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X-linked Hypophosphatemia (XLH)

(Vitamin D-resistant rickets)
(Familial hypophosphatemic rickets)

* Most frequent inherited phosphate wasting disorder, accounting for 80% of cases
* Incidence of 1:20,000 individuals
* Rickets in infancy resistant to high-dose vitamin D (Albright, 1937)

» X-linked dominant inheritance (1958)
» NB: negative family history in close to 50% of cases

» Evidence for humoral basis:
» Hypophosphatemia persists after renal transplantation (1974)
» Kidney cross-transplantation between WT & HYP mice (1992)

» Caused by mutations in the PHEX gene (1995)
» Associated with high plasma FGF23 concentrations (2003)
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In XLH excess of FGF23 impairs renal phosphate and vitamin D metabolism
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Diagnosis:
PHEX mutation

* Rickets (1" AP)
* 4 TmP/GFR
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Clinical features of XLH: Rickets and bone deformities

Thick growth plates Coxa vara Genu varus/valgus
Widened knee joints
Wide based gait
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Clinical features of XLH: growth retardation

Height < -2.0 SDS in 40% of
“well controlled” French XLH patients
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Clinical features of XLH: disproportional growth

German XLH patients on conventional therapy (n=89)

Zivicnjak M et al. Pediatric Nephro
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Clinical features of XLH: osteomalacia

Defective mineralization
Bone pain
Pseudofractures (in adults)




Clinical features of XLH: degenerative osteoarthropathy

Articular Cartilage in Hyp Mice
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Adults: Ankles 68%
Knee 63%

Sacroiliac 40%

Misalignment & cartilage defect

Liang. Calcif Tiss Int 2011
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Clinical features of XLH: enthesopathy

(calcification of tendons & ligaments)

Adults:
Ankles 74%
Knee 56%
Pelvis 49%
Spine 41%

E|bOW, hand, shoulder 8-28% Liang. Calcif Tiss Int 2009

Does not respond to conventional treatment




Clinical features of XLH: tooth abscesses

Agnes Linglart et al, Endocrine Connections 2014

Hypomineralized dentin
Enamel hypoplasia, microdefects
Enlarged pulp chambers
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Clinical features of XLH: other symptoms and complications

Craniosynostosis Chiari malformation Weight gain
Syringomyelia

Craniosynostosis
Chiari type | malformation

Spinal stenosis, syringomyelia

Hearing loss, tinnitus, vertigo




XLH requires lifelong management

Initial diagnosis
in infancy’ Treatment? Management'-3

Adulthood

Initial diagnosis Treatment?4°  Management?
in adulthood’

Linglart et al. Endocr Connect 2014; Carpenter et al. J Bone Miner Res 2011 M.' H Medisinteche Hochechule
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XLH requires management from a range of specialists

Paediatric patients Paediatric and adult patients Adult patients
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Symptomatic treatment

Symptomatic treatment:

e Oral phosphorus supplements
e Active vitamin D analogues

Goals:
» Healing of rickets (AP < 1.5 ULN, improvement of clinical & radiological signs)
e Growth within the lower normal range

e Pain control

Side effects:
e Nephrocalcinosis (30-70%)

e Hyperparathyroidism

Early treatment is associated with better outcome

Linglart et al, Endocrine Connections 2014; Carpenter et al, J Bone Min Res 2011 M_I I—I
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Limitations of symptomatic treatment

* Improves symptoms, but does not cure the disease
» Variable response among patients

* Risk of side effects

* Promotes a vicious circle:
both Pi supplementation and active vitamin D stimulate FGF23 serum levels




Bone deformities: need for corrective surgery

Diagnosis 5 years 10 years Near adult
height
N=90 N=68 N=58 N=41
Corrective leg surgery 3.3% 3% 6.9% 31.7%

T ol b )

Doses of vitamin D analogues and phosphorus supplements? “
e Compliance to treatment? ¥
* Severity of the disease (PHEX mutation, modifier genes?)

R W )3 w
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Treatment strategies for adult XLH patients

Treatment until long bone growth is complete

' Adulthood ——mMmmmMM8M8MmMmM ™ ™ v |
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Pharmacological Treatment monitoring
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Haffner & Waldegger, Pediatric Kidney Disease 2017
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Burosumab inhibits serum FGF23

PHEX Phosphate
mutation 1,25(0H), vitamin D BUROSUMAB
Lack of TFGF23 | Phosphate transport
endopeptidase secretion > | 1a vitamin D hydroxylation
Lo | /
| Serum 1,25(0OH); vitamin D
| .I
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Rickets | ‘3 |
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Burosumab for the treatment treatment of XLH

« 52 children (5-12 years) with severe XLH

* 92% (burosumab group) and 100% (controls) being on conventional treatment
over a mean period of 7 years

« Conventional treatment was stopped two weeks before start of burosumab

16 Weeks 48 Weeks
/ Titration Every 2 Weeks (Q2W)
L Extension
Randomization \ Study
Titration Every 4 Weeks (Q4W)

Weeks 0 16 40 64

[ | [ | | | | | | | | | | | | | |

Carpenter T et al. N Engl J Med 2018, May 23




Mean = SE
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Burosumab for the treatment of XLH
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Burosumab for the treatment of XLH

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH » Advanced document search

Home Human regulatory Veterinary regulatory Committees News & events Partners & networks About us

w » Home P Find medicine » Human medicines
Human medicines

European public Crysvita
assessment reports burosumab [ Email (=) Print @ Help (@ Share
Patient safety

XLH children aged above 1 year and adolescents with growing skeletons
if
they have radiographic evidence of overt bone disease

e International non- for Human Use (CHM?) 11-14
Refarrals proprietary name burosumab December 2017 (15/12/2017)
L (INN) or common » New medicine for rare bone
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report single
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Post-authorisation Hypophosphatemic Rickets, X-Linked Dominant ) Crysvita: Orphan designation
safety studies
Anatomical therapeutic

Shortages catalogue chemical (ATC) code
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Recommendations on

T s Additional ‘W This medicine is under additional monitoring. This

monitoring means that it is being monitored even more intensively
Veterinary medicines than other medicines. For more information, see
medicines under additional monitoring.

Herbal medicines for

human use Treatment of rare [f] This medicine has an "orphan designation” which

diseases means that it is used to treat life-threatening or
chronically debilitating conditions that affect no more
than five in 10,000 people in the European Union, or
are medicines which, for economic reasons, would be
unlikely to be developed without incentives.
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Conclusions

XLH is a severe disease with significant morbidity

Requires lifelong multidisciplinary management

Symptomatic treatment:
- does not cure the disease
- has limitations and side effects

Challenges:

- growth

- bone deformities

- recurrent dental infections
- adherence

Burosumab is a promising treatment for XLH

Important to collect the natural history of disease => prospective registries on treated pts.
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Growth and comorbidity in children with XLH:

A prospective observational study & national/international registryz\ ;m - %,&
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