromocytome (50% des patients), 'hyperplasie parathyroidienne (15 a 30%
des patients), comprennent 4 sous-groupes [22,23]:

o le syndrome NEM2A classique

o le syndrome NEM2A avec un lichen amyloide cutané
o le syndrome NEM2A avec maladie de Hirschsprung
o le cancer médullaire thyroidien isolé familial

- Les NEM2B ou anciennement appelées néoplasies endocriniennes de type 3
correspondent a 5 % des NEM2 et sont caractérisées par le cancer médullaire de la
thyroide (100% des patients), le phéochromocytome (50% des patients) puis parfois
des ganglioneuromatoses diffuses, des neuromes muqueux, des déformations
0sseuses.

Les NEM2 sont liés a une mutation activatrice du proto-oncogéne RET se situant sur le
bras long du chromosome 10 en 10g11, codant un récepteur tyrosine kinase impliqué dans
le développement et la survie des cellules dérivées de la créte neurale.[23].

Le diagnostic précoce de cette mutation permet d’améliorer I'espérance de vie grace
notamment a la thyroidectomie prophylactique, surtout si elle est effectuée dans I'enfance.
[19,22].

[1.4.1.3 Néoplasie endocrinienne multiple de type 4 (NEM4)

En 2007 une nouvelle mutation a été découverte dans 3% des patients sans mutation du gene
MEN1 responsable d’'un phénotype similaire au NEM1: c'est la mutation germinale
inactivatrice du géne Cdknlb, la transmission est autosomique dominante [24]. Ce géne situé
en 12p13 code pour la protéine p27Kipl qui permet d’inhiber le cycle cellulaire et d’aller vers
'apoptose en inhibant les kinases-cycline dépendantes. La NEM4 est encore peu décrite. Pour
le moment son phénotype se caractérise par des tumeurs neuroendocrines parathyroidiennes
avec HPTHL1 pour 81% des cas et des tumeurs neuroendocrines hypophysaires pour 41,6%
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des cas. Pour 'HPTH1, dans le cadre de la NEM4, elle a seulement été décrite chez I'adulte.
Il a aussi été décrit parfois des atteintes digestives (carcinome, syndrome Zollinger-Ellison),
parfois des atteintes pulmonaires (carcinome bronchique, métastase pulmonaire) et d’autres
tumeurs plus ponctuelles pour le moment (carcinome thyroidien papillaire, hyperplasie des
surrénales). Il n’y a pas encore assez de cas décrits et de recul au niveau du suivi pour établir
un phénotype certain. [24]

11.4.2. Le syndrome d’hyperparathyroidie familiale-Jaw tumor (HPT-JT)

Le HPT-JT est de transmission autosomique dominante, syndrome de prédisposition
héréditaire aux tumeurs liées a la mutation du géne CDC73 ( cell division cycle 73 ou encore
anciennement appelé HRPT2) de pénétrance incompléte et d’expression variable [19,25].

Le HPT-JT se manifeste par : des tumeurs parathyroidiennes avec adénomes ou carcinomes
dans 95% des cas, des tumeurs fibro-osseuses des maxillaires et des mandibules dans 25-
30% des cas, des tumeurs rénales bénignes ou malignes dans 15% des cas et des tumeurs
utérines bénignes ou malignes dans 75% des cas. L’hypercalcémie avec ses complications et
les atteintes osseuses de 'hyperparathyroidie primaire sont des causes majeures de morbidité
et mortalité [4,19].

La mutation du géne CDC73 situé en 1g25-q31 est une mutation inactivatrice de ce géene
oncosuppresseur exprimant la protéine parafiboromine régulant le cycle cellulaire vers
'apoptose.

11.4.3. Les syndromes hypercalcémiques familiaux

11.4.3.1 L’hyperparathyroidie familiale isolée (FIHP)

FIHP consiste en une hyperparathyroidie primaire isolée sans syndrome associé mais avec
plusieurs cas familiaux [26]. L’origine génétique n’est pas toujours retrouvée. En effet, dans la
littérature, seules deux mutations ont été retrouvées dans le FIHP : CDC73 dans 14 % des
cas et un géne, dont la pathogénie fit découverte en 2016, retrouvé dans 18% des cas le
GCM2 [19,25],[26].

Ayant déja abordé la mutation CDC73, dans ce paragraphe nous allons vous parler de cette
découverte GCM2.

GCM2 (glial cells missing homolog 2) se situe en 6p24.2 qui code pour un facteur de
transcription retrouvé au niveau des glandes parathyroidiennes. Ce géne est nécessaire au
développement des parathyroides pendant 'embryogenése. Plus spécifiqguement la partie
permettant le bon fonctionnement de la protéine est la partie C terminale dénommée CCID (C-
terminal conserved inhibitory domain) qui se retrouve mutée dans les cas de FIHP. Une des
fonctions de ce facteur de transcription est d’activer la transcription de la PTH. Dans le cadre
de FIHP , il est retrouvé des mutations activatrices entrainant une augmentation de la
transcription de la PTH [26].

Dans le FIHP, seul 1/3 des patients a I'heure actuelle peut avoir un diagnostic génétique, mais
dans le cas du GCM2 son expression étant quasi exclusivement parathyroidienne, son
diagnostic permettra de rassurer les patients sur 'absence de risque de tumeurs autres que
parathyroidiennes.
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11.4.3.2 Les hypercalcémies hypocalciuries familiales

Les hypercalcémies hypocalciuries familiales ont pour cause une inactivation anormale de la
voie de signalisation du récepteur sensible au calcium. Pour FHH-1 et 2, les patients ne sont
pas symptomatiques face a cette hypercalcémie modérée [27,28].

[1.4.3.2.1. Hypercalcémies hypocalciuries familiales de type 1 (FHH-1)

FHH-1 est la cause la plus fréquente d’hypercalcémies hypocalciuries familiales. Il s’agit d’'une
mutation inactivatrice du géne CaSR.

Au niveau thérapeutique, il est important d’identifier cette mutation comme responsable de
I'hyperparathyroidie car une exérése des glandes est inefficace [27]. A I'exérése il est parfois
retrouvé des glandes hyperplasiques.

11.4.3.2.2. Hypercalcémies hypocalciuries familiales de type 2 (FHH-2)

Les FHH-2 dites comme avec un phénotype trés similaire de FHH-1 seraient trés rares chez
ces patients [27,28]. FHH-2 est liée a une mutation inactivatrice du géne GNA11 en 19p13.3
codant la sous-unité a de Gi1 activé par la voie du CaSR.

11.4.3.2.3. Hypercalcémies hypocalciuries familiales de type 3 (FHH-3)

Les FHH-3 sont décrites comme ayant un phénotype plus parlant avec une calcémie plus
élevée, une magnésémie élevée et des symptdmes en lien avec une densité osseuse plus
basse, des troubles psychiatriques et des troubles des apprentissages [27,28]. Il est important
d’en faire le diagnostic car il semblerait que les calcimimétiques puissent soigner ses
symptdémes [27].

Les FHH-3 sont dues a une mutation du géne AP2S1 en 19q13.32 codant la protéine
adaptatrice AP2 sous-unité o permettant 'endocytose du CaSR.

11.4.3.3 Hypercalcémies hypercalciuries familiales

Certaines mutations du gene CaSR (codon 881 de I'exon 7 ou mutation dans le domaine
intracellulaire du CASR ) peuvent entrainer une hypercalciurie au lieu d’une hypocalciurie avec
toujours I'hypercalcémie et une PTH élevée [29]. Contrairement au syndrome FHH, dans le
cadre des hypercalcémies hypercalciuries familiales, I'exérése peut étre une thérapeutique
efficace, non seulement une hyperplasie parathyroidienne est souvent retrouvée mais aussi
parfois un adénome parathyroidien.

11.4.3.4 Hypercalcémies séveres néonatales

Les hypercalcémies sévéres néonatales sont des formes graves d’inactivation du CaSR
aboutissant a des symptémes précoces dans les semaines ou maximum 6 mois suivant la
naissance : détresse respiratoire avec anomalies thoraciques, ostéopénie sévere et fractures,
hypotonie, trouble de l'oralité et refus de s’alimenter, déshydratation sévere [30].

Ces nourrissons doivent étre pris en charge rapidement avec une hyperhydratation, I'utilisation
d’un lait pauvre en calcium, de Cinacalcet et de bisphosphonates et en dernier recours il est
parfois nécessaire de réaliser une parathyroidectomie totale [31].

Dans la majorité des cas il s’agit de mutation homozygote du CaSR [30] mais parfois il peut
s’agir de mutation hétérozygote avec un phénotype plus marqué en lien a de multiples facteurs
[32].
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I1.4.4. Syndrome de Bartter et hyperparathyroidie néonatale

Au cours des deux derniéres années, 6 cas ont été décrit de syndrome de Bartter associé
avec une HTPH1 néonatale ou durant les premiers mois de vie [33,34]. Il s’agit d’'une mutation
du gene SLC12A1 situé en 15g21.1 permettant de coder NKCC2 (sodium-potassium-chloride
cotransporter-2) protéine située au niveau du tube de Henlé et de la macula densa. Les
mutations  génétiques  décrites sont: ¢.1883C>A,p.(A628D); ¢.2786_2787insC,
p.(T931fsX10) ; ¢.735C>G; c.1137del; ¢.2498-2499del, et ¢.1833delT. La cause de
'hyperparathyroidie pourrait étre due a une action sur le CaSR ou un effet des prostaglandines
E2 élevés dans ce type de mutation augmentant la sécrétion de PTH. Sur ces cas décrit, le
cinacalcet semble étre efficace.

11.4.5. Mutation des génes régulateurs de la cycline D1

L’activation de la cycline D1 régulant le cycle cellulaire a été observée dans 20 a 40% des
adénomes parathyroidiens. Dans le cas d’adénome parathyroidien sans syndrome retrouvé,
la recherche chez 85 patients a permis de retrouvé 3 genes mutés codant les CDKI (cyclin-
dependent kinase inhibitors) : CDKN1A, CDKN2B et CDN2C [35]. Ces mutations germinales
ou somatiques n’ont pour linstant, & notre connaissance, été décrites que chez des adultes
entre 53 et 82 ans.
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Tableau | : Etiologies des HPTH1

Mécanisme

Localisation

IGenes Syndrome/pathologie d'Hyperparathyroidie N°OMIM chromosomique Transmission
|M EN1 NEM1 613733 11913;1 AD
IRET NEM2A Polyendocrinopathies tumorales | 164761 10q11.21 AD
lcoknis NEM4 avec tumeur parathyroidienne | 600778 12p13.1 AD
parfois isolée sur des formes
Syndrome ' ; ; A
. . incomplétes/évolution lente
bC73 d'hyperparathyroidie
- familiale — jaw tumor
HRPT2 J : : : 607393 1931.2 AD
Mutation activatrice d'un proto-
Hyperparathyroidie isolée | oncogéene parathyroidien avec
familiale (FIHPTH) adénome parathyroidien isolé
IGCM2 CCID ou multiples 603716 6p24.2 AD
Syndrome
d'hypercalcémies
hypocalciuries familiales
FHH 1
|casr Hypercalcémies séveres 601199 | 3q13.3-q21.1 AD, AR
néonatales
Syndrome Inactivation de la voie de
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[1l. Notre étude

Title: Clinical and biological presentation according to age and genotype in a large

cohort of children with primary hyperparathyroidism: the French experience.

Short title: French experience of primary hyperparathyroidism in children.

Abstract:

Introduction: The diagnosis of primary hyperparathyroidism (PHPT) is rare during childhood
with an estimated incidence of 1 out of 200,000 to 300,000 births. Major advances in genetic
research allowed the discovery of many genes causing PHPT. The aim of this study was to
describe the clinical and biological presentation according to the age and the genotype in a

large cohort of French children with PHPT.

Results: Eighty-four children (47 females and 37 males) with PHPT were included. Mutations
were found on 51 children in different genes: calcium-sensing receptor gene (CaSR, n=26),
multiple endocrine neoplasia type 1 gene (MEN1, n=11), cell division cycle 73 (CDC73, n=8),
adaptor related protein complex 2 subunit sigma 1 (AP2S1, n=3), solute carrier family 12
member 1 (SCL12A1, n=1), rearranged during transfection (RET, n=1), and cyclin dependent
kinase inhibitor 1B (CDKN1B, n=1). Median age of diagnosis was 9.5 years old [interquartile
range (IQR): 0.0; 13.0], even if 31 of those children were under 24 months old. At this time,
children presented high levels in serum calcium (median [IQR]: 3.0 [2.8; 3.1] mmol/L) and
serum PTH (78.5 [43.0; 143.5] pg/mL).Kidney or urinary lithiasis were found in 14 (16.7%)
children. Concerning genotype/phenotype correlations, severe symptoms were more
frequently found in children with CDC73 and CaSR mutations. For those children, serum
calcium levels were higher compared with children with AP2S1 and MEN1 mutations (median
(mmol/L): 3.3 and 3.0 vs 2.8 and 2.7 respectively; p=0.003). Serum PTH levels were
significantly higher in CDC73 children (median: 166.2 pg/mL) compared with MEN1 (70.0
pg/mL), CaSR (39.5 pg/mL) and AP2S1 (26.1 pg/mL) ones (p<0.004). Children diagnosed

before 24 months of age were the most concerned by CaSR mutations and were also more
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asymptomatic than older children (51.6% vs 37.7%, p=0.015) with a lower PTH level (median

(pg/mL) 36.0 vs 102.0, p<0.001).

Conclusion: The main genetic etiology for infant under 24 months is CaSR mutation. For
children above 2 years old, MEN1 and CaSR are the most common mutation found but also
CDC73. Since many patients may be asymptomatic with high calcium serum levels, only the

clinical presentation should guide the therapeutic management of hypercalcemia.

Introduction

Primary hyperparathyroidism (PHPT) is a rare and possible lethal disease for children. PHPT
is defined by hypercalcemia combined with elevated or non-suppressed serum PTH
concentrations. Its incidence is estimated at 1 out of 200 000 to 300 000 births [1,2,36]. The
prevalence is more difficult to estimate ; it could be from 2 to 5 per 100 000, but sometimes

much lower, up to 11 per 275 000 [1,2].

During the last twenty years, several researches studied the phosphocalcic metabolism for a
better understanding. Nowadays, many genes are known to be involved in PHPT: multiple
endocrine neoplasia type 1 (MEN1), rearranged during transfection (RET), cyclin dependent
kinase inhibitor 1B (CDKN1B), cell division cycle 73 (CDC73), glial cells missing homolog 2 C-
terminal conserved inhibitory domain (GCM2 CCID), calcium-sensing receptor (CaSR), G
protein subunit alpha 11 (GNA11), adaptor related protein complex 2 subunit sigma 1 (AP2S1),
solute carrier family 12 member 1 (SLC12A1), cyclin dependent kinase inhibitor 1A (CDKN1A),
cyclin dependent kinase inhibitor 2B (CDKN2B), cyclin dependent kinase inhibitor 2C
(CDKN2C). However, only few studies have reported clinical and biological data concerning
PHPT in the paediatric population [1,14,15,17,36—42]. These studies concerned respectively
55 children in Mallet et al, 59 children in Wang et al, 52 children in Kollars et al, 16 children in
Hsu et al, 14 children in Bhadada et al, 15 children in George et al, 12 children in Li et al, 8

children in Cronin et al, 5 children in Loh et al, 4 children in Venail et al children.
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The aim of this study was to assess the epidemiologic data at diagnosis of PHPT in children

in both clinical and para-clinical terms including genetic abnormalities.

Material and methods

Patient population

There are 29 French national reference or competence centers for rare diseases of

phosphocalcic metabolism.

For this study, we targeted every children (age < 18 years old) presenting with the diagnosis
of PHPT who are taken care within one of the 20 reference or competence centers which
agreed to participate (Amiens, Angers, Besancon, Blois, Bordeaux, Brest, Lille, Limoges,
Lorient, Lyons, Montpellier, Nantes, Paris, Poitiers, Rennes, Reims, Saint-Etienne, Strasbourg,
Toulouse, Tours) between 1998 and 2018. In these 20 centers, the collection of patients was

exhaustive.
PHPT was defined by the association of:

1) hypercalcemia (=2.6mmol/L), hypophosphatemia (< 0.85 mmol/L) and elevated ( = 50

pg/mL) or inadequate (10-50 pg/mL) serum parathyroid hormone (PTH) levels or
2) normal serum calcium level (2.2 -2.6 mmol/L) and high serum PTH levels [3,4].

Familial and personal medical histories as well as clinical and biochemical data were obtained

by retrospective chart review using Excel files.

Children whose parents refused to participate or whose consent couldn’t be obtained were

excluded.

Data analyzed among those collected are listed table Il.
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Clinical data

The height was analyzed in standard deviation (SD), using the new French standards

published in March 2018 by the National French reference center for the growth[43].
Three clinical subgroups have been defined by diagnosis:
- the asymptomatic children,

- children presenting moderate symptoms (concentration disability, depression, urinary
or kidney lithiasis, colic pain, digestive signs, polyuria, polydipsia, dehydration,
inflection of height and weight growth curve, articular or bone signs, high blood

pressure (HBP)) and

- children presenting severe symptoms (including ECG abnormality, lethargy,

convulsions, confusion, severe depression).

Then to analyze the diagnostic circumscriptions more accurately, we focused on a subgroup

excluding those diagnosed during a family or disease survey in the asymptomatic group.
Two age groups were defined:

- the infant group: composed by children aged under 24 months,

- the oldest group: from 2 years old to late adolescence up to 18 years old.

The way adenomas were identified was collected.

Biochemical measurements

The calciuria to creatininuria ratio was analyzed according to French national criteria and the
pediatric endocrinoly handbook [7,44]. For infants under 24 months old, the standard is
(mmol/mmol) 1.58 to 2.29; from 2 to 3 years old, 0.62 to 1.16; from 4 to 10 years old, 0.71 to
1.16; and from 10 years old, 0.28 to 0.67. Three groups were defined: normocalciuria,

hypocalciuria and hypercalciuria.
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Children were also distributed between two biological subgroups by the serum calcium level:
<3 mmol/L versus 23 mmol/L. This cut-off was chosen because serum calcium levels equal or

upper to 3mmol/L appeared to cause more important symptoms [45].

Statistical analysis

Quantitative variables were presented using median, minimum (min), maximum (max), and
interquartile range (IQR), or mean and standard deviation (SD). Qualitative variables were

described in terms of effectives and frequencies (%).

Statistical analyses between pairs of quantitative variables were performed using the test of
nullity of the correlation coefficient (Pearson or Spearman according to the conditions of
validity). Those between pairs of qualitative variables were performed using Chi-2, or a Fisher
test failing to meet the validity conditions. Finally, the quantitative variables were compared
between groups using the Student's test, or by the Wilcoxon test if they didn’t meet required
conditions; when the compared groups had more than 2 categories, a Kruskal-Wallis test was

used.

Then, a multiple linear regression was performed to explain the serum calcium level as a
function of the variables on the serum PTH level (pg/mL), 25-OH vitamin D (ng/mL), alkaline
phosphatases (ALP) (UI/L), phosphatemia (mmol/L), magnesium (mmol/L) and calciuria per
creatininuria ratio (mmol/mmol). In the event of non-compliance with required conditions for

this regression, a bootstrap analysis was conducted to confirm the results.

Regarding this epidemiologic study, the resulting p-values had to be interpreted according to
an intensity gradient: less than 0.1% (the link between the compared variables was extremely
significant), less than 1% (very significant), less than 5% (significant), 5-10% (weakly

significant with possible lack of strength).

The statistical analyses were performed using Excel (by Microsoft© Office 2013) or R 3.4.0

software (R Core Team (2016)).
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As far as possible, analyses were performed according to identified mutations.

This study was performed in agreement with the current French law concerning ethical aspects

and was approved by the ethic committee in the 30/01/2018 n°236-2018-02.

Table Il : Collected data

DATA
Age at diagnostic
Gender and tanner status
Height
Development or acquisition disability
o Time between symptoms and diagnostic,
Clinical symptoms at diagnosis
Fortuitous discovery, familial screening or
screening for a genetic cause
Familial disease, index case, history of chronic
disease such as tumor, cardiac, puberty
anomaly, other hormonal anomaly,
dermatology, history of prematurity or
intrauterine growth retardation.
In blood : Calcium level, calcium corrected
Biological level, _pho_sphorus Ieyel, PTH, 25
hydroxyvitamin D, magnesium level
In urine : calciuria, calciuria report on
creatininuria, urine phosphorus reabsorption
rate
Repercussion : bone mineral densitometry,
Imager skeletal radiography, renal and urinary tract
gery and abdominal ultrasound with urinary stone or
neprhocalcinosis
Parathyroid anomaly : ultrasound, scintigraphy
, computed tomography, magnetic resonance
imaging
Genetic Unknown, MEN1, RET, CASR, AP2S1,
CDKN1B, NKCC2, SLC12A1
Histology Adenoma or hyperplasia
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Results

Cohort general characteristics

Eighty-seven children were eligible: among this population, three children were excluded (two

lost to follow-up, one whose parents refused to participate). Finally, a cohort of 84 children was

analyzed.

This cohort was composed of 47 females and 37 males, with a diagnostic made at a median

age of 9.5 years old (IQR [0; 13]). Sixty-three children (75%) were index cases, 21 were

discovered by familial survey (20 asymptomatic and 1 with moderate symptoms). Eighteen

percent of patients were fortuitously discovered. Thirty-six patients (43%) were asymptomatic

(19% fortuitously discovered and 24% by familial survey), 28 (34%) had moderate symptoms,

and 20 (23%) severe symptoms. Only 39% of the patients were at least of Tanner 2 status.

The genetic aetiologies identified in this cohort are reported in figure 4.

Figure 4 : Percentage of patients according to genetic mutation in the cohort (n=84)
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Index cases: general characteristics

Including only index case children of PHPT (n=63) mutation was present among 28% of the
identified CaSR mutations (n=18), 5% of MEN1 (n=3), 8% of CDC73 (h= 5), one of the three
AP2S1, and the unique RET, SLC12A1 and CDKN1B identified mutations, no mutation was
found for 30 children. The diagnosis was made at a median age of 9.5 years old (IQR [0; 13]
years old, range 0-17 years old). Median calcium level was 2.95mmol/L (IQR [2.80;

3.14Jmmol/L).
Familial survey cases: general characteristics

For familial survey, the diagnosis was made at a median age of 9 years old (IQR [0; 13] years

old, range 0-14 years old). Median calcium level was 2.98mmol/L (IQR [2.80; 3.15]).
Details of clinical and biological data for the cohort are reported in table Ill, figures 5 and 6.

Table 11l : Clinical and biological data for the cohort

Clinical and . Reference
biological Data Mediane QR Range values
Age at diagnosis , i /
(years) (n=84) 9.5 0;13 0-17
Time between first /
symptom and . i
diagnosis (month) 2.0 0:6 0-158
(n=47)
Height (SDS) (n=78) 0.0 -1;0.9 -3-3 /
Calcium level _ 22-26
(mmol/L) (n=84) 3.0 28;31 2.4 -4.7
Corrected calcium 22-26
level (mmol/L) by ,
albuminemia or 3.0 2.8;3.3 25-4.7
protidemia (n=57)
Phosphatemia ) 0.8-1.45
(mmol/L) (n=79) 1.2 1.0;15 0.3-23
PTH (pg/mL)(n=84) 78.5 43.0:1435 | 10.9-3622.0 10-50
250Hvitamine D )
(ng/mL)(n=67) 24.4 18.0; 84.0 7.0-90.0 20 - 100
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Figure 5 : Symptoms in the cohort in percentage
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Figure 6 : Calciuria/creatininuria ratio in the cohort
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Biological and clinical phenotypes according to genetic aetiologies of PHPT

For 4 genetic etiologies (CaSR, CDC73, MEN1, AP2S1), the number of patients was sufficient

to allow some comparisons.

Age at diagnosis, symptoms, and serum levels in calcium, phosphatemia and PTH were

significantly different between these 4 genetic profiles.

Mutations within the CaSR gene were mainly found in the infant group compared to other
genotypes (p<0.001). Severe symptoms were mainly found in CDC73 and CaSR children. It is
interesting to note that CaSR group had first the most children with severe symptoms and
second the most asymptomatic children (p=0.005). In CaSR and CDC73, median serum
calcium levels were higher than in MEN1 and AP2S1 (median (mmol/L): 3 and 3.3 vs 2.7 and
2.8, respectively, p=0.002). PTH levels were the highest in CDC73 as compared with MEN1,
CASR and AP2S1 patients (median (pg/mL):166.2 vs 70.0 vs 39.5 vs 26.1 respectively,
p<0.003). In CDC73 and MEN1, median serum phosphatemia levels were lower than in AP2S1

and CaSR (median (mmol/L): 0.9 and 1.1 vs 1.2 and 1.4, respectively, p = 0.019).

In asymptomatic patient (n=36), 7 patients had serum calcium level equal or above 3 mmol/L,

4 with CaSR mutation (all index case) and 3 without any mutation found (1 index case).

Clinical manifestations according to the genotype are described in figure 7. Of Interest, only
on patient with MEN1 mutation had symptom (colic pain with a lithiasis found in urine) and was

the unique index case.
Regarding genetics and the presence of adenoma or hyperplasia of the parathyroid glands:

- Adenoma was diagnosed in children in MEN1 group (n=4), CDC73 group (n=1), RET

group (n=1) and CDKN1B group (n=1),
- Hyperplasia was diagnosed in children in MEN1 group (n=2) and SLC12A1 group (n=1)

In CaSR group, no child presented neither adenoma nor hyperplasia of the parathyroid

glands.
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Other data according to the genetic aetiologies are described in table IV and in figures 8 for

CaSR, MEN1, CDC73 and AP2S1 mutations.

Table IV : Clinical and biological data according to gene

Clinical and biological CaSR MEN1 CDC73 AP2S1 p-value
data (n=26) (n=11) (n=8) (n=3)
Gendert Female 15 (57.7) 7 (63.6) 4 (50.0) 1(33.3) 0.823
Male 11 (42.3) 4 (36.4) 4 (50.0) 2 (66.7)
Age at Median 0[0;4.5], 13 [11.5;14], 11.5[9.8;14], 14 [7:14],
diagnosis (0-11) (5-17) (1-16) (0-14) <0.001
(years)® Age <24
monthst 18(70) 0 1(13) 1(33)
Time between first 0.5[0;3.5], 0 2.0 [0;2], 4.0 [2;5],
symptom and diagnosis (0-23) 0) (0-12) (0-6) 0.669
(month)? n=10 n=10 n=5 n=3
Height (SD)2 -0.3[-1;1], 0.0[-0.4;0.9], -0.3[-1;0.6], -1.5[-2;-1],
((-3)-2.2) ((-2)- 1.5) ((-3)-3) ((-2.5) - (-0.5)) | 0.400
n=22 n=10 n=8 n=3
Asymptomatic All
group? patients 16 (62) 10 (91) 3 (37.5)
Fortuity
discovery 8(30.8) 2(18.2) 0 None
Survey 0.004
(familial, 8 (30.8) 8 (72.7) 3(37.5)
NEM1)
Moderate All
symptoms? patients 2(8) 109) 1(12.5) 3 (100)
Familial 0 0 1(12.5) 0
survey
Severe symptoms! 8 (30) 0 4 (50) 0
. , |3.0[2.93.2], 2.7[2.7;2.8], 3.3[3.0;3.5], 28[2.8;3.0], | 002
Calcium level (mmol/L)™ 17 52 4 6) (2.6-3.0) (2.5-4.7) (2.8-3.1) '
1.4[1.2;1.6], 1.1[1.0;1.3], 0.9 [0.8;1.3], 1.2 [1.1;1.2],
Phosphatemia (mmol/L)? | (1.0-2.0) (0.9-1.5) (0.6-1.6) (1.0-1.3) 0.019
n=25 n=10 n=8 n=3
39.5 70.0 166.2 26.1
PTH (pg/mL)? [25.2;60.5],  [53.5;102.5], [88.8;254.5], [25.1;48.6], 0.003
(10.9-192.0)  (44.6-181.0) (24.0-330.0) (24.0-71.0)

1 Qualitative variables were described in terms of numbers and percentages.
2 Quantitative data were described in median [IQR], (min-max); PTH : parathormon
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Figure 7 : Symptoms according to gene
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Figure 8 : Calciuria/creatininuria according to gene
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Clinical and biological characteristics of patients without mutation found

Thirty-three children didn’t have any mutation found at the time of the study. Median age at
diagnosis was 11 years old (IQR [0; 14]). Median delay between first symptoms and diagnosis
was 4.0 months (IQR [1.0; 9.0]). Most of them had symptoms (n=26), 8 had severe symptoms.
Median calcium level was 3.0 mmol/L (IQR [2.9; 3.2Jmmol/L) and 15 children had
hypercalciuria, 9 hypocalciuria and 5 normocalciuria. Median phosphatemia was 1.1 mmol/L
(IQR [0.8; 1.4]mmol/L). Median serum PTH level was 110.0 pg/mL (IQR [76.0 ; 185.9]pg/mL).

This group was too heterogeneous to allow comparisons.

Presentation according to age

The age groups are described in table V and figures 9.

Thirty-one children were diagnosed during the infant period (<24 months-old):

o 17 females and 14 males, including 35.5% (n=11) with premature history and 29.0%
(n=9) with intrauterine growth retardation (IUGR), 6 children had both history of
prematurity and IUGR. Mean age at diagnosis was 2.4 + 4.8 months old. Median delay

between first symptoms and diagnosis was 1 month (IQR [O; 4.5]).

¢ Eighteen children had CaSR mutation (58.1%), 1 CDC73, 1 AP2S1 and 1 SLC12A1.

No mutation was identified in the last 10 children (32.2%).

e |UGR (n=9) concerned a few children in CaSR group (n=4), AP2S1 group (n=1),
SLC12A1 group (n=1), and finally 3 children with no identified mutations. Prematurity
was found in some children in CaSR group (n=5), SLC12A1 group (n=1), and in the
group of no-identified mutations (n=5). Median serum calcium level in children with
IUGR was 2.96 mmol/L (IQR [2.8; 3.2]), perfectly superimposable with that of children
with prematurity. Median serum calcium level for infants without IUGR was 2.94

mmol/L (IQR [2.8; 3.1]).
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e Sixteen children (51.6%) were asymptomatic, 6 (19.4%) were found by survey (familial
or MENL1 history) and 10 (32.3%) were fortuitously discovered (9 after a search of

hypocalcaemia at 3 days old).

Fifty-three patients were aged of at least 24 months at diagnosis:

e 30 females and 23 males. Mean age at diagnosis was 11.7+ 3.3 years. IUGR history
was found in only 3 children as well as no history of prematurity. Median delay between
first symptoms and diagnosis was 2 months (IQR [0.8; 9]). Only 4 patients had a height

at -2 SD , none had a height under -2SD.

¢ Some children were concerned by mutations within MEN1 gene (n=11), CaSR (n=8,),
CDC73 (n=7), AP2S1 (n=2), RET (n=1), CDKN1B (n=1). There was no identified

mutation in 23 children (43.4%).

e Twenty children (37.7%) were asymptomatic, 15 (28.3%) were found by survey (familial

or MENL1 history) and 5 (9.4%) were fortuitously discovered.

Children in the infant group were more often asymptomatic than the oldest (51.6% vs 37.7%,
p=0.014). PTH level was lower for infants (median (pg/mL) 36.0 vs 102.0, p<0.001). There was

no adenoma in the infant group (p<0.001).
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Table V : Clinical and biological data according to age

Age at diaghosis <24 Age at diagnosis 224 p-value
Clinical and biological data months months
(n=31) (n=53)
Asymptomatic group? 16 (51.6) 20 (37.7)
Fortuity discovery 10 (32.3) 5(9.4)
Survey (familial, NEM1) 6 (19.4) 15 (28.3) 0.014
Moderate symptoms ! 6 (19.3) 22 (13.2)
Severe symptoms ! 9 (29.1) 11 (41.6)
Calcium level (mmol/L)? 3.0 [2.9;3.1], (2.5-4.6) 2.9[2.8;3.2], (2.4-4.7) 0.735
36.0 [25.6;66.0], 102.0 [66.0;188.0], <0.001
PTH (pg/mL)* (11[.2-200.0) ! (10.[9-3622.0) !
Adenoma' 0 24 (45.3) <0.001
Calciuria* n=28 n=46
Hypocalciuria 23 (74.2) 13 (24.5) 0.750
Hypercalciuria 3(9.7) 25 (47.2)
Normocalciuria 2 (6.5) 8 (15.1)

1 Qualitative variables were described in terms of numbers and percentages.
2 Quantitative data were described in median [IQR], (min-max); PTH : parathormon

Figure 9: Symptoms and calciuria according to age

PREMATURITY 35,5
5,7
IUGR 290
34,0
DIGESTIVE SIGNS 290
13,2
ECG ANOMALY 26
INFLECTION OF HEIGHT AND WEIGHT GROWTH CURVE 13,2 b6
2 3,8
&  NEUROLOGICAL SIGNS (CONFUSION, CONVULSION) ) 97
wv ’
ARTICULAR/BONE SIGNS (MYALGIA, FRACTURES) 97 151
POLYURIA, POLYDYPSIA, DEHYDRATION 65 13,2
15,1
HBP 32
KIDNEY AND URINARY TRACT COLIC/LITHIASIS . 18,9
LETHARGY, DEPRESSION 13,2
50 100 150 20,0 250 30,0 350 40,0
Percentage (%)
Age at diagnosis 224 months (n=53) Age at diagnosis <24 months (n=31)
EL ALLALI Yasmine | Thése d’exercice | Université de Limoges | 2018 49
(@) 5Y-NC-ND | e




Presentation according to serum calcium levels

The multivariate analysis highlighted only a weak significance association for variation of
serum calcium level according to calciuria per creatininuria ratio (p=0.066), phosphatemia
(p=0.059) and ALP (p=0.074). No association was found for PTH level (p=0.182) and for 25

hydroxy-vitamin D (250H-vitD) (p=0,986).

When CaSR patients were excluded, serum calcium level became significantly related to PTH
level (p = 0.012).

PTH level was not associated with the 250H-vitD serum level (p = 0.356).

The subgroups according to serum calcium level are described in table VI.

There were more asymptomatic children in the “serum calcium level <3 mmol/L” group (57%
vs 23%, p=0.019). Adenomas were mostly found in the group “serum calcium level 23 mmol/L”
(42.9% vs 18.4%, p=0.015), it was consistent with a higher PTH level (median: 96.0 vs 66.0
(pg/mL), p=0.077). Calciuria per creatininuria ratio was higher in the “serum calcium level 23

mmol/L group” (median: 1.1 vs 0.6 (mmol/mmol), p=0.003).

For the asymptomatic children in the “serum calcium level 23 mmol/L” group, 5 had a CaSR

mutation, 1 had CDC73 mutation, 2 had no mutation found.
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Table VI : Clinical and biological data according to calcium level

Clinical and biological

Calcium level <3 mmol/L

Calcium level 23 mmol/L

PTH (pg/mL)?

(10.9-3622.0)

(11.2-1056.0)

data (n:49) (n:35) p-Value
Age at diagnosis (years)? 9 [0:13], (0-17) 10 [0:13], (0-17) 0.926
Time between first ) ]
symptom and diagnosis 4.0 [1'06(3'5(])’ (0-23) 2.0 [0.0,nS_.g]?,( 0-158) 0.292
(month)? a B
H 2
Height (SD) 0 [-1.1;0.6],( (-3) - 2.5) 0 [-1.0;0.9], ((:3) - 3)
n=44 n=34 0.706
Asymptomatic !
28 (57) 8 (23)
Fortuit discovery 12 (24.5) 3 (8.6)
. 0.0193
Survey (familial, NEM1) 16 (32.7) 5(14.3)
Moderate symptoms? 15 (31) 13 (37)
Severe symptoms?
6 (12) 14 (40)
0.015
Adenoma! 9 (18.4) 15 (42.9)
Calciuria/creatininuria 0.6 [0.2;0.9], (0.0-3.3) 1.1[0.6;1.6],( 0.0-9.8) 0.003
ratio (mmol/mmol)? n=40 n=32
e 28.4 [18.0;35.5], (7.0-84.0) 24.0 [18.4;32.3], (8.6-90.0) | 0.697
250Hvitamine D (ng/mL)? n=35 n=32
66.0 [43.0;113.0], 96.0 [46.0;194.5], 0.077

1 Qualitative variables were described in terms of numbers and percentages.
2 Quantitative data were described in median ([IQR], min-max); PTH : parathormon

Analysis in patients according to symptoms

Twenty-one children were diagnosed during familial (n=20) or disease (n=1) survey in the

asymptomatic group, like we said they were excluded for this analysis.

The remaining 63 children were diagnosed fortuitously or on symptoms, and one in the

moderate group had a familial survey. All their data are described in table VII.
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The asymptomatic children (n=11) were mainly diagnosed in the infant period (10 infants) while
children with severe symptoms were during childhood (median age 7 years) and those with
moderate symptoms during adolescence (13 years), p=0.005. Serum calcium level increased
with the severity of symptoms (median (mmol/L): 2.9 in asymptomatic vs 3.0 in moderate
symptoms and 3.2 in severe symptoms, p=0,005). Calciuria per creatininuria ratio was
correlated to the serum calcium level (median (mmol/mmol): 0.6 vs 0.8 vs 1.4 respectively,
r=0.6, p=0,031). The presence of a parathyroid adenoma was also associated with the gravity

of symptoms (6.7 % vs 37.9% vs 42.1%, p=0,060).

Regarding the PTH level, it was lower in the asymptomatic group (median (pg/mL) 50.0) but
higher in the moderate symptoms group (116.0) compared to the severe symptoms one (90.0
pg/mL) (p=0.033). The 250H-vitD level was higher in the asymptomatic group compared to
moderate or severe symptoms ones (median (ng/mL): 35.0 vs 18.0 vs 24.8 respectively,

p=0.001).

Table VIl : Analysis in patients without discoveries on survey according to symptoms group

_ Asymptomatic* M r mptom ver mptom -val
Clinical data sy (np:t(ES)atc ode a(trfzsz)é) ptoms Seve ?ns:ylg)pto s |p-value
Age at diagnosis 0[0;5.5], (0-17) 13 [9;14], (0-16) 70:12),(0-17) | 290
(years)

Time between first No delay (none with  3[0.8:8.3], (0-71) 1[0;5], (0-158) | ©-%0°
symptom and - = .
diagnosis (months)? symptoms?) n=28 n=19
Calcium level (mmol/L)2[2.9 [2.8;3.0], (2.7-3.2) 3.0[2.8;3.2], (2.4-4.2) 3.2[2.9;3.4], (2.8-4.7)| 0.005
Calciuria/creatininuria (0.6 [0.4;0.8], (0.1-1.9) 0.8 [0.2;1.3], (0.0-4.0) 1.4[0.9;1.8], (0.0-9.8)| 0.031
ratio (mmol/mmol) 2 n=14 n=25 n=16
Genetic etiology? 0.009
CaSR 8 (53.4) 3 (10.4) 7 (36.8)
MEN1 2 (13.3) 1(3.4) 0
CDC73 0 1(3.4) 4 (21.1)
AP2S1 0 3 (10.4) 0
. . 35.0 [25.0;45.1], 18.0[12.3;26.7], 24.8 [23.0;46.0], 0.001
(zfgri‘l’_')tf‘m'”e D (1:&.0-90.0) ] (7[.0-41.2) ! (1£1.0-84.0) ]
n=11 n=23 n=19
50.0[30.4;77.5 116.0 [62.0;199.0 90.0 [40.0;191.9 0.033
PTH (pg/mL)’ (15[.0-19’2.0) . (24.[0-36é2.0) . (11[.2-1d56.0) b
Adenoma ! 1(6.7) 11 (37.9) 8 (42.1) 0.060

1 Qualitative variables were described in terms of numbers and percentages.

2 Quantitative data were described in median [IQR], (min-max); PTH : parathormon
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CaSR mutation, a careful look

As one third of the cohort population had mutation of CaSR gene (n=26), this genetic group

deserved to be analyzed more precisely.

Most of this population were index case (n=18), and the diagnosis was made under 24 months
old for 69% (n=18) of them, 4 had history of IUGR. Fourteen children were asymptomatic, 4

had moderate symptoms and 8 severe symptoms.

The most symptomatic children were the youngest. Median age of asymptomatic children
(n=14) was 10 years old (IQR [0; 13]), and it was 8.5 years old (IQR [0-13]) for symptomatic
children (n=12). For those diagnosed before 24 months old (n=18), 6 had severe symptoms, 2

moderate symptoms and 10 were asymptomatic.

IUGR was found for 4 children, 3 were neonates and 1 had one year old. The 3 neonates had
severe symptoms with ECG anomaly and 2 had bone deformity. For the one year old child with

IUGR, he had an inflection of height and weight curve.

One child was homozygous with double heterozygosity, 19 were heterozygous, and those
elements were not specified for the remaining six children. In children with severe symptoms
(n=8), three had mutations in exon 7 including the one with double heterozygoty (exon 4 and
7), one had mutation in exon 3 and for the other it was not specified. The only child with

hypercalciuria had severe symptoms and a mutation in exon 7.

Comparison was made between the 26 CaSR children and the other 58 in terms of serum
calcium, PTH and calciuria levels. There was no difference in serum calcium levels (mean
(mmol/L): 3.05£0.36 vs 3.03+£0.41, p=0.82), while PTH and calciuria levels were significantly
lower (mean (pg/mL): 51.28+43.61 vs 220.54+501.66, p<0.001; mean (mmol/L): 0.95+0.77 vs

5.36+5.28, p<0.001; respectively).

As for the total cohort, CaSR children had two clinical presentations: severe symptoms and

asymptomatic.
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Ways to diagnose parathyroid adenoma

Twenty-four (28.6%) children in the total cohort had a parathyroid adenoma, of three different
histological types: principal cells (n=6), oxyphile cells (n=1), both types (n=5). For 12 children

the composition of parathyroid adenoma was not found.
Nineteen had a parathyroid ultrasound finding the nodule, 2 did not have ultrasound.

Twenty-two had the nodule found on the parathyroid scintigraphy, one did not have a
scintigraphy.
Six had PET-CT finding a nodule, all had scintigraphy abnormalities but 2 had normal

ultrasound and one had no ultrasound.

Four had the nodule found on the MRI confirming the position of the scintigraphy. For 3 of them
it specified the position compare to PET-CT (one did not have PET-CT) and 2 did not have

any anomaly on ultrasound.
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Discussion

The place of the study in the field of previous published data

To our knowledge, this is the largest cohort in paediatrics with inclusion of infants under 24

months [1,36,37]. Table VIII presents a comparison between this study and the 4 others

largest cohorts:

- Mallet et al, inclusion from 1984 to 2004, 55 children including 11 neonates [1],

- Wang et al, inclusion from 1975 to 2015, 59 children [37],

- Kollars et al, inclusion from 1970 to 2000, 52 children [15],

- Hsu et al, inclusion from 1984 to 2001, 24 children [38].

Table VIII : Our cohort compare to other

Our study
without
Our study infants Mallet et al * | Wang et al 3 |Kollars et al °| Hsu et al 38
Period 1998-2018 | 1998-2018 1984-2004 1975-2015 1970-2000 1984-2001
Number of case 84 (31linfants) 53 55(11neonates)| 59 (no infants) | 52 (no infants) |16 (no infants)
Sex n(%)
Female| 47 (56) 30 (56) 33 (60) 33 (56) 31 (60) 7 (44)
Male| 37 (44) 23 (44) 22 (40) 26 (44) 21 (40) 9 (56)
Calcium level,
mmol/L, mean (SD or 3,0 3,0 3,27 3,01 2,93 2,98
range) (0,4SD) (0,4SD) (2,6-4,33) (0,30SD) (2,5-4,0) (0.25SD)
Symptomatic, % 57,1 62,3 82 98,3 79 77
Kidney or urinary
stone, % 16,7 22,6 41 39 40,4 83
Bone anomaly, % 16,7 22,6 16 86,4 34,6 29
Histology n(%)
Adenoma 24 (29) 24 (45) 29 (53) 46 (78) 36 (70) 11 (70)
Hyperplasia 4 (5) 3 (6) 11 (20) 6 (10) 3 (6) 4 (25)
Gene n(%)
MEN1| 11 (13) 11 (21) 24 2(4) 10 (19) 0
CDC73 8 (10) 7 (13) 0 6 (11) 0 0
AP2S1 3(4) 2(4) 0 0 0 0
CASR| 26 (31) 8 (15) 20 (36) 0 0 0
RET 1(2) 1(2) 0 0 24 1(6)
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In adults, hyperparathyroidism is a common disease with a prevalence of about 1/1000 [36,46],
while during childhood the prevalence is still poorly known because it is a rare disease. This
study included all diagnosed children in 20 French reference or competence centers for rare
diseases of phosphocalcic metabolism. Although the collection cannot be completely
exhaustive, for the year 2017 the prevalence of the disease could be estimated at 1 per
154 000 in the population aged <18 years old and the incidence at 1 per 540 000: this incidence
is lower than in other studies (Mallet et al 1 per 200 000 to 300 000), but prevalence seems to
be the same (Lawson et al 2 to 5 per 100 000) [1,2]. The female predominance, which was still

described, is also present in this large cohort [36,37].

Circumstances of diagnosis

A majority of the included children (75%) were index cases for PHPT diagnosed at any given
time in their childhood. Compared to other large cohorts (Mallet et al., Wang et al., Kollars et
al. and Hsu et al), we had fewer symptomatic children at diagnosis (only 57.1% vs 82%, 98.3%,
79% and 77% respectively), and those even excluding the infants patients who were the least
symptomatic in this cohort (62.3%) or excluding CaSR patients (70.6%) [1,15,37,38]. This can
be explained by the number of children discovered during family follow-up or during survey in
a known MEN1 mutation (n=21, 25% of the cohort). The high number of CaSR patients present
in this cohort, so less symptomatic, could explain in part this difference. As the other French
cohort of Mallet et al, we actually made the choice to include patients with CaSR mutation
which were not in the inclusion criteria of the other large cohort of Kollars et al which included

patients in case of parathyroid resection for PHPT.

Calcium level and clinical presentation

Of interest, the severity of the clinical presentation didn’t depend on the only serum calcium
level: other parameters were involved as the genetic etiology, the presence or absence of an

adenoma, the calciuria rate.
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A large part of the index cases (23.8%) were completely asymptomatic at diagnosis: their
serum calcium level was 2.9 mmol/L (range: 2.7-3.2). Those with calcium level above or equal
to 3.2mmol/L were mostly patient with CaSR mutation. This aspect confirms that the
hypercalcemia can be asymptomatic at the disease discovery and therefore does not
necessarily justify the setting up of treatment [47]. Indeed, in case of CaSR mutation, there is
a resistance against the action of serum calcium and so all the body tolerates a higher calcium
level since the CaSR can be found ubiquitously in the body[31,48]. Unlike in Durkin et al. study,
the threshold of 3.0 mmol/L does not seem to be an ideal cut-off for predicting symptomatology
in all children with PHPTI[45]. Indeed, we also find asymptomatic patients in the “serum calcium
level 23.0mmol/L” group (22.9%) with mostly CaSR children. An important overlap in serum
calcium levels was observed through the different levels of symptoms severity. As a result, in
the context of the child's primary hyperparathyroidism, we believe that clinic should guide the
medical treatment rather than serum calcium level at diagnosis and even more if hypocalciuria

is present and CaSR mutation is suspected.

Genotypes knowledge

Studies on the paediatric genotypes are still lacking. To our knowledge, only two other studies
considered mutations other than MEN1 and RET (Mallet et al. and Wang et al. [1,37]).
Furthermore, in Wang et al only 24 on 59 patients underwent DNA analysis (CaSR, MENL1,
RET, CDC57, CDKN1B) that led to only 8 genetic diagnosis so 67 % patients were without a
genetic diagnosis that is much higher than in our results (39.3%). So, no recent paper
describes genetics as much as the present study. Therefore, this study highlights the
respective frequencies of genetic etiologies known to this day: mutations of the calcium-
sensitive receptor are the most frequently found, especially during early childhood. This
observation was already noted in the Mallet et al. series. Thirty-three children (39.3%) of the
cohort didn’t get any specific genetic etiology at diagnosis despite medical investigation and in

this group the clinic like biology is too heterogeneous to be able to compare them to other
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patients with mutation found. In adults also, in case of a particular situation reminiscent of a

genetic etiology, other genes remain to be identified for patients who tested negative [49].

In the future, the Next Generation Sequencing (NGS) raises a lot of hope for the discovery of

new causes of PHPT [50-52].

CaSR, particular patients in hyperparathyroidism

The calcium sensing receptor is widely distributed throughout the organism, but its main
function appears to be related to the regulation of calcium homeostasis through its expression
on the plasma membranes of parathyroid and renal tubular cells. Activation of the parathyroid
calcium sensing receptor by extracellular ionized calcium inhibits secretion of PTH, while in
the distal renal tubular cells receptor activation leads to enhanced urinary excretion of calcium

[8,36].

Inactivation of CaSR gene is described in three childhood syndromes: familial hypocalciuria
hypercalcemia type 1, familial hypercalciuria hypercalcemia and severe neonatal

hyperparathyroidism [27,29,30] .

As described in the literature and in agreement with the physiopathology of the inhibiting CaSR
mutations, our population presenting a CaSR mutation has two clinical presentations : children
were more often asymptomatic (54%), and when symptoms appeared, they tended to be
severe instead of moderate (31%), 6 of the 18 infants had severe symptoms [28,31,48]. For
severe neonatal hyperparathyroidism, previous literature describes an association with a
homozygous mutation, whereas our severe infant patients were homozygote in one case
(double heterozygosity mutated exon 4 and 7), and heterozygous in 3 cases (exon 3 and 7)
[30]. These parts of the gene code for crucial regions for the functioning of the CaSR as exon
3 is involved in its dimerization and exon 7 codes for the intracellular tail which binds the G
protein [53]. Although in vitro studies of these mutations have not been performed, we could

suppose that they lead to harder phenotypes with higher calcium serum levels. The important
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role of calcium on cardiac and nervous cells could explain the severity of symptoms at

diagnosis [7].

In conclusion, if clinical and biological data are concordant during early infancy, mutation of
CaSR gene should be considered at first. In the infant group, 74.2% had hypocalciuria, which
suggests we should search for other genetic anomalies interacting with Calcium Sensing

Receptor in those children.

CDC73, a mutation to consider in children with PHPT

Previous studies on CDC73 gene screening in children were limited to case reports except for
Wang et al. (n=6) and Bricaire et al (n=6) [25,37]. Only Bricaire et al described the phenotypes

in their population limited to the presence or absence of uterine and kidney lesion or jaw tumor.

In the literature, parathyroid carcinomas in CDC73 mutations are described to be much more
expressive with more heavy symptomatology, higher calcium levels (from 2.8 to 4.3 mmol/L)
and very high PTH levels (from 200 to 1800 pg/mL) with sometimes signs of compression in
case of centimeter tumors [19][25]. In France, the mean age at diagnosis is 23 years old,
ranging from 14 to 65 years old [25]. The survival prognosis in HPT-JT after its diagnosis is of
8.9 years at only 14.3 years. Early diagnosis in the index case family could improve its survival
prognosis with early detection of tumor signs. Indeed, several pejorative factors are identified,
such as the age of diagnosis and the tumor size (more pejorative in case of late diagnosis or

large tumor). Those factors could be improved by early management [19,54].

Almost 10% (n=8) of the present cohort was affected by this mutation. The median age of
diagnosis was 11.5 years-old (IQR [9.8;14]), the youngest was one year old and 5 children
were index cases. Except those diagnosed because of familial screening, our patients also
had severe symptoms and elevated calcium and PTH levels but a little bit lower than described

in the literature for the PTH levels, maybe it's due to the diagnostic made at a younger age.
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In contrast with the study of Bricaire et al, there was no diagnosis of jaw tumor among children
affected by this mutation at the time of diagnosis of hyperparathyroidism. Of interest, 3 of them

were diagnosed very early following a familial survey.

Long term follow up of them-would determine the impact of earlier diagnosis on prognosis.

Infant phenotype

The description of primary hyperparathyroidism in children under 24 months old is rarely
reported in the literature and we found no larger cohort on this topic [36]. In contrast with the
French cohort previously reported by Mallet et al., some children in this group in the present
cohort were asymptomatic. This is explained by the way of diagnosis: some were diagnosed
after a familial survey, and this cohort also counts a lot of fortuitously discoveries, like after a
control of serum calcium level at 3 days old. Indeed, serum calcium level in neonates is more
often checked to detect hypocalcemia related to low weight, prematurity, infection, maternal
causes such as diabetes, low vitamin D level or some epileptic treatment [55]. Thanks to those

procedures, 9 of 31 (29%) infants were diagnosed before occurrence of symptoms.

For this cohort, children suffering from respiratory problems were premature ones. For the
cases reported it was difficult to define whether the respiratory distress was related to an
abnormal lung development in connection with, for example, a CaSR mutation or the
immaturity of the premature infant with hyaline membrane disease [56]. This is the reason why
did not seem to be relevant to include respiratory problems as symptoms of hypercalcemia or

PTH anomaly.

Infant group had lower PTH level than older children. This could be explained by the high

number of CaSR children.
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Impact on prematurity and fetal growth

For the first time we can describe some fetal and neonatal data concerning infants under 24
months presenting PHPT. Among all children prematurely born (n=11),all were diagnosis
during the 6 months after birth, 5 had a heterozygous mutation of CaSR, 1 in AP2S1, and the
last 5 had no identified mutations. Among all children with IUGR (n=12,), 4 had an mutation
of CaSR, 2in AP2S1, 1in CDC73, 1 in MENL1, and the last 8 had no identified mutations.
Eight children with IUGR were diagnosis during the 6 months after birth and one at 23
months old, 4 had CaSR mutation, 2 had AP2S1 mutation and 3 didn’t have any genetic
found. Thus, excluding patients without genetics found, IUGR and prematurity were mainly
found in case of CaSR mutations. And with 35.5% of prematurity and 30% of IUGR in the
infant group, and knowing the role of calcium for bone formation, it seems that the
parathyroid anomaly during fetal growth could be a cause of prematurity and growth
retardation mostly due to the anomaly in the Calcium Sensing Receptor pathway [56-59].
Two hypotheses can be advanced to explain theses both ascertainment. First, the fetus lives
in a hypercalcemic environment compared to its mother. It has been shown that this
hypercalcemia is essential for growth and bone mineralization of the fetus and its action is
mediated by the CaSR. In presence of inhibiting CaSR mutation, the hypercalcemia is
perceived as a normal calcium level and could explained a defect of growth for the fetus
[57,58,60]. Second, Miao et al explain that coordinated action of both PTH and PTHrP are
required to achieve normal fetal skeletal morphogenesis, and they demonstrate an essential
function for PTH at the cartilage-bone interface. Riccardi et al explain that CaSR is a master
controller of skeletal development, where it exerts direct anabolic actions on both bone and
cartilage and also resets the fetal “calciostat” to a level by promoting placental secretion of
PTHrP. This study also suggests that inhibiting CaSR mutations or mutation in the pathway

of Calcium Sensing Receptor could affect fetal growth.
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Childhood to late adolescence

Excluding infant group (children before 24 months-old), this cohort is the second largest
paediatric one described in the literature [1,14,15,17,36—42]. Their clinical profiles are different

from those of infants.

Compared to the other two largest cohorts (Wang et al. and Kollar et al.), , children were
diagnosed earlier (mean age 11.7 years +/- 3.3 SD vs 14.1 years +/- 2.8 SD (Wang et al.) ;
median age 13 years (range 3-17) vs 16.8 years (range 4.9-18.9) (Kollars et al.) )[15,37]. There
were fewer kidney lithiasis and bone anomalies. This could not be explained by serum calcium
levels, which were similar in the three studies, but may be by the number of asymptomatic and
CaSR children. It is interesting to note that in France, there seems to be fewer parathyroid
adenomas compared to Minnesota and Beijing. That could be due to some ethnic mutation
prevalence and it would be interesting to further explore genetics in these populations (like

using NGS).

Limitations

Regarding the bivariate analyses, no alpha risk correction was carried out despite the
multiplicity of tests. The existence of an alpha risk inflation is not to be excluded for a number

of tests emerged as significant at the 5% significance threshold.

Missing data are a recurrent problem in epidemiologic studies, and in the present cohort
particularly for evaluation of bone anomalies (48.8%) [61]. As a result it possibly
underestimates the impact of hyperparathyroidism on bones compared to the other largest

recent study [37].
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Conclusion

This study has been able to demonstrate different etiologies according to the age of the

patient:

- The main genetic etiology for infant under 24 months is CaSR mutation and because
hypocalciuria is often found in those patients, mutation affected the pathway of

Calcium Sensing Receptor must be search if CaSR mutation is not found lie AP2S1.

- For children above 2 years old, MEN1 and CaSR are the most common mutation

found but also a less known mutation that musn’t be forgotten, CDC73.

Since many patients may be asymptomatic with high calcium serum levels, only the clinical

presentation should guide the therapeutic management of hypercalcemia.
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IV. Synthése de ce travail

L’hyperparathyroidie primaire de I'enfant est une maladie rare dont nous avons pu estimer en
France en 2017 une incidence de 1 pour 540 000 naissances et une prévalence de 1 pour

154 000 enfants de moins de 18 ans.

Comme expliqué ci-dessus, ce travail représente une des plus grandes cohortes décrite a
notre connaissance, notamment pour les nourrissons de moins de 24 mois. Par ailleurs, cette
étude a permis de comparer plusieurs étiologies génétiques dés que le nombre d’enfants

étaient suffisant.

En effet, il est intéressant de noter que la sévérité des symptdmes ne dépend pas du taux de
calcémie seul, mais également de I'étiologie génétique et par conséquent de la présence ou

non d’'un adénome et d’'une hypocalciurie.

En effet, méme si certaines mutations du CaSR peuvent donner des symptémes séveéres, dans
la majorité des cas, ce sont des patients moins symptomatiques avec un taux de PTH plus

bas.

Chez les nourrissons de moins de 24 mois, le CaSR était la mutation la plus fréquente et la
majorité des nourrissons présentaient une hypocalciurie suggérant une mutation dans la voie
de signalisation du Calcium Sensing Receptor. Ceci peut donc expliquer pourquoi les

nourrissons étaient plus souvent peu symptomatiques.

Chez les enfants de plus de 2 ans, I'étiologie la plus fréquente d’hyperparathyroidie primaire
était bien sur la mutation de MEN1 mais aussi du CaSR. Nous avons constaté que la mutation

CDCT73, peu connue, était également une étiologie génétique fréquente dans ce groupe.

Presque 40% des enfants n’avaient pas de mutation trouvée et ce groupe était trés
hétérogéne, le développement de la NGS permettra, nous l'espérons, la découverte de

nombreux génes et ainsi réduire ce pourcentage.
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Pour finir, dans cette étude, un certain nombre d’enfant était asymptomatique malgré un taux
élevé de calcium, il est donc important que notre thérapeutique soit guidée par notre clinique

et non par le taux de calcémie seul en cas d’hypercalcémie chez I'enfant.
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Serment d’Hippocrate

En présence des maitres de cette école, de mes condisciples, je promets et je jure d’étre fidéle
aux lois de I’honneur et de la probité dans I'exercice de la médecine.

Je dispenserai mes soins sans distinction de race, de religion, d’idéologie ou de situation
sociale.

Admis a lintérieur des maisons, mes yeux ne verront pas ce qui s’y passe, ma langue taira les
secrets qui me seront confiés et mon état ne servira pas a corrompre les moeurs ni a favoriser
les crimes.

Je serai reconnaissant envers mes maitres, et solidaire moralement de mes confréres.
Conscient de mes responsabilités envers les patients, je continuerai a perfectionner mon
savoir.

Si je remplis ce serment sans I'enfreindre, qu’il me soit donné de jouir de I'estime des hommes
et de mes condisciples, sije le viol et que je me parjure, puissé-je avoir un sort contraire.
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[Hyperparathyroidie de I’enfant en France : aspects diagnostiques et étiologiques]

[Introduction: Le diagnostic de 1’hyperparathyroidie primaire (PHPT) est rare dans ’enfance avec une incidence
estimée de 1 sur 200 000 a 1 sur 300 000 naissances. Des avancées majeures en recherche génétiques ont permis
la découverte de nombreux genes causant PHPT. L’objectif principal de cette étude était de décrire la clinique et
biologie en fonction de 1’4ge et du génotype dans une large cohorte frangaise d’enfant avec PHPT. Résultats :
Quatre-vingt-quatre enfants (47 filles et 37 garcons) avec PHPT furent inclus. Des mutations dans différents génes
furent trouvées pour 51 enfants : : calcium-sensing receptor gene (CaSR, n=26), multiple endocrine neoplasia
type 1 gene (MEN1, n=11), cell division cycle 73 (CDC73, n=8), adaptor related protein complex 2 subunit sigma
1 (AP2S1, n=3), solute carrier family 12 member 1 (SCL12A1, n=1), rearranged during transfection (RET, n=1),
et cyclin dependent kinase inhibitor 1B (CDKN1B, n=1). La médiane d’age au diagnostic était de 9.5 ans
[interquartile 1Q : 0.0 ; 13.0], méme si 31 de nos patients avaient moins de 24 mois. Au moment du diagnostic, les
enfants présentaient un taux élevé de calcémie (médiane [1Q] : 3.0 [2.8 ; 3.1Jmmol/L) et de PTH (78.5 [43.0;
143.5]pg/mL). Colique ou lithiase rénale furent trouvées chez 14 (16.7%) enfants. Par rapport a la corrélation
génotype/phénotype, les symptdmes séveres furent plus fréquents chez les enfants avec mutation de CDC73 et
CaSR. Pour ses enfants, le taux de calcium était plus élevé qu’en cas de mutation AP2S1 et MEN1 (médiane
(mmol/L): 3.3 et 3.0 vs 2.8 et 2.7 respectivement; p=0.003). Le taux de PTH était significativement plus élevé en
cas de mutation CDC73 (médiane : 166.2pg/mL) comparé aux mutations MEN1 (70.0pg/mL), CaSR (39.5pg/mL)
et AP2S1 (26.1pg/mL) (p<0.004). Les enfants diagnostiqués avant 24 mois avaient davantage de mutation du
CaSR et était aussi plus souvent asymptomatique comparé aux autres enfants (51.6% vs 37.7%, p=0.015) avec un
taux de PTH plus bas (médiane (pg/mL) : 36.0 vs 102.0, p<0.001). Conclusion : La cause génétique la plus
fréquente pour les nourrissons de moins de 24 mois est la mutation du CaSR. Apres 2 ans, MEN1 et CaSR sont les
causes les plus fréquentes mais aussi CDC73. Comme beaucoup de patients étaient asymptomatiques avec des
taux de calcium élevé, seule la présentation clinique doit guider la thérapeutique face a une hypercalcémie.

Mots-clés : Hyperparathyroidie primaire, enfants, génotypes, nourrissons

[Clinical and biological presentation according to age and genotype in a large cohort of children
with primary hyperparathyroidism: the French experience.)]

Introduction: The diagnosis of primary hyperparathyroidism (PHPT) is rare during childhood with an estimated
incidence of 1 out of 200 000 to 300 000 births. Major advances in genetic research allowed the discovery of many
genes causing PHPT. The aim of this study was to describe the clinical and biological presentation according to
the age and the genotype in a large cohort of French children with PHPT. Results: Eighty-four children (47 females
and 37 males) with PHPT were included. Mutations were found on 51 children in different genes: calcium-sensing
receptor gene (CaSR, n=26), multiple endocrine neoplasia type 1 gene (MENZ1, n=11), cell division cycle 73
(CDCT73, n=8), adaptor related protein complex 2 subunit sigma 1 (AP2S1, n=3), solute carrier family 12 member
1 (SCL12A1, n=1), rearranged during transfection (RET, n=1), and cyclin dependent kinase inhibitor 1B
(CDKN1B, n=1). Median age of diagnosis was 9.5 years old [interquartile range (IQR): 0.0; 13.0], even if 31 of
those children were under 24 months old. At this time, children presented high levels in serum calcium (median
[IQR]: 3.0 [2.8; 3.1] mmol/L) and serum PTH (78.5 [43.0; 143.5] pg/mL).Kidney or urinary lithiasis were found
in 14 (16.7%) children. Concerning genotype/phenotype correlations, severe symptoms were more frequently
found in children with CDC73 and CaSR mutations. For those children, serum calcium levels were higher
compared with children with AP2S1 and MEN1 mutations (median (mmol/L): 3.3 and 3.0 vs 2.8 and 2.7
respectively; p=0.003). Serum PTH levels were significantly higher in CDC73 children (median: 166.2 pg/mL)
compared with MEN1 (70.0 pg/mL), CaSR (39.5 pg/mL) and AP2S1 (26.1 pg/mL) ones (p<0.004). Children
diagnosed before 24 months of age were the most concerned by CaSR mutations and were also more asymptomatic
than older children (51.6% vs 37.7%, p=0.015) with a lower PTH level (median (pg/mL) 36.0 vs 102.0, p<0.001).
Conclusion: The main genetic etiology for infant under 24 months is CaSR mutation. For children above 2 years
old, MEN1 and CaSR are the most common mutation found but also CDC73. Since many patients may be
asymptomatic with high calcium serum levels, only the clinical presentation should guide the therapeutic
management of hypercalcemia levels.

Keywords : Primary hyperparathyroidism, children, genotype, infant



