
ÁLTALÁNOS ORVOSTUDOMÁNYI KAR
I. Sz. Gyermekgyógyászati Klinika

George S Reusz

Department of Pediatrics

Semmelweis University

XLH - from the past to the future
Milestones in the diagnosis and therapy of familial 

hypophosphatemia



2023. 08. 28. 2

Outline
• Classical concept of phosphate metabolism

• XLH

– The clinical spectrum

• Conventional therapy

• Additional data

• XLH, ADHR, OOM, TC

• Unifying concept

• PHEX, FGF23 and hereditary 
hypophosphatemia

• A new therapy on the horizon



2023. 08. 28. 3

Outline
• Classical concept of phosphate metabolism

• XLH

– The clinical spectrum

• Conventional therapy

• Additional data

• XLH, ADHR, OOM, TC

• Unified concept

• PHEX, FGF23 and hereditary
hypophosphatemia

• A new therapy on the horizon



2023. 08. 28. 4

Phosphate metabolism

PTH

line

Vitamin D

line 
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XLH inheritance
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https://www.xlhlink.asia/about-xlh/why-genes-matter/
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XLH
• XLH

– Isolated tubular phosphate 
transport defect

– (= absence of other tubular transport 
disorders: glucose, bicarbonate, amino 
acids)

– Low serum P level

– Ca, PTH and 1,25 DHVD 
paradoxically normal

– Abnormal bone metabolism

• Alkaline phosphatase increased

• Rickets, disproportionate short 
stature, later osteomalacia



Alterations of bone material properties in XLH

2023. 08. 28. 8
Fratzl-Zelman N et al: Journal of Structural Biology

2020 https://doi.org/10.1016/j.jsb.2020.107556.

red = unmineralized matrix (i.e. osteoid), green = mineralized bone

Red: unmineralized matrix (i.e. osteoid), 

Green: mineralized bone 

White arrows: areas of mineralized

matrix containing red spots (arrow) 

= area of disorganized woven bone

https://www.sciencedirect.com/journal/journal-of-structural-biology
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Fratzl-Zelman N et al: Journal of Structural Biology 2020 https://doi.org/10.1016/j.jsb.2020.107556.

https://www.sciencedirect.com/journal/journal-of-structural-biology


XLH – not just the bones 

2023. 08. 28. 10

Beck-Nielsen et al. Orphanet Journal of Rare Diseases (2019) 14:58



Bone disease

2023. 08. 28. 11

Haffner D: Nat Rev Nephrol . 2019 Jul;15(7):435-455. doi: 10.1038/s41581-019-0152-5



Interdisciplinary management of FGF23-related 

phosphate wasting syndromes

2023. 08. 28. 12

Treombetti A et al: Nat Rev Endocrinol 18, 366–384 (2022). 

https://doi.org/10.1038/s41574-022-00662-x



Dental manifestations of XLH

2023. 08. 28. 13

The enamel is thinner and more prone 

to being worn down. Microscopic cracks 

are often present and allow bacteria to 

enter the pulp without the presence 

of cavities.

Enamel covers the crown of the tooth 

and acts as a protective barrier; 

it is a highly mineralised 

semi-transparent layer.

https://xlhuk.org/dentistry/



Dental manifestations of XLH

2023. 08. 28. 14

Opsahl Vital S et al: Bone. 2012;50(4):989-997. James M et al: Int J of Implant Dentistry

volume 5, Article number: 15 (2019)

https://journalimplantdent.springeropen.com/


Craniosaynosytosis

2023. 08. 28. 15

https://healthjade.com/craniosynostosis/

= premature fusion of the bones of the skull



Age at diagnosis and type of 

craniosynostosis in XLH

2023. 08. 28. 16

. 

N=45

Munns CF et al JBMR Plus. 2023 Mar 14;7(5):e10728. doi: 10.1002/jbm4.10728

Age distribution of craniosynostosis diagnosis 



Clinical symptoms due to craniosynostosis 

in Patients With XLH

2023. 08. 28. 17

Munns CF et al JBMR Plus. 2023 Mar 14;7(5):e10728. doi: 10.1002/jbm4.10728. 
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Conventional treatment

• Vitamin D(30-40.000IU)

• Calcitriol

• P solution

• Surgical interventions (neurosurgery, 

orthopedics)

• Dental care

• Multi-disciplinary team (psychical and physical 

rehabilitation)
19
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Reusz et al
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HGH in XLH

linear growth

P metabolism

Sheikaly MG et al: Pediatrics 1997; 100:879–884 



rHGH and XLH

Baroncelli et al: J Pediatr 2001;138:236-43



Recombinant growth hormone therapy for 
X-linked hypophosphatemia in children. 

Smith S, Remmington T. Cochrane Database Syst Rev. 

2021 Oct 7;10(10):CD004447. 

doi: 10.1002/14651858.CD004447.pub3. 

We do not have enough high-certainty evidence to 

recommend the use of recombinant human growth hormone 

therapy in children with X-linked hypophosphatemia.
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Additional data - XLH

• Kidney Tx (HYP mouse)
– Hyp kidney wild type m wild type m

– Wild type kidney Hyp m Hyp m

• Human case report
– Healthy sister brother (XLH and CKD5)

XLH dominates (Morgan, Arch Intern. 
Med. 1974)

• Parabiosis between wild and HYP mouse
– HYP dominates (!)

• ENDOCRINE EFFECT
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XLH: PHEX gene and 

FGF23

= Phosphateregulating gene with Homology to 

Endopeptidases on the X chromosome

= Fibroblast Growth Factor 23
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Structure of FGF23
Schiavia SC Moe OW: Phosphatonins: a new class of phosphate-regulating proteins

Current Opinion in Nephrology and Hypertension 2002, 11:423±430



Shiguang Liu and L. Darryl Quarles
J Am Soc Nephrol 18: 1637–1647, 2007. doi: 10.1681/ASN.2007010068

-

Regulation of FGF23



PHEX and XLH

Normal XLH

Pi



PHEX and Tumor Induced 

Osteomalatia (TIO)
Normal TIO

Drezner MK, KI 2000; 57, 9–18

https://www.kidney-international.org/issue/S0085-2538(00)X7100-1


PHEX and“tumoral calcinosis (TC)”

Normal TC

PHEX

Drezner MK, KI 2000; 57, 9–18

https://www.kidney-international.org/issue/S0085-2538(00)X7100-1


Rickets



Nephrocalcinosis



Calcification in a patient with tumoral 

calcinosis before and after treatment
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Az FGF23 expression and excretion in XLH

2023. 08. 28. 39Beck-Nielsen et al. Orphanet Journal of Rare Diseases (2019) 14:58

https://doi.org/10.1186/s13023-019-1014-8

acidic serine aspartate-rich-MEPE-

associated protein 

(ASARM)
ARHR1

ARHR2

ARHR3

HRHPTH

ADHR

XLH



2023. 08. 28. 40

Outline
• Classical concept of phosphate metabolism

• XLH

– The clinical spectrum

• Conventional therapy

• Additional data

• XLH, ADHR, OOM, TC

• Unifying concept

• PHEX, FGF23 and hereditary 
hypophosphatemia

• A new therapy at the horizon



Conventional vs biological 

(causal) treatment therapy

• Conventional 

treatment

• Vitamin D

• Calcitriol

• P solution

• Surgical 

interventions

• Complex care

Biological treatment

Anti-FGF23 antibody

• ((Surgical 

interventions

• Complex care))

2023. 08. 28. 41



Biological therapy: Anti-FGF23 antibody

2023. 08. 28. 42
Imel EA et al: Lancet 2019; 393: 2416–27
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Biological therapy: Anti-FGF23 antibody

Imel EA et al: Lancet 2019; 393: 2416–27

Growth and physical activity
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Imel EA et al: Lancet 2019; 393: 2416–27

Biological therapy: Anti-FGF23 antibody

Radiological and orthopedic improvement



XLH – Complex care
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Beck-Nielsen et al. Orphanet Journal of Rare Diseases (2019) 14:58
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Nature Reviews Nephrology 

https://doi.org/10.1038/s41581-019-0152-5



XLH – complex care

• EARLY 

RECOGNITION

• XLH "specialist"

• Nephrologist

• Endocrinologist

• Bone specialist

• Neurosurgeon

• Orthopedic surgeon

• Dentist/orthodontist

• Rheumatologist

• Physical therapist

• Psychologist

• =Team work

• = The matter of 

transition
47
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This project is extremely important, but there is no money

for it, no help, and it must be finished by tomorrow morning. 

But at least here is the great opportunity to amaze everyone


