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circulating fibroblast growth factor 23 (FGF23) concentra-
tion [6]. The excessive production of FGF23 stimulates uri-
nary phosphate wasting and renal 24-hydroxylase activity 
and reduces renal 1α-hydroxylase activity with insufficient 
production of 1,25-dihydroxyvitamin D (1,25(OH)2D), 
resulting in hyperphosphaturia and hypophosphatemia [6].

Clinical manifestations of XLH vary in severity, even 
among affected individuals in the same kindred. XLH 

Introduction

X-linked hypophosphatemia (XLH, OMIM 307800) is a rare 
hereditary, lifelong and progressive skeletal disorder occur-
ring with an estimated incidence as between 1.33 and 4.8 
per 100,000 persons [1–5]. XLH is caused by PHEX (Phos-
phate Regulating Gene with Homologies to Endopeptidases 
on the X chromosome) gene mutations that result in elevated 
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Abstract
Purpose  X-linked hypophosphatemia (XLH) is a rare hereditary skeletal disorder that may be very disabling and signifi-
cantly impacting the quality of life throughout the lifespan. The aim of this document was to inform stakeholders about the 
lifelong impact, management, and treatment of individuals with XLH, especially focusing on the new therapeutic approach 
with burosumab.
Methods  From October 2023 to April 2024, a multidisciplinary working group of Italian experts on bone and mineral 
metabolism convened periodic online meetings. Statements were formulated identifying the most relevant studies, including 
randomized controlled trials, international guidelines based on GRADE criteria, and systematic reviews, and the experts’ 
opinions.
Results  The panel of experts provided "consensus statements" on the clinical management of individuals with XLH across 
lifespan. Five main issues were identified: (1) clinical and biochemical diagnosis of individuals with XLH and monitoring 
of the progression of the disease; (2) effects of conventional treatment with phosphate supplements and active vitamin D 
metabolites; (3) effects of the treatment with burosumab; (4) multidisciplinary approach and management of individuals with 
XLH; (5) consensus statement for transition from pediatric to adult care in individuals with XLH.
Conclusion  Individuals with XLH often experience unmet needs throughout life; a multidisciplinary approach involving 
different specialists, is recommended. The new treatment with burosumab can provide an effective and safety therapeutic 
option in reducing the burden of the disease in both children and adults. Therefore, awareness about the XLH disease should 
be increased among stakeholders. The criteria and reimbursement policies of burosumab should be revised.
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progresses throughout lifespan and a multidisciplinary 
approach involving different specialists is recommended 
[7–15].

Early diagnosis and long-term treatment are crucial for 
managing individuals with XLH. Recently, burosumab, a 
recombinant human IgG1 monoclonal antibody targeting 
FGF23, changed the therapeutic approach in individuals 
with XLH, improving phosphate metabolism, muscular and 
osteoarticular symptoms, skeletal abnormalities, and quality 
of life (QoL) [16]. However, access at burosumab treatment 
remains challenging for many individuals with XLH.

The aim of this document is to provide stakeholders about 
the lifelong impact and the management of individuals with 
XLH. It also aims to analyze the safety and the efficacy of 
conventional treatment with phosphate supplements (Pi) 
and active vitamin D metabolites compared to burosumab. 
The panel of experts provided"consensus statements"on the 
clinical management of individuals with XLH throughout 
lifespan. Moreover, some suggestions are proposed for the 
treatment of persons with XLH during transition from pedi-
atric to adult services.

Methods

From October 2023 to April 2024, a Multidisciplinary 
Working Group of Italian experts from the Bone and Min-
eral Metabolism Group of the Italian Society of Pediatric 
Endocrinology and Diabetology (SIEDP), Italian Society of 
Endocrinology (SIE), Italian Society of Pediatric Nephrol-
ogy (SINePe), and Italian Society of Nephrology (SIN), 
including 9 pediatric endocrinologists, 2 pediatric nephrolo-
gists, 15 endocrinologists, 1 nephrologist and 1 internist 
convened periodic meetings and 6 teleconferences to dis-
cuss key issues related to the management and treatment of 
individuals with XLH and formalized Experts'Consensus 
Statements based on their expertise and the main literature 
evidence on five topics: (1) clinical and biochemical diag-
nosis of individuals with XLH across lifespan; (2) effects of 
conventional treatment with Pi and active vitamin D metab-
olites; (3) effects of the treatment with burosumab; (4) mul-
tidisciplinary approach and management of individuals with 
XLH; (5) consensus statement for transition from pediatric 
to adult care in individuals with XLH.

A scientific literature review was carried out in PubMed 
(MEDLINE) according the PRISMA guidelines. Random-
ized controlled trials, international guidelines based on 
GRADE criteria, consensus statements, systematic reviews, 
meta-analysis, and clinical trials were considered for inclu-
sion. The following key MeSH terms were used to iden-
tify suitable studies: X-linked hypophosphatemic rickets; 
X-linked hypophosphatemia; hypophosphatemic rickets; 

burosumab; burosumab treatment; hypophosphatemic osteo-
malacia; pediatric XLH; children XLH; adult XLH; conven-
tional therapy; conventional treatment; XLH outcomes. The 
PubMed database was searched until 30 October 2023. A 
second and third PubMed database search was done on 30 
March 2024 and 30 November 2024, respectively, using the 
same MeSH terms to incorporate new evidence obtained 
during the guideline process. A final search was done on 
20 February 2025 using the same MeSH terms. To identify 
publications meeting the inclusion criteria, the members of 
the multidisciplinary group critically reviewed all the full 
text articles selected in the first-pass screening to verify 
whether they carried relevant data according to the identi-
fied main study topics. Moreover, two authors (GB and SC) 
independently reviewed the search screening results, and the 
data extracted from the examined studies. Abstracts were 
not included in literature review. No publication date limit 
was used. Subsequently, a Delphi technique was applied 
to build consensus for each draft statement. All the experts 
participated in six rounds of online voting; the experts pro-
vided their agreements on each draft statement, by an agree/
disagree scale, and submitted their comments for writing all 
the statements. Consensus for all the assessments was based 
on experts’ clinical practice by at least 80% of participants. 
All the statements were performed on clinical expertise and 
literature data, taking into consideration especially the stud-
ies with GRADE methodology.

Aim 1: Clinical and biochemical diagnosis of 
individuals with XLH across lifespan

The clinical manifestations of XLH vary according to the 
age at diagnosis, severity of disease, and efficacy of treat-
ment. Clinical phenotype changes with the progression of 
disease across lifespan and may be influenced by the adverse 
effects of conventional treatment. Figure  1 describes the 
phenotype throughout the lifespan in individuals living with 
XLH. The severity of the phenotype does not correlate with 
the underlying genotype [2, 17, 18].

Clinical diagnosis in infants, children, and 
adolescents

Medical history, physical examination, biochemical find-
ings, and X-ray examination have a key role for the diagno-
sis. Length and weight at birth are usually normal. Stunted 
growth with body disproportion, swelling of the wrists, 
knees, or ankles, and skeletal muscle weakness may be 
early signs of XLH [11, 13–15, 19, 20]. Sixty percent of 
individuals with XLH showed frontal bossing and mild to 
severe craniosynostosis [20–22]. When the infant starts 
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walking progressive bowing of lower limbs (genu-varum, 
genu-valgum, or combined genu-varum/valgum) associated 
with waddling gait, femoral and tibial torsion (intoeing or 
extoeing), and frequent falls usually occur [11, 13–15, 19, 
23, 24]. Figure 2 shows the typical phenotype and radiologi-
cal lesions in children with XLH.

In infants with a familial history of XLH, diagnosis may 
be confirmed within the first weeks of life by genetic analy-
sis of the PHEX gene. Diagnosis of XLH may be delayed in 
infants with a de novo mutation of the PHEX gene, as the 
skeletal signs are like those observed in children with nutri-
tional vitamin D deficiency rickets or other forms of rickets. 
Eighty-five to 90% of individuals harboured an identified 
germinal PHEX mutation, which can be inherited or de 
novo [17]. However, no genetic defect is found in about 
10% of individuals, and mosaicism may be observed for de 

novo PHEX gene mutations [25]. More than 330 different 
PHEX gene mutations have been described to date, includ-
ing nonsense, missense, deletions, duplications, insertions 
and splice mutations, unevenly distributed along the PHEX 
gene with three regions having a high mutation density [17, 
26].

In adolescents with XLH, skeletal deformities which 
occurred during childhood progressively worse, and most 
individuals require orthopedic surgery because of unre-
solved or partially corrected childhood deformities [27, 28]. 
New cumulative deficits such as osteoarthritis, enthesopa-
thies, and spinal stenosis, leading to severe pain, stiffness 
and decreased physical activity usually occur [28–32].

Pseudofractures (wide and transverse lucent bands due to 
a build-up of osteoid with condensation of bone along the 
borders), as an expression of osteomalacia, are very rare in 

Fig. 1  Phenotype throughout the lifespan in individuals living with 
XLH. Note the progression and the occurrence of some symptoms 
along the life. Infant: 0–1 year; child: > 1–12 years; adolescent: 
> 12–17 years; adult: 18 + years; elderly: 65 + years. Possible compli-
cations caused by conventional treatment are not reported. The mecha-

nisms of the development of overweight/obesity and hypertension 
are not defined, and it is not clear if they are related to conventional 
treatment or disease itself. *It may be associated with Arnold-Chiari 
malformation. Light grey arrow represents the transition phase from 
adolescence to young adulthood
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XLH [45–47]. The duration of conventional treatment and a 
decline in ATP production inducing increased food intake or 
a decreased thermogenesis with an impaired energy expen-
diture have been suggested to have a role in the develop-
ment of weight gain in XLH [45]. Leptin concentrations 
were lower in children but not in adolescents with XLH so 
that their role in the higher prevalence of obesity is unclear 
[47]. Adolescents and adults with XLH are prone to develop 
obesity partly because chronic bone and joint complications 
decrease the propensity to exercise, and they are often not 
able to practice any sporting activity because bone and joint 
pain significantly reduce their physical abilities [20, 48]. 
Moreover, higher body mass index (BMI) has been asso-
ciated with lower ankle power and disturbances of biome-
chanical function, worsening the weight bearing effect on 
lower extremities [49].

Psychological impact of XLH becomes prominent in 
adolescents as they become increasingly aware of the physi-
cal limitations associated with their lifelong condition [50, 
51]. An awareness of short stature and the presence of dental 
and periodontal abscesses may significantly affect a child’s 
feeling of self-esteem, impairing his/her QoL, and prevent-
ing their full integration in society [40, 52].

children and adolescents with XLH [33, 34]. A Dutch obser-
vational registry on XLH study reported the occurrence of 
pseudofractures in three children at a mean age of 6.5 years 
[35].

In children with XLH, dental development is usually 
delayed, and eruption patterns are abnormal. Dental maloc-
clusions are common, such as an open bite, maxillary retrog-
nathism and impacted or ectopic maxillary canines [36–40]. 
In addition, dental and periodontal lesions, including recur-
rent gingival abscesses with periapical fistulae, mainly in 
incisors and canines, without evidence of trauma or dental 
decay are common findings in children with XLH (Fig. 2) 
[36–38]. Recurrent abscesses are reported in 25 [4, 39] to 
75% [41] of children with XLH. Enlarged pulps chambers 
with altered shape and morphology and prominent pulp 
horns into the tooth crown in primary and secondary molars 
are typical lesions observed by orthopantomography [41, 
42]. These lesions, associated with a poor dentin mineral-
ization, may predispose to recurrent abscesses with fistulae 
[36, 37, 41]. Impaired oral health may reduce QoL [43].

Hearing loss has been reported in 6.9% of children 
with XLH [35], but criteria to identify those at risk are not 
defined [44].

Increased prevalence of overweight and obesity has been 
detected in about one-third of children and adolescents with 

Fig. 2  Typical phenotype and radiological lesions in children with 
XLH. a  Severe short stature (−4.6 Z-score) with body dispropor-
tion and genu-varum in a 6.5-year-old male. b  Severe short stature 
(−3.0 Z-score) with body disproportion, exaggerated lordotic posture 
to compensate for the anterior bowing of the lower limbs, and cra-
niosynostosis in a 6-year-old male. c  Spontaneous gingival fistulae 
(black arrows) corresponding to deciduous left and right maxillary lat-

eral incisors in a 4.3-year-old male. d X-ray features of the wrist in a 
1.8-year-old female: widening and fraying of the epiphyseal plate and 
metaphyseal concavity of the ulna. e X-ray features of the lower limbs 
in a 2.1-year-old female: genu-varum and distal medial femoral and 
tibial bowing with widening and fraying of the distal epiphyseal plate 
of the femur and tibia and of the proximal epiphyseal plate of fibula 
and medial epiphyseal plate of the tibia
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Adults with XLH usually have worse oral health than 
healthy population and especially suffer from endodontic 
conditions, including periodontitis, tooth decay, and den-
tal abscesses leading to early tooth loss [32, 55, 67, 68]. 
In a survey assessing disease burden, dental abscesses were 
present in 82% of adults with XLH [59], and dental infec-
tions were diagnosed in 60–70% [69, 70]. Male adults had a 
higher risk of poor oral health than females with XLH [67], 
as reported in children [41].

Hearing alterations are more frequently seen in adults 
than in children and adolescents (48–82% and 9%, respec-
tively), with the most common cause being sensorineural 
hearing loss, that is often asymmetric [64].

Cardiovascular involvement has been suggested in 
adults with XLH, although data are conflicting, with a pos-
sible increase in the risk of early-onset hypertension and 
left ventricular hypertrophy [71, 72]. Other studies failed 
in detecting cardiovascular impairment [73, 74]. A role of 
nephrocalcinosis, hyperparathyroidism and high FGF23 
concentration in the development of hypertension and left 
ventricular hypertrophy has been hypothesized [71, 72] but 
not confirmed.

Overweight or obesity has been reported in 29–35% and 
21–57% in adults with XLH [47, 75], respectively; 66% 
were receiving conventional treatment [75] or were being 
treated with burosumab [47]. Fasting glucose, glucose toler-
ance, prevalence of type 2 diabetes, and serum leptin con-
centration did not differ between XLH adults and matched 
controls [47, 75].

Biochemical phenotype in XLH

Laboratory assessment is crucial to establish the underly-
ing cause of hypophosphatemia and it is useful in making 
the differential diagnoses among the various forms of renal 
phosphate wasting. When osteomalacia is present, tumor 
induced osteomalacia (TIO) should be considered in dif-
ferential diagnosis [28, 63, 76]. TIO differs from XLH for 
some clinical features. Several imaging techniques may 
be used to detect causative tumors, including plain radio-
graphs, computed tomography, magnetic resonance, octreo-
tide scanning, and combined positron emission tomography/
computed tomography [63]. However, tumor detection is 
successful in approximately 50% of instances, leading to 
delayed diagnosis for the remaining cases, which are found 
upon retesting after a few years [63].

Serum phosphate concentration

Hypophosphatemia persists throughout life and is a biomarker 
in persons with XLH. The degree of hypophosphatemia is 

Clinical diagnosis in adults

Adults with XLH commonly develop enthesopathies, that 
have been reported in 33% of individuals with XLH aged 
< 30 years and 100% in those aged ≥ 30 years [53, 54]. Spi-
nal enthesopathies have been described in 84% of adults 
with XLH above 40 years of age [55], and they progress in 
up to 52.9% in a mean follow-up of 6 years [56].

The early appearance of radiological signs of arthrosis, 
mostly affecting joints of lower limbs, has been observed 
in 25% of adults with XLH aged < 40 and in 58% aged > 40 
[55]. Up to 7.5% of adults with XLH are also at risk of spi-
nal kyphosis and scoliosis [35, 57] and up to 20% of spinal 
stenosis [13, 58]. Symptomatic spinal cord compression due 
to spinal stenosis can be severe and can occur at multiple 
levels, requiring neurosurgical posterior decompression 
[58]. Hip deformities were observed in 12.5% of adults with 
XLH; severe hip and knee deformities frequently required 
orthopedic interventions, including hip and knee prosthe-
sis [35]. Osteophytes, enthesopathies, and spinal stenosis 
increased with age, beginning at the age of 30 [59].

Pseudofractures have been reported in 20–45% of adults 
with XLH, most commonly (69%) between 30 and 50 years 
of age [13, 27, 53, 54, 59]. The prevalence is higher in men 
than in women, with rates of 53% and 39%, respectively 
[54]. Fractures involve more commonly lower limb skel-
etal segments including hip and femur, also in young adults 
with XLH. Bone mineral density (BMD) measured by DXA 
is usually increased at lumbar spine due to calcification of 
yellow ligaments and osteoarthritis of the spine. Therefore, 
BMD may be not useful for the management of patients 
with XLH.

Overall, osteomalacia, enthesopathies, arthrosis, axial 
spondylarthritis, and pseudofractures can cause chronic 
musculoskeletal pain, significantly impairing physical 
activity and limiting QoL in individuals with XLH [7, 19, 
29, 59–62]. Bone pain may occur with or without the evi-
dence of pseudofractures [63]. Almost all adults with XLH 
(97%) complain of bone pain or joint stiffness, with walking 
difficulty and functional limitation [59]; up to 70% regularly 
take analgesics [27, 62, 64, 65], up to 45% opioids [27, 65], 
and antidepressants [64]. Moreover, untreated symptomatic 
adults with XLH showed degenerative joint disease, bone 
pain, and dental abscesses associated with histological signs 
of osteomalacia [53]. Moderate to severe osteomalacia has 
been detected by histomorphometry in asymptomatic adults 
[66]. These data suggest that both untreated and conven-
tional treated adults with XLH have chronic hypophos-
phatemia with osteomalacia, which is usually associated 
with bone pain, even in absence of pseudofractures. The 
occurrence of pseudofractures is always associated with 
osteomalacia.
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excess could contribute to the development of hyperparathy-
roidism as 1,25(OH)2D is a known inhibitor of parathyroid 
cell proliferation [93]. Moreover, the relative abundance of 
PHEX transcripts in the human parathyroid cells may have 
a role in the inactivation of PTH [94].

Regular assessment of circulating PTH concentration is 
essential to prevent the occurrence of secondary or tertiary 
hyperparathyroidism [14, 19, 58, 85, 88, 92].

Serum vitamin D metabolites

Serum 25-hydroxyvitamin D (25OHD) concentration is 
normal in individuals with XLH, unless affected by factors 
such as sunlight exposure, nutrition, and maternal vitamin D 
status [9, 15]. 1,25(OH)2D synthesis is impaired in individu-
als with XLH [95–97] due to excessive production of FGF23 
that suppresses transcription of CYP27B1/1α-hydroxylase 
and activates transcription of CYP24A1/24-hydroxylase in 
proximal renal tubules [98].

Circulating FGF23 concentration

Measurement of circulating FGF23 concentration repre-
sents a useful tool in separating FGF23-mediated from 
non-FGF23-mediated hypophosphatemic disorders. High 
FGF23 concentration has been found in both hereditary 
and acquired forms of hypophosphatemic rickets [7, 14, 
15, 28, 58, 85, 88, 99]. Increased FGF23 concentration in 
XLH is the results of inactivating mutations in the PHEX 
gene, likely via increased concentration of acidic serine 
aspartate-rich-MEPE-associated protein (ASARM) pep-
tide [7]. Chronological age and pubertal development are 
main determinants of intact FGF23 plasma concentration in 
healthy infants, children, and adolescents [80]. Moreover, 
the cut-off of intact FGF23 concentration between healthy 
subjects and individuals with XLH varies from 25.5 pg/mL 
to 40 pg/mL according to the method used for its measure-
ment [80, 100–102].

Serum calcium concentration and urinary calcium excretion

They are normal in individuals with XLH [11, 14, 88]; they 
may be useful for differential diagnosis with other forms of 
rickets or osteomalacia [11, 14, 58, 88] and for monitoring 
potential adverse effects related to long-term conventional 
treatment. Urinary calcium excretion can be measured in 
morning urine spotting in children and in 24 h-urine collec-
tion in adults.

not correlated with the severity of the skeletal lesions and 
does not have a prognostic value [77, 78].

Interpretation of serum phosphate concentration ​​is cru-
cial for the diagnosis of XLH as it progressively declines 
from infancy to post puberty [79–81] and is higher in pedi-
atric ages compared with adulthood [79]. Clinicians should 
be pay attention as many clinical laboratories do not report 
age-appropriate normal ranges for serum phosphate concen-
tration resulting in missed or delayed diagnoses of hypo-
phosphatemia in children and adolescents. Serum phosphate 
reference range for age and sex is reported in Supplemental 
Table S1.

Tubular maximum reabsorption of phosphate/glomerular 
filtration rate (Tmp/GFR)

TmP/GFR is an accurate parameter for the diagnosis of 
XLH. In infants, children, and adolescents, TmP/GFR 
should be calculated by using the formula suggested by 
Stark et al. [82] and Brodhel et al. [83], as the nomogram 
of Walton-Bijvoet [84] deriving from findings in adults, 
does not represent a direct measurement, and children have 
higher serum phosphate concentration and lower GFRs than 
adults [82, 83]. There are no differences between morning 
fasting and non-fasting values, so that this is an impor-
tant option in infants and children [82]. The nomogram of 
Walton-Bijvoet is appropriate for TmP/GFR assessment in 
adults [84]. Of note, other proximal or distal tubular wasting 
disorders should be excluded [28, 58, 76, 85].

Serum alkaline phosphatase (ALP) activity

Serum total ALP is a reliable and cost-effective biomarker 
of rickets and osteomalacia reflecting an impaired growth 
plate and bone matrix mineralization [86]. Bone-specific 
ALP (BALP) measurement should be preferred in adults 
with XLH given that approximately 50% of circulating total 
ALP originates from hepatocytes [87]. BALP may be con-
sidered as a surrogate of bone healing in individuals with 
XLH receiving conventional treatment [88] or burosumab 
[89]. Nonetheless, some adults with XLH may have normal 
values of BALP associated with osteomalacia [64, 90, 91].

Circulating parathyroid hormone (PTH) concentration

At diagnosis, individuals with XLH have normal or slightly 
elevated PTH concentration [11, 88]. In individuals with 
XLH receiving conventional treatment the recurrent stim-
ulation of parathyroid glands by oral Pi boluses has long 
been thought to be the main physiopathological mechanism 
responsible of increased serum PTH concentration [14, 88, 
92]. A deficient synthesis of 1,25(OH)2D induced by FGF23 
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dental and periodontal lesions, bone and muscular pain, and 
QoL. However, conventional treatment does not correct the 
underlying pathogenesis or normalize fasting serum phos-
phate concentration, and outcomes depend on timing of 
diagnosis and severity of disease, as well as tolerance and 
compliance with the treatment [11, 14, 15, 19, 78, 88, 105].

Treatment in adults with XLH aims to heal osteomalacia 
and its related symptoms, including bone pain, pseudofrac-
tures, and muscle weakness, as well as dental and periodon-
tal disease and QoL. However, in most cases these aims are 
partially achieved [30, 32, 59, 60, 62, 64, 88, 106, 107]. Sev-
eral adults with XLH did not receive any treatment during 
childhood, and in most of them the diagnosis was delayed.

Though active vitamin D metabolites are the choice in 
conventional treatment, low vitamin D status, diagnosed as 
serum 25OHD < 20 ng/mL, should be ruled out and, when 
occurring, treated with cholecalciferol supplementation.

From infancy to growth completion

Conventional treatment requires balancing the benefits of 
treatment with potential risks of overtreatment. Doses of Pi 
and active vitamin D metabolites should be titrated up to 
the maximum tolerance, without the occurrence of clinical 
and biochemical adverse effects (Supplemental Table S2). 
The compliance with conventional treatment may be poor 
due to the development of gastrointestinal symptoms, such 
as diarrhea, bloody stools, and abdominal pain; compliance 
may improve by reducing the dose of oral Pi [20, 88, 108]. 
Potential adverse events that may arise during conventional 
treatment are reported in Supplemental Table S3.

Biochemical parameters useful for titrating the dose of 
conventional treatment include serum ALP activity, serum 
calcium, circulating PTH concentration, and urinary cal-
cium excretion. However, only the reduction of serum ALP 
activity is a useful marker of the efficacy of conventional 
treatment. Increased serum calcium and PTH concentration, 
and urinary calcium excretion may reflect overtreatment 
with Pi and/or active vitamin D metabolites, suggesting a 
reduction of the dose of Pi and/or active vitamin D metabo-
lites [14, 19, 55, 88, 108] (Supplemental Table S3).

Assessment of linear growth and growth velocity, and 
the amount of correction of lower limbs deformities may be 
additional clinical findings for adjusting the dose of conven-
tional treatment [19, 20, 55, 88, 108].

Serum phosphate and TmP/GFR correction, and 1,25(OH2D 
production

Conventional treatment may be associated with a mild but 
transient increase in serum phosphate concentration which 
rapidly declines (1 h) after an oral phosphate dose has 

Statement 1.  XLH should be considered in the diagnos-
tic evaluation of growth retardation in pediatric patients 
through linear growth and body proportion assessment.

Statement 2.  The diagnosis of XLH can be suspected in 
presence of rickets, short disproportionate stature, reduced 
serum phosphate concentration, increased ALP activity and 
FGF23 concentration.

Statement 3.  Measurement of FGF23 concentration may 
be useful to distinguish FGF23-mediated from non-FGF23-
mediated hypophosphatemic disorders.

Statement 4.  (a) biochemical parameters (serum and uri-
nary phosphate, calcium, and creatinine, TmP/GFR, ALP 
or BALP activity, PTH, FGF23, 25OHD, and 1,25(OH)2D) 
should be evaluated at the same time; (b) biochemical 
parameters should be carefully interpreted according to age 
and sex and concomitant conditions or ongoing treatments.

Statement 5.  Genetic analysis for variants of the PHEX 
gene should be considered in all children with non-related 
nutritional rickets.

Statement 6.  Expert dentists and psychologists must be 
part of the multidisciplinary team caring for individuals 
with XLH.

Statement 7.  Adults with XLH should be examined for 
bone and muscle pain, hearing loss, oral health, weight, and 
cardiovascular risk.

Aim 2: Effects of conventional treatment 
with Pi and active vitamin D metabolites

During the 70 s individuals with XLH had received large 
amounts of vitamin D (> 50,000 IU per day) [103], resulting 
in poor clinical outcomes and development of severe com-
plications including impaired renal function and secondary 
or tertiary hyperparathyroidism [104]. From the early 80 s 
onwards, individuals with XLH have been treated with the 
so-called"conventional treatment"(or"standard therapy") 
based on the combination of Pi and an active metabolite of 
vitamin D (calcitriol or alfacalcidol) [19, 58, 88, 104]. This 
treatment led to significant improvements in linear growth, 
skeletal deformities, and bone mineralization in comparison 
with vitamin D (non-active metabolite) or Pi alone or in 
combination [104].

The aims of treatment in infants, children, and adoles-
cents with XLH are the healing of rickets and osteomala-
cia, and the improvement of leg deformities, linear growth, 
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effect on linear growth may be insufficient and final height 
is often below −2.0 Z-score of normal reference values [19, 
53, 124–127]. Final height was reduced in individuals with 
XLH regardless of the age at which conventional treat-
ment was begun [121]. However, a good compliance with 
the conventional treatment may improve final height [128]. 
Overall, the introduction of the conventional treatment in 
the late 70 s was associated with an improvement of final 
height in individuals with XLH, more in women than in 
men (−1.7 ± 1.1 Z-score and −2.1 ± 1.2 Z-score, P < 0.002, 
respectively) [129].

Recombinant human growth hormone (rhGH) in associa-
tion with conventional treatment may increase short-term 
linear growth in children with XLH [11]. Although the 
effects on final height are not conclusive [130–134], two 
studies [130, 134] showed a positive effect of rhGH associ-
ated with conventional treatment on final height. Makitie 
et al. [135] found that rhGH treatment alone for 12 months 
in children and adolescents who discontinued conventional 
treatment, improved linear growth, serum phosphate and 
1,25(OH)2D concentrations, and normalized PTH concen-
tration, but pre-existing skeletal deformities worsened. Rou-
tine treatment with rhGH for children and adolescents with 
XLH is not recommended [14, 15], but we suggest consider-
ing rhGH therapy as an option for improving short stature 
in the context of severe forms of XLH, evaluating case-by-
case. The dose and duration of rhGH is not well defined. 
Likely, high doses of rhGH may be needed to promote 
growth in children with XLH [134]. Maximum rhGH dose 
is approximately 70 μg/kg/day and should be adjusted for 
serum IGF-1 concentration; rhGH treatment should be con-
tinued for at least 2 yrs to assess its effect on growth [134].

Enthesopathic disease

Few data on the development of enthesopathic disease in 
children and adolescents with XLH are available. Entheso-
pathic disease was reported in 45% of individuals with XLH 
aged less than 20 years; enthesopathies were evident in both 
treated and untreated subjects, suggesting that the disorder 
is an age-dependent process unrelated to previous or ongo-
ing treatment [136]. Enthesopathy begins with the calcifica-
tion of tendon and ligament insertion sites but progresses 
to the development of osteophytes, often bridging between 
adjacent bones [57]. Usually, pain due to enthesopathies is 
located at the tendons. Likely, the conventional treatment 
in children and adolescents with XLH have little impact in 
preventing enthesopathies [57].

been taken [109]. Despite multiple daily Pi doses, serum 
phosphate concentration can fluctuate considerably during 
the day, precluding its use for dose adjustment [13, 88]. 
Conventional treatment does not improve TmP/GFR and 
serum 1,25(OH)2D concentration [110, 111]. Therefore, 
these parameters are not useful for monitoring the effects 
of therapy.

Bone mineralization and skeletal deformities

Conventional treatment reduces the amount of unmineral-
ized osteoid but did not lead to mineralization of the bone 
tissue immediately adjacent to osteocytes (periosteocytic 
lesions) that occur in individuals with XLH [66, 90]. Simi-
larly, conventional treatment increases bone mineralization 
of the forearm shaft but does not normalize it [112]. Peri-
osteocytic lesions are likely to be caused by mineralization 
inhibitors such as osteopontin and pyrophosphate that accu-
mulate around osteocyte lacunae as an indirect consequence 
of PHEX mutations [113, 114], because of FGF23 excess in 
osteocytes rather than hypophosphatemia [112].

In most children and adolescents with XLH, conventional 
treatment cannot fully normalize the skeletal deformities of 
the lower limbs, which require surgical corrections [8, 11, 
115–117]. In severe cases, skeletal deformities worsen dur-
ing adulthood. Even with close monitoring up to 90% of 
children and adolescents with XLH required surgery to cor-
rect bone deformities [59, 115, 118, 119]. A recurrence rate 
of 90% after the first corrective osteotomy and 60% after a 
second procedure has been reported, despite adequate treat-
ment [120].

Linear growth

The effect of conventional treatment on linear growth is 
variable and is influenced by age at diagnosis, treatment reg-
imen, and compliance with the treatment. However, in most 
children linear growth is unsatisfactory, and some children 
remain unresponsive [121, 122]. This may be because the 
correction of serum phosphate concentration is not adequate 
or because mechanisms other than hypophosphatemia are 
involved, including PHEX gene deficiency by FGF23 sup-
pression of chondrocyte proliferation and maturation [123].

Growth retardation in children with XLH receiving con-
ventional treatment is already evident in the first years of 
life and is mainly caused by a reduced growth of the lower 
limbs [122, 124]. Growth retardation in children younger 
than 1 year of age is similar between males and females, 
whereas, after the age of 5, stunting is more pronounced 
in boys than in girls (- 3.0 ± 1.0 Z-score and—2.1 ± 1.3 
Z-score, respectively) [122]. Although conventional treat-
ment may improve rickets and skeletal deformities, its 
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15, 115, 141, 142]. Secondary hyperparathyroidism was 
reported in more than 80% of children with XLH [115, 143]. 
Bosman et al. [35] showed normocalcemic and hypercalce-
mic hyperparathyroidism in 68.2% and 9.1%, respectively. 
Tertiary hyperparathyroidism was detected in 4.5% of chil-
dren and adolescents with XLH [143]. Few children with 
XLH underwent parathyroidectomy due to tertiary hyper-
parathyroidism [142].

An abnormal increase in diastolic blood pressure has been 
reported in more than 90% of children and adolescents with 
XLH receiving conventional treatment; moreover, left ven-
tricular hypertrophy was diagnosed by electrocardiogram in 
23% and by ultrasonography in 54% of children with XLH; 
however, all children were asymptomatic [71]. Alon et al. 
[147] showed that hypertension was closely associated with 
secondary/tertiary hyperparathyroidism in 73% of children 
with XLH. It remains unclear whether cardiovascular abnor-
malities in XLH are primary manifestations of the disease or 
complications arising from conventional treatment.

Recommendations for the follow-up in children and ado-
lescents with XLH receiving conventional treatment accord-
ing to some guidelines [8, 14, 15, 19, 20, 58, 88, 148–150] 
and authors’ expertise are reported in Table 1.

Statement 8.  Serum phosphate concentration is not useful 
to titrate the dose of conventional treatment.

Statement 9.  Serum ALP activity is useful to titrate the 
dose of conventional treatment.

Statement 10.  rhGH therapy may be an option for improv-
ing linear growth in children with severe short stature, on a 
case-by-case basis.

Statement 11.  QoL may be a useful framework to assess 
the clinical efficacy of conventional treatment.

Statement 12.  Conventional treatment is associated with a 
high frequency of adverse effects.

Statement 13.  Conventional treatment should be consid-
ered only when burosumab cannot be administered.

In adulthood

Before the approval of burosumab for XLH treatment, con-
ventional treatment was usually started at diagnosis and 
was continued until growth completion. Thereafter, there 
is no consensus on whether conventional treatment should 
be continued into adulthood although the practice has often 
been to maintain treatment particularly in adults who expe-
rienced symptoms of osteomalacia [14, 19, 58]. Cessation 

Bone, joint and muscle pain, and QoL

Bone pain occurred in up to 33.3% and joint pain in 56.7% 
of children with XLH receiving conventional treatment; 
muscle pain and joint stiffness or restricted range of motion 
were reported in 60% and 38%, respectively [59]. Similarly, 
bone and joint pain were recorded in 68%, muscle pain in 
46%, and motor delay or reduced activity in 35% of indi-
viduals with XLH before 18 years; use of mobility aid was 
detected in 4% of children [4]. Delayed walking, unusual 
gait or way of walking/running, muscle weakness, and use 
of a walking device was present in 44%, 84%, 30%, and 
10% of children, respectively [59, 137].

Adolescents with XLH receiving conventional treat-
ment showed high scores of Western Ontario and McMas-
ter University (WOMAC) Osteoarthritis Index and Graded 
Chronic Pain Scale-Revised [138]. Both painful symptoms 
and difficulties with age-appropriate gross motor activities, 
such as walking, running, and jumping significantly affect 
QoL in children and adolescents with XLH [10, 13, 14, 39, 
137–139].

Oral health

Conventional treatment may have a beneficial impact on 
oral health in children and adolescents with XLH [19, 140], 
suggesting that hypophosphatemia plays a role in interglob-
ular dentin formation. However, other studies showed that 
dental and periodontal lesions were incompletely reversed 
by conventional treatment, and the occurrence of dental 
abscesses continued into the adult age [30, 37, 41, 52]. 
These results may indicate that the abnormal dentinogenesis 
could be related, at least in part, to the effects of the PHEX 
gene mutation on dentin formation and mineralization [41].

Adverse effects

Conventional treatment may be associated with adverse 
effects due to the administration of high doses of Pi and/
or active vitamin D metabolites [14, 15, 88, 108, 141–143]. 
Some studies have shown that increased urinary calcium 
excretion promoted nephrocalcinosis in up to 30–70% of 
individuals with XLH [2, 4, 35, 108, 144, 145]. Nephro-
calcinosis was detected more often in children (56%) than 
in adults (26%) and it was mainly related to hyperphospha-
turia due to high doses of Pi supplements [146]. However, 
a recent analysis reported nephrocalcinosis more often in 
adults (38%) than in children (22%) previously treated with 
conventional treatment [145].

Most children and adolescents with XLH who had 
received conventional treatment develop hypercalcemia, 
and secondary or tertiary hyperparathyroidism [11, 14, 
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Timing in infants, children, and adolescents
Clinical assessments
Clinical and auxological examinationa  < 5 yrs, 1–3 mo; > 5 yrs, 3–6 mo
Odontostomatological examination Twice yearlyb or based on clinical symptoms
Orthopedic examination Once a yrc or based on clinical symptoms
Neurological examinationd  < 5 yrs, 1–3 mo; prepuberty, 3–6 mo; 

puberty, 3 mo
ENT examination  > 8 yrs, 1 st evaluation in all children and 

adolescents even if they are apparently 
asymptomatic; hearing evaluation if symp-
toms of hearing difficulties are detected

Reumathological examination  > 5 yrs, based on clinical symptoms; every 
12 mo during puberty or based on clinical 
symptoms

Psycological consultation  > 5 yrs, based on clinical symptoms; every 
6–12 mo during puberty and transition or 
based on clinical symptoms

Musculoskeletal functione If feasible, every 6–12 mo
Biochemical assessments
Serum concentration of calcium, phosphate, creatinine, ALP (BALP is available), and PTH CT: every 3–6 mo; more frequent checks if 

dosage is increased. BT: every 3–4 mo or 
based on clinical and biochemical pattern

Serum 25OHD and 1,25(OH)2D CT: not neededf. BT: every 3–4 mog, mainly 
during the winter mo

Urinary calcium, phosphate, creatinineh CT and BT: every 3–6 mo; more frequent 
checks if dosage is increased

Imaging assessments
X-ray of wristsi, kneesi, standing lower limbsj Every 1–2 yrs or based on clinical signs
X-ray periapical or orthopantomogram Based on clinical symptoms
Renal ultrasonography CT: once a yr or every 6 mo if nephrocal-

cinosis is diagnosed BT: every 1–2 yrs or 
once a yr if preexisting nephrocalcinosis

Cardiac ultrasonography If elevated and persistent BP is documented 
(> 95° percentile)

Brain/spine magnetic resonance imaging In presence of craniosynostosis or skull 
shape malformation, headache, neuro-
logical symptoms or visual disturbances, or 
suspected spinal stenosis based on clinical 
simptoms

Other assessments

Table 1  Recommendations for the follow-up in infants, children, and adolescents with XLH receiving conventional treatment or burosumab
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Pregnancy and lactation

Few data are available on the administration of conven-
tional treatment in pregnant and lactating women with 
XLH. Although the treatment regimen remains undefined, 
the doses of Pi and active vitamin D metabolites usually 
suggested in adults with XLH (Supplemental Table S2) may 
be safe and effective during pregnancy and lactation [12, 
14, 19, 58]. Recent guidelines suggested treating pregnant 
women with XLH in the last trimester [14].

Adverse effects

The clinical benefit of conventional therapy in adults with 
XLH is limited and poor tolerance and severe complica-
tions, such as hyperparathyroidism and nephrocalcinosis, 
are common [14, 51, 58, 63, 88, 143, 146]. Total or subtotal 
parathyroidectomy with autografting of parathyroid tissue 
fragments into the muscle of the forearm is suggested when 
hyperparathyroidism occurs [92, 143, 153].

Hypertension and left ventricular hypertrophy have 
been suggested as early cardiovascular complications in 
adults with XLH, while secondary hyperparathyroidism, 
renal dysfunction, and nephrocalcinosis, often associated 
with high doses of conventional treatment, are suspected 
as major risk factors for the cardiovascular side effects [72, 
154]. However, these cardiovascular complications were 
not confirmed in other studies [72, 74].

of conventional treatment at the end of skeletal growth is 
often related to a high risk of the occurrence of side effects 
[108, 151].

Conventional treatment is not generally recommended in 
asymptomatic adults with XLH, unless they develop pseu-
dofractures, even without symptoms [14, 19, 58]. However, 
bone fractures/pseudofractures, can occur two to ten years 
after cessation of conventional treatment [152]. When treat-
ment is considered, lower doses of Pi and active vitamin 
D metabolites are recommended compared to those used in 
children (Supplemental Table S2).

Bone mineralization and skeletal deformities

Conventional treatment is recommended in symptomatic 
adults with XLH experiencing musculoskeletal pain, pseu-
dofractures, biochemical evidence of osteomalacia with an 
increase in BALP activity, dental and periodontal issues, or 
when orthopaedic or dental surgery are planned [13, 14, 58, 
88]. However, conventional treatment does not decrease or 
prevent the development of osteoarthritis, enthesopathies or 
hearing loss [14, 58, 69].

Oral health

The extension of conventional treatment for XLH into 
adulthood may have beneficial for the prevention of dental 
abscesses [69].

Timing in infants, children, and adolescents
QoL  > 5 yrs, every yrk

Genetic counseling During transition to adolescence
Adapted and modified from Refs. [8, 14, 15, 19, 20, 58, 88, 148–150, 177], and authors’ expertise
Abbreviations: ALP, alkaline phosphatase; BALP, bone-specific alkaline phosphatase; BP, blood pressure; BT, burosumab treatment; CT, con-
ventional treatment; PTH, parathyroid hormone; QoL, quality of life
aIncluding length/height, weight, body mass index, head circumference with skull shape description (at least up to 5–6 yrs), pubertal stage in 
children and adolescents, intercondylar and intermalleolar distance, blood pressure; presence of signs of rickets, pain, stiffness, fatigue
bAfter tooth eruption
cAfter initiation of walking
dIn presence of craniosynostosis, spinal stenosis, Arnold-Chiari type 1 malformation, or occurrence of neurogical symptoms
eThe most appropriate test/s for children and adolescents is/are not defined
fMeasurement of serum 25OHD concentration and vitamin D treatment is not indicated in individuals receiving active vitamin D metabolites
gAdequate body stores of serum 25OHD (> 20 ng/ml; 50 nmol/L) may facilitate burosumab-mediated 1,25(OH)2D synthesis and to prevent 
secondary hyperparathyroidism and associated phosphaturia [149]. Some authors suggest to assess serum 25OHD concentration annually [14, 
15]. Measurement of serum 1,25(OH)2D concentration is not recommended by some authors [150], whereas others suggest to measure it at least 
every 12 mo on burosumab treatment [14]
hTo assess urinary calcium excretion as calcium/creatinine ratio or calcium excretion 24 h in individuals with very low urinary creatinine levels 
due to low muscle mass [14, 15], and TmP/GFR
iTo assess rickets severity score and estimation of bone age
jTo assess and quantify the degree of varism or valgism, and the mechanical axis. In case of orthopedic surgery additional X-rays may be 
required
kAssessed by using age-appropriate and disease-validate scales for children and adolescents. The most appropriate timing is not defined

Table 1  (continued) 
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and adolescents [167]. The positive effect of burosumab 
on phosphate metabolism has been demonstrated to per-
sist up to 88 weeks [171] and 160 weeks [160]. Further-
more, it has been demonstrated that burosumab treatment 
improved serum phosphate concentration and TmP/GFR 
in adolescents with XLH enrolled near the transition age 
[138]. All studies showed that serum 1,25(OH)2D concen-
tration improved significantly during burosumab treatment 
(Supplemental Table S4). These data support long-term effi-
cacy of burosumab in improving phosphate metabolism and 
1,25(OH)2D production in children and adolescents with 
XLH.

Bone mineralization and skeletal deformities

All studies with burosumab demonstrated an improvement 
of bone mineralization and severity of rickets in children 
with XLH (Supplemental Table S4). Burosumab was more 
effective in reducing serum ALP activity and improving 
signs of rickets than conventional treatment [157, 163, 168].

Few data are available on the effects of burosumab on 
lower limb deformities in children and adolescents with 
XLH. Mindler et al. [178] showed that one year of buro-
sumab was associated with persistent maltorsion and fron-
tal axis deviation despite improved rickets; however, some 
cases demonstrated relatively fast correction by guided 
growth procedures during burosumab treatment, resem-
bling rates of correction reported in healthy children and 
compared to literature data [179, 180]. Sawamura et al. 
[181] found that younger individuals with more severe bone 
deformities showed significant improvement in lower limb 
alignment after one-year treatment with burosumab, sug-
gesting that burosumab may delay or avoid the need for 
surgical intervention. It is conceivable that improvements 
in rickets severity and lower limb deformities may reduce 
the need for corrective orthopedic surgery, but this has not 
yet been systematically assessed. A recent review reported 
(moderate certainty) that burosumab may prevent lower 
limb deformity and may improve QoL compared to conven-
tional therapy [16].

Linear growth

The main studies evaluating the effect of burosumab on lin-
ear growth are summarized in Supplemental Table S5. In 
most studies linear growth improved [89, 156, 157, 160, 
162–164, 166, 172], while in others it did not change [161, 
167, 169, 171, 175] or improved only in some individu-
als [158]. Two meta-analyses reported inconclusive results 
revealing high heterogeneity of the effect of burosumab on 
linear growth [182, 183], whereas a recent review showed 
(low certainty) that burosumab may increase height and 

Adverse events that may develop during conventional 
treatment in adults with XLH and suggested changes are 
summarized in Supplemental Table S3.

Statement 14.  Conventional treatment should be consid-
ered in symptomatic adults with XLH or who are plan-
ning orthopaedic or dental surgery, and during pregnancy/
lactation.

Aim 3: Efficacy of burosumab compared with 
conventional treatment

Burosumab has been developed to reduce the effects of 
FGF23 excess by binding directly to FGF23. Burosumab 
inhibits FGF23 signaling, thereby increasing tubular phos-
phate reabsorption and stimulating intestinal phosphate 
absorption through increased 1,25(OH)2D synthesis [155]. 
As a result, serum phosphate concentration and bone miner-
alization improve. While conventional treatment should be 
considered primarily as a symptomatic therapy, burosumab 
directly counteracts the effects of excessive production of 
FGF23, which is the main pathogenetic known mechanism 
in individuals with XLH.

Efficacy and safety of burosumab, and comparison 
with conventional treatment in children and 
adolescents

Clinical trials, retrospective investigations, and case series 
demonstrated greater efficacy of burosumab on phosphate 
retention, skeletal abnormalities, physical function, muscle-
bone pain, and QoL in comparison with conventional treat-
ment [89, 138, 156–176] (Supplemental Table S4). Besides, 
only a randomized controlled clinical trial demonstrated the 
superiority of burosumab treatment to conventional therapy 
[157]. Considering the clear benefits reported in clinical tri-
als, burosumab treatment should be considered in all eli-
gible children with XLH [12, 14, 177].

Serum phosphate and TmP/GFR correction, and 1,25(OH)2D 
production

In children with XLH aged 1–12 years, burosumab has 
proven to be much more effective than conventional treat-
ment to improve serum phosphate concentration and TmP/
GFR [157, 163, 168]. It has been also observed that prior 
Pi or active vitamin D did not influence treatment response 
after switching to burosumab among children with XLH 
and active radiographic rickets [168]. Moreover, serum 
phosphate concentration and TmP/GFR after 12 months 
treatment with burosumab did not differ between children 
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Adverse events

Clinical trials with burosumab in children and adolescents 
with XLH did not report any short-term serious adverse 
event leading to the discontinuation of treatment. The 
most common adverse events were a transient reaction at 
the injection site (50–57%), headache (54%), pain in the 
extremities (10–42%), and reduction of serum 25OHD con-
centration (28%) [89, 148, 156, 157, 160, 161].

A post-authorization safety 10-year retrospective and 
prospective cohort study in 67 children and adolescents with 
XLH using data embedded within the International XLH 
Registry [186] and a systematic review [182] confirmed the 
efficacy and safety of burosumab.

Palojan et al. [162] described a child with XLH previ-
ously treated with conventional treatment who developed 
nephrocalcinosis on burosumab therapy. Olivotto et al. 
[172] found a complete resolution of nephrocalcinosis after 
one year of burosumab in one child and an improvement 
in another. Two systematic reviews and meta-analyses did 
not find changes in nephrocalcinosis score in the burosumab 
arm [182, 183]. Furthermore, switching from conventional 
treatment to burosumab may have the potential to prevent 
nephrocalcinosis reducing urine calcium excretion and 
improving tubular phosphate reabsorption [175, 187].

Zhukouskaya et al. [188] showed that about 10% of indi-
viduals with XLH developed secondary hyperparathyroid-
ism after three years of burosumab treatment; they were the 
older in the case series and had significantly higher PTH 
concentrations at baseline; no case of tertiary hyperparathy-
roidism occurred. Recently, Padidela et al. [189] reported 
the occurrence of tertiary hyperparathyroidism after 3–4 
years of burosumab in two females with XLH, that required 
parathyroidectomy. Higher post-dose phosphate levels or 
a direct effect of PHEX mutation on the parathyroid gland 
could have triggered PTH secretion.

A multicentric study showed that adolescents with XLH 
treated with burosumab had an increased BMI and lower 
systolic blood pressure than those receiving conventional 
treatment [46], but these results were not confirmed in other 
studies [172, 173]. A normal cardiac function was shown 
during burosumab treatment [172, 190, 191]. Simpson et al. 
[47] found lower serum insulin concentration in 2–10-year-
old children with XLH treated with burosumab than in con-
trols, but its pathogenetic role is unknown.

In summary, burosumab shows a good safety profile and 
good compliance in children and adolescents with XLH. 
Hypercalcemia, hypercalciuria, and nephrocalcinosis, may 
be less with burosumab than with conventional therapy, 
while the occurrence of secondary/tertiary hyperparathy-
roidism during burosumab needed further evaluation.

enhance the burden of symptoms related to chronic hypo-
phosphatemia [16]. Data at final height in children with 
XLH who had received burosumab from the diagnosis will 
be crucial for drawing definitive conclusions about its true 
impact on linear growth.

In children and adolescents with XLH treated with a 
combination of rhGH and burosumab for 12 months a 
significant height change was found compared with those 
receiving burosumab alone [184]. Further and longer stud-
ies are required to examine the role of rhGH in addition to 
burosumab in children with XLH.

Enthesopathic disease

No data are available on the development of enthesopathy in 
children and adolescents with XLH treated with burosumab.

Bone, joint, muscle pain, and QoL

Few studies examined the effects of burosumab on QoL in 
children. It has been clearly demonstrated that burosumab 
reduced stress, bone pain, and fatigue, and improved physi-
cal health as well as increasing acceptance by peers and 
promoting a positive school experience [138, 159, 173, 
177]. However, all the benefits of burosumab on phosphate 
metabolism and QoL were lost after its discontinuation in 
adolescents with XLH near the transition to adulthood [138, 
176]. This may suggest that continuing burosumab after the 
completion of skeletal growth is required to maintain the 
clinical benefits during the transition to young adulthood.

Oral health

A variable risk of dental abscesses during burosumab has 
been reported. Some studies showed a reduced prevalence 
of dental abscesses in children with XLH treated with 
burosumab compared with those receiving conventional 
treatment [185], whereas others reported unchanged [156] 
or increased prevalence [157] of dental abscesses. Dental 
abscesses were not found in younger children but were pres-
ent in 53% of older children [163], and in two out of five 
adolescents with XLH [158].

In children and adolescents with XLH, the pulp-coro-
nal height ratio decreased, while pulp-coronal width ratio 
unchanged after 3 years of burosumab [164]. No difference 
in pulp/tooth ratio and in the width of the pulp chamber was 
found in children and adolescents with XLH treated with 
conventional treatment or burosumab [42]. These data sug-
gest that both treatments do not fully restore the hypomin-
eralization of the teeth. Noteworthy, these results were from 
short controlled trials or studies involving a small number 
of subjects.
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adults with XLH reflecting an increased bone turnover [195, 
196, 199, 200, 202].

Osteomalacia

Burosumab treatment was associated with improvements 
in histomorphometric parameters of osteomalacia in adults 
with XLH by 48 weeks compared to baseline [202].

Enthesopathies and osteoarthritis

Currently, there is no evidence that burosumab treatment 
ameliorates enthesopathies and osteoarthritis. When initi-
ated in adulthood, burosumab is unlikely to reverse estab-
lished osteoarthritis; nevertheless, starting treatment before 
osteoarthritis could prevent joint degeneration [58]. Simi-
larly, burosumab could prevent the development of enthe-
sopathies and/or spinal stenosis if these are not present yet, 
or in an early stage of development [58]. Michigami et al. 
[174] described four new cases of ectopic calcifications in 
individuals with XLH after 6 months of burosumab treat-
ment; however, at baseline a higher proportion of XLH 
adults with ectopic calcifications was present in the buro-
sumab-treated group (64%) than in the non-burosumab 
group (26.7%), representing a possible bias.

Bone, joint, muscle pain, and QoL

Several studies on QoL in adults with XLH treated with 
burosumab have shown an improvement of clinical symp-
toms and physical function, pain, stiffness, fatigue, mobil-
ity, and muscle strength [68, 154, 192, 193, 196, 198, 200, 
203–206].

Fracture/pseudofracture healing

Randomized, double-blind, and placebo-controlled trials 
demonstrated that burosumab treatment for 24 weeks was 
associated with full healing of nearly half of the fractures 
identified at baseline in adults with XLH; the odds of heal-
ing a fracture for the participants treated with burosumab 
was 16.8-fold greater than for those receiving placebo [195, 
202]. By week 48, 63.1% of baseline fractures/pseudofrac-
tures healed fully with burosumab, compared with 35.2% 
with burosumab after placebo [202]. A recent pharmacody-
namic exposure–response analysis showed a relationship 
between burosumab treatment and a reduction in fracture 
counts in adults with XLH suggesting that the degree of 
serum phosphate increase during burosumab was important 
in reducing the rate of new fractures [207].

Statement 15.  Recommendations for the follow-up of chil-
dren and adolescents with XLH receiving conventional 
treatment or burosumab are reported in Table 1.

Statement 16.  Recommendations and suggestions for the 
management of burosumab treatment in children and ado-
lescents with XLH are summarized in Table 2.

Efficacy and safety of burosumab and comparison 
with conventional treatment in adults

Burosumab showed a good safety profile and efficacy in 
adults with XLH raising serum phosphate concentration into 
the lower normal range and increasing serum 1,25(OH)2D 
concentration; moreover, burosumab reduced stiffness, 
pain and fatigue, and improved physical function [14, 192, 
193]. Nevertheless, a recent systematic review reported that 
burosumab had little or no benefit in improving worst pain 
based on direct measurements using the BPI-SF scale (mod-
erate certainty), but it showed an improvement in fracture 
and pseudofracture healing in adults with XLH compared 
with no treatment [194]. Some evidence demonstrated that 
the benefits of burosumab were lost when treatment was 
interrupted and recovered over time when treatment was 
resumed [193].

Mineral and bone metabolic parameters

During burosumab treatment, in 94.1% of the adults with 
XLH serum phosphate concentration normalized against 
7.6% in the placebo group; increased TmP/GFR was evi-
dent only in subjects receiving burosumab [195, 196]. 
These results were confirmed by other studies [154, 182, 
192, 197–200]. Similarly, serum 1,25(OH)2D concentration 
increased in adults with XLH treated with burosumab, while 
no changes were detected in those receiving placebo or pre-
viously treated with conventional treatment [182, 195–203].

Serum PTH concentration decreased during burosumab 
treatment and increased in the group of individuals receiv-
ing conventional treatment [196]. No variation of serum 
PTH concentration during burosumab was found by other 
studies [183, 197, 198, 201–203].

Serum BALP activity increased during the first weeks 
of burosumab treatment compared with baseline [199, 
203] or placebo [196] reflecting the activation of skeletal 
remodeling; subsequently, serum BALP activity progres-
sively declined [193, 199, 203]. A meta-analysis on serum 
BALP activity did not show any change before and after 
burosumab treatment [183], while a progressive decline was 
found by Arcidiacono et al. [200]. Serum concentration of 
C-terminal telopeptide and procollagen type 1 N-terminal 
propeptide had a similar pattern of serum BALP activity in 
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Recommendations Children and adolescents (> 1 yr)a Adults
Before burosumab 
administration

Conventional treatment must be stopped at least 1 wk before to start burosumab treatment

Burosumab treatment 
option

• It should be considered, if approved and appropriate, as the first-line 
option of treatment, mainly if profound rickets is evident (RSS ≥ 2) or if 
it is present an insufficient skeletal responseb or significant side effects to 
conventional treatment

• It should be considered, if approved an 
appropriate, as a second-line treatment 
in individuals with insufficient responsec 
or intolerant to conventional treatment

Burosumab starting 
dosed

• 0.8 mg/kg per 14 days, s.c.; dose should be rounded to the nearest 10 mg • 1.0 mg/kg every 28 days, s.c.; dose 
should be rounded to the nearest 10 mg 
up to a maximum dose of 90 mg

Burosumab titration 
dose

• After initiation of burosumab, fasting serum P concentration should be 
measured every 2 wk for the first mo of treatment; every 4 wk for the fol-
lowing 2 mo and thereafter as appropriate
• Fasting serum P concentration should also be measured 2 wk after any 
dose adjustment. If fasting serum P concentration is within the reference 
range for age the same dose should be maintained
• Serum P concentration peak is achieved after 7–11 days after burosumab 
injection
• After achieving a steady state of serum P concentration, which can be 
assumed after 3–4 mo on a stable dosage, fasting serum P concentration 
should be measured preferentially directly before injections to detect 
underdosing

• After initiation of burosumab, fast-
ing serum P concentration should be 
measured every 2 wk for the first mo of 
treatment; every 4 wk for the following 
2 mo and thereafter as appropriate
• Serum P concentration peak is 
achieved after 7–11 days after buro-
sumab injection

Burosumab dose 
adjustment

• If fasting serum P concentration is below the reference range for age the 
dose may be increased stepwise by 0.4 mg/kg. Maximum dose 2 mg/kg per 
14 days. The maximum dose is 90 mg
• If fasting serum P concentration is above the reference range for age the 
next dose should be withheld, and fasting serum P concentration reassessed 
within 2 wk
• Fasting serum P concentration must be below the reference range for age 
to restart burosumab at half of the previous dose, rounding the amount to 
the nearest 10 mg

• If fasting serum P concentration is 
above the reference range for age the 
next dose should be withheld, and 
fasting serum Pi concentration reas-
sessed within 2 wk. Burosumab can be 
restarted at approximately half the previ-
ous dose when serum P concentration is 
below the normal range

Fasting serum P con-
centration target

To decrease the risk for ectopic mineralization fasting serum P concentration should be targeted in the lower end of 
the normal reference range for age

Biochemical param-
eters to monitor the 
efficacy of burosumab

• Serum P concentration should be maintained around the age- and sex-
specific lower limit of normal
• Serum P concentration below the age- and sex-specific lower limit of 
normal may be acceptable if there is a sustained decrease in serum ALP 
activity, improvement of rickets, and the subject is responding clinically

• Serum P concentration should be main-
tained around the lower limit of normal
• Serum P concentration below the age- 
and sex-specific lower limit of normal 
may be acceptable if there is a sustained 
decrease in bone pain and serum ALP 
activity, and there is a reduction in anal-
gesic use from baseline

Criteria for a satisfac-
tory response to 
burosumabe

• Within 6 mo: significant improvement of serum P concentration and TmP/
GFR (low-normal range for age should be considered an adequate target), 
reduction in serum ALP activity, bone painf, and RSS; within 24 mo: pro-
gressive improvement of leg deformities in growing children, serum ALP 
activity in the age-related normal range, and normal growth velocity (> 25 
th percentile for age and sex)

Within 6 mo: significant improvement 
of serum P concentration and TmP/GFR 
(low-normal range should be considered 
an adequate target), and musculoskeletal 
pain;
within 12 months: improvement of 
musculoskeletal pain, stiffness, signs 
of osteomalacia including radiological 
lesions (e.g. pseudofractures), and total 
or bone specific serum ALP activity

Burosumab duration of 
treatment

• Children who have started burosumab should continue treatment through-
out adolescence until the closure of the growth plate

• Review the efficacy of burosumab 
annually within a multidisciplinary team 
and consider continuing the treatment 
if average pain is improved and there 
is a reduction in analgesic use from 
baseline. Otherwise burosumab should 
be discontinued

Contraindications • Association with conventional treatment or calcimimetic drugs, severe renal impairment, pregnancyg, lactationg, 
sexually active adolescents/women without adequate contraception, hypersensitivity, occurrence of severe adverse 
reactions

Suggestions

Table 2  Main recommendations and suggestions for the management of burosumab treatment in individuals with XLH
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observed in the treated group (11.8%) than in the placebo 
group (7.6%) [195].

Statement 17.  Recommendations and suggestions for the 
management of burosumab treatment in adults with XLH 
are summarized in Table 2.

Statement 18.  Recommendations for the follow-up of 
adults with XLH receiving conventional treatment or buro-
sumab are reported in Table 3

Aim 4: Multidisciplinary approach and 
management of individuals with XLH

XLH is a progressive and multisystemic bone disorder that 
requires the evaluation by several specialists throughout a 
individual's life. Clinical signs and symptoms vary accord-
ing to age and some complications, including those related 
to chronic conventional treatment, develop from childhood 
and adolescence become more evident in adults. Manage-
ment of individuals with XLH involves several assessments 
by a multidisciplinary team, including endocrinologists, 

Oral health

Few data on the oral health effects of burosumab in adults 
with XLH are available. A significant reduction in dental 
infections during burosumab treatment periods compared 
with those without treatment or with conventional treat-
ment has been reported [70]. However, a recent systematic 
review documented, with low certainty, that burosumab 
may increase dental abscess risk [194].

Adverse events

A long-term study with burosumab up to 96 weeks showed 
that body weight did not change by more than 20% from 
the baseline assessment [193. Burosumab treatment was not 
associated with hyperparathyroidism or the development or 
progression of renal or cardiac ectopic mineralization [195, 
197, 199, 202]. Furthermore, some data suggested that there 
was an indication (low certainty) of a reduced likelihood of 
parathyroidectomy among adults with XLH receiving buro-
sumab [194]. Nephrocalcinosis scores did not change from 
baseline by more than one grade up to 48 weeks of treat-
ment [151]. Restless legs syndrome was more frequently 

Recommendations Children and adolescents (> 1 yr)a Adults
Vitamin D status • Serum 25OHD concentration should be maintained ≥ 20 ng/mL • Vitamin D supplements in case of 

vitamin D deficiency
Calcium intake • Adequate dietary calcium intake is required to allow the rickets healingh • Adequate dietary calcium intake is 

required to allow bone health
• Calcium supplements should never be associated with Pi supplements

Burosumab continuity 
in transition

Continued and uninterrupted treatment may be indicated to  sustain the 
clinical benefits achieved in adolescence: 1.0 mg/kg every 28 days, s.c.; 
dose should be rounded to the nearest 10 mg

Abbreviations ALP, alkaline phosphatase; BALP: bone isoenzyme of alkaline phosphatase; 25OHD, 25-hydroxyvitamin D; P, phosphate; RSS, 
rickets severity score
aIn USA burosumab treatment may be initiated at 0.8 mg/kg per 14 days in infants older than 6 mo and weighed > 10 kg and at 1 mg/kg per 14 
days in infants weighed < 10 kg. Maximum dose is 2 mg/kg per 14 days or 90 mg per 14 days. Burosumab doses should be rounded to the nearest 
10 mg in infants weighed > 10 kg and to the nearest 1 mg in infants weighed < 10 kg
bdefined as the lack of achievement of significant improvement of rickets activity, including bone pain, and serum ALP activity within 12 mo, 
and significant improvement of leg deformities and normal growth velocity (> 25 th percentile for age and sex) within 24 mo of conventional 
treatment [14]
cdefined as the lack of achievement of significant improvement of musculoskeletal pain, stiffness, signs of osteomalacia including radiological 
lesions (e.g. pseudofractures) and normalization of total serum ALP or BALP activity, if elevated, within 24 mo of conventional treatment [14]
dVials of 10, 20, 30 mg/mL solution. The maximum volume per injection site is 1.5 mL. When more than 1.5 mL is required on a given dos-
ing day, the total volume must be split and administered at two or more different injection sites. Injection sites should be rotated and carefully 
monitored for signs of potential reactions
eCriteria suggested by Haffner et al. [14] and authors’ expertise. However, the improvement of leg deformities in some growing children may be 
delayed and growth velocity may be subnormal although the improvement of serum P concentration, TmP/GFR values, and serum ALP activity 
are satisfactory. Continuation of burosumab treatment is recommended in these individuals, by authors’ expertise
fIt may be difficult to quantify in the first 2–3 yrs of life
gBurosumab should be discontinued when pregnancy is planned or identified, and conventional treatment is recommended. Contraception is 
recommended in women of childbearing potential receiving burosumab. Burosumab is not indicated during breast-feeding as no safety data are 
available; conventional treatment does not represent a contraindication during breast-feeding [14]
hSuggested by Kamenicky et al. [13], and Haffner et al. [14]

Table 2  (continued) 
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nephrologists, orthopedic surgeons, neurologists, odonto-
stomatologists, rehabilitation physicians, physical thera-
pists, and others. The timing and type of evaluation vary 
according to age and regiment of treatment (Tables 1 and 3).

Some studies indicated that telemedicine became an 
integral component of the management of individuals with 
XLH, particularly in those who live far from the referral 
center [208–210]. Physicians may communicate with indi-
viduals with XLH or their caregivers by e-mail, phone calls, 
or social media. Some clinical parameters, including anthro-
pometric data, PROs assessment, and the occurrence of 
adverse events, require remote monitoring by photographs 
and videos. Albeit with some limitations, telemedicine 
and other digital technologies may have a role in treating 
the individuals with XLH when hospital admissions are 
restricted [12].

Timing in adults
Clinical assessments
Clinical examinationa Every 6–12 mo
Odontostomatological 
examination

Twice yearly

Orthopedic examination Once a yrb

Neurological examinationc Every 6–12 mo or based on clini-
cal symptoms

ENT examination Hearing assessment if symptoms 
of hearing difficulties are detected

Reumathological examination Once a yr or based on clinical 
symptoms

Psycological consultation Based on clinical symptomsd

Musculoskeletal function Once a yr
Biochemical assessments
Serum concentration of calcium, 
phosphate, creatinine, BALP, 
and PTH

CT: every 3–6 mo; more frequent 
checks if dosage is increased. BT: 
every 3–4 mo or based on clinical 
and biochemical pattern

Serum 25OHD and 1,25(OH)2D CT: not needede. BT: every 3–4 
mof, mainly during the winter mo

Urinary calcium, phosphate, 
creatinineg

CT and BT: every 3–6 mo; more 
frequent checks if dosage is 
increased

Imaging assessments
X-ray of pelvis, knees, standing 
lower limbs or other skeletal 
sitesh

Based on clinical symptoms

X-ray periapical or 
orthopantomogram

Based on clinical symptoms

Renal ultrasonography CT: once a yr or every 6 mo if 
nephrocalcinosis is diagnosed. 
BT: every 1–2 yrs or once a yr if 
preexisting nephrocalcinosis

Cardiac ultrasonography If elevated and persistent BP is 
documented (> 95° percentile)

Brain/spine magnetic resonance 
imaging

In presence of craniosynostosis or 
skull shape malformation, head-
ache, neurological symptoms or 
visual disturbances, or suspected 
spinal stenosis based on clinical 
simptoms

Other assessments

Table 3  Recommendations for the follow-up in adults with XLH 
receiving conventional treatment or burosumab Timing in adults

QoL Every 2 yrs
Genetic counseling In women planning pregnancy or 

are pregnant along with opinion 
their partners, and for women 
planning pregnancy or are preg-
nant with their XLH partners

Adapted and modified from Refs. [14, 19, 58, 88], and authors’ exper-
tise
Abbreviations BALP, bone-specific alkaline phosphatase; BP, blood 
pressure; BT, burosumab treatment; CT, conventional treatment; 
PTH, parathyroid hormone; QoL, quality of life
aIncluding height, weight, body mass index, intercondylar and inter-
malleolar distance, blood pressure; presence of bone deformities, 
pain, stiffness, fatigue
bIf symptomatic
cIn presence of craniosynostosis, spinal stenosis, Arnold-Chiari type 
1 malformation, or occurrence of neurogical symptoms
dPsychiatric consultation should be required based on symptoms
eMeasurement of serum 25OHD concentration and vitamin D treat-
ment is not indicated in individuals receiving active vitamin D 
metabolites
fMeasurement of serum 25OHD concentration is recommended 
yearly by some authors [14]. Measurement of serum 1,25(OH)2D 
concentration is not recommended by some authors [150], whereas 
others suggest to measure it at least every 12 mo on burosumab treat-
ment [14]
gTo assess urinary calcium excretion 24 h or in individuals with very 
low urinary creatinine levels due to low muscle mass [14], and TmP/
GFR
hTo assess the development, extension, and severity of bone deformi-
ties, enthesopathies, osteoarthritis, or pseudofractures. The skeletal 
sites should be examined according to clinical symptoms

Table 3  (continued) 
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in Table 4. Giannini et al. [28] emphasized that the transition 
to adult care is a shared responsibility between the pediatric 
and adult healthcare teams because XLH involves lifelong 
multi-organ morbidities changing with age.

The pathway for transition requires some tools to assess 
person knowledge of his/her disease by using questionnaires 
and individualized training provided by an experienced 
pediatrician. The transfer to adult care can be organized via 
a specific care coordinator. More details on the transition 
pathway from pediatric to adult care have been reported [12, 
28, 51, 209, 210, 212].

The cut-off age for transition of care in persons with 
XLH has a wide range (14–26 years) across countries [12, 
15, 209, 210, 212]. In Italy, transition of care usually occurs 
after 18 years. Some factors may influence the timing of 
transition of care in various countries, including the will of 
individual and parents/caregivers, culturally accepted age 
when adolescent assert their independence from their par-
ents/caregivers, health care setting, and the availability of 
well-defined pathways for care. Transition readiness track-
ing can begin when adolescents with XLH are approxi-
mately age 12 years, and the timing introducing transition 
of care should begin some years (2–4 years) before the 
transition process happens [12, 209, 210, 212]. However, 
timelines for introducing transition should be individualized 
according to the individual’s readiness for transition of care.

Statement 20.  A tailored pathway for transition of adoles-
cents with XLH should be prepared to facilitate the effective 
transfer from pediatric- to adult-focused health care.

Statement 21.  A multidisciplinary team including parents 
and caregivers should support adolescents with XLH during 
the transition from pediatric to adult care.

Role of associations of individuals with XLH during 
the transition from pediatric to adult care

Associations of people with XLH, such as the XLH Net-
work in the US (https://xlhnetwork.org/) and XLHuk in the 
UK (https://xlhuk.org/), can play a pivotal role in supporting 
individuals throughout the transition process. They collabo-
rate with both family and medical team to ensure continuous 
care and guidance. Moreover, the International XLH Alli-
ance established to amplify the voices of individuals with 
XLH and set a global multidisciplinary standard of care and 
research published a poster with twelve recommendations 
including the transitional care (​h​t​t​p​​s​:​/​​/​x​l​h​​a​l​​l​i​a​​n​c​e​.​​o​r​g​​/​w​p​​-​c​
o​​n​t​e​​n​t​/​u​​p​l​​o​a​d​​s​/​2​0​​2​1​/​​1​0​/​​X​L​H​​_​I​n​​f​o​g​r​​a​p​​h​i​c​_​P​o​s​t​e​r​_​A​4​.​p​d​f) 
and a very extensive and detailed toolkit to approach the 
transition in individuals with XLH (​h​t​t​p​​s​:​/​​/​x​l​h​​n​e​​t​w​o​​r​k​.​o​​r​g​

Statement 19.  XLH requires a regular multidisciplinary 
approach coordinated by a metabolic bone disease specialist.

Aim 5: Consensus statements for transition 
from pediatric to adult care in individuals 
with XLH

The transition period usually allows the adolescent with a 
chronic or a rare disease to gradually assume the respon-
sibilities as an adult. Transition from the pediatric to adult 
care includes adapting to a different care context and leaves 
familiar pediatric care teams. To enable the adolescent to 
successfully complete this process the transition should 
be carefully planned and implemented in steps [209–212]. 
Three main areas of competency have been well defined for 
transition of individuals with XLH: (1) person foundational 
knowledge of their disease and the healthcare process; 
(2) accurate information for transitioning from pediatric 
to adult care, including scheduled timelines; (3) support-
ive behaviors that promote active engagement [209, 211]. 
Moreover, the effective transition from pediatric to adult 
care needs the attainment of 3 critical items: (1) start the 
transition early; (2) close collaboration between the pediat-
ric team leader and adult-centered providers; (3) introduce 
the individual with XLH. Details for each item are reported 

Table 4  Suggestions for approaching the transition from pediatric to 
adult care in individuals with XLH
Start the transition early
• Develop self-management skills
• Establish partnership among sick individuals, family, and health 
providers
• Sick individual and parents/caregivers may require psychologic 
supports and resources
• Multidisciplinary approach involving sick individual, and his/her 
family is required
Collaboration between pediatric"team leader"and adult-cen-
tered providers
• Planning the preparation and discuss the optimal time of transition 
case-by-case
• Prepare transition passport including all the medical data, includ-
ing genetic counseling
• Continue collaborations between pediatric"team leader"and adult-
centered providers also after the transition
• Patients'associations should be involved actively in the transition 
care pathway
Introduce the individual with XLH
• Schedule meetings between pediatric"team leader"and adults 
services according to the individual with XLH
• Let the individual with XLH speak according to her/his needs and 
put her/him at easy
• Ensure that adult specialists understand the medical history, treat-
ment regimens, and complications that have occurred over the years 
of caring for the patient
• Reassure the individual with XLH and parents/caregivers that 
continuity of care will be guaranteed
Adapted and modified from Refs. [209–212], and authors’ expertise

1 3

2216

https://xlhnetwork.org/
https://xlhuk.org/
https://xlhalliance.org/wp-content/uploads/2021/10/XLH_Infographic_Poster_A4.pdf
https://xlhalliance.org/wp-content/uploads/2021/10/XLH_Infographic_Poster_A4.pdf
https://xlhnetwork.org/wp-content/uploads/2023/04/XLH_TRANSITIONS_TOOLKIT.pdf


Journal of Endocrinological Investigation (2025) 48:2199–2228

becoming symptomatic or displaying one of the suggested 
criteria for therapy continuation, conventional treatment 
should be restarted.

When conventional treatment is continued during transi-
tion, the dose of Pi and active vitamin D metabolites should 
be significantly decreased to reduce the risk of exacerbating 
preexisting secondary hyperparathyroidism or triggering its 
onset. Although there are no detailed indications on the dos-
age of conventional treatment after the epiphyseal closure 
and during the transition, based on experts’ clinical experi-
ence, a reduction of approximately 40–50% of the dose of 
Pi and active vitamin D metabolites over a period of 1 to 
3 years is suggested. A further 20–30% reduction of both 
calcitriol or alfacalcidol and Pi may be needed according to 
the individual tolerance, biochemical data, and kidney ultra-
sonography till the dose usually administered in adults with 
XLH (Supplemental Table S2).

Statement 23.  Conventional treatment should be continued 
during the transition in symptomatic individuals with XLH.

Statement 24.  The dosage of conventional treatment should 
be gradually reduced during the transition.

Burosumab treatment

There are few data on the effects and dosing regimens of 
burosumab in individuals with XLH transitioning from 
pediatric to adult care. No randomized controlled trial has 
compared the effects of burosumab against the conven-
tional therapy during transition. In adolescents with XLH 
approaching the transition, who had previously received 

/​​w​p​-​​c​o​n​​t​e​n​​t​/​u​p​​l​o​​a​d​s​​/​2​0​2​​3​/​0​​4​/​X​​L​H​_​​T​R​A​​N​S​I​T​​I​O​​N​S​_​T​O​O​
L​K​I​T​.​p​d​f).

The Italian Association Supporting Hereditary Metabolic 
Diseases (AISMME, https://www.aismme.org/), a member 
of XLHalliance.org, provided a free of charge psychological 
support project (online and/or in person) for parents/care-
givers and individuals with XLH (Aurora Project, ​h​t​t​p​​s​:​/​​/​w​
w​w​​.​a​​i​s​m​​m​e​.​o​​r​g​/​​i​m​a​​g​e​s​​/​p​r​​o​g​e​t​​t​i​​/​p​r​o​g​e​t​t​o​-​a​u​r​o​r​a​+​x​l​h​/​P​r​o​g​e​
t​t​o​A​u​r​o​r​a​+​X​L​H​.​p​d​f).

Statement 22.  XLH associations should support adoles-
cents with XLH during the transition from pediatric to adult 
care.

Treatment of individuals with XLH during transition

The evidence of osteomalacia by bone histomorphometry 
in asymptomatic individuals with XLH, aged 16–47 years, 
who stopped the treatment for at least 5 years, confirmed the 
persistence of skeletal disease after epiphyseal closure [66, 
104]. Furthermore, it cannot be excluded that asymptomatic 
adolescents become symptomatic individuals during transi-
tion upon discontinuation of conventional treatment. Since 
XLH continues throughout life, it is conceivable to continue 
the therapy during the transition from adolescence to adult-
hood, without discontinuation, to prevent osteomalacia and 
the associated pseudofractures, bone pain, and dental and 
periodontal lesions [14, 15, 69, 149, 150].

Conventional treatment

As suggested in adults, conventional treatment is not usu-
ally recommended in asymptomatic individuals with XLH 
during transition. Nevertheless, a regular clinical and bio-
chemical follow-up is recommended after discontinuation 
of conventional treatment as some individuals with XLH 
may become symptomatic or develop complications in 
young adulthood.

Guidelines for using conventional treatment during the 
transition from pediatric to adult care in individuals with 
XLH are very scant. There is a trend to continue the con-
ventional treatment in adolescents approaching transition, 
particularly in those who show active symptoms or when 
orthopedic surgery is needed [14, 88]. When orthopedic 
surgery is programmed and conventional treatment has 
been ceased, the treatment should be restarted at least 3–6 
months before the surgery and should be continued for 6–9 
months afterwards [88]. The duration of treatment should be 
prolonged according to clinical signs and symptoms. Sug-
gested criteria for continuation or cessation of conventional 
treatment in individuals with XLH during transition are 
reported in Table 5. In asymptomatic individuals with XLH 

Table 5  Suggested criteria for continuation of conventional treatment 
in individuals with XLH during transition from adolescence to adult-
hood care
Treatment should be continueda Treatment cessation
• Moderate-severe cases • Mild cases
• Symptomatic • Asymptomatic
• Active and recurrent dental and/or peri-
odontal lesions

• No dental and/or 
periodontal lesions

• Orthopedic surgery needed • Orthopedic surgery 
not needed

• Persistence of increased serum ALP or 
BALP activity

• Normal serum ALP 
or BALP activity

• Severe reduction of QoL • Normal or mild 
reduction of QoL

Abbreviations: ALP, alkaline phosphatase; BALP, bone-specific 
alkaline phosphatase; QoL, quality of life
aConventional treatment is not recommended in individuals show-
ing persistent or worsening secondary hyperparathyroidism, tertiary 
hyperparathyroidism, impaired renal function, nephrocalcinosis, or 
poor tolerance of Pi supplements. In poor responders to conventional 
treatment (based on clinical and biochemical features) the adminis-
tration of burosumab should be taken into consideration
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diagnosis of XLH, radiographic evidence of bone disease 
and a growing skeleton are eligible for burosumab as first-
line treatment [149]. However, in many European countries, 
burosumab is discontinued once longitudinal growth ceases 
because of a gap between regulatory approval and reim-
bursement of therapy [149].

In the US, the Food and Drug Administration has 
approved burosumab for treatment of children with XLH 
aging 6 months and older as well as adults [148]. In Japan, 
burosumab has been approved for treatment of all FGF23-
related hypophosphatemic rickets and osteomalacia [170]. 
In many European countries, burosumab is licensed for 
adults, but it is not reimbursed [51]. These discrepancies 
among countries highlight an inequality among European 
citizens, advocating action for equal access to care.

In Italy, reimbursement for burosumab by the Italian 
Medicine Agency (AIFA, Agenzia Italiana del Farmaco) 
ceases upon the complete ossification of growth plate. 
Therefore, most of benefits acquired with burosumab treat-
ment during childhood and adolescence were lost in the 
transition period [138]. The main criterion indicated by 
AIFA for reimbursment of burosumab after the complete 
ossification of growth plate and in adults with XLH is the 
evidence of an active fracture/pseudofracture occurring in 
individuals previously treated with conventional therapy (​h​
t​t​p​​s​:​/​​/​w​w​w​​.​a​​i​f​a​​.​g​o​v​​.​i​t​​/​d​o​​c​u​m​​e​n​t​​s​/​2​0​​1​4​​2​/​8​​4​7​7​8​​6​/​D​​e​t​e​​r​m​i​​n​a​
C​​R​Y​S​V​​I​T​​A​_​G​U​n​.​7​1​_​2​4​-​3​–​2​0​2​3​.​p​d​f). However, it should 
be considered that the occurrence of active fractures/pseu-
dofractures is a very rare event in children and adolescents 
(see Section"Clinical diagnosis in infants, children, and 
adolescents") and may occur in less than half of the osteo-
malacic adults with XLH (see Section"Clinical diagnosis in 
adults"). As a result, almost all the young individuals with 
XLH during the transition, as well as most of adults with 
XLH, are unable to continue or to start burosumab treatment 
due to the lack of fracture/pseudofractures. Furthermore, in 
adults with XLH, reimbursement of burosumab ends at the 
age of 65. Although no data are currently available on the 
treatment of adults with XLH beyond this age, those who 
have shown benefits from burosumab therapy are likely to 
experience further benefits, such as prevention of osteoma-
lacia and the related risk of fractures/pseudofractures, and 
improved muscle and joint pain and QoL, by continuing 
burosumab beyond the age of 65. Therefore, the experts’ 
panel believes that the reimbursement criteria for buro-
sumab should be revised to ensure that the benefits gained 
from burosumab treatment during childhood and adoles-
cence or prior to age 65, are not lost.

conventional treatment with poor benefits, a positive effect 
of burosumab on bone lesions, phosphate metabolism, 
serum ALP activity, serum 1,25(OH)2D concentration, and 
PROs has been shown [138]. The evidence that all the ben-
efits acquired during burosumab were lost after the inter-
ruption of treatment suggested that burosumab should be 
continued during the transition.

It is opinion of the experts’ panel that adolescents with 
severe XLH who have received conventional treatment with 
poor benefits and/or showing persistence of increased serum 
ALP activity, active dental and periodontal lesions, reduced 
QoL, or poor tolerance of Pi, should start burosumab dur-
ing transition. Furthermore, burosumab may be an option if 
conventional treatment is contraindicated, as in individuals 
with persistent or worsening secondary hyperparathyroid-
ism, tertiary hyperparathyroidism, or nephrocalcinosis.

Two recent international consensus suggested to con-
tinue burosumab treatment for at least several years follow-
ing epiphyseal closure to optimize peak bone mass [14, 15], 
although no data are available to confirm this proposal.

During transition, the optimal dose and timing for con-
version from Q2 W to Q4 W dosing of burosumab remains 
to be defined. The attainment of final height or the com-
plete ossification of growth plates may be main criteria for 
switching from pediatrics to adult regimen of treatment 
[149, 150, 160]. Nevertheless, it has been suggested that 
may be reasonable to consider transitioning to monthly dos-
ing within 1–2 years following fusion of the growth plates 
[15]. Further studies are needed to establish the best regi-
men of treatment with burosumab during transition. 

Statement 25.   Burosumab treatment should be continued 
without interruption during transition.

Statement 26.   The dosage of burosumab should be 
switched to the dose indicated in adults with XLH during 
transition.

Statement 27.   In individuals with XLH who did not 
respond to conventional treatment during the transition, 
or conventional treatment is contraindicated, burosumab 
should be recommended.

Access and reimbursement criteria to burosumab 
treatment

Regulatory and reimbursement restrictions for burosumab 
treatment in individuals with XLH vary in European coun-
tries. Criteria for burosumab treatment in children, adoles-
cents, and adults are related to disease severity or inadequate 
response or complications to conventional treatment [51]. In 
some countries, all children above 1 year with a confirmed 
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other third party material in this article are included in the article’s Cre-
ative Commons licence, unless indicated otherwise in a credit line to 
the material. If material is not included in the article’s Creative Com-
mons licence and your intended use is not permitted by statutory regu-
lation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit ​
h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​r​g​​/​l​i​​c​e​n​​s​e​s​/​​b​y​​-​n​c​-​n​d​/​4​.​0​/.
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Conclusions

XLH is a rare, multisystemic, and progressive skeletal dis-
order that may be very disabling and significantly impacting 
the QoL throughout the lifespan. Hypophosphatemia per-
sists lifelong.

The clinical phenotype of XLH varies among children, 
adolescents, and adults. When not effectively managed in 
childhood, deformities at lower limbs can worsen in adult-
hood. Adults with XLH are at risk of further complications, 
including osteomalacia, fractures/pseudofractures, enthe-
sopathies, osteoarthritis, spinal stenosis, hearing loss, and 
complications related to the conventional treatment, such as 
hyperparathyroidism and nephrocalcinosis.

In children, burosumab leads to greater improvement in 
phosphate metabolism, rickets and linear growth than con-
ventional treatment. Therefore, burosumab should be con-
sidered as first-line treatment in children and adolescents 
with XLH, and it should be continued during transition.

In adults, burosumab is generally considered as a second-
line therapy according to current guidelines. Burosumab 
treatment should be offered to individuals with fractures/
pseudofractures, severe osteomalacic disease, severely 
reduced mobility, and poor dental status, who did not 
respond or experiencing severe adverse events to conven-
tional treatment. However, in some countries commercial 
arrangements and reimbursement of burosumab in adults 
with XLH are restricted by specific criteria, which should 
be re-evaluated in light of the cost/benefit ratio.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​0​6​1​8​-​0​
2​5​-​0​2​6​1​1​-​7.

Acknowledgements  This work is generated within the European 
Reference Networks for Rare Bone Diseases (BOND-ERN), Rare 
Endocrine Conditions (ENDO-ERN), and Rare Kidney Diseases 
(ERKNET). C.P. and G.S. are Representatives of BOND-ERN; B.G.I., 
D.I.N., and D.F. are BOND-ERN members. B.M.L., D.I.N., G.A., 
M.S., P.M., P.M., R.V., R.R.M., and S.S. are ENDO-ERN members. 
E.F. and R.B. are ERKNET members.

Funding  This manuscript has been supported by Italian Ministry of 
Health - Ricerca Corrente.

Declarations

Conflict of interest  All Authors have no conflict of interest to declare.

Open Access   This article is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License, 
which permits any non-commercial use, sharing, distribution and 
reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if you modified the licensed 
material. You do not have permission under this licence to share 
adapted material derived from this article or parts of it. The images or 

1 3

2219

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EJE-08-0818
https://doi.org/10.1530/EJE-08-0818
https://doi.org/10.1530/EJE-15-0515
https://doi.org/10.1530/EJE-15-0515
https://doi.org/10.1210/clinem/dgz203
https://doi.org/10.1016/j.bone.2023.116791
https://doi.org/10.1016/j.bone.2023.116791
https://doi.org/10.1007/s12020-024-03793-5
https://doi.org/10.1007/s12020-024-03793-5
https://doi.org/10.1007/s00467-024-06395-5
https://doi.org/10.1007/s00467-024-06395-5
https://doi.org/10.1186/s13023-019-1014-8
https://doi.org/10.1186/s13023-019-1014-8
https://doi.org/10.1007/s10354-019-00732-2
https://doi.org/10.1007/s10354-019-00732-2
https://doi.org/10.1007/s11657-021-00879-9
https://doi.org/10.1007/s11657-021-00879-9
https://doi.org/10.3389/fendo.2021.641543
https://doi.org/10.3389/fendo.2021.641543
https://doi.org/10.1007/s40618-025-02611-7
https://doi.org/10.1007/s40618-025-02611-7


Journal of Endocrinological Investigation (2025) 48:2199–2228

study. J Clin Endocrinol Metab 109:2012–2018. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​e​0​6​9

25.	 Gaucher C, Walrant-Debray O, Nguyen TM, Esterle L, Garabé-
dian M, Jehan F (2009) PHEX analysis in 118 pedigrees reveals 
new genetic clues in hypophosphatemic rickets. Hum Genet 
125:401–411. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​3​9​-​0​0​9​-​0​6​3​1​-​z

26.	 Morey M, Castro-Feijóo L, Barreiro J, Cabanas P, Pombo M, Gil 
M, Bernabeu I, Díaz-Grande JM, Rey-Cordo L, Ariceta G, Rica 
I, Nieto J et al (2011) Genetic diagnosis of X-linked dominant 
hypophosphatemic rickets in a cohort study: tubular reabsorption 
of phosphate and 1,25(OH)2D serum levels are associated with 
PHEX mutation type. BMC Med Genet 12:116. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​1​8​6​​/​1​4​​7​1​-​2​3​5​0​-​1​2​-​1​1​6

27.	 Seefried L, Smyth M, Keen R, Harvengt P (2020) Burden of dis-
ease associated with X-linked hypophosphataemia in adults: a 
systematic literature review. Osteop Int 32:7–22. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​0​7​​/​s​0​​0​1​9​8​-​0​2​0​-​0​5​5​4​8​-​0

28.	 Giannini S, Bianchi ML, Rendina D, Massoletti P, Lazzerrini D, 
Brandi ML (2021) Burden of disease and clinical targets in adult 
patients with X-linked hypophosphatemia. A comprehensive 
review Osteop Int 32:1937–1949. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​1​9​
8​-​0​2​1​-​0​5​9​9​7​-​1

29.	 Che H, Roux C, Etcheto A, Rothenbuhler A, Kamenicky P, 
Linglart A, Briot K (2016) Impaired quality of life in adults with 
X-linked hypophosphatemia and skeletal symptoms. Eur J Endo-
crinol 174:325–333. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​3​0​​/​E​J​​E​-​1​5​-​0​6​6​1

30.	 Cheung M, Rylands AJ, Williams A, Bailey K, Bubbear J (2021) 
Patient-reported complications, symptoms, and experiences of 
living with X-linked hypophosphatemia across the life-course. J 
Endocr Soc. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​e​​n​d​s​o​/​b​v​a​b​0​7​0

31.	 Javaid MK, Ward L, Pinedo-Villanueva R, Rylands AJ, Williams 
A, Insogna K, Imel EA (2022) Musculoskeletal features in adults 
with X-linked hypophosphatemia: an analysis of clinical trial and 
survey data. J Clin Endocrinol Metab 107:e1249–e1262. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​b​7​3​9

32.	 Ito N (2022) Adult presentation of X-linked hypophosphatemia 
Endocrines 3:375–390. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​e​n​​d​o​c​r​i​n​e​s​3​0​3​0​0​
3​0

33.	 Shore RM (2022) Disorders of phosphate homeostasis in chil-
dren, part 2: hypophosphatemic and hyperphosphatemic disor-
ders. Pediatr Radiol 52:2290–2305. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​
4​7​-​0​2​2​-​0​5​3​7​3​-​z

34.	 Ganger R, Stauffer A, Radler C, Raimann A, Kocijan R, Mindler 
GT (2022) X-linked hypophosphatemia. Orthopedic management 
in a multidisciplinary setting. Chir Narzadow Ruchu Ortop Pol 
87:63–68. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​1​3​​9​/​c​​h​n​r​i​o​p​.​2​0​2​2​.​8​7​.​2​.​3

35.	 Bosman A, Appelman-Dijkstra NM, Boot AM, de Borst MH, van 
de Ven AC, de Jongh RT, Bökenkamp A, van den Bergh JP, van 
der Eerden BCJ, Zillikens MC (2024) Disease manifestations and 
complications in Dutch X-linked hypophosphatemia patients. 
Calcif Tissue Int 114:255–266. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​2​3​-​0​
2​3​-​0​1​1​7​2​-​2

36.	 Chaussain-Miller C, Sinding C, Wolikow M, Lasfargues JJ, 
Godeau G, Garabedian M (2003) Dental abnormalities in patients 
with familial hypophosphatemic vitamin D-resistant rickets: pre-
vention by early treatment with 1-hydroxyvitamin D. J Pediatr 
142:324–331. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​6​7​​/​m​p​​d​.​2​0​0​3​.​1​1​9

37.	 Baroncelli GI, Angiolini M, Ninni E, Galli V, Saggese R, Giuca 
MR (2006) Prevalence and pathogenesis of dental and periodon-
tal lesions in children with X-linked hypophosphatemic rickets. 
Eur J Paediatr Dent 7:61–66 (PMID:16842025)

38.	 Biosse Duplan M, Coyac BR, Bardet C, Zadikian C, Rothen-
buhler A, Kamenicky P, Briot K, Linglart A, Chaussain C (2016) 
Phosphate and vitamin D prevent periodontitis in X-linked hypo-
phosphatemia. J Dent Res 96:388–395. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​0​
0​​2​2​0​3​4​5​1​6​6​7​7​5​2​8

11.	 Baroncelli GI, Mora S (2021) X-linked hypophosphatemic rick-
ets: multisystemic disorder in children requiring multidisciplinary 
management. Front Endocrinol 12:688309. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​
9​​/​f​e​​n​d​o​.​2​0​2​1​.​6​8​8​3​0​9

12.	 Munns CF, Yoo HW, Jalaludin MY, Vasanwala R, Chandran M, 
Rhee Y, BUT WM, Pik-Shan Kong A, Numbenjapon N, Namba 
N, Imanishi Y, Clifton-Bligh RJ, Luo X, Xia W, (2023) Asia-
Pacific consensus recommendations on X-linked hypophospha-
temia: diagnosis, multidisciplinary management, and transition 
from pediatric to adult care. JBMR Plus 7:e10744. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​0​0​2​​/​j​b​​m​4​.​1​0​7​4​4

13.	 Kamenický P, Briot K, Munns CF, Linglart A (2024) X-linked 
hypophosphataemia. Lancet 404:887–901. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​
6​​/​S​0​​1​4​0​-​6​7​3​6​(​2​4​)​0​1​3​0​5​-​9

14.	 Haffner D, Emma F, Seefried L, Högler W, Javaid KM, Bock-
enhauer D, Bacchetta J, Eastwood D, Duplan MB, Schnabel D, 
Wicart P, Ariceta G et al (2025) Clinical practice recommenda-
tions for the diagnosis and management of X-linked hypophos-
phataemia. Nat Rev Nephrol 21:330–354. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​
/​s​4​​1​5​8​1​-​0​2​4​-​0​0​9​2​6​-​x

15.	 Ali DS, Carpenter TO, Imel EA, Ward LM, Appelman-Dijkstra 
NM, Chaussain C, Jan de Beur SM, Florenzano P, Abu Alrob 
H, Aldabagh R, Alexander RT, Alsarraf F et al (2025) X-linked 
hypophosphatemia management in children: an International 
Working Group Clinical Practice Guideline. J Clin Endocrinol 
Metab. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​f​0​9​3

16.	 Ali DS, Mirza RD, Hussein S, Alsarraf F, Alexander RT, Abu 
Alrob H, Appelman-Dijkstra NM, Biosse-Duplan M, Brandi ML, 
Carpenter TO, Chaussain C, Dandurand K et al (2025) System-
atic review: efficacy of medical therapy on outcomes important to 
pediatric patients with X-linked hypophosphatemia. J Clin Endo-
crinol Metab. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​f​0​1​1

17.	 Capelli S, Donghi V, Maruca K, Vezzoli G, Corbetta S, Brandi 
ML, Mora S, Weber G (2015) Clinical and molecular heterogene-
ity in a large series of patients with hypophosphatemic rickets. 
Bone 79:143–149. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​o​n​e​.​2​0​1​5​.​0​5​.​0​4​0

18.	 Zhang C, Zhao Z, Sun Y, Xu L, JiaJue R, Cui L, Pang Q, Jiang 
Y, Li M, Wang O, He X, He S et al (2019) Clinical and genetic 
analysis in a large chinese cohort of patients with X-linked hypo-
phosphatemia. Bone 121:212–220. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​o​n​e​
.​2​0​1​9​.​0​1​.​0​2​1

19.	 Linglart A, Biosse-Duplan M, Briot K, Chaussain C, Esterle L, 
Guillaume- Czitrom S, Kamenicky P, Nevoux J, Prié D, Rothen-
buhler A, Wicart P, Harvengt P (2014) Therapeutic management 
of hypophosphatemic rickets from infancy to adulthood. Endocr 
Connect 3:R13-30. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​3​0​​/​E​C​​-​1​3​-​0​1​0​3

20.	 Rothenbuhler A, Schnabel D, Högler W, Linglart A (2020) Diag-
nosis, treatment-monitoring and follow-up of children and ado-
lescents with X-linked hypophosphatemia (XLH). Metabolism 
103S:153892. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​m​e​t​​a​b​o​​l​.​2​0​​1​9​​.​0​3​.​0​0​9

21.	 Currarino G (2007) Sagittal synostosis in X-linked hypophospha-
temic rickets and related diseases. Pediatr Radiol 37:805–812. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​4​7​-​0​0​7​-​0​5​0​3​-​4

22.	 Munns CF, Maguire EP, Williams A, Wood S, Biggin A (2023) 
Craniosynostosis in patients with X-linked hypophosphatemia: a 
review. JBMR Plus 7:e10728. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​j​b​​m​4​.​1​0​7​2​
8

23.	 Stauffer A, Raimann A, Penzkofer S, Ganger R, Radler C, Mind-
ler GT (2024) Lower limb maltorsion and acetabular deformity in 
children and adolescents with X-linked hypophosphatemia. Front 
Endocrinol 15:1422356. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​e​​n​d​o​.​2​0​2​4​.​1​4​2​
2​3​5​6

24.	 Boardman-Pretty F, Clift AK, Mahon H, Sawoky N, Mughal MZ 
(2024) The diagnostic odyssey in children and adolescents with 
X-linked hypophosphatemia: population-based, case-control 

1 3

2220

https://doi.org/10.1210/clinem/dgae069
https://doi.org/10.1210/clinem/dgae069
https://doi.org/10.1007/s00439-009-0631-z
https://doi.org/10.1186/1471-2350-12-116
https://doi.org/10.1186/1471-2350-12-116
https://doi.org/10.1007/s00198-020-05548-0
https://doi.org/10.1007/s00198-020-05548-0
https://doi.org/10.1007/s00198-021-05997-1
https://doi.org/10.1007/s00198-021-05997-1
https://doi.org/10.1530/EJE-15-0661
https://doi.org/10.1210/jendso/bvab070
https://doi.org/10.1210/clinem/dgab739
https://doi.org/10.1210/clinem/dgab739
https://doi.org/10.3390/endocrines3030030
https://doi.org/10.3390/endocrines3030030
https://doi.org/10.1007/s00247-022-05373-z
https://doi.org/10.1007/s00247-022-05373-z
https://doi.org/10.31139/chnriop.2022.87.2.3
https://doi.org/10.1007/s00223-023-01172-2
https://doi.org/10.1007/s00223-023-01172-2
https://doi.org/10.1067/mpd.2003.119
https://doi.org/10.1177/0022034516677528
https://doi.org/10.1177/0022034516677528
https://doi.org/10.3389/fendo.2021.688309
https://doi.org/10.3389/fendo.2021.688309
https://doi.org/10.1002/jbm4.10744
https://doi.org/10.1002/jbm4.10744
https://doi.org/10.1016/S0140-6736(24)01305-9
https://doi.org/10.1016/S0140-6736(24)01305-9
https://doi.org/10.1038/s41581-024-00926-x
https://doi.org/10.1038/s41581-024-00926-x
https://doi.org/10.1210/clinem/dgaf093
https://doi.org/10.1210/clinem/dgaf011
https://doi.org/10.1016/j.bone.2015.05.040
https://doi.org/10.1016/j.bone.2019.01.021
https://doi.org/10.1016/j.bone.2019.01.021
https://doi.org/10.1530/EC-13-0103
https://doi.org/10.1016/j.metabol.2019.03.009
https://doi.org/10.1007/s00247-007-0503-4
https://doi.org/10.1007/s00247-007-0503-4
https://doi.org/10.1002/jbm4.10728
https://doi.org/10.1002/jbm4.10728
https://doi.org/10.3389/fendo.2024.1422356
https://doi.org/10.3389/fendo.2024.1422356


Journal of Endocrinological Investigation (2025) 48:2199–2228

52.	 Hanisch M, Bohner L, Sabandal MMI, Kleinheinz J, Jung S 
(2019) Oral symptoms and oral health-related quality of life of 
individuals with X-linked hypophosphatemia. Head Face Med 
15:8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​3​0​0​5​-​0​1​9​-​0​1​9​2​-​x

53.	 Reid IR, Hardy DC, Murphy WA, Teitelbaum SL, Bergfeld MA, 
Whyte MP (1989) X-linked hypophosphatemia: a clinical, bio-
chemical, and histopathologic assessment of morbidity in adults. 
Medicine 68:336–352 (PMID:2811660)

54.	 Hardy DC, Murphy WA, Siegel BA, Reid IR, Whyte MP (1989) 
X-linked hypophosphatemia in adults: prevalence of skeletal 
radiografic and scintigrafic features. Radiology 71:403–414. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​4​8​​/​r​a​​d​i​o​​l​o​g​​y​.​1​7​​1​.​​2​.​2​5​3​9​6​0​9

55.	 Beck-Nielsen SS, Brusgaard K, Rasmussen LM, Brixen K, Brock-
Jacobsen B, Poulsen MR, Vestergaard P, Ralston SH, Albagha 
OME, Poulsen S, Haubek D, Gjørup H, Hintze H, Andersen MG, 
Heickendorff L, Hjelmborg J, Gram J (2010) Phenotype presen-
tation of hypophosphatemic rickets in adults. Calcif Tissue Int 
87:108119. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​2​3​-​0​1​0​-​9​3​7​3​-​0

56.	 Herrou J, Fechtenbaum J, Rothenbuhler A, Kamenický P, Roux 
C, Linglart A, Briot K (2023) Development of spinal enthesopa-
thies in adults with X-linked hypophosphatemia. J Clin Endocri-
nol Metab 108:e1524–e1531. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​
d​3​8​3

57.	 Steele A, Gonzalez R, Garbalosa JC, Steigbigel K, Grgurich T, 
Parisi EJ, Feinn RS, Tommasini SM, Macica CM (2020) Osteo-
arthritis, osteophytes, and enthesophytes affect biomechanical 
function in adults with X-linked hypophosphatemia. J Clin Endo-
crinol Metab 105:e1798–e1814. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​
g​a​a​0​6​4

58.	 Trombetti A, Al-Daghri N, Brandi ML, Cannata-Andía JB, Cava-
lier E, Chandran M, Chaussain C, Cipullo L, Cooper C, Haffner 
D, Harvengt P, Harvey NC et al (2022) Interdisciplinary manage-
ment of FGF23-related phosphate wasting syndromes: a Consen-
sus Statement on the evaluation, diagnosis and care of patients 
with X-linked hypophosphataemia. Nat Rev Endocrinol 18:366–
384. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​7​4​-​0​2​2​-​0​0​6​6​2​-​x

59.	 Skrinar A, Dvorak-Ewell M, Evins A, Macica C, Linglart A, Imel 
EA, Theodore-Oklota C, San Martin J (2019) The lifelong impact 
of X-linked hypophosphatemia: results from a burden of disease 
survey. J Endocr Soc 3:1321–1334. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​s​​.​2​0​
1​8​-​0​0​3​6​5

60.	 Orlando G, Bubbear J, Clarke S, Keen R, Roy M, Anilkumar A, 
Schini M, Walsh JS, Javaid MK, Ireland A (2022) Physical func-
tion and physical activity in adults with X-linked hypophosphate-
mia. Osteop Int 33:1485–1491. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​1​9​8​-​0​
2​2​-​0​6​3​1​8​-​w

61.	 Romagnoli C, Iantomasi T, Brandi ML (2022) Impact of X-linked 
hypophosphatemia on muscle symptoms. Genes 13:2415. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​g​e​​n​e​s​1​3​1​2​2​4​1​5

62.	 Diaz-delCastillo M, Espersen RR, Beck-Nielsen SS, Rejnmark 
L, Heegaard AM (2025) Pain, quality of life and mental health in 
adults with X-linked hypophosphatemia: a cross-sectional study. 
J Clin Endocrinol Metab. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​f​1​0​4

63.	 Imel EA, Econs MJ (2012) Approach to the hypophosphatemic 
patient. J Clin Endocrinol Metab 97:696–706. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​2​1​0​​/​j​c​​.​2​0​1​1​-​1​3​1​9

64.	 Chesher D, Oddy M, Darbar U, Sayal P, Casey A, Ryan A, Sechi 
A, Simister C, Waters A, Wedatilake Y, Lachmann RH, Murphy 
E (2018) Outcome of adult patients with X-linked hypophos-
phatemia caused by PHEX gene mutations. J Inherit Metab Dis 
41:865–876. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​5​4​5​-​0​1​8​-​0​1​4​7​-​6

65.	 Imel EA, Li Z, Heerssen HM, Princic N, Schwartz H, Zhao Y, 
Dahir KM (2024) Real-world clinical and healthcare resource 
burden among burosumab-naïve patients with familial hypophos-
phatemia. J Endocr Soc. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​e​​n​d​s​o​/​b​v​a​e​1​8​5

39.	 Hamdy NAT, Harvengt P, Usardi A (2021) X-linked hypophos-
phatemia: The medical expert’s challenges and the patient’s con-
cerns on their journey with the disease. Arch Pediatr 28:612–618. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​r​c​p​e​d​.​2​0​2​1​.​0​9​.​0​0​5

40.	 Arhar A, Pavlic A, Hocevar L (2024) Characteristics of oral 
health of patients with X-linked hypophosphatemia: case reports 
and literature review. BDJ Open 10:42. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​
4​​1​4​0​5​-​0​2​4​-​0​0​2​2​3​-​6

41.	 Baroncelli GI, Zampollo E, Manca M, Toschi B, Bertelloni MA, 
Isola A, Bulleri A et al (2021) Pulp chamber features, prevalence 
of abscesses, disease severity, and PHEX mutation in X-linked 
hypophosphatemic rickets. J Bone Miner Metab 39:212–223. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​7​7​4​-​0​2​0​-​0​1​1​3​6​-​8

42.	 Okawa R, Takagi M, Nakamoto T, Kakimoto N, Nakano K (2024) 
Evaluation of dental manifestations in X-linked hypophosphate-
mia using orthopantomography. PLoS ONE 19:e0307896. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​0​3​0​7​8​9​6

43.	 Nguyen C, Celestin E, Chambolle D, Linglart A, Biosse Duplan 
M, Chaussain C, Friedlander L (2022) Oral health-related quality 
of life in patients with X-linked hypophosphatemia: a qualitative 
exploration. Endocr Connect 11:e210564. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​3​0​​
/​E​C​​-​2​1​-​0​5​6​4

44.	 Pantel G, Probst R, Podvinec M, Gurtler N (2009) Hearing loss 
and fluctuating hearing levels in X-linked hypophosphataemic 
osteomalacia. J Laryngol Otol 123:136–140. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​1​7​​/​S​0​​0​2​2​2​1​5​1​0​7​0​0​1​6​3​6

45.	 Zhukouskaya VV, Rothenbuhler A, Colao A, Di Somma C, 
Kamenický P, Trabado S, Prié D, Audrain C, Barosi A, Kyheng 
C, Lambert AS, Linglart A (2020) Increased prevalence of over-
weight and obesity in children with X-linked hypophosphatemia. 
Endocr Connect 9:144–153. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​3​0​​/​E​C​​-​1​9​-​0​4​8​1

46.	 Bloudeau L, Linglart A, Flammier S, Portefaix A, Bertholet-
Thomas A, Eddiry S, Barosi A, Salles JP, Porquet-Bordes V, 
Rothenbuhler A, Roger C, Bacchetta J (2023) XLH Matters 2022: 
Insights and recommendations to improve outcomes for people 
living with X-linked hypophosphataemia (XLH)X-linked hypo-
phosphatemia, obesity and arterial hypertension: data from the 
XLH21 study. Pediatr Nephrol 38:697–704. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​
0​7​​/​s​0​​0​4​6​7​-​0​2​2​-​0​5​6​3​6​-​9

47.	 Simpson CA, Santoro AM, Carpenter TO, Deng Y, Parziale S, 
Insogna KL (2023) Circulating levels of leptin and lipocalin-2 in 
patients with X-linked hypophosphatemia. J Endocr Soc 7:1–4. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​e​​n​d​s​o​/​b​v​a​d​1​1​6

48.	 Nguyen-Khac V, Bonnet-Lebrun A, Linglart A, de Tienda M, 
Berkenou J, Mannes I, Adamsbaum C, Wicart P, Skalli W 
(2022) Prospective analysis of muscle adiposity in children with 
X-linked hypophosphatemic rickets vs control children. J Endocr 
Soc 6:1–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​e​​n​d​s​o​/​b​v​a​c​1​3​5

49.	 Akta C, Wenzel-Schwarz F, Stauffer A, Kranzl A, Raimann A, 
Kocijan R, Ganger R, Mindler GT (2023) The ankle in XLH: 
Reduced motion, power and quality of life. Front Endocrinol 
14:1111104. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​e​​n​d​o​.​2​0​2​3​.​1​1​1​1​1​0​4

50.	 Ferizovic N, Marshall J, Williams AE, Mughal MZ, Shaw N, Mak 
C, Gardiner O, Hossain P, Upadhyaya S (2020) Exploring the 
burden of X-linked hypophosphataemia: an opportunistic qualita-
tive study of patient statements generated during a technology 
appraisal. Adv Ther 37:770–784. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​2​3​2​
5​-​0​1​9​-​0​1​1​9​3​-​0

51.	 Seefried L, Alzahrani A, Sancho PA, Bacchetta J, Crowley 
R, Emma F, Gibbins J, Grandone A, Javaid MK, Mindler G, 
Raimann A, Rothenbuhler A, Tucker I, Zeitlin L, Linglart A 
(2023) XLH Matters 2022: Insights and recommendations to 
improve outcomes for people living with X-linked hypophospha-
taemia (XLH). Orphanet J Rare Dis 18(Suppl 2):333. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​3​0​2​3​-​0​2​3​-​0​2​8​8​3​-​3

1 3

2221

https://doi.org/10.1186/s13005-019-0192-x
https://doi.org/10.1148/radiology.171.2.2539609
https://doi.org/10.1148/radiology.171.2.2539609
https://doi.org/10.1007/s00223-010-9373-0
https://doi.org/10.1210/clinem/dgad383
https://doi.org/10.1210/clinem/dgad383
https://doi.org/10.1210/clinem/dgaa064
https://doi.org/10.1210/clinem/dgaa064
https://doi.org/10.1038/s41574-022-00662-x
https://doi.org/10.1210/js.2018-00365
https://doi.org/10.1210/js.2018-00365
https://doi.org/10.1007/s00198-022-06318-w
https://doi.org/10.1007/s00198-022-06318-w
https://doi.org/10.3390/genes13122415
https://doi.org/10.3390/genes13122415
https://doi.org/10.1210/clinem/dgaf104
https://doi.org/10.1210/jc.2011-1319
https://doi.org/10.1210/jc.2011-1319
https://doi.org/10.1007/s10545-018-0147-6
https://doi.org/10.1210/jendso/bvae185
https://doi.org/10.1016/j.arcped.2021.09.005
https://doi.org/10.1016/j.arcped.2021.09.005
https://doi.org/10.1038/s41405-024-00223-6
https://doi.org/10.1038/s41405-024-00223-6
https://doi.org/10.1007/s00774-020-01136-8
https://doi.org/10.1007/s00774-020-01136-8
https://doi.org/10.1371/journal.pone.0307896
https://doi.org/10.1371/journal.pone.0307896
https://doi.org/10.1530/EC-21-0564
https://doi.org/10.1530/EC-21-0564
https://doi.org/10.1017/S0022215107001636
https://doi.org/10.1017/S0022215107001636
https://doi.org/10.1530/EC-19-0481
https://doi.org/10.1007/s00467-022-05636-9
https://doi.org/10.1007/s00467-022-05636-9
https://doi.org/10.1210/jendso/bvad116
https://doi.org/10.1210/jendso/bvad116
https://doi.org/10.1210/jendso/bvac135
https://doi.org/10.3389/fendo.2023.1111104
https://doi.org/10.1007/s12325-019-01193-0
https://doi.org/10.1007/s12325-019-01193-0
https://doi.org/10.1186/s13023-023-02883-3
https://doi.org/10.1186/s13023-023-02883-3


Journal of Endocrinological Investigation (2025) 48:2199–2228

80.	 Baroncelli GI, Sessa MR, Pelosini C, Bertelloni S, Michelucci A, 
Toschi B, Piaggi P, Peroni D, Comberiati P (2024) Intact FGF23 
concentration in healthy infants, children, and adolescents, and 
diagnostic usefulness in patients with X-linked hypophospha-
temic rickets. J Endocrinol Invest 47:873–882. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​0​7​​/​s​4​​0​6​1​8​-​0​2​3​-​0​2​2​0​2​-​4

81.	 Pott V, Tietze H, Kanzelmeyer N, von der Born J, Baumann U, 
Mindermann C, Suhlrie A, Drube J, Melk A, Das AM, Schnabel 
D, Haffner D, Leifheit-Nestler M (2024) LMS-based pediatric 
reference values for parameters of phosphate homeostasis in the 
harp cohort. J Clin Endocrinol Metab 109:668–679. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​d​5​9​7

82.	 Stark H, Eisenstein B, Tieder M, Rachmel A, Alpert G (1986) 
Direct measurement of TP/GFR: a simple and reliable parameter 
of renal phosphate handling. Nephron 44:125–128. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​1​5​9​​/​0​0​​0​1​8​4​2​1​6

83.	 Brodehl J, Krause A, Hoyer PF (1988) Assessment of maximal 
tubular phosphate reabsorption: comparison of direct measure- 
ment with the nomogram of Bijvoet. Pediatr Nephrol 2:183–189. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​B​F​​0​0​8​6​2​5​8​7

84.	 Walton RJ, Bijvoet OL (1975) Nomogram for derivation of renal 
threshold phosphate concentration. Lancet 2:309–310. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​s​0​​1​4​0​-​6​7​3​6​(​7​5​)​9​2​7​3​6​-​1

85.	 Baroncelli GI, Comberiati P, Aversa T, Baronio F, Cassio A, Chi-
arito M, Cosci M, De Sanctis L, Di Iorgi N, Faienza MF, Fintini 
D, Franceschi R et al (2024) Diagnosis, treatment, and manage-
ment of rickets: a position statement from the Bone and Mineral 
Metabolism Group of the Italian Society of Pediatric Endocrinol-
ogy and Diabetology. Front Endocrinol 15:1383681. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​3​​3​8​9​​/​f​e​​n​d​o​.​2​0​2​4​.​1​3​8​3​6​8​1

86.	 Baroncelli GI, Bertelloni S, Ceccarelli C, Amato V, Saggese G 
(2000) Bone turnover in children with vitamin D deficiency rick-
ets before and during treatment. Acta Paediatr 89:513–518. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​8​​0​3​5​2​5​0​0​7​5​0​0​2​7​7​6​3

87.	 Magnusson P, Sharp CA, Magnusson M, Risteli J, Davie MWJ, 
Larsson L (2001) Effect of chronic renal failure on bone turnover 
and bone alkaline phosphatase isoforms. Kidney Int 60:257–265. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​4​6​​/​j​.​​1​5​2​​3​1​7​​5​5​.​2​​0​0​​1​.​0​0​7​9​4​.​x

88.	 Carpenter TO, Imel EA, Holm IA, Jan de Beur SM, Insogna KL 
(2011) A clinician’s guide to X-linked hypophosphatemia. J Bone 
Miner Res 26:1381–1388. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​j​b​​m​r​.​3​4​0

89.	 Carpenter TO, Whyte MP, Imel EA, Boot AM, Hogler W, Linglart 
A, Padidela R, Portale AA (2018) Burosumab therapy in children 
with X-linked hypophosphatemia. N Engl J Med 378:1987–1998. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​5​6​​/​N​E​​J​M​o​a​1​7​1​4​6​4​1

90.	 Sullivan W, Carpenter TO, Glorieux FH, Travers R, Insogna K 
(1992) A prospective trial of phosphate and 1,25-dihydroxyvita-
min D3 therapy in symptomatic adults with X-linked hypophos-
phatemic rickets. J Clin Endocrinol Metab 75:879–885. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​c​​e​m​.​7​5​.​3​.​1​5​1​7​3​8​0

91.	 Hansen S, Shanbhogue VV, Jørgensen NR, Beck-Nielsen SS 
(2019) Elevated bone remodeling markers of CTX and P1NP 
in addition to sclerostin in patients with X-linked hypophos-
phatemia: a cross-sectional controlled study. Calcif Tissue Int 
104:591–598. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​2​3​-​0​1​9​-​0​0​5​2​6​-​z

92.	 Lecoq AL, Chaumet-Riffaud P, Blanchard A, Dupeux M, Rothen-
buhler A, Lambert B, Durand E, Boros E, Briot K, Silve C, 
Francou B, Piketty M, Chanson P, Brailly-Tabard S, Linglart 
A, Kamenický P (2020) Hyperparathyroidism in patients with 
X-linked hypophosphatemia. J Bone Miner Res 35:1263–1273. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​j​b​​m​r​.​3​9​9​2

93.	 Canalejo A, Almadén Y, Torregrosa V, Gomez-Villamandos J, 
Ramos B, Campistol JM, Felsenfeld AJ, Rodríguez M (2000) The 
in vitro effect of calcitriol on parathyroid cell proliferation and 
apoptosis. J Am Soc Nephrol 11:1865–1872. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
6​8​1​​/​A​S​​N​.​V​1​1​1​0​1​8​6​5

66.	 Marie PJ, Glorieux FH (1982) Bone histomorphometry in asynto-
matic adults with hereditary hypophosphatemic vitamin D-resis-
tant osteomalacia. Metab Bone Dis Rel Res 4:249–253. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​0​2​​2​1​-​8​7​4​7​(​8​2​)​9​0​0​3​5​-​2

67.	 Larsson A, Regnstrand T, Skott P, Mäkitie O, Björnsdottir S, 
Garming-Legert K (2023) Dental health of patients with X-linked 
hypophosphatemia: a controlled study. Front Oral Health 
4:1087761. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​r​​o​h​.​2​0​2​3​.​1​0​8​7​7​6​1

68.	 Steur J, Bohner L, Jackowski J, Hanisch M, Oelerich O (2024) 
Oral health and oral-health-related quality of life in people with 
X-linked hypophosphatemia. BMC Oral Health 24:259. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​2​9​0​3​-​0​2​4​-​0​4​0​2​8​-​9

69.	 Connor J, Olear EA, Insogna KL, Katz L, Baker S, Kaur R, Simp-
son CA, Sterpka J, Dubrov R, Zhang JH, Carpenter TO (2015) 
Conventional therapy in adults with X-linked hypophosphatemia: 
effects on enthesopathy and dental disease. J Clin Endocrinol 
Metab 100:3625–3632. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​J​C​​.​2​0​1​5​-​2​1​9​9

70.	 Hervé A, Gadion M, Herrou J, Izart M, Linglart A, Cohen-Solal 
M, Lecoq AL, Kamenicky P, Briot K, Chaussain C, Duplan MB 
(2024) Improved oral health in adults with X-linked hypophos-
phatemia treated with burosumab. J Clin Endocrinol Metab. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​e​3​9​8

71.	 Nehgme R, Fahey JT, Smith C, Carpenter TO (1997) Cardiovas-
cular abnormalities in patients with X-linked hypophosphatemia. 
J Clin Endocrinol Metab 82:2450–2454. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​
c​​e​m​.​8​2​.​8​.​4​1​8​1

72.	 Nakamura Y, Takagi M, Takeda R, Miyai K, Hasegawa Y (2017) 
Hypertension is a characteristic complication of X-linked hypo-
phosphatemia. Endocr J 64:283–289. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​0​7​​/​e​n​​d​
o​c​r​j​.​E​J​1​6​-​0​1​9​9

73.	 Takashi Y, Yuka Kinoshita Y, Hori M, Ito N, Taguchi M, Fuku-
moto S (2017) Patients with FGF23-related hypophosphatemic 
rickets/osteomalacia do not present with left ventricular hypertro-
phy. Endocr Res 42:132–137. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​7​​4​3​5​​8​0​0​​.​
2​0​1​​6​.​​1​2​4​2​6​0​4

74.	 Bouzemane A, Vignot E, Derain Dubourg L, De Mul A, Molin 
A, Chapurlat R, Fontanges E, Delsart D, Akbari A, Huang SHS, 
McIntyre CW, Bacchetta J, Lemoine S (2024) Reassuring data 
on the cardiovascular risk in adults with X-linked hypophospha-
temia receiving conventional therapy. J Clin Endocrinol Metab 
109:e488–e494. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​d​6​0​8

75.	 Lecoq AL, Schilbach K, Rocher L, Trabado S, Briot K, Herrou 
J, Forbes A, Garnier A, Piketty M, Bidlingmaier M, Rothen-
buhler A, Linglart A, Carette C, Chaumet-Riffaud P, Kamenický 
P (2024) Metabolically healthy obesity in adults with X-linked 
hypophosphatemia. Eur J Endocrinol 191:156–165. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​0​9​3​​/​e​j​​e​n​d​o​/​l​v​a​e​0​8​9

76.	 Carpenter TO (2012) The expanding family of hypophospha-
temic syndromes. J Bone Miner Metab 30:1–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​0​7​​/​s​0​​0​7​7​4​-​0​1​1​-​0​3​4​0​-​2

77.	 Winters RW, Graham JB, Williams TF, McFalls VW, Burnett CH 
(1958) A genetic study of familial hypophosphatemia and vita-
min D resistant rickets with a review of the literature. Medicine 
37:97–142. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​0​0​​0​0​5​​7​9​2​​-​1​9​5​​8​0​​5​0​0​0​-​0​0​0​0

78.	 Petersen DJ, Boniface AM, Schranck FW, Rupich RC, Whyte MP 
(1992) X-linked hypophosphatemic rickets: a study (with litera-
ture review) of linear growth response to calcitriol and phosphate 
therapy. J Bone Miner Res 7:583–597. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​j​b​​
m​r​.​5​6​5​0​0​7​0​6​0​2

79.	 Colantonio DA, Kyriakopoulou L, Chan MK, Daly CH, Brinc D, 
Venner AA, Pasic MD, Armbruster D, Adeli K (2012) Closing the 
gaps in pediatric laboratory reference intervals: a caliper database 
of 40 biochemical markers in a healthy and multiethnic popula-
tion of children. Clin Chem 58:854–868. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​3​​/​
c​l​​i​n​c​h​e​m​.​2​0​1​1​.​1​7​7​7​4​1

1 3

2222

https://doi.org/10.1007/s40618-023-02202-4
https://doi.org/10.1007/s40618-023-02202-4
https://doi.org/10.1210/clinem/dgad597
https://doi.org/10.1210/clinem/dgad597
https://doi.org/10.1159/000184216
https://doi.org/10.1159/000184216
https://doi.org/10.1007/BF00862587
https://doi.org/10.1007/BF00862587
https://doi.org/10.1016/s0140-6736(75)92736-1
https://doi.org/10.1016/s0140-6736(75)92736-1
https://doi.org/10.3389/fendo.2024.1383681
https://doi.org/10.3389/fendo.2024.1383681
https://doi.org/10.1080/080352500750027763
https://doi.org/10.1080/080352500750027763
https://doi.org/10.1046/j.15231755.2001.00794.x
https://doi.org/10.1046/j.15231755.2001.00794.x
https://doi.org/10.1002/jbmr.340
https://doi.org/10.1056/NEJMoa1714641
https://doi.org/10.1056/NEJMoa1714641
https://doi.org/10.1210/jcem.75.3.1517380
https://doi.org/10.1210/jcem.75.3.1517380
https://doi.org/10.1007/s00223-019-00526-z
https://doi.org/10.1002/jbmr.3992
https://doi.org/10.1002/jbmr.3992
https://doi.org/10.1681/ASN.V11101865
https://doi.org/10.1681/ASN.V11101865
https://doi.org/10.1016/0221-8747(82)90035-2
https://doi.org/10.1016/0221-8747(82)90035-2
https://doi.org/10.3389/froh.2023.1087761
https://doi.org/10.1186/s12903-024-04028-9
https://doi.org/10.1186/s12903-024-04028-9
https://doi.org/10.1210/JC.2015-2199
https://doi.org/10.1210/clinem/dgae398
https://doi.org/10.1210/clinem/dgae398
https://doi.org/10.1210/jcem.82.8.4181
https://doi.org/10.1210/jcem.82.8.4181
https://doi.org/10.1507/endocrj.EJ16-0199
https://doi.org/10.1507/endocrj.EJ16-0199
https://doi.org/10.1080/07435800.2016.1242604
https://doi.org/10.1080/07435800.2016.1242604
https://doi.org/10.1210/clinem/dgad608
https://doi.org/10.1093/ejendo/lvae089
https://doi.org/10.1093/ejendo/lvae089
https://doi.org/10.1007/s00774-011-0340-2
https://doi.org/10.1007/s00774-011-0340-2
https://doi.org/10.1097/00005792-195805000-0000
https://doi.org/10.1002/jbmr.5650070602
https://doi.org/10.1002/jbmr.5650070602
https://doi.org/10.1373/clinchem.2011.177741
https://doi.org/10.1373/clinchem.2011.177741


Journal of Endocrinological Investigation (2025) 48:2199–2228

109.	Glorieux FH, Scriver CR, Reade TM, Goldman H, Roseborough 
A (1972) Use of phosphate and vitamin D to prevent dwarf-
ism and rickets in X-linked hypophosphatemia. N Engl J Med 
287:481–487. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​5​6​​/​N​E​​J​M​1​9​7​2​0​9​0​7​2​8​7​1​0​0​3

110.	Costa T, Marie PJ, Scriver CR, Cole DED, Reade TM, Nogrady 
B, Glorieux FH, Delvin EE (1981) X-linked hypophosphatemia: 
effect of calcitriol on renal handling of phosphate, serum phos-
phate, and bone mineralization. J Clin Endocrinol Metab 52:463–
472. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​c​​e​m​-​5​2​-​3​-​4​6​3

111.	Seino Y, Satomura K, Yamaoka K, Tanaka Y, Yamamoto T, Ishida 
M, Yabuuchi H (1984) Activity or renal 25-hydroxyvitamin D3–
1α-hydroxylase in a case of X-linked hypophosphatemic rickets. 
Eur J Pediatr 142:219–222. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​B​F​​0​0​4​4​2​4​5​4

112.	Robinson ME, AlQuorain H, Murshed M, Rauch F (2019) Min-
eralized tissues in hypophosphatemic rickets. Pediatr Nephrol 
35:1843–1854. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​6​7​-​0​1​9​-​0​4​2​9​0​-​y

113.	Murali SK, Andrukhova O, Clinkenbeard EL, White KE, Erben 
RG (2016) Excessive osteocytic FGF23 secretion contributes to 
pyrophosphate accumulation and mineralization defect in Hyp 
mice. PLoS Biol 14:e1002427. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​
b​i​o​.​1​0​0​2​4​2​7

114.	Boukpessi T, Hoac B, Coyac BR, Leger T, Garcia C, Wicart 
P, Whyte MP, Glorieux FH, Linglart A, Chaussain C, McKee 
MD (2017) Osteopontin and the dento-osseous pathobiology of 
X-linked hypophosphatemia. Bone 95:151–161. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​1​6​​/​j​.​​b​o​n​e​.​2​0​1​6​.​1​1​.​0​1​9

115.	Nielsen1 LH, Rahbek ET, BeckNielsen SS, Christesen HT, (2014) 
Treatment of hypophosphataemic rickets in children remains a 
challenge. Dan Med J 61:A4874 (PMID:25123121)

116.	Di Rocco F, Rothenbuhler A, Adamsbaumd C, Bacchetta J, Pejin 
Z, Finidori G, Pannier S, Linglart L, Wicart P (2021) Orthope-
dic and neurosurgical care of X-linked hypophosphatemia. Arch 
Pediatr 28:599–605. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​r​c​p​e​d​.​2​0​2​1​.​0​9​.​0​0​
3

117.	Higuchi C (2022) Orthopedic complications and management in 
children with X-linked hypophosphatemia. Endocrines 3:488–
497. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​e​n​​d​o​c​r​i​n​e​s​3​0​3​0​0​3​9

118.	Evans GA, Arulanantham K, Gage JR (1980) Primary hypo-
phosphatemic rickets. Effect of oral phosphate and vitamin D on 
growth and surgical treatment. J Bone Joint Surg Am 62:1130–
1138 (PMID:6253500)

119.	Horn A, Wright J, Bockenhauer D, Van’t Hoff W, Eastwood DM, 
(2017) The orthopaedic management of lower limb deformity in 
hypophosphataemic rickets. J Child Orthop 11:298–305. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​3​0​2​​/​1​8​​6​3​2​5​4​8​.​1​1​.​1​7​0​0​0​3

120.	Petje G, Meizer R, Radler C, Aigner N, Grill F (2008) Deformity 
correction in children with hereditary hypophosphatemic rickets. 
Clin Orthop Relat Res 466:3078–3085. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​
1​​1​9​9​9​-​0​0​8​-​0​5​4​7​-​2

121.	Makitie O, Doria A, Kooh SW, Cole WG, Daneman A, Sochett 
E (2003) Early treatment improves growth and biochemical and 
radiographic outcome in X-linked hypophosphatemic rickets. J 
Clin Endocrinol Metab 88:3591–3597. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​c​​
.​2​0​0​3​-​0​3​0​0​3​6

122.	Mao M, Carpenter TO, Whyte MP, Skrinar A, Chen CY, San Mar-
tin J, Rogol AD (2020) Growth curves for children with X-linked 
hypophosphatemia. J Clin Endocrinol Metab 105:1–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​a​4​9​5

123.	Kawai M, Kinoshita S, Kimoto A, Hasegawa Y, Miyagawa K, 
Yamazaki M, Ohata Y, Ozono K, Michigani T (2013) FGF23 
suppresses chondrocyte proliferation in the presence of soluble 
α-klotho both in vitro and in vivo. J Biol Chem 288:2414–2427. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​7​4​​/​j​b​​c​.​M​1​1​2​.​4​1​0​0​4​3

124.	Stickler GB, Morgenstern BZ (1989) Hypophosphatemic rickets. 
final height and clinical symptoms in adults. Lancet 2:902–905. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​s​0​​1​4​0​-​6​7​3​6​(​8​9​)​9​1​5​5​9​-​6

94.	 Blydt-Hansen TD, Tenenhouse HS, Goodyer P (1999) PHEX 
expression in parathyroid gland and parathyroid hormone dysreg-
ulation in X-linked hypophosphatemia. Pediatr Nephrol 13:607–
611. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​6​7​0​0​5​0​6​6​9

95.	 Scriver CR, Reade TM, DeLuca HF, Hamstra AJ (1978) Serum 
1,25-dihydroxyvitamin D levels in normal subjects and in 
patients with hereditary rickets of bone disease. N Engl J Med 
299:976–979. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​5​6​​/​N​E​​J​M​1​9​7​8​1​1​0​2​2​9​9​1​8​0​3

96.	 Lyles KW, Clark AG, Drezner MK (1982) Serum 1,25-dihy-
droxyvitamin D levels in subjects with X-linked hypophospha-
temic rickets and osteomalacia. Calcif Tissue Int 34:125–130. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​B​F​​0​2​4​1​1​2​2​2

97.	 Insogna KL, Broadus AE, Gertner JM (1983) Impaired phospho-
rus conservation and 1,25 dihydroxyvitamin D generation during 
phosphorus deprivation in familial hypophosphatemic rickets. J 
Clin Invest 71:1562–1569. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​2​​/​j​c​​i​1​1​0​9​1​2

98.	 Latic N, Erben RG (2021) FGF23 and vitamin D metabolism. 
JBMR Plus 5:e10558. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​j​b​​m​4​.​1​0​5​5​8

99.	 Indirli R, Guabello G, Longhi M, Niada S, Maruca K, Mora S, 
Maggioni M, Corbetta S (2020) FGF23-related hypophosphate-
mia in patients with low bone mineral density and fragility frac-
tures: challenges in diagnosis and management. J Endocrinol 
Invest 43:787–798. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​0​6​1​8​-​0​1​9​-​0​1​1​6​5​-​9

100.	Endo I, Fukumoto S, Ozono K, Namba N, Tanaka H, Inoue D, 
Minagawa M, Sugimoto T, Yamauchi M, Michigami T, Matsu-
moto T (2008) Clinical usefulness of measurement of fibroblast 
growth factor 23 (FGF23) in hypophosphatemic patients. Pro-
posal of diagnostic criteria using FGF23 measurement. Bone 
42:1235–1239. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​o​n​e​.​2​0​0​8​.​0​2​.​0​1​4

101.	Kato H, Hidaka N, Koga M, Ogawa N, Takahashi S, Miyazaki 
H, Nangaku M, Makita N, Ito N (2022) Performance evaluation 
of the new chemiluminescent intact FGF23 assay relative to the 
existing assay system. J Bone Miner Metab 40:101–108. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​7​7​4​-​0​2​1​-​0​1​2​5​8​-​7

102.	Hartley IR, Gafni RI, Roszko KL, Brown SM, de Castro LF, 
Saikali A, Ferreira CR, Gahl WA, Pacak K, Blau JE, Boyce AM, 
Salusky IB, Collins MT, Florenzano P (2022) Determination of 
FGF23 levels for the diagnosis of FGF23-mediated hypophos-
phatemia. J Bone Miner Res 37:2174–2185. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​
0​2​​/​j​b​​m​r​.​4​7​0​2

103.	Albright F, Butler AM, Bloomberg E (1937) Rickets resistant to 
vitamin D therapy. Am J Disab Child 54:529–547

104.	Holm IA, Econs MJ, Carpenter TO (2012) Familial hypophos-
phatemia and related disorders. In: Glorieux FH, Pettifor JM, 
Juppne H (eds) Pediatric bone: biology and diseases, 2nd edn. 
Academic Press, London, pp 699–726

105.	Emma F, Cappa M, Antoniazzi F, Bianchi ML, Chiodini I, Eller 
Vainicher C, Di Iorgi N, Maghnie M, Cassio A, Balsamo A, Bar-
onio F, De Sanctis L, Tessaris D, Baroncelli GI, Mora S, Brandi 
ML, Weber G, D’Ausilio A, Lanati EP (2019) X-linked hypo-
phosphatemic rickets: an Italian experts’ opinion survey. It J Pedi-
atr 45:67. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​3​0​5​2​-​0​1​9​-​0​6​5​4​-​6

106.	Shanbhogue VV, Hansen S, Jørgensen NR, Beck-Nielsen SS 
(2018) Impact of conventional medical therapy on bone mineral 
density and bone turnover in adult patients with X-linked hypo-
phosphatemia: a 6-year prospective cohort study. Calcif Tissue 
Int 102:321–328. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​2​3​-​0​1​7​-​0​3​6​3​-​3

107.	Lo SH, Lachmann R, Williams A, Piglowska N, Lloyd AJ (2020) 
Exploring the burden of X-linked hypophosphatemia: a European 
multi-country qualitative study. Qual Life Res 29:1883–1893. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​1​3​6​-​0​2​0​-​0​2​4​6​5​-​x

108.	Baroncelli GI, Bertelloni S, Sodini F, Galli L, Vanacore T, Fiore 
L, Saggese G (2004) Genetic advances, biochemical and clini-
cal features and critical approach to treatment of patients with 
X-linked hypophosphatemic rickets. Pediatr Endocrinol Rev 
1:361–379 (PMID:16437029)

1 3

2223

https://doi.org/10.1056/NEJM197209072871003
https://doi.org/10.1210/jcem-52-3-463
https://doi.org/10.1007/BF00442454
https://doi.org/10.1007/s00467-019-04290-y
https://doi.org/10.1371/journal.pbio.1002427
https://doi.org/10.1371/journal.pbio.1002427
https://doi.org/10.1016/j.bone.2016.11.019
https://doi.org/10.1016/j.bone.2016.11.019
https://doi.org/10.1016/j.arcped.2021.09.003
https://doi.org/10.1016/j.arcped.2021.09.003
https://doi.org/10.3390/endocrines3030039
https://doi.org/10.1302/18632548.11.170003
https://doi.org/10.1302/18632548.11.170003
https://doi.org/10.1007/s11999-008-0547-2
https://doi.org/10.1007/s11999-008-0547-2
https://doi.org/10.1210/jc.2003-030036
https://doi.org/10.1210/jc.2003-030036
https://doi.org/10.1210/clinem/dgaa495
https://doi.org/10.1210/clinem/dgaa495
https://doi.org/10.1074/jbc.M112.410043
https://doi.org/10.1074/jbc.M112.410043
https://doi.org/10.1016/s0140-6736(89)91559-6
https://doi.org/10.1016/s0140-6736(89)91559-6
https://doi.org/10.1007/s004670050669
https://doi.org/10.1056/NEJM197811022991803
https://doi.org/10.1007/BF02411222
https://doi.org/10.1007/BF02411222
https://doi.org/10.1172/jci110912
https://doi.org/10.1002/jbm4.10558
https://doi.org/10.1007/s40618-019-01165-9
https://doi.org/10.1016/j.bone.2008.02.014
https://doi.org/10.1007/s00774-021-01258-7
https://doi.org/10.1007/s00774-021-01258-7
https://doi.org/10.1002/jbmr.4702
https://doi.org/10.1002/jbmr.4702
https://doi.org/10.1186/s13052-019-0654-6
https://doi.org/10.1007/s00223-017-0363-3
https://doi.org/10.1007/s11136-020-02465-x
https://doi.org/10.1007/s11136-020-02465-x


Journal of Endocrinological Investigation (2025) 48:2199–2228

of life of X-linked hypophosphatemia in Spain. Orphanet J Rare 
Dis 17:298. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​3​0​2​3​-​0​2​2​-​0​2​4​5​2​-​0

138.	Baroncelli GI, Grandone A, Aversa A, Sessa MR, Pelosini C, 
Michelucci A, Toschi B, Manca M, Isola A, Comberiati P (2024) 
Safety and efficacy of burosumab in improving phosphate 
metabolism, bone health, and quality of life in adolescents with 
X-linked hypophosphatemic rickets. Eur J Med Genet 70:104958. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​j​m​g​.​2​0​2​4​.​1​0​4​9​5​8

139.	Wagner E, Bertholet-Thomas A, Romiera M, Loin L, Lemoine S, 
Vignot E, Flammier S, Garnier C, De-Mul A, Feutrier C, Juillard 
S, Thivichon-Prince B, Lienhart G, Bacchetta J (2024) X-linked 
hypophosphatemia: the value of feedback focus groups to assess 
patient and caregiver needs. Eur J Med Genet 68:104912. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​j​m​g​.​2​0​2​4​.​1​0​4​9​1​2

140.	Chaussain-Miller C, Sinding C, Septier D, Wolikow M, Goldberg 
M, Garabedian M (2007) Dentin structure in familial hypophos-
phatemic rickets: benefits of vitamin D and phosphate treatment. 
Oral Dis 13:482–489. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​6​0​​1​-​0​​8​2​5​.​​2​0​​0​6​.​0​
1​3​2​6​.​x

141.	Carpenter TO, Mitnick MA, Ellison A, Smith C, Insogna KL 
(1994) Nocturnal hyperparathyroidism: a frequent feature of 
X-linked hypophosphatemia. J Clin Endocrinol Metab 78:1378–
1383. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​c​​e​m​.​7​8​.​6​.​8​2​0​0​9​4​0

142.	Mäkitie O, Kooh SW, Sochett E (2003) Prolonged high-dose 
phosphate treatment: a risk factor for tertiary hyperparathyroid-
ism in X-linked hypophosphatemic rickets. Clin Endocrinol 
58:163–168. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​4​6​​/​j​.​​1​3​6​​5​-​2​​2​6​5​.​​2​0​​0​3​.​0​1​6​8​5​.​x

143.	DeLacey S, Liu Z, Broyles A, El-Azab SA, Guandique CF, James 
BC, Imel EA (2019) Hyperparathyroidism and parathyroidectomy 
in X-linked hypophosphatemia patients. Bone 127:386–392. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​o​n​e​.​2​0​1​9​.​0​6​.​0​2​5

144.	Verge CF, Lam A, Simpson JM, Cowell CT, Howard NJ, Silink M 
(1991) Effects of therapy in X-linked hypophosphatemic rickets. 
N Engl J Med 325:1843–1848. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​5​6​​/​N​E​​J​M​1​9​9​
1​1​2​2​6​3​2​5​2​6​0​4

145.	Portale AA, Ward L, Dahir K, Florenzano P, Ing SW, Jan de Beur 
SMJ, Martin RM, Meza-Martinez AI, Paloian N, Ashraf A, Dixon 
BP, Khan A, Langman C, Chen A, Wang C, Roberts MS, Tandon 
PK, Bedrosian C, Imel EA (2024) Nephrocalcinosis and kidney 
function in children and adults with X-linked hypophosphatemia: 
baseline results from a large longitudinal study. J Bone Miner Res 
39:1493–1502. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​j​b​​m​r​/​z​j​a​e​1​2​7

146.	Colares Neto GP, Ide Yamauchi F, Hueb Baroni R, de Andrade 
BM, Cavalanti Gomes A, Chammas MC, Matsunaga Martin R 
(2019) Nephrocalcinosis and nephrolithiasis in X-linked hypo-
phosphatemic rickets: diagnostic imaging and risk factors. J 
Endocr Soc 3:1053–1061. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​s​​.​2​0​1​8​-​0​0​3​3​8

147.	Alon US, Monzavi R, Lilien M, Rasoulpour M, Geffner ME, 
Yadin, (2003) Hypertension in hypophosphatemic rickets: role of 
secondary hyperparathyroidism. Pediatr Nephrol 18:155–158. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​6​7​-​0​0​2​-​1​0​4​4​-​6

148.	Padidela R, Cheung MS, Saraff V, Dharmaraj P (2020) Clinical 
guidelines for burosumab in the treatment of XLH in children and 
adolescents: British paediatric and adolescent bone group recom-
mendations. Endocr Connect 9:1051–1056. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​
3​0​​/​E​C​​-​2​0​-​0​2​9​1

149.	Mughal MZ, Baroncelli GI, de Lucas-Collantes C, Linglart A, 
Magnolato A, Raimann A, Santos F, Schnabel D, Shaw N, Nils-
son O (2023) Burosumab for X-linked hypophosphatemia in chil-
dren and adolescents: opinion based on early experience in seven 
European countries. Front Endocrinol 13:1034580. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​3​​3​8​9​​/​f​e​​n​d​o​.​2​0​2​2​.​1​0​3​4​5​8​0

150.	Ackah SA, Imel EA (2023) Approach to hypophosphatemic rick-
ets. J Clin Endocrinol Metab 108:209–220. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​
0​​/​c​l​​i​n​e​m​/​d​g​a​c​4​8​8

125.	Friedman NE, Lobaugh B, Drezner MK (1993) Effects of cal-
citriol and phosphorus therapy on the growth of patients with 
X-linked hypophosphatemia. J Clin Endocrinol Metab 76:839–
844. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​c​​e​m​.​7​6​.​4​.​8​4​7​3​3​9​3

126.	Živičnjak M, Schnabel D, Billing H, Staude H, Filler G, Querfeld 
U, Schumacher M, Pyper A, Schröder C, Brämswig J, Haffner D; 
Hypophosphatemic Rickets Study Group of Arbeitsgemeinschaft 
für Pädiatrische Endokrinologie and Gesellschaft für Pädiatrische 
Nephrologie (2011) Age-related stature and linear body segments 
in children with X-linked hypophosphatemic rickets. Pediatr 
Nephrol 26:223–231. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​6​7​-​0​1​0​-​1​7​0​5​
-​9

127.	Cagnoli M, Richter R, Böhm P, Knye K, Empting S, Mohnike 
K (2017) Spontaneous growth and effect of early therapy with 
calcitriol and phosphate in X-linked hypophosphatemic rickets. 
Pediatr Endocrinol Rev 15(Suppl 1):119–122. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​7​4​5​​8​/​p​​e​r​.​​v​o​l​​1​5​.​2​​0​1​​7​.​c​​r​b​.​s​​p​o​n​​t​a​n​​e​o​u​s​g​r​o​w​t​h​e​f​f​e​c​t

128.	del Pino M, Viterbo GL, Arenas MA, Perez Garrido N, Ramirez 
P, Marino R, Belgorosky A, Fano V (2022) Growth in height and 
body proportion from birth to adulthood in hereditary hypophos-
phatemic rickets: a retrospective cohort study. J Endocrinol Invest 
45:1349–1358. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​0​6​1​8​-​0​2​2​-​0​1​7​6​8​-​9

129.	Boros E, Ertl DA, Berkenou J, Audrain C, Lecoq AL, Kameni-
cky P, Briot K, Amouroux C, Zhukouskaya V, Gueorguieva I, 
Mignot B, Girerd B (2023) Adult height improved over decades 
in patients with X-linked hypophosphatemia: a cohort study. Eur 
J Endocrinol 189:469–475. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​e​j​​e​n​d​o​/​l​v​a​d​1​
4​4

130.	Baroncelli GI, Bertelloni S, Ceccarelli C, Saggese G (1991) 
Effect of growth hormone treatment on final height, phosphate 
metabolism and bone mineral density in children with X-linked 
hypophosphatemic rickets. J Pediatr 138:236–243. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​0​6​7​​/​m​p​​d​.​2​0​0​1​.​1​0​8​9​5​5

131.	Haffner D, Nissel R, Wühl E, Mehls O (2004) Effects of growth 
hormone treatment on body proportions and final height among 
small children with X-linked hypophosphatemic rickets. Pediat-
rics 113:e593. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​4​2​​/​p​e​​d​s​.​1​1​3​.​6​.​e​5​9​3

132.	Meyerhoff N, Haffner D, Staude H, Wühl E, Marx M, Beetz R, 
Querfeld U, Holder M, Billing H, Rabl W, Schröder C, Hiort O et 
al (2018) Effects of growth hormone treatment on adult height in 
severely short children with X-linked hypophosphatemic rickets. 
Pediatr Nephrol 33:447–456. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​6​7​-​0​1​
7​-​3​8​2​0​-​3

133.	Smith S, Remmington T (2021) Recombinant growth hormone 
therapy for X-linked hypophosphatemia in children (Review). 
Cochrane Database Syst Rev. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​1​4​​6​5​1​​8​5​8​​
.​C​D​0​​0​4​​4​4​7​.​p​u​b​3

134.	André J, Zhukouskaya VV, Lambert AS, Salles JP, Mignot B, 
Bardet C, Chaussain C, Rothenbuhler A, Linglart A (2022) 
Growth hormone treatment improves final height in children with 
X-linked hypophosphatemia. Orphanet J Rare Dis 17:444. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​3​0​2​3​-​0​2​2​-​0​2​5​9​0​-​5

135.	Makitie O, Toiviainen-Salo S, Marttinen E, Kaitila I, Sochett E, 
Sipila I (2008) Metabolic control and growth during exclusive 
growth hormone treatment in X-linked hypophosphatemic rick-
ets. Horm Res 69:212–220. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​5​9​​/​0​0​​0​1​1​3​0​2​1

136.	Polisson R, Martinez S, Khoury M, Harrel RM, Lyles KW, Fried-
man N, Harrelson JM, Reisner E, Drezner MK (1985) Calcifi-
cation of entheses associated with X-linked hypophosphatenic 
osteomalacia. N Engl J Med 313:1–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​5​6​​/​N​
E​​J​M​1​9​8​5​0​7​0​4​3​1​3​0​1​0​1

137.	Yanes MIL, Diaz-Curiel M, Peris P, Vicente C, Marin S, Ramon-
Krauel M, Hernandez J, Broseta JJ, Espinosa L, Mendizabal S, 
Perez-Sukia L, Martínez V, Palazón C, Piñero JA, Calleja MA, 
Espin J, Arborio-Pinel R, Ariceta G (2022) Health-related quality 

1 3

2224

https://doi.org/10.1186/s13023-022-02452-0
https://doi.org/10.1016/j.ejmg.2024.104958
https://doi.org/10.1016/j.ejmg.2024.104958
https://doi.org/10.1016/j.ejmg.2024.104912
https://doi.org/10.1016/j.ejmg.2024.104912
https://doi.org/10.1111/j.1601-0825.2006.01326.x
https://doi.org/10.1111/j.1601-0825.2006.01326.x
https://doi.org/10.1210/jcem.78.6.8200940
https://doi.org/10.1046/j.1365-2265.2003.01685.x
https://doi.org/10.1016/j.bone.2019.06.025
https://doi.org/10.1016/j.bone.2019.06.025
https://doi.org/10.1056/NEJM199112263252604
https://doi.org/10.1056/NEJM199112263252604
https://doi.org/10.1093/jbmr/zjae127
https://doi.org/10.1210/js.2018-00338
https://doi.org/10.1007/s00467-002-1044-6
https://doi.org/10.1007/s00467-002-1044-6
https://doi.org/10.1530/EC-20-0291
https://doi.org/10.1530/EC-20-0291
https://doi.org/10.3389/fendo.2022.1034580
https://doi.org/10.3389/fendo.2022.1034580
https://doi.org/10.1210/clinem/dgac488
https://doi.org/10.1210/clinem/dgac488
https://doi.org/10.1210/jcem.76.4.8473393
https://doi.org/10.1007/s00467-010-1705-9
https://doi.org/10.1007/s00467-010-1705-9
https://doi.org/10.17458/per.vol15.2017.crb.spontaneousgrowtheffect
https://doi.org/10.17458/per.vol15.2017.crb.spontaneousgrowtheffect
https://doi.org/10.1007/s40618-022-01768-9
https://doi.org/10.1093/ejendo/lvad144
https://doi.org/10.1093/ejendo/lvad144
https://doi.org/10.1067/mpd.2001.108955
https://doi.org/10.1067/mpd.2001.108955
https://doi.org/10.1542/peds.113.6.e593
https://doi.org/10.1007/s00467-017-3820-3
https://doi.org/10.1007/s00467-017-3820-3
https://doi.org/10.1002/14651858.CD004447.pub3
https://doi.org/10.1002/14651858.CD004447.pub3
https://doi.org/10.1186/s13023-022-02590-5
https://doi.org/10.1186/s13023-022-02590-5
https://doi.org/10.1159/000113021
https://doi.org/10.1056/NEJM198507043130101
https://doi.org/10.1056/NEJM198507043130101


Journal of Endocrinological Investigation (2025) 48:2199–2228

164.	Brener R, Zeitlin L, Lebenthal Y, Brener A (2022) Dental health of 
pediatric patients with X-linked hypophosphatemia (XLH) after 
three years of burosumab therapy. Front Endocrinol 13:947814. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​e​​n​d​o​.​2​0​2​2​.​9​4​7​8​1​4

165.	Filler G, Tremblay O, Chen E, Shi Han Huang S, Stein R (2023) 
Sex differences of burosumab in children with X-linked hypo-
phosphataemic rickets. Pediatr Nephrol 38:3183–3187. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​6​7​-​0​2​2​-​0​5​8​2​2​-​9

166.	Levy-Shraga Y, Levi S, Regev R, Gal S, Brener A, Lebenthal Y, 
Gillis D, Strich D, Zung A, Cleper R, Borovitz Y, Bello R, Tenen-
baum A, Zadik Z, Davidovits M, Zeitlin L, Tiosano D (2023) Lin-
ear growth of children with X-linked hypophosphatemia treated 
with burosumab: a real-life observational study. Eur J Pediatr 
182:5191–5202. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​3​1​-​0​2​3​-​0​5​1​9​0​-​y

167.	Ewert A, Rehberg M, Schlingmann KP, Hiort O, John-Kroegel U, 
Metzing O, Wühl E, Schaefer F, Kemper MJ, Derichs U, Richter-
Unruh A, Patzer L et al (2023) Effects of burosumab treatment 
on mineral metabolism in children and adolescents with X-linked 
hypophosphatemia. J Clin Endocrinol Metab 108:e998–e1006. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​d​2​2​3

168.	Imel EA, Glorieux FH, Whyte MP, Portale AA, Munns CF, Nils-
son O, Simmons JH, Padidela R, Namba N, Cheong HI, Pituk-
cheewanont P, Sochett E et al (2023) Burosumab vs phosphate/
active vitamin D in pediatric X-linked hypophosphatemia: a sub-
group analysis by dose level. J Clin Endocrinol Metab 108:2990–
2998. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​d​2​3​0

169.	Walker EYX, Alexander T, Lindsay J, Allgrove J, Marlais M, 
Bockenhauer D, Hayes W (2023) Burosumab in management 
of X-linked hypophosphataemia: a retrospective cohort study of 
growth and serum phosphate levels. Arch Dis Child 108:379–384. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​3​6​​/​a​r​​c​h​d​​i​s​c​​h​i​l​d​​-​2​​0​2​2​-​3​2​4​9​6​2

170.	Kubota T, Namba N, Tanaka H, Muroya K, Imanishi Y, Takeuchi 
Y, Kanematsu M, Sun W, seino Y, Ozono K, (2023) Self-adminis-
tration of burosumab in children and adults with X-linked hypo-
phosphataemia in two open-label, single-arm clinical studies. 
Adv Ther 40:1530–1545. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​2​3​2​5​-​0​2​2​-​0​2​
4​1​2​-​x

171.	Ward LM, Högler W, Glorieux FH, Portale AA, Whyte MP, 
Munns CF, Nilsson O, Simmons JH, Padidela R, Namba N, 
Cheong HI, Sochett E et al (2024) Burosumab vs conventional 
therapy in children with X-linked hypophosphatemia: results of 
the open-label, phase 3 extension period. JBMR Plus 8:1–14. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​j​b​​m​r​p​l​/​z​i​a​d​0​0​1

172.	Olivotto B, Djatougbé Akolly E, Cabet S, Flammier S, Bertholet-
Thomas A, de Mul A, Bacchetta J (2024) The effects of buro-
sumab on growth, nephrocalcinosis and cardiovascular outcomes 
in children with X-linked hypophosphatemia: a single-center 
experience. J Rare Dis 3:10. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​4​1​6​2​-​0​2​
4​-​0​0​0​3​4​-​1

173.	Klein M, Obermaier M, Mutze H, Wilden SM, Rehberg M, Sch-
lingmann KP, Schmidt D, Metzing O, Hübner A, Richter-Unruh 
A, Kemper MJ, Weitz M et al (2024) Health-related quality of life 
of children with X-linked hypophosphatemia in Germany. Pediatr 
Nephrol 39:3221–3231. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​6​7​-​0​2​4​-​0​6​4​
2​7​-​0

174.	Michigami T, Kang HG, Namba N, Ito N, Kubota T, Shintani 
A, Kabata D, Kanematsu M, Nishida Y, Fukumoto S, Ozono K 
(2024) Burosumab treatment of X-linked hypophosphatemia 
patients: interim analysis of the SUNFLOWER longitudinal, 
observational cohort study. JBMR Plus. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​
j​b​​m​r​p​l​/​z​i​a​e​0​7​9

175.	Levi S, Landau D, Davidovits M, Rootman MS, Brener A, Gal S, 
Borovitz Y, Goldberg O, Bello R, Cleper R, Lebenthal Y, Levy-
Shraga Y et al (2024) Nephrocalcinosis tendency does not worsen 
under burosumab treatment for X-linked hypophosphatemic rick-
ets: a multicenter pediatric study. Front Pediatr 12:1487890

151.	Lafage-Proust MH (2022) What are the benefits of the anti-
FGF23 antibody burosumab on the manifestations of X-linked 
hypophosphatemia in adults in comparison with conventional 
therapy? A review. Ther Adv Rare Dis 3:1–10. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
1​​1​7​7​​/​2​6​​3​3​0​0​4​0​2​2​1​0​7​4​7​0​2

152.	Suzuki E, Yamada M, Ariyasu D, Izawa M, Miyamoto J, Koto 
S, Hasegawa Y (2009) Patients with hypophosphatemic osteoma-
lacia need continuous treatment during adulthood. Clin Pediatr 
Endocrinol 18:29–33. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​9​7​​/​c​p​​e​.​1​8​.​2​9

153.	Kievit AJ, Tinnemans JGM, Idu MM, Groothoff JW, Surachno 
S, Aronson DC (2010) Outcome of total parathyroidectomy and 
autotransplantation as treatment of secondary and tertiary hyper-
parathyroidism in children and adults. World J Surg 34:993–1000. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​6​8​-​0​1​0​-​0​4​4​6​-​z

154.	Stefenelli T, Abela C, Frank H, Koller-Strametz J, Globits S, Ber-
gler-Klein J, Niederle B (1997) Cardiac abnormalities in patients 
with primary hyperparathyroidism: implications for follow-up. J 
Clin Endocrinol Metab 82:106–112. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​c​​e​m​
.​8​2​.​1​.​3​6​6​6

155.	Lamb YN (2018) Burosumab: first global approval. Drugs 
78:707–714. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​0​2​6​5​-​0​1​8​-​0​9​0​5​-​7

156.	Whyte MP, Carpenter TO, Gottesman GS, Mao M, Skrinar A, 
San Martin J, Imel EA (2019) Efficacy and safety of burosumab 
in children aged 1–4 years with X-linked hypophosphataemia: a 
multicentre, open-label, phase 2 trial. Lancet 7:189–199. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​2​​2​1​3​-​8​5​8​7​(​1​8​)​3​0​3​3​8​-​3

157.	Imel EA, Glorieux FH, Whyte MP, Munns CF, Ward LM, Nilsson 
O, Simmons JH, Padidela R, Namba N, Cheong HI, Pitukchee-
wanont P, Sochett E et al (2019) Burosumab versus conven-
tional therapy in children with X-linked hypophosphataemia: a 
randomised, active-controlled, open-label, phase 3 trial. Lancet 
393:2416–2427. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​2​​2​1​3​-​8​5​8​7​(​1​8​)​3​0​3​3​8​
-​3

158.	Martín Ramos S, Gil-Calvo M, Roldán V, Castellano Martínez 
A, Santos F (2020) Positive response to one-year treatment with 
burosumab in pediatric patients with X-linked hypophosphate-
mia. Front Pediatr 8:48. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​p​​e​d​.​2​0​2​0​.​0​0​0​4​8

159.	Padidela R, Whyte MP, Glorieux FH, Munns CF, Ward L, Nilsson 
O, Simmons PAA, JH, Namba N, Cheong HI, Pitukcheewanont P, 
Sochettet E, al. (2021) Patient-reported outcomes from a random-
ized, active-controlled, open-label, phase 3 trial of burosumab 
versus conventional therapy in children with X-linked hypophos-
phatemia. Calcif Tissue Int 108:622–633. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​
/​s​0​​0​2​2​3​-​0​2​0​-​0​0​7​9​7​-​x

160.	Linglart A, Imel EA, Whyte MP, Portale AA, Högler W, Boot 
AM, Padidela R, van’t Hoff W, Gottesman GS, Chen A, Skri-
nar A, Roberts MS, Carpenter TO (2022) Sustained efficacy and 
safety of burosumab, a monoclonal antibody to FGF23, in chil-
dren with X-linked hypophosphatemia. J Clin Endocrinol Metab 
107:813–824. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​b​7​2​9

161.	Namba N, Kubota T, Muroya K, Tanaka H, Kanematsu M, 
Kojima M, Orihara S, Kanda H, Seino Y, Ozono K (2022) Safety 
and efficacy of burosumab in pediatric patients with X-linked 
hypophosphatemia: a phase 3/4 open-label trial. J Endocr Soc 
6:1–10. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​j​e​​n​d​s​o​/​b​v​a​c​0​2​1

162.	Paloian NJ, Nemeth B, Sharafinski M, Modaff P, Steiner RD 
(2022) Real-world effectiveness of burosumab in children with 
X-linked hypophosphatemic rickets. Pediatr Nephrol 37:2667–
2677. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​6​7​-​0​2​2​-​0​5​4​8​4​-​7

163.	Ward LM, Glorieux FH, Whyte MP, Munns CF, Portale AA, 
Högler W, Simmons JH, Gottesman GS, Padidela R, Namba N, 
Cheong HI, Nilsson O, Mao M, Chen A, Skrinar A, Roberts MS, 
Imel EA (2022) Effect of burosumab compared with conventional 
therapy on younger vs older children with X-linked hypophos-
phatemia. J Clin Endocrinol Metab 107:e3241–e3253. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​c​2​9​6

1 3

2225

https://doi.org/10.3389/fendo.2022.947814
https://doi.org/10.3389/fendo.2022.947814
https://doi.org/10.1007/s00467-022-05822-9
https://doi.org/10.1007/s00467-022-05822-9
https://doi.org/10.1007/s00431-023-05190-y
https://doi.org/10.1210/clinem/dgad223
https://doi.org/10.1210/clinem/dgad223
https://doi.org/10.1210/clinem/dgad230
https://doi.org/10.1136/archdischild-2022-324962
https://doi.org/10.1136/archdischild-2022-324962
https://doi.org/10.1007/s12325-022-02412-x
https://doi.org/10.1007/s12325-022-02412-x
https://doi.org/10.1093/jbmrpl/ziad001
https://doi.org/10.1093/jbmrpl/ziad001
https://doi.org/10.1007/s44162-024-00034-1
https://doi.org/10.1007/s44162-024-00034-1
https://doi.org/10.1007/s00467-024-06427-0
https://doi.org/10.1007/s00467-024-06427-0
https://doi.org/10.1093/jbmrpl/ziae079
https://doi.org/10.1093/jbmrpl/ziae079
https://doi.org/10.1177/26330040221074702
https://doi.org/10.1177/26330040221074702
https://doi.org/10.1297/cpe.18.29
https://doi.org/10.1007/s00268-010-0446-z
https://doi.org/10.1007/s00268-010-0446-z
https://doi.org/10.1210/jcem.82.1.3666
https://doi.org/10.1210/jcem.82.1.3666
https://doi.org/10.1007/s40265-018-0905-7
https://doi.org/10.1016/S2213-8587(18)30338-3
https://doi.org/10.1016/S2213-8587(18)30338-3
https://doi.org/10.1016/S2213-8587(18)30338-3
https://doi.org/10.1016/S2213-8587(18)30338-3
https://doi.org/10.3389/fped.2020.00048
https://doi.org/10.1007/s00223-020-00797-x
https://doi.org/10.1007/s00223-020-00797-x
https://doi.org/10.1210/clinem/dgab729
https://doi.org/10.1210/jendso/bvac021
https://doi.org/10.1007/s00467-022-05484-7
https://doi.org/10.1210/clinem/dgac296
https://doi.org/10.1210/clinem/dgac296


Journal of Endocrinological Investigation (2025) 48:2199–2228

X-linked hypophosphatemia. Ann Endocr 84:544. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​0​1​6​​/​j​.​​a​n​d​o​.​2​0​2​3​.​0​7​.​1​0​8

189.	Padidela R, Rayner L, Boot AM (2025) Tertiary hyperparathy-
roidism in two paediatric patients with X-linked hypophosphate-
mia during burosumab treatment. Bone 190:117324. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​o​n​e​.​2​0​2​4​.​1​1​7​3​2​4

190.	Castellano-Martinez A, Acunas-Soto S, Roldan-Cano V, Rodri-
guez-Gonzalez M (2022) Left ventricular hypertrophy in patients 
with X-linked hypophosphataemia. J Clin Res Pediatr Endocrinol 
14:344–349. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​4​​2​7​4​​/​j​c​​r​p​e​​.​g​a​​l​e​n​o​​s​.​​2​0​2​1​.​2​0​2​0​.​0​2​
8​7

191.	Brener A, Cleper R, Baruch G, Rothschild E, Yackobovitch-Gavan 
M, Beer G, Zeitlin L, Kapusta L (2024) Cardiovascular health in 
pediatric patients with X-linked hypophosphatemia under two 
years of burosumab therapy. Front Endocrinol 15:1400273. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​e​​n​d​o​.​2​0​2​4​.​1​4​0​0​2​7​3

192.	Brandi ML, Jan de Beur S, Briot K, Carpenter TO, Cheong HI, 
Cohen-Solal M, Crowley RK, Eastell R, Imanishi Y, Imel EA, Ing 
SW, Insogna K et al (2022) Efficacy of burosumab in adults with 
X-linked hypophosphatemia (XLH): a post hoc subgroup analysis 
of a randomized double-blind placebo-controlled phase 3 study. 
Calcif Tissue Int 11:409–418. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​2​3​-​0​2​
2​-​0​1​0​0​6​-​7

193.	Kamenicky P, Briot K, Brandi ML, Cohen-Solal M, Crowley RK, 
Keen R, Kolta S, Lachmann RH, Lecoq AL, Ralston SH, Walsh 
JS, Rylandset AJ, al. (2023) Benefit of burosumab in adults with 
X- linked hypophosphataemia (XLH) is maintained with long-
term treatment. RMD Open 9:e002676. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​3​6​​/​r​
m​​d​o​p​e​n​-​2​0​2​2​-​0​0​2​6​7​6

194.	Ali DS, Mirza RD, Alsarraf F, Hussein S, Abu Alrob H, Appel-
man-Dijkstra NM, Beck-Nielsen SS, Biosse-Duplan M, Brandi 
ML, Carpenter TO, Chaussain C, Cohen-Solal M et al (2024) 
Systematic review: efficacy of medical therapy on outcomes 
important to adult patients with X-linked hypophosphatemia. J 
Clin Endocrinol Metab. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​e​8​9​0

195.	Insogna KL, Briot K, Imel EA, Kamenicky P, Ruppe MD, Por-
tale AA, Weber T, Pitukcheewanont P, Cheong HI, Jan de Beur 
S, Imanishi Y, Ito N et al (2018) A randomized, double-blind, 
placebo-controlled, phase 3 trial evaluating the efficacy of buro-
sumab, an anti-FGF23 antibody, in adults with X-linked hypo-
phosphatemia: week 24 primary analysis. J Bone Miner Res 
33:1383–1393. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​j​b​​m​r​.​3​4​7​5

196.	Portale AA, Carpenter TO, Ml B, Briot K, Cheong HI, Cohen-
Solal M, Crowley R, Jan De Beur S, Eastell R, Imanishi Y, Imel 
EA, Ing S et al (2019) Continued beneficial effects of buro-
sumab in adults with X-linked hypophosphatemia: results from 
a 24-week treatment continuation period after a 24-week double-
blind placebo-controlled period. Calcif Tissue Int 105:271–284. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​2​3​-​0​1​9​-​0​0​5​6​8​-​3

197.	Cheong HI, Yoo HW, Adachi M, Tanaka H, Fujiwara I, Hasegawa 
Y, Harada D, Sugimoto M, Okada Y, Karto M, Shimazaki R, 
Ozono K, Seino Y (2019) First-in-Asian phase I study of the anti-
fibroblast growth factor 23 monoclonal antibody, burosumab: 
safety and pharmacodynamics in adults with X-linked hypophos-
phatemia. JBMR Plus 3:e10074. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​j​b​​m​4​.​1​0​
0​7​4

198.	Schindeler C, Biggin A, Munns CF (2020) Clinical evidence for 
the benefits of burosumab therapy for X-linked hypophospha-
temia (XLH) and other conditions in adults and children. Front 
Endocrinol 11:338. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​e​​n​d​o​.​2​0​2​0​.​0​0​3​3​8

199.	Weber TJ, Imel EA, Carpenter TO, Peacock M, Portale AA, 
Hetzer J, Merritt JL, Insogna K (2023) Long-term burosumab 
administration is safe and effective in adults with X-linked hypo-
phosphatemia. J Clin Endocrinol Metab 108:155–165. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​c​5​1​8

176.	Jarvis C, Ramakrishnan R, Dharmaraj P, Mushtaq T, Gupta S, 
Williams A, Rylands AJ, Barhame H, Nixon A, Uday S (2025) 
Impact of stopping burosumab treatment at the end of skeletal 
growth in adolescents with X-linked hypophosphatemia (XLH). 
Bone Rep 24:101819. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​o​n​r​.​2​0​2​4​.​1​0​1​8​1​
9

177.	Sandy JL, Simm PJ, Biggin A, Rodda CP, Wall CL, Siafarikas 
A, Munns CF (2022) Clinical practice guidelines for paediatric 
X-linked hypophosphataemia in the era of burosumab. J Paediatr 
Child Health 58:762–768. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​p​​c​.​1​5​9​7​6

178.	Mindler GT, Stauffer A, Kranzl A, Penzkofer S, Ganger R, Radler 
C, Haeusler G, Raimann A (2022) Persistent lower limb deformi-
ties despite amelioration of rickets in X-linked hypophosphate-
mia (XLH): a prospective observational study. Front Endocrinol 
13:866170. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​e​​n​d​o​.​2​0​2​2​.​8​6​6​1​7​0

179.	Sung KH, Ahn S, Chung CY, Lee KM, Kim TW, Han HS, Kim 
DH, Choi IH, Cho TJ, Yoo WJ, Park MS (2012) Rate of correc-
tion after asymmetrical physeal suppression in valgus deformity: 
analysis using a linear mixed model application. J Pediatr Orthop 
32:805–814. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​B​P​​0​.​0​b​0​1​3​e​3​1​8​2​7​3​e​4​1​1

180.	Kim NT, Kwon S-S, Choi KJ, Park MS, Chung JY, Han HS 
(2021) Sung KH (2021) Effect of screw configuration on the rate 
of correction for guided growth using the tension-band plate. J 
Pediatr Orthop 41:e899-903. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​B​P​​O​.​0​0​0​0​0​
0​0​0​0​0​0​0​1​9​7​0

181.	Sawamura K, Hamajima T, Izawa M, Kaneko H, Kitamura A, 
Kitoh H (2024) Changes of the lower limb deformity in chil-
dren with FGF23- related hypophosphatemic rickets treated with 
burosumab: a single-center prospective study. J Pediatr Orthop B 
33:90–96. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​B​P​​B​.​0​0​0​0​0​0​0​0​0​0​0​0​1​0​5​4

182.	Wang K, Zhang R, Chen Z, Bai Y, He Q (2024) Meta-analysis 
and systematic review: burosumab as a promising treatment for 
children with X-linked hypophosphatemia. Front Endocrinol 
15:1414509. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​e​​n​d​o​.​2​0​2​4​.​1​4​1​4​5​0​9

183.	Kiafzezi D, Stamati A, Karagiannis T, Goulis DG, Christoforidis 
A (2024) Burosumab efficacy and safety in patients with X-linked 
hypophosphatemia: systematic review and meta-analysis of real-
world data. Calcif Tissue Int 115:229–241. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​
7​​/​s​0​​0​2​2​3​-​0​2​4​-​0​1​2​5​0​-​z

184.	Ertl DA, Le Lorier J, Gleiss A, Trabado S, Bensignor C, Aud-
rain C, Zhukouskaya V, Coutant R, Berkenou J, Rothenbuhler A, 
Haeusler G, Linglart A (2022) Growth pattern in children with 
X-linked hypophosphatemia treated with burosumab and growth 
hormone. Orphanet J Rare Dis 17:412. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​
3​0​2​3​-​0​2​2​-​0​2​5​6​2​-​9

185.	Gadion M, Hervé A, Herrou J, Rothenbuhler A, Smail-Faugeron 
V, Courson F, Linglart A, Chaussain C, Duplan MB (2022) Buro-
sumab and dental abscesses in children with X-linked hypophos-
phatemia. JBMR Plus 6:e10672. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​j​b​​m​4​.​1​0​
6​7​2

186.	Boot AB, Ariceta G, Beck-Nielsen SS, Brandi ML, Briot K, de 
Lucas CC, Giannini S, Haffner D, Keen R, Levtchenko E, Mughal 
MZ, Makitie O et al (2024) Real-world non-interventional post-
authorization safety study of long-term use of burosumab in 
children and adolescents with X-linked hypophosphatemia: first 
interim analysis. Ther Adv Chronic Dis 15:1–15. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​1​7​7​​/​2​0​​4​0​6​2​2​3​2​4​1​2​4​7​6​4​3

187.	Harada D, Ueyama K, Oriyama K, Ishiura Y, Kashiwagi H, 
Yamada H, Seino Y (2021) Switching from conventional therapy 
to burosumab injection has the potential to prevent nephrocal-
cinosis in patients with X-linked hypophosphatemic rickets. J 
Pediatr Endocrinol Metab 34:791–798. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​1​5​​/​j​
p​​e​m​-​2​0​2​0​-​0​7​3​4

188.	Zhukouskaya V, Ertl DA, Berkenou J, Audrain C, Bardet C, 
Chaussain C, Rothenbuhler A, Linglart A (2023) Hyperpara-
thyroidism after 3 years of burosumab in children affected with 

1 3

2226

https://doi.org/10.1016/j.ando.2023.07.108
https://doi.org/10.1016/j.ando.2023.07.108
https://doi.org/10.1016/j.bone.2024.117324
https://doi.org/10.1016/j.bone.2024.117324
https://doi.org/10.4274/jcrpe.galenos.2021.2020.0287
https://doi.org/10.4274/jcrpe.galenos.2021.2020.0287
https://doi.org/10.3389/fendo.2024.1400273
https://doi.org/10.3389/fendo.2024.1400273
https://doi.org/10.1007/s00223-022-01006-7
https://doi.org/10.1007/s00223-022-01006-7
https://doi.org/10.1136/rmdopen-2022-002676
https://doi.org/10.1136/rmdopen-2022-002676
https://doi.org/10.1210/clinem/dgae890
https://doi.org/10.1002/jbmr.3475
https://doi.org/10.1007/s00223-019-00568-3
https://doi.org/10.1007/s00223-019-00568-3
https://doi.org/10.1002/jbm4.10074
https://doi.org/10.1002/jbm4.10074
https://doi.org/10.3389/fendo.2020.00338
https://doi.org/10.1210/clinem/dgac518
https://doi.org/10.1210/clinem/dgac518
https://doi.org/10.1016/j.bonr.2024.101819
https://doi.org/10.1016/j.bonr.2024.101819
https://doi.org/10.1111/jpc.15976
https://doi.org/10.3389/fendo.2022.866170
https://doi.org/10.1097/BP0.0b013e318273e411
https://doi.org/10.1097/BPO.0000000000001970
https://doi.org/10.1097/BPO.0000000000001970
https://doi.org/10.1097/BPB.0000000000001054
https://doi.org/10.3389/fendo.2024.1414509
https://doi.org/10.1007/s00223-024-01250-z
https://doi.org/10.1007/s00223-024-01250-z
https://doi.org/10.1186/s13023-022-02562-9
https://doi.org/10.1186/s13023-022-02562-9
https://doi.org/10.1002/jbm4.10672
https://doi.org/10.1002/jbm4.10672
https://doi.org/10.1177/20406223241247643
https://doi.org/10.1177/20406223241247643
https://doi.org/10.1515/jpem-2020-0734
https://doi.org/10.1515/jpem-2020-0734


Journal of Endocrinological Investigation (2025) 48:2199–2228

the relationship between improvements in serum phosphate and 
patient-reported outcomes in adults with X-linked hypophospha-
temia. Clin Pharmacol Ther 116:1343–1351. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​0​2​​/​c​p​​t​.​3​4​0​6

207.	Mehta K, Storopoli J, Ramwani N, Quattrocchi E, Gobburu J, 
Weber T, Hruska MW, Marsteller D (2025) Pharmacodynamic 
XLH exposure-response analysis of fracture count data following 
treatment with burosumab in patients with XLH. Clin Pharmacol 
Ther 65:253–260. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​j​c​​p​h​.​6​1​4​0

208.	Baroncelli GI, Bertelloni S, Cosci o di Coscio M, Tyutyusheva 
N, D’Elios S, Peroni D, (2021) Management of patients with 
X-linked hypophosphatemic rickets during Covid-19 pandemic 
lockdown. J Pediatr Endocrinol Metab 34:905–910. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​5​1​5​​/​j​p​​e​m​-​2​0​2​1​-​0​2​1​7

209.	Dahir K, Dhaliwal R, Simmons J, Imel EA, Gottesman GS, 
Mahan JD, Prakasam G, Hoch AI, Ramesan P, Diaz-Gonzales de 
Ferris M (2022) Health care transition from pediatric- to adult- 
focused care in X-linked hypophosphatemia: expert consensus. J 
Clin Endocrinol Metab 107:599–613. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​
e​m​/​d​g​a​b​7​9​6

210.	Seefried L, Aliberti F, Heier CA, Arango-Sancho P, Biosse 
Duplan M, Sakka SD, Emma F, Gardiner O, Javaid MK, Ferreira-
Santos RM, Raimann A, Rak K et al (2025) XLH Matters: an 
evolving programme to discuss new advances and share clinical 
experiences to improve patient outcomes. Orphanet J Rare Dis 
19(Suppl 2):497. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​3​0​2​3​-​0​2​4​-​0​3​3​8​7​-​4

211.	Grasemann C, Höppner J, Burgard P, Schündeln MM, Matar N, 
Müller G, Krude H, Berner R, Lee-Kirsch MA, Hauck F, Wain-
wright K, Baumgarten S et al (2023) Transition for adolescents 
with a rare disease: results of a nationwide German project. 
Orphanet J Rare Dis 18:93. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​3​0​2​3​-​0​2​3​-​0​
2​6​9​8​-​2

212.	Kubota T (2022) X-linked hypophosphatemia transition and team 
management. Endocrines 3:411–418. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​3​3​​​9​0​/​​e​n​d​
o​c​r​i​n​e​s​3​0​3​0​0​3​2

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

200.	Arcidiacono T, Foligno NE, Brioni E, Bologna A, Weber G, Mora 
S, Pitea M, Vitale C, Vezzoli G (2023) Different efficacy of buro-
sumab on physical performance and serum phosphate in adult 
patients with X-linked hyphophosphatemic rickets during the first 
six-month of treatment. J Clin Med 12:2906. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​
9​0​​/​j​c​​m​1​2​0​8​2​9​0​6

201.	Zhang X, Imel EA, Ruppe MD, Weber TJ, Klausner MA, Ito T, 
Vergeire M, Humphrey J, Glorieux FH, Portale AA, Insogna K, 
Carpenter TO, Peacock M (2016) Pharmacokinetics and phar-
macodynamics of a human monoclonal anti-FGF23 antibody 
(KRN23) in the first multiple ascending-dose trial treating adults 
with X-linked hypophosphatemia. J Clin Pharmacol 56:176–185. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​j​c​​p​h​.​5​7​0

202.	Insogna KL, Rauch F, Kamenický P, Ito N, Kubota T, Nakamura 
A, Zhang L, Mealiffe M, San Martin J, Portale AA (2019) Buro-
sumab improved histomorphometric measures of osteomalacia in 
adults with X-linked hypophosphatemia: a phase 3, single-arm, 
international trial. J Bone Miner Res 34:2183–2191. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​0​2​​/​j​b​​m​r​.​3​8​4​3

203.	Insogna KL, Sullivan R, Parziale S, Deng Y, Carrano D, Simpson 
C, Dufour S, Carpenter TO, Petersen KF (2024) Effect of buro-
sumab on muscle function and strength, and rates of ATP syn-
thesis in skeletal muscle in adults with XLH. J Clin Endocrinol 
Metab 109:e1061–e1071. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​0​​/​c​l​​i​n​e​m​/​d​g​a​d​6​4​
2

204.	Ruppe MD, Zhang X, Imel EA, Weber TJ, Klausner MA, Ito T, 
Vergeire M, Humphrey JS, Glorieux FH, Portale AA, Insogna K, 
Peacock M, Carpenter TO (2016) Effect of four monthly doses of 
a human monoclonal anti-FGF23 antibody (KRN23) on quality 
of life in X-linked hypophosphatemia. Bone Rep 5:158–162. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​o​n​r​.​2​0​1​6​.​0​5​.​0​0​4

205.	Briot K, Portale AA, Brandi ML, Carpenter TO, Cheong HI, 
Cohen-Solal M, Crowley RK, Eastell R, Imanishi Y, Ing S, 
Insogna K, Ito N et al (2021) Burosumab treatment in adults with 
X-linked hypophosphataemia: 96-week patient-reported out-
comes and ambulatory function from a randomised phase 3 trial 
and open-label extension. RMD Open 7:e001714. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​1​3​6​​/​r​m​​d​o​p​e​n​-​2​0​2​1​-​0​0​1​7​1​4

206.	Mehta K, Gosselin NH, Insogna K, Barriere O, Quattrocchi E, 
Hruska MW, Marsteller D (2024) Item response theory quantifies 

1 3

2227

https://doi.org/10.1002/cpt.3406
https://doi.org/10.1002/cpt.3406
https://doi.org/10.1002/jcph.6140
https://doi.org/10.1515/jpem-2021-0217
https://doi.org/10.1515/jpem-2021-0217
https://doi.org/10.1210/clinem/dgab796
https://doi.org/10.1210/clinem/dgab796
https://doi.org/10.1186/s13023-024-03387-4
https://doi.org/10.1186/s13023-023-02698-2
https://doi.org/10.1186/s13023-023-02698-2
https://doi.org/10.3390/endocrines3030032
https://doi.org/10.3390/endocrines3030032
https://doi.org/10.3390/jcm12082906
https://doi.org/10.3390/jcm12082906
https://doi.org/10.1002/jcph.570
https://doi.org/10.1002/jcph.570
https://doi.org/10.1002/jbmr.3843
https://doi.org/10.1002/jbmr.3843
https://doi.org/10.1210/clinem/dgad642
https://doi.org/10.1210/clinem/dgad642
https://doi.org/10.1016/j.bonr.2016.05.004
https://doi.org/10.1016/j.bonr.2016.05.004
https://doi.org/10.1136/rmdopen-2021-001714
https://doi.org/10.1136/rmdopen-2021-001714


Journal of Endocrinological Investigation (2025) 48:2199–2228

Authors and Affiliations

Giampiero Igli Baroncelli1  · Marco Barale2  · Maria Luisa Brandi3,4  · Valentina Camozzi5  · Silvia Carrara6  · 
Manuela Caruso Nicoletti7  · Elena Castellano8  · Filomena Cetani9  · Pasquale Comberiati1,10  ·  
Natascia Di Iorgi11,12  · Cristina Eller-Vainicher13  · Francesco Emma14  · Danilo Fintini15  · Sandro Giannini16  · 
Laura Gianotti17  · Anna Grandone18  · Giorgia Grassi13  · Stefano Mora19  · Andrea Palermo20  · 
Francesca Pigliaru21  · Marco Pitea22  · Massimo Procopio23  · Vincenzo Rochira24,25  ·  
Rosaria Maddalena Ruggeri26,27  · Barbara Ruggiero14  · Stefano Stagi28,29  · Giuseppe Vezzoli30  · 
Sabrina Corbetta31,32

	
 Sabrina Corbetta
sabrina.corbetta@unimi.it

1	 Pediatric and Adolescent Endocrinology, Division of 
Pediatrics, Department of Obstetrics, Gynecology and 
Pediatrics, University Hospital, Pisa, Italy

2	 Division of Oncological Endocrinology, Department of 
Medical Sciences, University of Turin, Turin, Italy

3	 F.I.R.M.O. Onlus Italian Foundation for the Research on 
Bone Diseases, Florence, Italy

4	 Donatello Bone Clinic, Villa Donatello Hospital, Florence, 
Italy

5	 Unit of Endocrinology, University Hospital of Padova, 
Padua, Italy

6	 Department of Medical Biotechnology and Translational 
Medicine, University of Milan, Milan, Italy

7	 Department of Pediatrics, University of Catania, Catania, 
Italy

8	 Department of Endocrinology, Diabetes and Metabolism, 
Santa Croce and Carle Hospital, Cuneo, Italy

9	 Department of Clinical and Experimental Medicine, 
Endocrine Unit, University of Pisa, Pisa, Italy

10	 Department of Clinical and Experimental Medicine, Section 
of Paediatrics, University of Pisa, Pisa, Italy

11	 Department of Pediatrics, IRCCS Istituto Giannina Gaslini, 
Genoa, Italy

12	 Department of Neuroscience, Rehabilitation, Ophthalmology, 
Genetics, Maternal and Child Health, University of Genova, 
Genoa, Italy

13	 Unit of Endocrinology Fondazione IRCCS Cà Granda 
Ospedale Maggiore Policlinico, Milan, Italy

14	 Division of Nephrology, Bambino Gesù Children’s Hospital, 
IRCCS, Rome, Italy

15	 Endocrinology and Diabetology Unit, Pediatric University 
Department, Bambino Gesù Children’s Hospital, IRCCS, 
Rome, Italy

16	 Department of Medicine (DIMED), UOC Clinica Medica 1, 
University of Padua, Padua, Italy

17	 Division of Endocrinology and Diabetology, Department of 
Medicine, Azienda Sanitaria Locale Cuneo 1, Cuneo, Italy

18	 Department of Woman, Child and General and Specialized 
Surgery, University of Campania Luigi Vanvitelli, Naples, 
Italy

19	 Laboratory of Pediatric Endocrinology, Department of 
Pediatrics, IRCCS Ospedale San Raffaele, Milan, Italy

20	 Unit of Metabolic Bone and Thyroid Disorders, and Unit of 
Endocrinology and Diabetes, Fondazione Policlinico Campus 
Bio-Medico, Rome, Italy

21	 Endocrinology Unit, AOU Cagliari, Cagliari, Italy
22	 Pediatric Endocrinology Unit, Department of Pediatrics, 

IRCCS Ospedale San Raffaele, Milan, Italy
23	 Division of Endocrinology, Diabetology and Metabolism, 

Department of Medical Sciences, University of Turin, Turin, 
Italy

24	 Endocrinology, Department of Biomedical, Metabolic and 
Neural Sciences, University of Modena and Reggio Emilia, 
Modena, Italy

25	 Endocrinology Unit, Department of Medical Specialties, 
Azienda Ospedaliero-Universitaria Policlinico di Modena, 
Ospedale Civile di Baggiovara, Modena, Italy

26	 Endocrinology, Department of Human Pathology of 
Adulthood and Childhood DETEV, University of Messina, 
Messina, Italy

27	 Endocrinology Unit, Department of Medical Sciences, 
Azienda Ospedaliera Universitaria “G Martino” di Messina, 
Messina, Italy

28	 Health Sciences Department, University of Florence, 
Florence, Italy

29	 Auxo-Endocrinology Unit, Meyer Children’s Hospital 
IRCCS, Florence, Italy

30	 Nephrology and Dialysis Unit, San Raffaele Scientific 
Institute, Vita Salute San Raffaele University, Milan, Italy

31	 Unit of Bone Metabolism Diseases and Diabetes, Department 
of Endocrinology and Metabolic Diseases, IRCCS Istituto 
Auxologico Italiano, Milan, Italy

32	 Department of Biomedical, Surgical and Dental Sciences, 
University of Milan, Milan, Italy

1 3

2228

http://orcid.org/0000-0001-8465-5087
http://orcid.org/0000-0003-3441-2014
http://orcid.org/0000-0002-8741-0592
http://orcid.org/0000-0002-1634-951X
http://orcid.org/0009-0001-4477-4935
http://orcid.org/0000-0002-6819-605X
http://orcid.org/0000-0001-6622-4267
http://orcid.org/0000-0003-2558-9547
http://orcid.org/0000-0001-5209-9733
http://orcid.org/0000-0002-4492-4585
http://orcid.org/0000-0002-6805-5804
http://orcid.org/0000-0002-0383-3468
http://orcid.org/0000-0002-0103-7951
http://orcid.org/0000-0003-0796-9749
http://orcid.org/0000-0002-4857-2468
http://orcid.org/0000-0002-6343-4768
http://orcid.org/0000-0002-7236-0713
http://orcid.org/0000-0002-4781-6715
http://orcid.org/0000-0002-1143-4926
http://orcid.org/0000-0002-3899-0391
http://orcid.org/0009-0004-2753-9230
http://orcid.org/0009-0000-0751-3798
http://orcid.org/0000-0001-8169-0696
http://orcid.org/0000-0001-8899-684X
http://orcid.org/0000-0003-4442-7201
http://orcid.org/0000-0002-2259-4685
http://orcid.org/0000-0003-4481-5693
http://orcid.org/0000-0001-8140-3175

	﻿Experts’ consensus on the management and treatment of individuals with X-linked hypophosphatemia across lifespan
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Aim 1: Clinical and biochemical diagnosis of individuals with XLH across lifespan
	﻿﻿Clinical diagnosis in infants, children, and adolescents
	﻿﻿Clinical diagnosis in adults
	﻿Biochemical phenotype in XLH
	﻿Serum phosphate concentration
	﻿Tubular maximum reabsorption of phosphate/glomerular filtration rate (Tmp/GFR)
	﻿Serum alkaline phosphatase (ALP) activity
	﻿Circulating parathyroid hormone (PTH) concentration
	﻿Serum vitamin D metabolites
	﻿Circulating FGF23 concentration
	﻿Serum calcium concentration and urinary calcium excretion


	﻿Aim 2: Effects of conventional treatment with Pi and active vitamin D metabolites
	﻿From infancy to growth completion
	﻿Serum phosphate and TmP/GFR correction, and 1,25(OH﻿2﻿D production
	﻿Bone mineralization and skeletal deformities
	﻿Linear growth
	﻿Enthesopathic disease
	﻿Bone, joint and muscle pain, and QoL
	﻿Oral health
	﻿Adverse effects


	﻿In adulthood


