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The landscape of paediatric endocrinology has changed con-
siderably over the last decade. The advances in genetics have 
resulted in a wave of molecular research in paediatric Endo-
crinology, which has resulted in a better understanding of 
genetic causes and the molecular basis of endocrine condi-
tions, which in turn has led to the identification of molecular 
targets for treatment. Together with a focus on rare diseases, 
this has resulted in developing new therapies for specific 
endocrine conditions. The series will update the readers on 
these advances in Paediatric Endocrinology.

The first example of translation into therapeutic advance-
ment due to advances in knowledge is the development of 
drugs to increase bone mass as a result of increased knowl-
edge of the key genes involved in the regulation of bone 
mass [1, 2]. Genetic analysis of patients with osteoporosis 
or high bone mass conditions has paved the way for these 
advances. The molecular pathways that regulate bone for-
mation, resorption, and remodelling have been uncovered 
over the last two decades. The Wnt- beta-catenin signalling 
pathway plays a crucial role in the regulation of bone mass, 
and mutations in key pathway regulators, such as LRP5 and 
SOST result in phenotypes of extremely low bone mass or 

high bone mass [3]. Loss-of-function of LRP5 results in 
osteoporosis-pseudoglioma syndrome, whereas gain-of-
function results in osteosclerosis. Likewise, mutations in 
SOST, encoding sclerostin, an inhibitor of Wnt signalling, 
result in the high bone mass condition sclerosteosis. Anti-
bodies against sclerostin are now used as new therapeutic for 
osteoporosis [4]. Another pathway involved in bone metabo-
lism regulation is the the RANK (Receptor Activator and 
Nuclear Factor Kappa-B)-RANKL (RANK Ligand)-OPG 
(osteoprotegerin) system, activation of the latter leading to 
bone resorption. Denosumab is an antibody directed against 
RANKL that reduces the binding of RANKL to RANK and, 
therefore, reduces bone resorption. Denosumab is approved 
for osteoporosis in adults [5], and trials are ongoing for its 
use in rare bone diseases in adults [6]. Denosumab is used 
in exceptional circumstances in children [7, 8], and there are 
ongoing trials, although rebound hypercalcaemia on cessa-
tion of treatment is a challenging side effect [9]. Therefore, 
currently bisphosphonates remain the mainstay for treatment 
in children with bone fragility.

The generation of normal ranges for bone mineral appar-
ent density, which corrects for the size of the bones and thus 
the child’s height, for the most common DXA scanners, has 
been a major achievement [10], and is now used in daily 
practice. The use of BMAD is essential, as BMD is not a 
reliable parameter for bone density in children.

Identifying the crucial pathways in the regulation of bone 
development and bone mass, has also led to the identifica-
tion of new genetic causes of osteogenesis imperfecta, for 
which now more than 20 subtypes have been identified, each 
with its genetic cause [11].

Other significant breakthroughs relating to bone and car-
tilage are in the treatment of achondroplasia and X-linked 
hypophosphataemic rickets.

Achondroplasia is due to an activating mutation in FGFR3, 
resulting in over-activation of FGFR3 signalling and subse-
quently MAPK signalling leading to premature chondrocyte 
differentiation. Elegant mouse studies showed that inhibition 

 *	 Evelien F Gevers 
	 evelien.gevers@nhs.net

	 J Peter de Winter 
	 editor-EJP@spaarnegasthuis.nl

1	 Centre for Endocrinology, William Harvey Research 
Institute, Queen Mary University of London, London, 
United Kingdom

2	 Department of Paediatric Endocrinology and Diabetes, Barts 
Health NHS Trust - The Royal London Children’s Hospital, 
London, United Kingdom

3	 Department of Pediatrics, Spaarne Gasthuis, 
Haarlem/Hoofddorp, The Netherlands

4	 Leuven Child and Health Institute, KU Leuven, Leuven, 
Belgium

5	 Department of Development and Regeneration, KU Leuven, 
Leuven, Belgium

Published online: 26 December 2022

European Journal of Pediatrics (2023) 182:1439–1443

http://crossmark.crossref.org/dialog/?doi=10.1007/s00431-022-04772-6&domain=pdf


1 3

of the MAPK pathway improves the effects of overactivated 
FGFR3 pathway and improves the premature chondrocyte 
differentiation. CNP (cartilage natriuretic peptide) inhibits 
the MAPK pathway by binding to its receptor NPR2 [12]. 
Vosoritide, a long-acting CNP analogue, has been developed 
as a new therapeutic for achondroplasia [13, 14]. Treatment 
improves height velocity in children with achondroplasia, and 
has recently been licenced for the treatment of patients > 2 yrs 
of age [15–17]. Additionally, other new therapeutics for the 
treatment of achondroplasia are in the pipeline.

Furthermore, small trials are being conducted to assess 
whether vosoritide can improve growth in children with 
other conditions with restricted growth.

X-linked hypophosphataemic rickets is the most com-
mon form of genetic rickets and is due to mutations in the 
PHEX gene, located on the X chromosome [18]. Patients 
have hypophosphataemia and rickets, with variable severity, 
as well as many other sequelae such as short stature, dental 
abscesses and craniosynostosis. Studies in the last decade 
identified that PHEX mutations resulted in increased concen-
trations of FGF23, a circulating peptide hormone produced 
in osteocytes, that stimulates renal phosphate excretion. An 
antibody against FGF23, Burosumab, is now available for the 
treatment of XLH and improves phosphate concentrations, 
bone pain, rickets and bowing [19, 20]. Correct and timely 
identification of these patients is therefore crucial.

Hypoparathyroidism in children and adults is convention-
ally treated with alphacalcidol with or without calcium sup-
plementation. Recombinant PTH is available, but is licenced 
only for short term treatment of osteoporosis in adults. How-
ever, conventional treatment is insufficient in some children, 
especially those with autosomal dominant hypocalcaemia, 
due to mutations in the CaSR gene, and those with APECED 
(autoimmune polyendocrinopathy-candidiasis-ectodermal 
dysplasia syndrome). Recently, PTH injections and pump 
treatment have been used in these groups of children [21, 
22]. Long-acting PTH molecules and negative modulators of 
the calcium sensing receptor have been developed recently 
and may become available for treatment in hypoparathy-
roidism in children [23, 24].

Diagnostics of short stature have improved with genetic 
advances too. GH deficiency may be overdiagnosed, and 
there is a move to re-testing of GH deficiency in puberty 
[25]. Genetic variants or deletions in the GH signalling 
pathway such as those in GHR (growth hormone receptor) 
[26], STAT5B (signalling transducer and activator of tran-
scription 5B) [27], IGF1 (insulin-like growth factor 1) [28] 
and IGF1R (IGF1 receptor) [29] may be more common than 
initially thought, but seem to be still far rarer than variants in 
genes involved in bone or cartilage development as a cause 
for short stature. Examples of such relatively frequent causes 
for short stature are mutations/deletions of SHOX (short stat-
ure gene on the X chromosome), ACAN (aggrecan), NPR2 

(natriuretic peptide receptor 2) and CUL7/OBSL (leading  
to 3M syndrome) [30]. Another common cause for short 
stature is Noonan syndrome, one of the ‘rasopathies’ due to  
abnormal RAS signaling [31]. GH treatment is now licensed 
for SHOX deficiency and Noonan syndrome, but no other 
remedy for short stature is available [32, 33]. Drugs devel-
oped for treatment of achondroplasia that modulate the 
FGFR3 and MAPK pathways may prove useful for the treat-
ment of related milder growth conditions.

The next group of conditions that are starting to see a 
change in landscape, are obesity, type 2 diabetes and Prader-
Willi Syndrome. The ongoing epidemic of obesity in chil-
dren [34] is leading to an increased incidence of paediatric  
type 2 diabetes (T2D). Outcome of paediatric onset type 
2 diabetes is poor and worse compared to Type 1 diabetes  
(T1D) or compared to adults with T2D [35]. No drugs  
have been available for treating T2D in children besides Met-
formin and insulin for many years, but recently GLP1 ago-
nists (eg Liraglutide, Dulaglutide, Semaglutide) have been 
added as a therapeutic option for T2D and obesity [36–38]. 
They have been shown to reduce HbA1c and weight, and are 
likely going to be helpful in both T2D and obesity, although 
it is too early to tell how well they are tolerated by paediat-
ric patients in the real world. Over the last two decades genetic 
causes of early-onset obesity have been unravelled, and this 
has been translated into gene panels for assessment of mono-
genic obesity in patients with early-onset obesity, increasing 
our ability to pinpoint causes of severe early-onset obesity 
[39]. The melanocortin 4 receptor (MC4R) pathway plays a 
crucial role in the regulation of hunger and satiety. Sufficient 
levels of melanocyte-stimulating hormone (MSH) neuropep-
tides are required to activate MC4R, resulting in a reduction 
in hunger and a concomitant increase in energy expenditure 
through actions in the hypothalamus [40]. Indeed, MC4R 
mutations are the most common monogenic cause of obesity 
[41]. In a new therapeutic development, an MC4R agonist 
(Setmelanotide) has been developed that activates the MC4R 
pathway. Mutations in the pathway upstream of MC4R are 
sensitive to treatment with Setmelanotide [42]. This upstream 
pathway consists of leptin binding to leptin receptors (LEPR)  
on hypothalamic pro-opiomelanocortin (POMC) neurons, 
which in response will produce POMC. POMC is then 
cleaved into melanocortin ligands (by PCSK-1) which bind to 
and activate the melanocortin-4 receptor pathway. Mutations 
in the key genes in this upstream pathway (POMC, PCSK1, 
LEPR) cause severe early-onset obesity and Setmelanotide is 
now available for treatment for these patients [43].

Bariatric surgery is also a therapeutic option to induce 
weight loss in adolescents with severe obesity, and has been 
used with increasing frequency over the last 5–10 years.

Treatment for PWS has seen progression too. The advan-
tage of early GH treatment, starting before the age of 1 year, 
has become more clear [44]. Early diagnosis therefore is 
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paramount and the feasibility of screening is being assessed 
[45]. There have been multiple clinical trials to improve 
hyperphagia in PWS, e.g. with oxytocin [46, 47], carbe-
tocin [48], unacylated ghrelin [49] and diazoxide choline 
controlled-release (DCCR) [50] with DCCR trials being in 
the most advanced stage.

In thyroid disease, there have been advances in our 
knowledge and treatment of the rare X-linked condition of 
MCT8 deficiency (also known as Allan-Herndon-Dudney 
Syndrome) [51, 52], and in the genetics of congenital pri-
mary and central hypothyroidism [53–55]. New guidelines 
for the treatment of paediatric Graves’ disease have been 
developed by the European Thyroid Association [56]. New 
therapies for Graves’ disease may be on the horizon [57].

Last but not least, is the progression in polycystic ovary 
syndrome (PCOS). PCOS is a challenging condition to diag-
nose and treat in adolescents. Several guidelines for PCOS 
have been published [58], although the majority are focused 
on adults rather than adolescents. The use of anti-androgens 
as a therapeutic option is still being assessed [59] and may 
hold some hope for the future.

We are confident that you will enjoy reading and learn-
ing from this Series “New Developments and Therapies in 
Paediatric Endocrinology”.

References

	 1.	 Ciancia S, Högler W, Sakkers RJB, Appelman-Dijkstra NM, Boot 
AM, Sas TCJ, Renes JS (2022) Osteoporosis in children and ado-
lescents: how to treat and monitor? Eur J Pediatr

	 2.	 Ciancia S, van Rijn RR, Högler W, Appelman-Dijkstra NM, Boot 
AM, Sas TCJ, Renes JS (2022) Osteoporosis in children and ado-
lescents: when to suspect and how to diagnose it. Eur J Pediatr 
181:2549–2561

	 3.	 Maeda K, Kobayashi Y, Koide M, Uehara S, Okamoto M, Ishihara 
A, Kayama T, Saito M, Marumo K (2019) The regulation of bone 
metabolism and disorders by wnt signaling. Int J Mol Sci 20

	 4.	 Nealy KL, Harris KB (2021) Romosozumab: A novel injectable 
sclerostin inhibitor with anabolic and antiresorptive effects for 
osteoporosis. Ann Pharmacother 55:677–686

	 5.	 Dempster DW, Lambing CL, Kostenuik PJ, Grauer A (2012) Role 
of RANK ligand and denosumab, a targeted RANK ligand inhibi-
tor, in bone health and osteoporosis: a review of preclinical and 
clinical data. Clin Ther 34:521–536

	 6.	 Chawla S, Blay JY, Rutkowski P, Le Cesne A, Reichardt P, Gelderblom 
H, Grimer RJ, Choy E, Skubitz K, Seeger L, Schuetze SM, Henshaw 
R, Dai T, Jandial D, Palmerini E (2019) Denosumab in patients with 
giant-cell tumour of bone: a multicentre, open-label, phase 2 study. 
Lancet Oncol 20:1719–1729

	 7.	 Hoyer-Kuhn H, Franklin J, Allo G, Kron M, Netzer C, Eysel P, 
Hero B, Schoenau E, Semler O (2016) Safety and efficacy of 
denosumab in children with osteogenesis imperfect–a first pro-
spective trial. J Musculoskelet Neuronal Interact 16:24–32

	 8.	 Vanderniet JA, Wall CL, Mullins A, London K, Lim L, Hibbert S, 
Briody J, Padhye B, Poon M, Biggin A, Dalla-Pozza L, Munns CF 
(2022) Denosumab for central giant cell granuloma in an Austral-
ian tertiary paediatric centre. Bone 159:116395

	 9.	 Uday S, Gaston CL, Rogers L, Parry M, Joffe J, Pearson J, Sutton D, 
Grimer R, Högler W (2018) Osteonecrosis of the jaw and rebound 
hypercalcemia in young people treated with denosumab for giant 
cell tumor of bone. J Clin Endocrinol Metab 103:596–603

	10.	 Crabtree NJ, Shaw NJ, Bishop NJ, Adams JE, Mughal MZ, Arundel  
P, Fewtrell MS, Ahmed SF, Treadgold LA, Högler W, Bebbington  
NA, Ward KA, Team AS (2017) Amalgamated reference data 
for size-adjusted bone densitometry measurements in 3598 chil-
dren and young adults-the ALPHABET study. J Bone Miner Res 
32:172–180

	11.	 Charoenngam N, Nasr A, Shirvani A, Holick MF (2022) Heredi-
tary metabolic bone diseases: A review of pathogenesis, diagnosis 
and management. Genes (Basel) 13

	12.	 Lorget F, Kaci N, Peng J, Benoist-Lasselin C, Mugniery E, Oppeneer 
T, Wendt DJ, Bell SM, Bullens S, Bunting S, Tsuruda LS, O’Neill 
CA, Di Rocco F, Munnich A, Legeai-Mallet L (2012) Evaluation of 
the therapeutic potential of a CNP analog in a Fgfr3 mouse model 
recapitulating achondroplasia. Am J Hum Genet 91:1108–1114

	13.	 Wendt DJ, Dvorak-Ewell M, Bullens S, Lorget F, Bell SM, Peng J, 
Castillo S, Aoyagi-Scharber M, O’Neill CA, Krejci P, Wilcox WR, 
Rimoin DL, Bunting S (2015) Neutral endopeptidase-resistant C-type 
natriuretic peptide variant represents a new therapeutic approach for 
treatment of fibroblast growth factor receptor 3-related dwarfism. J 
Pharmacol Exp Ther 353:132–149

	14.	 Savarirayan R, Irving M, Day J (2019) C-Type Natriuretic peptide 
analogue therapy in children with achondroplasia. Reply N Engl 
J Med 381:1291–1292

	15.	 Savarirayan R, Tofts L, Irving M, Wilcox W, Bacino CA, Hoover-
Fong J, Ullot Font R et al (2020) Once-daily, subcutaneous vosoritide 
therapy in children with achondroplasia: a randomised, double-blind, 
phase 3, placebo-controlled, multicentre trial. Lancet 396:684–692

	16.	 Savarirayan R, Tofts L, Irving M, Wilcox WR, Bacino CA, 
Hoover-Fong J, Font RU et al (2021) Safe and persistent growth-
promoting effects of vosoritide in children with achondroplasia: 
2-year results from an open-label, phase 3 extension study. Genet 
Med 23:2443–2447

	17.	 Duggan S (2021) Vosoritide: First Approval. Drugs 81:2057–2062
	18.	 Haffner D, Emma F, Eastwood DM, Duplan MB, Bacchetta J, 

Schnabel D, Wicart P, Bockenhauer D, Santos F, Levtchenko 
E, Harvengt P, Kirchhoff M, Di Rocco F, Chaussain C, Brandi 
ML, Savendahl L, Briot K, Kamenicky P, Rejnmark L, Linglart 
A (2019) Clinical practice recommendations for the diagnosis and 
management of X-linked hypophosphataemia. Nat Rev Nephrol 
15:435–455

	19.	 Carpenter TO, Whyte MP, Imel EA, Boot AM, Högler W, Linglart 
A, Padidela R, Van’t Hoff W, Mao M, Chen CY, Skrinar A, Kakkis 
E, San Martin J, Portale AA (2018) Burosumab therapy in children 
with x-linked hypophosphatemia. N Engl J Med 378:1987–1998

	20.	 Imel EA, Glorieux FH, Whyte MP, Munns CF, Ward LM, Nilsson O, 
Simmons JH, Padidela R, Namba N, Cheong HI, Pitukcheewanont P, 
Sochett E, Högler W, Muroya K, Tanaka H, Gottesman GS, Biggin 
A, Perwad F, Mao M, Chen CY, Skrinar A, San Martin J, Portale 
AA (2019) Burosumab versus conventional therapy in children with 
X-linked hypophosphataemia: a randomised, active-controlled, open-
label, phase 3 trial. Lancet 393:2416–2427

	21.	 Winer KK (2019) Advances in the treatment of hypoparathy-
roidism with PTH 1–34. Bone 120:535–541

	22.	 Sastre A, Valentino K, Hannan FM, Lines KE, Gluck AK, Stevenson 
M, Ryalls M, Gorrigan RJ, Pullen D, Buck J, Sankaranarayanan S, 
Allgrove J, Thakker RV, Gevers EF (2021) PTH infusion for sei-
zures in autosomal dominant hypocalcemia type 1. N Engl J Med 
385:189–191

	23.	 Khan AA, Rejnmark L, Rubin M, Schwarz P, Vokes T, Clarke B, 
Ahmed I, Hofbauer L, Marcocci C, Pagotto U, Palermo A, Eriksen  
E, Brod M, Markova D, Smith A, Pihl S, Mourya S, Karpf DB, 
Shu AD (2022) PaTH forward: A randomized, double-blind, 

1441European Journal of Pediatrics (2023) 182:1439–1443



1 3

placebo-controlled phase 2 trial of TransCon PTH in adult 
hypoparathyroidism. J Clin Endocrinol Metab 107:e372–e385

	24.	 Roberts MS, Gafni RI, Brillante B, Guthrie LC, Streit J, Gash 
D, Gelb J, Krusinska E, Brennan SC, Schepelmann M, Riccardi 
D, Bin Khayat ME, Ward DT, Nemeth EF, Rosskamp R, Col-
lins MT (2019) Treatment of autosomal dominant hypocalcemia 
type 1 with the calcilytic NPSP795 (SHP635). J Bone Miner Res 
34:1609–1618

	25.	 Laurer E, Sirovina A, Blaschitz A, Tischlinger K, Montero-Lopez 
R, Hörtenhuber T, Wimleitner M, Högler W (2022) The landscape 
of retesting in childhood-onset idiopathic growth hormone defi-
ciency and its reversibility: a systematic review and meta-analysis. 
Eur J Endocrinol 187:265–278

	26.	 Shapiro L, Chatterjee S, Ramadan DG, Davies KM, Savage MO, 
Metherell LA, Storr HL (2017) Whole-exome sequencing gives 
additional benefits compared to candidate gene sequencing in the 
molecular diagnosis of children with growth hormone or IGF-1 
insensitivity. Eur J Endocrinol 177:485–501

	27.	 Klammt J, Neumann D, Gevers EF, Andrew SF, Schwartz ID, 
Rockstroh D, Colombo R, Sanchez MA, Vokurkova D, Kowalczyk 
J, Metherell LA, Rosenfeld RG, Pfäffle R, Dattani MT, Dauber 
A, Hwa V (2018) Dominant-negative STAT5B mutations cause 
growth hormone insensitivity with short stature and mild immune 
dysregulation. Nat Commun 9:2105

	28.	 Staels W, Alev N, Maystadt I, Chivu O, De Schepper J, Heinrichs 
C, Beckers D (2021) IGF1 haploinsufficiency in children with 
short stature: a case series. Eur J Endocrinol 185:323–332

	29.	 Giabicani E, Willems M, Steunou V, Chantot-Bastaraud S, 
Thibaud N, Abi Habib W, Azzi S et al (2020) Increasing knowl-
edge in J Med Genet 57:160–168

	30.	 Jee YH, Baron J, Nilsson O (2018) New developments in the 
genetic diagnosis of short stature. Curr Opin Pediatr 30:541–547

	31.	 Tajan M, Paccoud R, Branka S, Edouard T, Yart A (2018) The 
RASopathy family: Consequences of germline activation of the 
RAS/MAPK pathway. Endocr Rev 39:676–700

	32.	 Tamburrino F, Gibertoni D, Rossi C, Scarano E, Perri A, Montanari 
F, Fantini MP, Pession A, Tartaglia M, Mazzanti L (2015) Response 
to long-term growth hormone therapy in patients affected by 
RASopathies and growth hormone deficiency: Patterns of growth, 
puberty and final height data. Am J Med Genet A 167A:2786–2794

	33.	 Benabbad I, Rosilio M, Child CJ, Carel JC, Ross JL, Deal CL, 
Drop SL, Zimmermann AG, Jia N, Quigley CA, Blum WF (2017) 
Safety outcomes and near-adult height gain of growth hormone-
treated children with SHOX deficiency: Data from an observa-
tional study and a clinical trial. Horm Res Paediatr 87:42–50

	34.	 Jebeile H, Kelly AS, O’Malley G, Baur LA (2022) Obesity in 
children and adolescents: epidemiology, causes, assessment, and 
management. Lancet Diabetes Endocrinol 10:351–365

	35.	 Bjornstad P, Drews KL, Caprio S, Gubitosi-Klug R, Nathan DM, 
Tesfaldet B, Tryggestad J, White NH, Zeitler P, Group TS (2021) 
Long-term complications in youth-onset type 2 diabetes. N Engl 
J Med 385:416–426

	36.	 Tamborlane WV, Barrientos-Perez M, Fainberg U, Frimer-Larsen 
H, Hafez M, Hale PM, Jalaludin MY, Kovarenko M, Libman I, 
Lynch JL, Rao P, Shehadeh N, Turan S, Weghuber D, Barrett T, 
Ellipse Trial I (2019) Liraglutide in children and adolescents with 
type 2 diabetes. N Engl J Med 381:637–646

	37.	 Arslanian SA, Hannon T, Zeitler P, Chao LC, Boucher-Berry C, 
Barrientos-Perez M, Bismuth E, Dib S, Cho JI, Cox D, Investi-
gators A-P (2022) Once-weekly dulaglutide for the treatment of 
youths with type 2 diabetes. N Engl J Med 387:433–443

	38.	 Weghuber D, Barrett T, Barrientos-Perez M, Gies I, Hesse D, 
Jeppesen OK, Kelly AS, Mastrandrea LD, Sorrig R, Arslanian S, 
Investigators ST (2022) Once-weekly semaglutide in adolescents 
with obesity. N Engl J Med 387:2245–2257

	39.	 Farooqi IS (2022) Monogenic obesity syndromes provide insights 
into the hypothalamic regulation of appetite and associated behav-
iors. Biol Psychiatry 91:856–859

	40.	 Shen WJ, Yao T, Kong X, Williams KW, Liu T (2017) Melanocor-
tin neurons: Multiple routes to regulation of metabolism. Biochim 
Biophys Acta Mol Basis Dis 1863:2477–2485

	41.	 Wade KH, Lam BYH, Melvin A, Pan W, Corbin LJ, Hughes DA, 
Rainbow K, Chen JH, Duckett K, Liu X, Mokrosinski J, Morseburg 
A, Neaves S, Williamson A, Zhang C, Farooqi IS, Yeo GSH, Timpson 
NJ, O’Rahilly S (2021) Loss-of-function mutations in the melanocor-
tin 4 receptor in a UK birth cohort. Nat Med 27:1088–1096

	42.	 Clement K, van den Akker E, Argente J, Bahm A, Chung WK, 
Connors H, De Waele K, Farooqi IS, Gonneau-Lejeune J, Gordon 
G, Kohlsdorf K, Poitou C, Puder L, Swain J, Stewart M, Yuan 
G, Wabitsch M, Kuhnen P, Setmelanotide P, Investigators LPT 
(2020) Efficacy and safety of setmelanotide, an MC4R agonist, 
in individuals with severe obesity due to LEPR or POMC defi-
ciency: single-arm, open-label, multicentre, phase 3 trials. Lancet 
Diabetes Endocrinol 8:960–970

	43.	 Wabitsch M, Farooqi S, Fluck CE, Bratina N, Mallya UG, Stewart 
M, Garrison J, van den Akker E, Kuhnen P (2022) Natural history 
of obesity due to POMC, PCSK1, and LEPR deficiency and the 
impact of setmelanotide. J Endocr Soc 6:bvac057

	44.	 Grootjen LN, Trueba-Timmermans DJ, Damen L, Mahabier EF, 
Kerkhof GF, Hokken-Koelega ACS (2022) Long-term growth 
hormone treatment of children with PWS: The earlier the start, 
the better the outcomes? J Clin Med 11

	45.	 Godler DE, Ling L, Gamage D, Baker EK, Bui M, Field MJ, 
Rogers C, Butler MG, Murgia A, Leonardi E, Polli R, Schwartz 
CE, Skinner CD, Alliende AM, Santa Maria L, Pitt J, Greaves 
R, Francis D, Oertel R, Wang M, Simons C, Amor DJ (2022) 
Feasibility of screening for chromosome 15 imprinting disorders 
in 16 579 newborns by using a Novel Genomic Workflow. JAMA 
Netw Open 5:e2141911

	46.	 Damen L, Grootjen LN, Juriaans AF, Donze SH, Huisman TM, 
Visser JA, Delhanty PJD, Hokken-Koelega ACS (2021) Oxytocin 
in young children with Prader-Willi syndrome: Results of a rand-
omized, double-blind, placebo-controlled, crossover trial investi-
gating 3 months of oxytocin. Clin Endocrinol (Oxf) 94:774–785

	47.	 Rice LJ, Einfeld SL, Hu N, Carter CS (2018) A review of clinical trials 
of oxytocin in Prader-Willi syndrome. Curr Opin Psychiatry 31:123–127

	48.	 Dykens EM, Miller J, Angulo M, Roof E, Reidy M, Hatoum HT, 
Willey R, Bolton G, Korner P (2018) Intranasal carbetocin reduces 
hyperphagia in individuals with Prader-Willi syndrome. JCI Insight 3

	49.	 Allas S, Caixas A, Poitou C, Coupaye M, Thuilleaux D, Lorenzini 
F, Diene G, Crino A, Illouz F, Grugni G, Potvin D, Bocchini S, 
Delale T, Abribat T, Tauber M (2018) AZP-531, an unacylated 
ghrelin analog, improves food-related behavior in patients with 
Prader-Willi syndrome: A randomized placebo-controlled trial. 
PLoS ONE 13:e0190849

	50.	 Kimonis V, Surampalli A, Wencel M, Gold JA, Cowen NM (2019) 
A randomized pilot efficacy and safety trial of diazoxide choline 
controlled-release in patients with Prader-Willi syndrome. PLoS 
ONE 14:e0221615

	51.	 Groeneweg S, Peeters RP, Moran C, Stoupa A, Auriol F, Tonduti D, 
Dica A et al (2019) Effectiveness and safety of the tri-iodothyronine 
analogue triac in children and adults with MCT8 deficiency: an 
international, single-arm, open-label, phase 2 trial. Lancet Diabetes 
Endocrinol 7:695–706

	52.	 Groeneweg S, van Geest FS, Abaci A, Alcantud A, Ambegaonkar 
GP, Armour CM, Bakhtiani P et al (2020) Disease characteristics 
of MCT8 deficiency: an international, retrospective, multicentre 
cohort study. Lancet Diabetes Endocrinol 8:594–605

	53.	 Nicholas AK, Serra EG, Cangul H, Alyaarubi S, Ullah I, Schoenmakers  
E, Deeb A et al (2016) Comprehensive screening of eight known 

1442 European Journal of Pediatrics (2023) 182:1439–1443



1 3

causative genes in congenital hypothyroidism with gland-in-situ. J 
Clin Endocrinol Metab 101:4521–4531

	54.	 Peters C, van Trotsenburg ASP, Schoenmakers N (2018) Diagno-
sis of endocrine disease: Congenital hypothyroidism: update and 
perspectives. Eur J Endocrinol 179:R297–R317

	55.	 Bernard DJ, Brule E, Smith CL, Joustra SD, Wit JM (2018) From 
consternation to revelation: Discovery of a role for IGSF1 in pitui-
tary control of thyroid function. J Endocr Soc 2:220–231

	56.	 Mooij CF, Cheetham TD, Verburg FA, Eckstein A, Pearce SH, 
Leger J, van Trotsenburg ASP (2022) 2022 European thyroid asso-
ciation guideline for the management of pediatric Graves' disease. 
Eur Thyroid J 11

	57.	 Lane LC, Cheetham TD, Perros P, Pearce SHS (2020) New 
therapeutic horizons for graves’ hyperthyroidism. Endocr Rev 
41:873–884

	58.	 Hoeger KM, Dokras A, Piltonen T (2021) Update on PCOS: Con-
sequences, challenges, and guiding treatment. J Clin Endocrinol 
Metab 106:e1071–e1083

	59.	 Ibanez L, de Zegher F (2020) Polycystic ovary syndrome in ado-
lescent girls. Pediatr Obes 15:e12586

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1443European Journal of Pediatrics (2023) 182:1439–1443


	Editorial pediatric endocrinology series european journal of pediatrics “New developments and therapies in pediatric endocrinology”
	References


