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Abstract

Background/Aims: On behalf of the Drug and Therapeutics,
and Bhics Committees of the Pediatric Endocrine Society,
we sought to updatetheguidelinespublished in 2003 on the
use of growth hormone (GH). Because idiopathic short stat-
ure (ISS) remains a controversial indication, and diagnostic
challenges often blur the distinction between ISS, GH defi-
ciency (GHD), and primary IGF-I deficiency (PIGFD), we fo-

cused on these three diagnoses, thereby adding recombi-
nant IGF-I therapy to the GH guidelines for the first time.
Methods: This guideline was developed following the
GRADE approach (Grading of Recommendations, Assess-
ment, Development, and Evaluation). Results: Thisguideline
provides recommendations for the clinical management of
children and adolescentswith growth failure from GHD, ISS,
or PIGFD using the best available evidence. Conclusion: The
taskforce suggeststhat the recommendationsbe applied in
clinical practice with consideration of the evolving literature
and therisksand benefitsto each individual patient. In many
instances, careful review highlights areas that need further
research. ©2016 S Karger AG, Basel
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OAHrFIEZ TIA TH XOPHIHXH AY=HTIKHZ OPMONHZI KAl INXOYAINOMOP®OY MAPATONTA-I TIA
AZOENEIZ ME ANENAPKEIA AYZHTIKHZ OPMONHzZ, IAIONMAOEZ KONTO ANAZTHMA KAI NMPQTONAGH
ANENAPKEIA IGF-I

loxupn clotaon: Osparmneia pe auénTikn opuovn yla MiTeVEn GUGCLOAOYLKOU AVOOTAUATOC EVAALKO OF
ATOMA E AVETIAPKELA AUENTIKAG 0PUOVNG.

Aev ouvioToUV SOKLOOLEG TIPOKANONG OE GTOUA TIOU £XOUV XOUNAO avAoTnpo Kol XOUNAO pubuo,
pHopdoAoyLkEG allolwoEelg TNG uTtoduong UTIOBOAAUOU, LOTOPLKO OKTLVOBOALOC KOL OVETIAPKELD LILOC
UTIoPUCLAKN G OPUOVNG.

ITLG UTTOAOUTEG TIEPUTTWOELG TIPETEL VA Yivovtal Sokipaoieg mpokAnong. H Stayvwon dev tiBetal povo
Baolopevn otig Sokipaoieg mpokAnong. Mpoooxr ota umépBapa Kal mayxvoapka maldld omou eival
mBavov va €xoupe PeudwE XAUNAEG TLLEC AUENTLKAG OPUOVNG.

Zuviotdatal va yivetal priming oe ayopla nAwkiog peyaAutepns twv 11 xpovwv kat o kopltola nAtkiog
peyaAUTepnG Twv 10 xpovwv pe xopnynon B-estradiol (0xL ethinyl estradiol) og aydpla kat kopitola yla 2
NUEpeG mpLv TNV Sokipacia os §60elg: 1 mg yla fapog < 20 kg kat 2mg ywa Bapog> 20 kg.

H 86on tng hrGH umoAoyiletal pe Bdon to Bapog ( 0,1-0,24 mg/kg/eBdoudda) kat oxL tnv IGF-I . H IGF-|
TPEMEL va TopakoAouBeital yia EAeyxo TNG avianokplong Kat yla achaletla Sev mpeneL av umepPaivel ta
avwtepa dpucloloykad yla to GpUAo, TV nAkia Kal to otddlo edpnPeiag. Aev ouviotatal avénon So6ong
otnv ednPeia.

IXETIKA HME TNV aodAAeld TNG AUENTIKAG OPUOVNG CUOCTAVOUV TNV EVNUEPWON TWV YOVEWV ylO TNV
mBavotnta auénuévng evdokpaviag mieong, umefapBpnua kepaAng pnplaiou kat €EEALENG NG
okoAiwong. Kata tn didpkela tng Bepamelog ouvioTatal EAeyX0G HE LOTOPLKO Kol KALVIKN gE€taon ylo
ovénuévn evdokpavia Tiieon kol okoAiwon. Emiong, ouviotdatatl €Aeyxog yia Bupeosldiky Kot
emvedpldlakn avemapkeLla. JUGTHVETAL TapAAAnAa va culnteital n mapakoAoudnon Twv eNUTESWV TOU
COKXAPOU alpatog povo os acbeveic auénuévou Kwvduvou.

Ye aoBevelg¢ MOU €Xouv LOTOPLKO veomAaoiag cuviotdatol n amodaon yla tnv €vapén Bepameiag va
oculnteital pe Tov oykoAoyo, kabwg emiong va culntwvtal Ta véa SeSopUéva OXETIKA e ThV TBavotnta
geudaviong deltepng veomhaoiag. Mpémel va pecohafouv Touddaylotov 12 prveg and tnv oAokAnpwaon
¢ Beparneiac.

Jtnv mepintwon mou o acBevig Ppépel GAAn Slayvwon mou aufdvel To Kivbuvo kakonBelag, Omwg
ouvSpopo Down, o. Fanconi, veupoivwpatwon, o. Noonan, o. Blackfan-Diamond, o. Bloom, cuviotdtat
Va EVNEPWVOVTOL OL YOVEIC OXETIKA HE TO OTL Sev UTIAPXOUV emopKn Sedopéva yla To av n auéntikn
opuovn au&avel tov kivbuvo gudaviong veomhaaoiag.
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Abstract

Background/Aims: The diagnosis of growth hormone (GH)
deficiency (GHD) Iin infancy and early childhood is not
straightforward. GH stimulation tests are unsafe and unreli-
able in infants, and normative data are lacking. This study
aims to Investigate whether brain magnetic resonance im-
aging (MRI) may replace GH stimulation tests in the diagno-
sis of GHD in children younger than 4 years, Methods: We
examined a retrospective cohort, with longitudinal follow-
up, of 68 children consecutively diagnosed with GHD before
the age of 4 years. The prevalence of hypothalamic-pituitary
(HP) alterations at MRI and the associations with age and ei-
ther isolated GHD (IGHD) or multiple pituitary hormone de-
ficiency (MPHD) were assessed. Results: The prevalences of
IGHD and MPHD were 54.4 and 45.6%, respectively. In the
first group, brain MRI showed abnormalities in 83.8%: iso-
lated pituitary hypoplasia in 48.7% and complex defects in
35,1%. In patients with MPHD, MRI showed complex altera-
tions in 100%. All children younger than 24 months showed

HP MRI abnormalities, regardless of the diagnosis. Complex
defects were found in 94% of patients younger than 12
months and in 75% of patients between 13 and 24 months.
Conclusion: Our data suggest that brain MRI may represent
the first-line investigation for diagnosing GHD in infancy and
early childhood. ©2015 S Karger AG, Basel

Introduction

Children with congenital hypopituitarism may pres-
ent at birth with a wide range of nonspecific symptoms
including hypoglycemia, micropenis and prolonged con-
jugated hyperbilirubinemia [ 1-5]. The association of dys-
morphic features, such as midline defects and craniofacial
abnormalities, strongly suggests hypothalamic-pituitary
(HP) alterations, which are frequently revealed by mag-
netic resonance imaging (MRI) [1, 2, 5, 6]. Congenital
hypopituitarism manifests as isolated or multiple hor-
mone deficiency, with growth hormone (GH) deficiency
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H XPHZIMOTHTA THXZ MAINHTIKHZ TOMOIPA®IAZ A TH AIATNQIH THZ ZYITENOYZ
ANENAPKEIAZ AY=HTIKHZ OPMONH?z.

Avadpopikn pelétn 68 acBevwv (43 aydpla) mou mapakolouBouvtav os tpla TPLTOBABULA KEVTIpQ
MNaidlatplkng Evéokplvoloyiag otn Pwun Kal ixav dloywaoBel pe avemdpkela auénTikng oppovng os
NAKio LKpOTEPN TWV 4 XpOvwv. ATtd autd 54,4% elxav LEPOVWHIEVN AVETIAPKELA AUENTIKAG OPUOVNG EVW
45,6% eixav moAAamAn untopuolaky avendpkela. NMaboAoylkd eupripata otnv payvvntkn topoypadio
elxav 10 92,1% twv acBevwv. Ito Staypappa dpaivetal to €i6og tng PAABNG ava Stdyvwaon Kat NALKLAKN
opada.
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Fig. 1. Age distribution of the different MRI findings in children
with either IGHD or MPHD.

AapBavovtog umodn otL Sev UTIAPXEL consensus yLo T SLAyVwaon TG AVEMAPKELAC TNG AUENTIKAG opadag
EL6LKA YLOL TIC ULKPEC NALKIEG, KOl TO YEYOVOG OTL N a€LOTILOTIO TWV SLOYVWOTIKWY SOKLUOOLWY ELVOL OXETLKA
xaunAn oL ouyypadeic mpoteivouv TNV payvntiki topoypadia unmoduong - umoBaAdpou wg Sokipaoia
PWTING eTAOYNG, edOooV UTIAPYXEL coPapn umoia ylo AVETIAPKELA OUENTLKAG OPUOVNG,YLOL TN NALKLOKD
ouada pexpL 4 xpovwv.
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Context: GH and IGF-1 have been shown to affect tumor growth in vitro and in some animal
models. This report summarizes the available evidence on whether GH therapy in childhood is
associated with an increased risk of neoplasia during treatment or after treatment is completed.

Evidence Acquisition: A PubMed search conducted through February 2014 retrieved original ar-
ticles written in English addressing GH therapy and neoplasia risk. Subsequent searcheswere done
to include additional relevant publications.

Evidence Synthesis: In children without prior cancer or known risk factors for developing cancer, the
dinical evidence does not affirm an association between GH therapy during childhood and neoplasia. GH
therapy has not been reported to increase the risk for neoplasia in this population, although most of these
data are derived from postmarketing surveillance studies lacking rigorous controls. In patients who are at
higher risk for developing cancer, current evidence is insufficient to conclude whether or not GH further
increases cancer risk. GH treatment of pediatric cancer survivors does not appear to increase the risk of
recurrence but may increase their risk for subsequent primary neoplasms.

Conclusions: In childrenwithout known risk factors for malignancy, GH therapy can be safely administered
without concerns about an increased risk for neoplasia. GH use in children with medical diagnoses predis-
posing them to the development of malignancies should be critically analyzed on an individual basis, and
if chosen, appropriate surveillance for malignancies should be undertaken. GH can be used to treat GH-
deficient childhood cancer survivors who are in remission with the understanding that GH therapy may
increase their risk for second neoplasms. (J din Endoarinol Metab 100: 2192-2203, 2015)



KINAYNOZ NEOMAAZIAZ ZE AZOENEIZ NMOY OEPAMNEYTHKAN ME AYZHTIKH OPMONH
‘EAeyxoc tnc BBAloypadiag oto PUBMED péxpt to 2014. Ta CUUMEPACHATA TNG EMLTPOTIAG £lval:

Mapd To yeyovog OTL TA LOVOTTATLA LETAS00NC TOU CHUOTOC TOOO0 TNG AUENTIKAG 0pUOVNG 600 Kal TG IGF-
|, EUMAEKOVTAL UNXOVLOTIKA OTn Snuloupyia oykwv kabwg Kol ota cUvdpoua mou mpodlabétouv otn
Snuioupyla Oykwv, Ta SlaBéoipa KAWIKA Kal  emdnuioloyikd 6edopéva Sev umootnpilouv tnv
QULTLOAOYLKI) CUCYETLON TNC Beparmelog pPe auénTikr) opuovn KoL TNG AVATTTUENG KakoBwv veorAaoLwV.

H emwtponn cuvoilel ta akolouBa:

1. Fevikd n Beparmeia pe avéntikn oppovn Sev aufavel Tov Kivduvo avamtuéng veomhaciag og Eva UYLEC
TaLdl Ywplc MPonNyoUEVO LOTOPLKO KOKONOELAG 1) KATTOLA KATAOTOON ToU va TPoSLaBETEL 0 avamtuén
KakonBelag.

2. 2e a0Beveig mou €xouv mpodLdBeon yLa avamtuén veonmAaciog Adyw yeVETLKOU 1 AAAou attiou, oL yoveig
TIPETIEL VAL EVNLEPWVOVTOL OTL SEV UTTAPXOUV aPKETA SeSOUEVA OXETIKA HE TNV eMidpacn tng Bepameiag
HE aUENTLKN OpUOVN. ZUVLOTATAL OTEVH TIOpakoAoUBONoN Katd th Sldpkela Tng Bepamneiac.

3. 2e aoBeveig mou eiyav BepameuBei yla kakonBela otnv maldikr nAKia Kal oL omolot £XouV OVEMAPKELD
QUENTIKNG OPHUOVNG, OL YOVEIC TPETEL va evnUepwvovTal OTL n Bepameia dev aufavel tov Kivbuvo
UTIOTPOTING AAAG OTL TUBAVOV VA UTTAPXEL AUENUEVOC KivEUVOG avamTuéng veag KakonBeLlag.

4. H emutpon avadEpetal povo otn Bepameio katd tnv maldikn nAwkio kot 0xL otnv Beparmeia evnAikwv.
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ABSTRACT

Growth hormone deficiency (GHD) is a rare but
important cause of short stature in childhood with a
prevalence of 1 in 4000. The diagnosis is currently
based on an assessment of auxology along with
supparting evidence from biochemical and
neuroradiological studies. There are significant
controversies in the diagnosis and management of GHD.
Growth hormane (GH) stimulation tests continue to play
a key role in GHD diagnosis but the measured GH
concentration can vary significantly with stimulation test
and GH assay used, creating difficulties for diagnostic
accuracy. Such issues along with the use of adjunct
biochemical markers such as IGF-I and IGFBP-3 for the
diagnosis of GHD, will be discussed in this review.
Additionally, the treatment of GHD remains a source of
much debate; there is no consensus on the best
mechanism for determining the starting dose of GH in
patients with GHD. Weight and prediction based models
will be discussed along with different mechanisms for
dose adjustment during treatment (auxclogy or IGF-I
targeting approaches). At the end of growth and
childhood treatment, many subjects diagnosed with
isolated GHD re-test normal. Itis not clear if this
represents a form of transient GHD or a false positive
diagnosis during childhood. Given the difficulties
inherent in the diagnosis of GHD, an early reassessment
of the diagnosis in those who respond poorly to GH is
to be recommended.

INTRODUCTION
Growth hormone deficiency (GHD) is a rare dis-
order with a prevalence of approximately 1 in 4000
during childhood.! Although rare, it is an important
diagnosis to make correctly—therapy with growth
hormone (GH) in GHD is highly efficacious so a
missed diagnosis will result in a poor outcome.
Equally, a false positive diagnosis will lead to many
years of daily subcutaneous injections, significant
wasted expenditure (~£7500 per year) and unneces-
sary exposure to potential adverse effects. The diag-
nosis is multifaceted and includes an assessment
of the patient’s auxology, a biochemical assessment
of the GH-IGF-l axis, and imaging of the
hypothalamo-pituitary axis. Consensus guidelines
on the diagnosis of GH deficiency in childhood
were published in 2000 by the GH Research
Society” (summary in box 1) and National Institute
for Health and Care Excellence guidelines on the
use of GH treatment were updated in 2010."

GH secretion exists in a continuum from normal-
ity through to severe GH deficiency. The diagnosis
of GH deficiency is often very clear in a child with

multiple pituitary hormone deficiendes (MPHD)
or where the child presents with severe GH defi-
ciency (typically with peak GH <3 pgl).
Separating the group of short children with mild
GH deficiency from non-GH deficient short chil-
dren remains challenging. In this article we will
review the data on diagnosis of GHD—which
pharmacological stimulation test to use, issues with
GH and IGF-I assays, requirement for priming and
the effects of obesity In addition we will also
discuss how to select and adjust GH dose and iden-
tify non-responders to GH therapy.

DIAGNOSIS OF GHD

Outside the neonatal period (when a random GH
measurement of <7 pg/L identifies GHD in neo-
nates), measurement of random serum GH concen-
trations are of no clinical value as GH secretion is
pulsatile with the majority of GH pulses occurring
overnight, with very
between pulses. This means that provocative tests
of GH secetion using physiological/pharmaco-
logical stimuli are required to test for GHD. GH
stimulation tests use a defined cut-off concentration
for peak GH to distinguish GHD from non-GHD
subjects. The lack of any ‘gold standard’ test for
GHD diagnosis has led to the development of
somewhat arbitrary cut-off levels. Attempts have
been made to optimise the cut-off concentration
using auxological criteria to define GHD (predom-
inantly height velocity) but these attempts have
been hampered as other disorders can share similar
auxology to GHD. When GH stimulation tests
were first used in the 1960s, a peak GH concentra-
tion after stimulation of <5 pg/L was used to diag-
nose GHD on the basis that this concentration
seemed to best identify patients with a GHD
phenotype.” Over time, this cut-off has increased
on the basis of very limited evidence to 7 pg/L and
then 10 pg/L although most UK centres use a
cut-off of 7pg/lL (A Chesover & M Dattani,
unpublished data). Recent studies by Wagner et al
(discussed below) have suggested a peak GH
cut-off of 7 pg/L,* which is in line with the concen-
tration generally used across the UK.

low GH concentrations

Variability and reproducibility in peak GH
concentration with different physiological or
pharmacological stimuli

The first test of GH secretion used was the insulin
tolerance test. Subsequently a number of other
pharmacological stimuli were identified including
arginine, glucagon, clonidine, pyridostigmine, levo-
dopa, GH releasing hormone (GHRH) and GHRH

9% RCPCH
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AIXOrNQMIEZ XTHN ANTIMETQMIZH NAIAIQN KAl EODHBON ME ANEMAPKEIA AY=HTIKHZ OPMONHZ

Ot ouyypadeic kataAnyouv ota akoAouba:

OL Bepamnovteg Latpol mpémel va sival eolkelwpévol PE TIG HEBOSOUC TTIOU XPNOLUOTIOLOUVTAL OTO
EPYAOTAPLO YLA TOV TIPOGSLOPLOUO TNG AUENTLKAG OpOVNG, TNG IGF-I kat tng IGFBP3.

Edv 6ev UTIAPXOUV TOTILKA KPLTAPLA YL TG SOKLUOOLEG TTPOKANGNG, CUVLOTATAL VA XPNOLULOTOoLoUVTOL Ta
KpLTAPLA Ao TV mapakdtw dnuoocieuon:

Wagner IV, Paetzold C, Gausche R, et al. Clinial evidence-based cutoff limits for
GH stimulation tests in children with a backup of results with reference to mass
spactometry. Eur J Endocringl 2014;171:389-97.,

Ma tn dtayvwon ¢ avenapkelag akoAouBouv tig SleBveig odnyiec.

IXETIKA Ue To priming ebapudlouy priming og ayopla nAkiog LeyaAUTepng Twv 9 XpOvVwV Kol kopitola
NALKlOG LeyaAUTEPNG TWV 8 XPOVWV.

IxetTkad Ue tn 66on umoAoyilouv tn 660N HE TO BAPOG CWHATOG KAl OxL He ta enineda tng IGF-I kat
gnonuaivouv otL n mpoomnabsia va tnpouvtal VPnAd enineda IGF-1 evéxel Tov kivbuvo va umdpyouv
opKkeTd uPnAd entineda Kata dtaothpata.

ZUOTAVOUV TNV EKTLUNON TNG amavinong otn Beparmneia otnv OAOKANPWON TOU TIPWTOU XPOVOU Kal EQV
outr elval pn wavomowntiky (6nAadn < -2.0 SDS) mpémel va Slepeuvatal n mbavotnta TNG HUNn
CUHMOPdWONG KOl €AV N cuppopdwaon ival KaAn, n apxkn dlayvwon va SLEpeuvaTal K VEOU.
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Abstract

Fetal and neonatal autoimmune hyperthyroidism is a rare,
serious but transient disorder. Early diagnosis and treatment
are key objectives for an optimal prognosis and the well-be-
ing of the child. This review focuses on the management of
these patients during the fetal and neonatal periods. We pro-
pose a diagnostic algorithm for high-risk pregnancies in
mothers with current or past hyperthyroidism related to
Graves' disease, involving repeated fetal thyroid gland as-
sessments from 20 weeks of gestation onwards and mater-
nal serum thyroid-stimulating hormone receptor antibody
(TRAb) determination, with close monitoring if TRAb levels
exceed 2 to 3 times the upper limit of the normal range. In
fetuses with goiter, the main clinical issue is determining
whether the cause is (1) maternal antithyroid drug (ATD)
treatment that is appropriate for achieving normal maternal
thyroid function but inappropriate and excessive for the fe-
tus, resulting in hypothyroidism and necessitating a de-
crease inthe ATD dose during pregnancy, or (2) the presence
of TRADbs resulting in fetal thyroid stimulation and hyperthy-
roidism, requiring an increase in the maternal ATD dose. Me-
thimazole/carbimazole treatment should be initiated as

soon as possible during the neonatal period, carefully man-
aged and maintained over a period of 1-3 months and then
stopped when TRAb is no longer detectable in serum.

© 2016 S. Karger AG, Basel

Introduction

Neonatal autoimmune hyperthyroidism (neonatal
Graves’ disease [GD]) is a rare but serious disorder that is
generally transient, occurring in only about 2% of the off-
spring of mothers with GD. Cardiac insufficiency and
mortality, intrauterine growth retardation, prematurity,
craniostenosis, microcephaly, and psychomotor disabili-
ties are the major risks in these infants, highlighting the
importance of TRAb determination throughout preg-
nancy in women with GD and of the early diagnosis and
treatment of fetal and neonatal hyperthyroidism. Anti-
thyroid drugs (ATDs) are the treatment of choice for hy-
perthyroidism during gestation and the neonatal period,
but their use during the teratogenic period of early preg-
nancy may be associated with a higher risk of birth defects
and fetal hypothyroidism. Management of the mother,
the fetus, and the neonate requires an experienced multi-
disciplinary team including adult and pediatric endocri-
nologists, obstetricians, and fetal radiologists.
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ANTIMETQMNIZH THZ NOzZOY TOY GRAVES (GD) £TO EMBPYO KAI £TO NEOINO

O VEOYVIKOC QUuTOAvVooOoC UTEPBUPEOELSIONOG €lval Lo omavia, OAAG apKeTd cofapn
KOTAOTOON TIOU QIAVTATOL O0To 2 % TWV VEOYVWV Twv HUNTépwv He GD. Evdountpla
kaBuotépnon tNg avamtuéng, KPOVIOOUVOOTEWON, UKpokedaAia, PuxokvnTik Kabuotépnon
Kol kopdlakr avemdpkela Pe Bdavato eival KAMOLEG amo TIG €MUTAOKEG. Katd ouvémela
OUOTAVETAL N METpnon twv TRAb otnv pntépa katd tn SLApKELA TNG €YKUMOOUVNG KAl n
Bepameia pe avtiBupeoelSika dappoka. H xopnyng Twv GapuaKwVY TO PWTO Tpipnvo eival
npoPAnuatik S1otL eival mBavo va odnynosl oe ouyyeveic Slapaptieg Kol OUYYEVN
urtoBupeoeldlopo. H avTlPeTWIoN TPETEL va yivetal amo opada eldkwv mou mepthapBavet
malboevOoKPIVOAOYO,  YUVOLKOAOYO KoL OKTIWVOAOYO — €€elSIKeEUPEVO  OTO  €UPBPULKO

urtepnxoypadnpa.

OL UNTéPEC MOV £XOUV LOTOPLKO GD TpEmel va moapakoAouBoUvToL CUCTNUOTIKA LE HETPNON TWV
TRAb petd tv 20" eBdopdda avedptnta pe to av éxouv urmoPAnBei oe BupeoeldSektoun n
€xouv Oepameutel pe padlevepyd wbdlo kol avetdptnta amd TO €AV €lval  KALWVLIKA
€UBUPEOELSIKEG, OTIWG AUTO PALVETAL KL OTO TTAPAKATW SLAYPOLUL.

Eav ta TRADbs gival 2-3 ¢popég PnAotepa amo To avwTEPO OpLo, oL KUNOoEL; Bewpouvtat uPnAol
kwwdUvou kal xpeLaletal mopakoAouBnon tou epPpuou yia to péyeBog tou Bupeoeldolg Kat yla
NV Kapdlakn cuxvotnta Kot pubuo.

Kputipla epPpuikol umepBupeoelblopol eival n PBpoyxoknAn pe auénueévn opLATwOn OE
OMOKANpo Tov adéva, evw n auénuévn ailudtwon Movo mepldeplkd  elval  onueio
uTtoBUpPEOELSLONOU, KaL N TIPOXWPNUEVN OOTIKN wpipavon onmwe auth SLamIoTWVETOL Ao TV
gudpavion tng KepaAng tou pnptaiouv mpwv Tig 32 £BSonddec kUnong oe avtibBeon pe TNV
KaBuotepnuEévn ootk wpipavon dnAadn tnv un epdavion tng KEGAANC TOU UNPLOIOU PETA TIG
32 eBdopadec kunong mou odeiletal oe uoBUPEOELSIOUO.

Eav Stamiotwvetal BpoyxoknAn He auénuévn allatwon Kot eUPpulkn taxukapdia mpEmel va
xopnyeital Bepaneia pe avriBupeoelSIka GApUaKa OTN UNTEPA.

O aUTOAVOOOG VEOYVLKOC UTiEpBuUPe0ElSIONOC TIPETEL va Sladoporoleital and Tov Wlaitepa
OTIAVLO [N QUTOAVOGCO TIoU OGEIAETAL OE EVEPYOTIOLNTIKEC LETOANGEELG TOU UTtoSoXEQ TNG TSH N
oto ouvdpopo McCune Albright.

Eav ta TRAbs sival upnAotepa Twv 5 mpenel va yivovtat petprioetg TSH, fT4 kat T3 TG NUEPEG
3,5,7,10 kat 15. To veoyvo mpEmel va €eTATETAL TIPOCEKTIKA YLOL CUYYEVELG SlapapTieg Kal yla
tayukapdia, Oepuokpacia. Tuviotatal voonAsia tnv npwtn eBdopada tng {wnc.

Edv ol TIpEC Twy oppovwy eivat uPnAég ouviotatal va apyilel Bepaneia pe pebipaloin 0.5-1,0
mg/kg tnv nuépa Stalpepévo oe 2-3 §6oelg. Mpompavoloin 2 mg/kg Statpepévo oe 3 Sdoelg. H
660on ¢ HeBaloAng avampooopUoleTal Kal N TTPOTPAVOAOAN SLAKOTITETAL OTAV N TR TNG



fT4 amokaBiotatal evtog twv duclodoyikwv. H Bepameio Siakomtetalr otav ta TRAbs
apvntkomotlouvtal, cuvnBwg oe nAkia 2-3 pnvwv.(Mivakag)



Table 1. Management for neonates with autoimmune hyperthy-
roidism

Determine TRADb in cord blood: high risk of neonatal
hyperthyroidism if TRAb >5 [U/L; FT4, TSH levels: may validate
the prenatal strategy but are not predictive of subsequent
thyroid function

Repeated measurements of serum thyroid hormone levels
during the first 2 weeks of life: days 3, 5, 7, 10, and 15

Physical examination: check for malformations

Admission to hospital for the first week of life

Initiate MMI/CMZ treatment as soon as possible: 0.5-1 mg/kg/
day divided into 2-3 doses

The dose should be decreased when serum FT4 levels are
within the reference range

Propanolol: 2 mg/kg/day divided into 2 doses, for 2 weeks

Repeated measurement of serum TH levels weekly until stable,
and then every 2 weeks

Dose titration should be preferred, but “block-and-replace”
(levothyroxine) strategies may be considered in some cases

Safety of breast feeding

Treatment should be stopped when TRAb is no longer
detectable in serum (1-3 months, depending on initial level)

Outcome: check for craniosynostosis, transient central
hypothyroidism, long-term neuropsychological development

TRAD, thyroid-stimulating hormone receptor antibody; TSH,
thyroid-stimulating hormone; TH, thyroid hormone; MMI, me-
thimazole; CMZ, carbimazole.




Mother diagnosed

Mother taking
for the 1st time

Mother treated years earlier for
hyperthyroidism and taking
levothyroxine after radio-
iodine or thyroidectomy

Increase the levothyroxine dose
at the start of pregnancy

antithyroid drugs

before pregnancy

Titration of the antithyroid drug dose
(propylthiouracil) recommended

during pregnancy

Restrict the use of antithyroid
drugs in weeks 6-10 of pregnancy

Monitor thyroid function every 4-6 weeks and adjust the treatment dose if necessary to keep the monitor euthyroid. Check
compliance with treatment throughout pregnancy TRAb determination early in pregnancy and during the 2nd half of gestation

Goiter of the fetus at any time during monitoring by thyroid
ultrasenegraphy (starting at 20 weeks and every 4-6 weeks)

TRAb negative

No risk of

fetal/neonatal
hyperthyroidism
in most cases

TRAb positive TRAb positive TRAb negative
Suspected fetal Suspected fetal Suspected fetal Suspected fetal Suspected fetal
hyperthyroidism hyperthyroidism hyperthyroidism  hyperthyroidism hyperthyroidism
Consider TSHR gene Start maternal Increase Decrease maternal
mutation if a history antithyroid drugs maternal antithyroid drug dose
of maternal autoimmune in combination antithyroid
disease is absent (no | with levothyroxine drug dose
Methimazole/carbimazole usually 10-15 mg or less daily

thyroid-stimulating
hormone receptor
antibodies)

Propylthiouracil usually 100-150 mg or less daily

Fig. 1. Management algorithm for at-risk pregnancies in mothers with current or past hyperthyroidism mostly
due to Graves’ disease. After birth, check infants at risk of hyperthyroidism. Review management postpartum.
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Despite a more advanced stage of disease at presentation, a better response to radioiodine (RAI) therapy and a reduced overall
mortality have been reported in pediatric differentiated thyroid cancer (DTC) in comparison to adult DTC. Few studies suggested
that the better response to RAI therapy in pediatric patients might be associated with an increased expression of NIS. However, a
marked heterogeneity within the pediatric group has been recognized. Children (<10 years old) usually present a more aggressive
disease than adolescents (=10-18 years old). By analyzing the expression of thyroid-specific genes in 38 sporadic pediatric tumors, we
show that the expression of NIS, PDS, and TSHR was lower in children than adolescents (P < 0.05). A linear regression confirmed
the association between NIS expression and age. Most significantly, NIS was expressed at similar levels in DTC from children and
adults, whereas PDS and TSHR expression was even lower in DTC from children, compared to adolescents and adults. Our data
suggest that biological behaviors of DTC in adolescents might differ from those in children and adults. Therefore, the premise that
the expression of thyroid-specific genes is higher in tumors from pediatric patients than in adults is not entirely true and might be
too oversimplified.

1. Introduction

Thyroid cancer is the fastest increasing cancer worldwide [1].
Although the highest incidence rates are observed in the fifth
decade and it is rare in the younger population, the incidence
of thyroid cancer is also increasing in children (<10 years old)
and adolescents (=10-18 years old) [2, 3]. Thyroid cancer is
the 2nd most prevalent cancer in females aged 15 to 19 years
[4]. Similar to adults (>18 years old), differentiated thyroid
carcinomas (DTC) are the most common malignancy, with

nearly 75-90% being papillary thyroid carcinoma (PTC) and
the remainder follicular thyroid carcinoma (FTC) [2].
Previous studies reported significant differences in the
clinical presentation and outcomes of DTC in pediatric
patients (<18 years old) compared to adults [5, 6]. Despite a
more advanced stage of disease at presentation and higher
rates of recurrences than adults, the overall mortality is
lower [7-9]. Unlike adults, pediatric patients have a higher
prevalence of pulmonary metastases, which almost always are
functional [10-12]. This may explain why pediatric patients




EKOPAZH TQN OYPEOEIAIKQN FONIAIQN 2E OYPEOEIAIKO KAPKINO MAIAIKHZ HAIKIAZ

O emunoAaopog Tou kapkivou tou Bupeoeldoug augdvel ouvexwg Kot otnv NALKLakn opdda 15-
18 xp. anoteAel Tov SeUTEPO 0€ cuXVOTNTA KOpPKivo. O Kapkivog tou Bupeoeldolg otnv madikn
NAkkia elval ouvnBw¢ peyaAuTtepou HeyEOBOUG Kal €XEL OUXVOTEPA ETOOTACEL] AMO OTL O
Kapkivog Tou Bupeoeldoug mou Slaylyvwoketal otnv evhAikn Lwn. Map’ OAa autd £xeL KOAUTEPN
MPOYVWON o€ cUYKPLON HE QUTO TWV EVNALKWV.

MNa va dtepeuvnBel kata moco n dadopetikn autr cupnepipopd odeiletal oe Stadopomnoinon
o€ YeVeTIKO eminedo, eAéyxOnke n €kdppacn twv NIS, TPO, Thyroglobulin (TG), PDS, TSHR o€
ratdlatplkol¢ aoBeveig Kot N avaAuaon €yve yla TV nAKLakn opada KAtw twv 10 xpovwv Kal
yla tnv nAwiakn opada 10-18 xpovwv. H ékppaon twv NIS, TPO, TG, PDS, TSHR rTav oTatloTIKA
ONUAVTIKA XOUNAOTEPN OToV BupeoeldlkO KapKivo TNG TMALSIKAG NAKIOG OUYKPLTIKA UE TO
duo\oyko Bupeoeldiko Loto. H ékdpaon twv NIS, PDS kat TSHR Atav xapnAdtepn ota nmaldia
o€ oxéon ue toug €dnPouc. Eniong, n ékdppaon tou MRNA tou NIS kat tou TSHR Atav pkpotepn
OTOUG KapKivoug PE ETEKTACN EKTOC TOU Bupeoeldboug adéva. Eniong n ékdpaon tou mMRNA tou
NIS Atav xapunAotepn OTaV UTIAPXOV KAL TIVEU LOVIKEG LETAOTACELC.
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Abstract

GnRH analogues (GnRHa) are the treatment of choice for central precocious puberty (CPP), with the main objective to recover
the height potential compromised by the premature fusion of growth cartilages. The aim of this review was to analyze long-
term effects of GnRHa on height, body weight, reproductive function, and bone mineral density (EMD) in patients with CPP,
aswell as the potential predictors of outcome. Because randomized controlled trials on the effectiveness and long-term
outcomes of treatment are not available, only qualified conclusio ns about the efficacy of interventions can be drawn. GnRHa
treatment appears to improve adult height in girls with CPP, especially if diagnosed before the age of 6, whereas a real
benefit in terms of adult height is still controversial in patients with the onset of puberty between & and 8 years of age.
No height benefit was shown in patients treated after 8 years. Gonadal function is promptly restored in girls after cessation of
treatment, and reproductive potential appears normal in young adulthood. Data are conflicting on the long-term risk of
polycystic ovarian syndrome in both treated and untreated women. Fat mass is increased at the start of treatment but
normalizes thereafter, and GnRHa itself does not seem to have any long-term effect on BML. Similarly, analogue treatment
does not appear to have a negative impact on BMD. Owing to the paucity of data available, no conclusions can be drawn on

the repercussions of CPP and/or its treatment on the timing of menopause and on the health of the offspring.
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Introduction

Puberty results from the reactivation of the hypothalamic-
pituitary-gonadal (HPG) axis following the quiescent
pericd occurring during childhood. It is characterized
by an increase in the amplitude and frequency of the
hypothalamic gonadotropin-releasing hormone (GnRH)
pulses, which in turn promote follicle-stimulating hor-
mone and luteinizing hormone secretion by the pituitary,
leading to the activation of gonadal function (1).
Precocious puberty is clinically defined by the
appearance of secondary sexual characteristics, i.e.,
Tanner stage Il of breast development before the age of 8
in girls and the increase in testicular volume = 4 ml before
9 vyears in boys (2, 3). Cenfral precocious puberty (CPP) due
to early activation of pulsatile GnRH secretion is the most

common form (2). It oocurs in ~ 1:5000-10 000 children,
with a female-to-male ratio ranging from 3:1 to 23:1 (3).
Females typically present with idiopathic forms, whereas
in boys CPP is mostly due to organic lesions such as
hypothalamic-pituitary congenital malformations,
tumors, infections, infiltrative/inflammatory disorders,
and iatrogenic or traumatic injuries (3). Genetic factors
(mutations of KISS1, KISS1R, and MERN3 genes (4)),
secular trend, ethnicity, nutritional status, and environ-
mental changes have all been involved in the patho-
genesis of CPP (2, 3, 5), although their exact mechanisms
of action remain to be elucidated.

Short stature caused by rapid advancement of skeletal
maturation driven by premature exposure to sex steroids is
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ANQTEPA ANOTEAEZMATA THZ OEPANMEIAZ THZ KENTPIKHZ MPQIMHZ HBHZ

Meta-avaAuon otnv omnoia neplteAndpOnoav 75 dnpootlevoels. MePLOPLOROG OAWV TWV LEAETWV
elval otL 6ev untapyouv tuxatomolnpeéveg (RCT) peAétec.

IXETIKA PE TNV enidpaon tng Bepameiag oto TeAkO avaotnua, 20 peléteg adopouoav Tnv
enibpaon oto teEAkO avdotnua. Pavnke ot n mMAsoPndia twv peAetwyv Slamiotwoe OTL oL
aoBeveic édtaocav to UPog oTdxXOo, Eva ULIKPO TTooooTo dev édtace To LPOG O0TOXO, EVW O€ Eva
TIOAU UIKPO TTOCOOTO ABEVWVY TO TEALKO QVAOTNHA ATV XOUNAOTEPO IO TO TIPOPBAETIOUEVO TIPLY
v Bepaneia.

Avadoplkd e TOuG apAyovTeg ou ennpedlouv tnv €kBoaon tng Beparmeiag ot MEPLOCOTEPES
HEAETEG avadeLKVUETOL N VEAPOTEPN NALKLA Evapéng Tng ednPelag kal Evapéng tng Bepaneiag, n
HEYOAUTEPN SlapKelo Bepameilag, TO HKPOTEPO XPOVIKO Slaotnpa HETAlU TNG £vapéng tng
epnPeiag kat tng Evapéng tng Beparmeiag, n HeyaAUTEPN AVANTUEN LETA TO TEAOG TNG Bepameiag,
KOl N T(POXWpPNHEVN 00TIKN NALKIa Katd TNV €évapén tng Bepamneiag emnpedlouv EUVOLKA TO TEALKO
avaotnua.

Mia peAétn Slamiotwoe OTL €AV 0 AOYOC 00TIKNC NALKLaG Tpo¢ xpovoAoyikn nAtkia Atav dlaitepa
auénuévog ta anoteAéopata dev NTav KaAd, Kabwg emiong AAAN HEAETN KATOANYEL OTO OTL N
Beparneia dev eival amoteAeopatiki €av n ootk nAwkia eivat ion n peyoAltepn twv 12 xpovwv.
Octikn enibpaon oto teAkd avaotnua sixe to uPnAdtepo LPOG KATA TNV Evapén Kal KATA TN
Stakomn tng Bepamneiag, kaBwg kat To UPNAGTEPO AVACTNUA OTOXOGC.

IXETIKA PE TNV enidpaon oto Asiktn Malog Zwpoato¢ (AMI): Ou mepLOOOTEPEG MEAETEC
avadépouv vPnAotepo Acsiktn Malog ZwUATOG KATA TNV €vapén Kal oL TePLooOTePEC Sev
Saniotwoav avénon kata tn Slapkela tng Beparneiag, evw pia dlamiotwoe avénon touv AMZ Twv
VOopLOBapwWY KOPLTOLWV aAAA OXL TwV UTIEPPRAPWV.

IXETIKA HE TNV avamapaywylkrn Asltoupyila Kol tnv avamtuén ouvdpoOuouU TIOAUKUOTIKWV
WoBNKWV oL TEPLOOTEPEG UEAETEG avadEPouV eppunvapxn o€ moocooto 100 % pe eAAXLOTEG
e€alpéoelc mou adopoloav OpyavikAG attlodoyiag mpwipn NPn Adyw umoBaAapikou
OHLOPTWHOTOC.

H péon Suapkela and tn Slakomn tng Bepameiag puéxpl TNV eupnvapxn sivat 1,1 + 0,4 xp. H
veapotepn dlapkela vapéng tng Beparmeiag kal n peyalutepn Stapkela Bepamneiag paivetal va
OUOXETI{ETOL UE LOKPUTEPO XPOVLKO SLACTNMA LEXPL TNV EUUNVAPXH.

Ocov adopd TNV avamtuén ouvOopOUOU TOAUKUOTIKWYV woBnkwv ta O&ebopéva eival
OVTLKPOUOWEVA LE TLG TIEPLOCOTEPEG LEAETEG VAL LNV UTTOOTNPL{OUV TN CUXETLON TNE Beparmeiag pe
™V avamntuén tou cuvépouou.
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Objectives. We compared the ultrasonography and pathology features of papillary thyroid carcinoma (PTC) in pediatric and
adolescents with Hashimotos thyroiditis (HT) with those of non-HT patients. Materials and Methods. Eleven patients who were
surgically confirmed to have pediatric or adolescent PTC from 2006 to 2014 were included in this study. We retrospectively analyzed
the preoperative ultrasonography and pathology features of PTC arising in HT and non-HT patients. Results. On ultrasonography,
thyroid gland was lobulated and enlarged, with many scattered microcalcifications in four of five HT patients. Four of six non-HT
patients had suspicious masses with calcifications. The diffuse sclerosing variant of PTC (DSVPTC) was found in three of five HT
patients, but none in non-HT patients. Macroscopic or microscopic extrathyroidal extension was evident in all of the HT patients
and four of the non-HT patients. Neck lymph node metastases were in all HT patients and five of non-HT patients. Conclusions.
Three of five PTCs in pediatric and adolescent HT patients were DSVPTC, whereas all PTCs of the non-HT patients were classic
type. On ultrasonography, thyreid gland was diffusely enlarged with scattered microcalcifications in four of five HT patients. All

five HT cases had aggressive disease, including extrathyroidal extension and cervical lymph node metastases.

1. Introduction

Thyroid carcinoma is uncommon in children, constituting
0.5~3% of all pediatric malignancies [1-4]. Papillary thyroid
carcinoma (PTC) is the most common type of pediatric
and adult thyroid carcinoma [5]. Hashimotos thyroiditis
(HT) is the most common form of diffuse thyroid disease,
which is characterized by diffuse lymphocytic infiltration,
and affects 1.3% of children and adolescents [5-7]. Some
evidence suggests that HT patients are at an increased risk of
PTC compared to the general population [8-10]. However, as
PTC is rare in pediatric and adolescent HT patients, the car-
cinoma has been poorly studied. Therefore, we compared the
ultrasonography and pathology features of PTC arising in
pediatric and adolescent HT, and non-HT patients.

2. Materials and Methods

2.1. Patients. Institutional Review Board approval was
obtained for this retrospective study and the requirement for
informed patient consent was waived.

Thirteen patients were diagnosed with pediatric or ado-
lescent PTC in our institution from July 2006 to April
2014. Of these, this study enrolled the 11 patients who
underwent surgery. Two patients were excluded: one because,
although PTC was diagnosed by fine needle aspiration biopsy
(FNAB) in our institution, the patient was subsequently
transferred to another hospital, and the other had under-
gone radiofrequency ablation in another hospital before
PTC was diagnosed, which likely affected the characteristics
of the mass. We retrospectively analyzed the preoperative
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Abstract

Context: Appropriate management of neonates, tested positive for congenital hypothyroidism (CH), in particular, the initial dosage
of levothyroxine and the time of initiation of treatment is a critical issue. The aim of this study was to assess all current evidence
available on the subject to ascertain the oprimal inirial dose and oprimal initiation time of treatment for children with CH.
Evidence Acquisition: In this study, all published research relaved to the initiation trearment dose and the onset time of treatment
in congenital hypothyroidism were reviewed. The searched electronic darabases included Medline, Science direct, Scopus EMBASE,
PsycINFO, Cochrane, BIOSIS and ISI Web of Knowledge. Addirional searches included websites of relevant organizations, reference
lists of included studies, and issues of major thyroid and pediatrics journals published within the past 35 years. Studies were in-
cluded if they were written in English and investigared levothyroxine dose or timing of treatment or both, used for the treatment
of children with congeniral hypothyroidism.

Results: Two thousand three hundred and sevenny-four articles (excluding duplicaves) were retrieved from the primary search. A
ter reviewing the ritles, abstracts and fulkrexts of studies, evenrually, 22 studies were found that met our inclusion criteria. Amongsc
these, 17 and 12 evaluared ourcomes of different trearment doses and rreatment timing, respectively. Overall, the majority of these
studies emphasized the initial high dose of levothyroxine and early rreatment of newborns with hypothyroidism. There were, how-
ever, some studies thar disagreed with increasing levorhyroxine dose art iniviation of treatment.

Conclusions: Considering the resuls of this review, apparently there is no difference in opinion regarding the early initiation of
rearment, whereas determining the oprimal dose of levothyroxine for start of trearment in CH partients still remains a controver-
sial issue, demonstrating the need for further studies, despite the fact thar use of high doses can lead to rapid normalization of

biochemical indices, although this may cause complications.

Keywords: Congeniral Hypothyroidism, Starting Trearment Dose, Treatment Initiation Timing, Review Article
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Context

Congenital hypothyroidism (CH), one of the most
prevalent endocrine diseases, is known as a common pre-
ventable cause of mental retardation (1). Mass population
screening of newborn infants for CH, first introduced in
1974, is today a routine and effective tool of timely/early di-
agnaosis of CH, used throughout the world (2). Detection
of childrenwith CH by screening programs and treatment
with levothyroxine is currently the standard method for
the control of CH, a cause of mental retardation (3). Avail-
able data shows that during pregnancy very little thyrox-
ine crosses the placenta from the mother to the fetus and
most children are born without signs or symptoms of hy-

pothyroidism (4, 5). Following diagnosis, if tested positive
for CH, what is important is the early treatment of children
with CH, using an appropriate initiation dose of levothy-
roxine sodium.

Previous studies, conducted over the past three
decades earlier, show that initiation of treatment within
the first two to three weeks of life resulted in both normal
10 and physical growth (6, 7). Intellectual outcomes in
children with CH are affected by bone age, initial serum
T4, hypothyroidism etiology, and age at which treatment
is started. Those with bone ages of < 36 weeks’ gestation,
had the lowest T4, and were a thyroid, and those treated
later than four weeks were most vulnerable to mental
retardation and physical incomplete growth (8, 9).

Copyright & 2016, Research Institute For Endocrine Sciences and Iran Endocrine Society. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License ( hitp:jcreativecommons.orgflicensesby-nc/4.0/ jwhich permits copy and redistribute the material just in

noncommercial usages, provided the original work is properhy cited.
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Congenital Adrenal Hyperplasia: Unresolved
Issues

Mabel Yau? + Ahmed Khattab? + Dix Poppas® - Lucia Ghizzonic -
Maria New?

3 Adrenal Steroid Disorders Group, Department of Pediatrics, Icahn School of Medicine at Mount Sinai, and
Bnstitute of Pediatric Urology, Department of Urology, Komansky Center for Children’s Health,

New York Presbyterian Hospital, Weill Cornell Medical School, New York, N.Y., USA; “Division of Endocrinology,
Diabetology and Metabolism, Department of Medical Sciences, University of Turin, Turin, Italy

Abstract

Congenital adrenal hyperplasia (CAH) describes a family of disorders that comes from enzymatic
deficiencies in cortisol production, with 21-hydroxylase deficiency causing ~90% of cases. Distinc-
tion is made between the severe classical form and milder nonclassical form of CAH. Molecular ge-
netic analysis is used to confirm the hormonal diagnosis. A high rate of genotype-phenotype discon-
cordance has been found in 21-hydroxylase deficiency. The goal of treatment is to replace with
synthetic glucocorticoids and mineralocorticoids and suppress adrenal androgen production. The
treatment of patients affected with nonclassical CAH, particularly males, remains controversial. Vari-
able synthetic glucocorticoids are used and new modes of glucocorticoid delivery are under inves-
tigation. To improve height, growth hormone and other adjuvant therapies are employed. Long-
term outcomes of genital surgery using modern techniques in females affected with classical CAH
continue to be investigated. Prenatal treatment with dexamethasone is available to avoid ambigu-
ous genitalia in these females. Although studies have shown its safety to mother and fetus, prenatal
treatmentis still regarded as experimental. Currently, prenatal diagnosis of CAH can only be obtained
through invasive methods. Recently, the detection of cell-free fetal DNA in maternal plasma has
made it possible to make this diagnosis earlier and noninvasively. ©2016 S. Karger AG, Basel

Congenital adrenal hyperplasia (CAH) refers to a group of autosomal recessive disor-
ders in which genetic enzyme deficiencies lead to impaired steroid synthesis. The pro-
duction of cortisol from cholesterol occurs in the zona fasciculata of the adrenal cor-
tex through five major enzymatic conversions. Impaired cortisol synthesis, which is
common to all forms of CAH, leads to elevation of adrenocorticotropic hormone
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Therapeutic Issues

Bourguignon J-P, Parent A-S (eds): Puberty from Bench to Clinic. Lessons for Clinical Management of Pubertal
Disorders. Endocr Dev. Basel, Karger, 2016, vol 29, pp 214-229 (DOI: 10.1159/000438893)

Gonadotropin-Releasing Hormone Agonist
Treatment in Sexual Precocity

Catherine Pienkowski - Maithé Tauber

Unité d'Endocrinologie, Génétique et Gynécologie Médicale, Hopital des Enfants, Toulouse, France

Abstract
Depot gonadotropin-releasing hormone (GnRH) analogs represent the first-line therapy in sexual
precocity due to central precocious puberty. GnRH analogs desensitize the pituitary and account for
the suppression of luteinizing hormone and follicle-stimulating hormone leading to a decrease of
sex steroid levels. The conventional indications are central puberty starting before the age of 8 years
in girls and 9 years in boys. These indications can be extended to difficult conditions with poor adult
height prognosis or marked psychosocial impact. This includes children after irradiation, interna-
tional adoption, and children with a physical handicap or mental disabilities. There are different for-
mulations of depot preparations of GnRH analogs; long-acting 1- or 3-month forms are widely used
in Europe and all are well tolerated with minor side effects. Overweight is often present at the onset
of precocious puberty and some etiologies such as hamartomas predispose to obesity, requiring ap-
propriate care for weight control during and after the cessation of GnRH analog treatment. Many
studies have reported on the effects on adult height, which seems to be especially beneficial when
treatment is started before the age of 6; however, few studies have focused on the establishment of
the 1st menstruation, 1st sexual intercourse, socioprofessional outcome and subsequent fertility.

© 2016 S. Karger AG, Basel

Questions about the timing of pubertal development are a frequent reason for consul-
tation in pediatric endocrinology. It is estimated that central precocious puberty
(CPP) affects 1 in 5-10,000 children, and occurs at least ten times more frequently in
girls than in boys; in more than 90% of the girls, sexual precocity is idiopathic [1]. The
etiologies of sexual precocity are subdivided into gonadotropin-releasing hormone
(GnRH)-dependent and GnRH-independent causes, also called CPP and peripheral
precocious puberty, respectively. Depot GnRH analogs represent the first line of ther-
apy in CPP [2].



RASopathies Are Associated With
Delayed Puberty; Are They Associated
With Precocious Puberty Too?

Daniélle C.M. van der Kaay, MD, PhD,? Bat-Sheva Levine, MD, MPH, MS P Daniel Doyle, MD°
Roberto Mendoza-Londono, MD,24 Mark R. Palmert, MD, PhD2ef

RASopathies, such as Noonan, Costello, and cardio-facio-cutaneous
syndromes, are developmental disorders caused by mutations in rat
sarcoma-mitogen-activated protein kinase pathway genes. Mutations

that cause Noonan syndrome have been associated with delayed puberty.
Here we report 4 patients with either Costello or cardio-facio-cutaneous
syndrome who developed precocious puberty, suggesting complex
regulation of the hypothalamic-pituitary-gonadal axis and the timing of
puberty by the rat sarcoma-mitogen-activated protein kinase pathway.
Additional study of the timing of puberty among patients with RASopathies
is warranted to ascertain the incidence of delayed and precocious puberty
in these conditions and to examine genotype-phenotype correlations, which
may provide insight into pathways that regulate the timing of puberty.

Despite recent advances,!~3 many
factors that regulate timing of
puberty remain elusive. Rare
syndromes associated with

disorders in pubertal timing provide
additional opportunities to identify
genetic pathways that regulate the
onset of puberty. RASopathies are
developmental disorders caused by
heterozygous activating germline
mutations in rat sarcoma-mitogen-
activated protein kinase (RAS-MAPK)
pathway genes.* The RAS-MAPK
pathway plays a central role in signal
transduction from extracellular
stimuli to the intracellular
environment. The pathway is
activated through hormones and
growth factors that bind to tyrosine
kinase, G-protein coupled, or
extracellular matrix receptors. Binding
results in phosphorylation and
activation of proteins that control cell
growth, differentiation, proliferation,
and apoptosis, all critical aspects of
normal development.®”

RASopathies include Noonan
syndrome (NS), Costello syndrome
(CS), and cardio-facio-cutaneous
syndrome (CFCS). These syndromes
have overlapping features, such

as craniofacial dysmorphisms;
cardiac malformations; cutaneous,
musculoskeletal, and ocular
abnormalities; and developmental
delay.” The overall incidence

of RASopathies is 1 in 1000 to

2500 live births. NS is the most
common condition. CS and CFCS are
much rarer, with unknown exact
prevalence.®

Although delayed puberty is
described as a typical, although not
universal, feature of NS ° little has
been reported about pubertal timing
in CS and CFCS. Delayed puberty
has been described in CS,1%-13 and
isolated cases of precocious puberty
have been noted anecdotally in CS1#
and CFCS.’*~7 Unfortunately, only

1 of these articles describes clinical
and biochemical data related to the
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Abstract

Background: Animal models have shown that the skeletal
hormone osteocalcin stimulates testicular testosterone
synthesis. To assess whether osteocalcin might be a useful
marker to detect pubertal development disorders, we
examined osteocalcin plasma concentrations in children
and adolescents with and without disorders of pubertal
development.

Methods: Osteocalcin concentrations were investigated in
a total of 244 patients with endocrine disorders (122 males,
mean age: 11.87+3.77 years), including patients with pre-
cocious puberty and constitutional delay of puberty.
Results: Osteocalcin concentrations were highest among
adolescents with precocious puberty and advanced
pubertal development (120.60+45.22 ng/mL), while the
concentrations were lowest among patients with consti-
tutional delay of puberty (102.20+ 3713 ng/mL). Overall,
osteocalcin concentrations were strongly correlated with
markers of bone metabolism.

Conclusions: Although plasma osteocalcin concentra-
tions are associated with pubertal development in boys,
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it does not appear to be a useful diagnostic marker for
altered pubertal development.

Keywords: delayed puberty; osteocalcin; precocious
puberty; pubertal development.

Introduction

Osteocalcin is a skeletal system hormone that is secreted
by osteoblasts. Accordingly, circulating concentrations
of osteocalcin are positively associated with markers
of bone metabolism, such as total serum alkaline phos-
phatase (TSAP) and parathyroid hormone (PTH) [1, 2].
During periods of growth, osteocalcin concentrations are
increased in children and adolescents [3].

Osteocalcin also exhibits metabolic effects: it
increases insulin sensitivity in the skeletal muscle, insulin
secretion by pancreatic beta cells [4, 5] and adiponectin
release by adipocytes [6]. In contrast, leptin, an adipo-
cyte-derived hormone, has a negative effect on osteocal-
cin concentrations by inhibiting osteocalcin production
by osteoblasts [7, 8].

Osteocalcin has recently been found to stimulate tes-
tosterone production in Leydig cells in a mouse model,
thereby implying that osteocalcin plays a role not only
in the pubertal growth spurt [9] but also in male puber-
tal development [10, 11]. Even though osteocalcin levels
change during female pubertal development, no likewise
influence of osteocalcin on gonadal development and
hormone expression seems to exist in females [12, 13].

Therefore, we aimed to investigate whether osteocal-
cin concentrations are associated with pubertal stages in
children and adolescents with and without disorders of
pubertal development and whether this hormone might be
a useful marker to detect pubertal development disorders.

Patients and methods

This study was performed at the endocrine outpatient clinic of the
Children’s Hospital, University of Dulsburg-Essen, Germany, between
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Vitamin D Deficiency and Parathyroid Response in Critically-ill Children:
Association with Illness Severity and Clinical Outcomes
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Objective: To determine the prevalence of vitamin D deficiency
in critically il children, and to study its association with
parathyroid response, severity of illness and clinical outcomes.

Design: Prospective observational study.

Setting: Medical Pediatric Intensive Care Unit of a tertiary care
centre of Northern India.

Participants: 154 children in-patients: August 2011-January
2013.

Main outcome measures: Vitamin D deficient children were
(serum 25-hydroxy vitamin D <20 pg/mL) divided into
“parathyroid-responder” [serum parathyroid hormone =65 pg/mL
with 25(0H)D<20 pg/mL and/or calcium corrected for albumin
<8.5 mg/dL] and “non parathyroid-responder.” liiness severity
was assessed by Pediatric Index of Mortality-2 (PIM-2) score at
admission. Biochemical parameters, illness severity scores and

clinical outcomes were compared between parathyroid-
responders and non-parathyroid-responders.

Results: Vitamin D deficiency and hypocalcemia were
observed in 125 (83.1%) and 91 (59%) children, respectively at
admission. There were no differences in iliness severity score at
admission, mortality rate and length of stay between vitamin D-
deficient children and 159.8% of non-vitamin D-deficient children.
Among Vitamin D-deficient children, parathyroid-responders had
higher PIM-2 score at admission compared to non-parathyroid-
responder [12.8 (7.4,20.6) vs. 6.5 (2.5,12.2), P=0.01]. However,
there were no differences in other clinical outcomes between
two groups.

Conclusion: Critically ill children have high prevalence of vitamin
D deficiency. Parathyroid gland response secondary to
hypocalcemia or vitamin D defiency is impaired in critical iliness.

Keywords: Calcium, liness severity, Outcome.

he pleiotropic action of vitamin D plays a
central role in the crtical 1llness
pathophysiology. Vitamin D receptor 1s found
in B and T lymphocytes, bone marrow and
cardiac cells, and there 1s growing evidence regarding its
cardio-protective, immunomodulatory and antimicrobial
properties [1]. Studies  have documented higher
prevalence of vitamin D deficiency in critical care settings
[2-6]. Whether this deficiency 1s associated with severity
ofillness or other clinical outcomes is unclear [10].

We hypothesized that there is impairment m the
Calcium—Parathyroid hormone (PTH)—Vitamin D axis
due to critical illness. Assessing vitamin D deficiency m
terms of PTH response and its association with illness
severity and clinical outcomes 1s necessary to get msight
for further interventional studies for optumizing the
management of Vitamin D deficiency, particularly m the
setting where vitamin D deficiency 1s highly prevalent
even in healthy children. We, therefore, conducted this
study to determine the prevalence of Vitamin D deficiency
and characterize its relation with calcium and PTH, and
assess the outcome considermng type of parathyroid
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response in vitamin D-deficient children.

Accompanying Editorial: Pages 475-476.

METHODS

This was a prospective cohort study conducted in
Pediatric Intensive Care Unit (PICU) of All India Institute of
Medical Sciences, New Delhi, India, and was a secondary
objective of data collected as a part of
‘Hypophosphatemia in Pediatric Critical Illness’ study by
the same group. In this study, all the children aged
between 1 month and 15 years were eligible for inclusion.
Exclusion criteria were: known parathyroid disease,
rickets, renal tubular acidosis, chronic kidney disease
(CKD) diagnosis of acute kidney injury (AKI) at
admission. Children requiring readmission and those who
died within 24 hours were also excluded. Ethical approval
was obtained from Institutional ethics comunittee. Parents
of the children fulfilling the criteria were approached for the
written informed consent for the participation of the child
in the study.
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