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Abstract
Purpose: An international working group (IWG) consisting of experts in X-linked hypophosphatemia (XLH) developed global guidelines providing 
a comprehensive, evidence-based approach to XLH diagnosis, management, and monitoring.
Methods: The IWG, consisting of 43 members as well as methodologists and a patient partner, conducted 2 systematic reviews (SRs) and 
narrative reviews to address key areas. The SRs addressed the impact of burosumab compared to conventional therapy (phosphate and 
active vitamin D) or no therapy on patient-important outcomes in adults. They also evaluated conventional therapy compared to no therapy. 
GRADE methodology was applied to evaluate the certainty of evidence. Non-GRADED recommendations were made in the presence of 
insufficient evidence to conduct SRs. These guidelines have been reviewed and endorsed by several medical and patient societies and 
organizations.
Results: The diagnosis of XLH is based on integrating clinical evaluation, laboratory findings confirming renal phosphate wasting (following 
exclusion of conditions mimicking XLH), and skeletal imaging. Fibroblast growth factor 23 measurement and DNA analysis are of value in the 
diagnosis, if available. Pathogenic or likely pathogenic variants in the PHEX gene are confirmatory but not necessary for the diagnosis. 
Management requires a multidisciplinary team knowledgeable and experienced in XLH. Effective medical therapy with burosumab can 
improve fracture and pseudofracture healing.
Main Conclusion: In adults with XLH and fractures or pseudofractures, burosumab is recommended over no therapy (strong recommendation, 
GRADEd). Additionally, burosumab is suggested as the preferred treatment compared to conventional therapy (conditional recommendation, 
GRADEd) in the absence of fractures or pseudofractures. If burosumab is not available, symptomatic adults should be treated with 
conventional therapy (Non-GRADEd recommendation).
Key Words: X-linked hypophosphatemia (XLH), clinical practice guidelines, consensus, adult XLH
Abbreviations: 1,25(OH)2D, 1,25-dihydroxyvitamin D; aBMD, areal bone mineral density; AD, autosomal dominant; ALP, alkaline phosphatase; AR, autosomal 
recessive; BsALP, bone-specific alkaline phosphatase; CKD, chronic kidney disease; DXA, dual-energy x-ray absorptiometry; eGFR, estimated glomerular 
filtration rate; FGF23, fibroblast growth factor 23; GRADE, Grading of Recommendations, Assessment, Development, and Evaluation; HRQoL, health-related 
quality of life; IWG, international working group; MSK, musculoskeletal; PHEX, phosphate regulating endopeptidase homolog X-linked (gene); PTH, 
parathyroid hormone; QoL, quality of life; RCT, randomized controlled trial; SR; systematic review; TmP/GFR tubular maximum phosphate reabsorption 
adjusted for glomerular filtration rate; VUS, variant of uncertain significance; XLH, X-linked hypophosphatemia.

KEY GUIDANCE

GRADEd Recommendations 
• Development: Developed following a structured 

approach 
⚬ Treatment Recommendations: Based on sys

tematic reviews.
⚬ Monitoring Recommendations: Based on an ex

pert clinical practice survey (very low-quality 
evidence).

• Expression of Recommendations: 
⚬ Strong Recommendations: expressed as “We 

recommend.” 
Strong: When the panel was confident that the 
desirable effects of the intervention outweighed 
the undesirable ones.

⚬ Weak/Conditional Recommendations: Expressed 
as “We suggest.” 
Weak: Attributed either to low certainty evidence  

or to a close balance between the desirable and 
undesirable effects. 
Conditional: When the panel concluded that the 
desirable effects of the intervention probably out
weigh the undesirable effects, though there is 
some uncertainty.

Non-GRADEd Recommendations 
• Development: Based on a narrative review for 

questions where there was not sufficient evidence 
to conduct systematic reviews.

• Expression of Recommendations: 
⚬ Expressed as “The panel proposes.”

Consensus Development
All recommendations (GRADEd or non-GRADEd) 
were developed through a consensus reached among 
the international working group (IWG) members 
across several meetings.

X-linked hypophosphatemia (XLH; OMIM 307800), is a 
rare genetic disorder caused by inactivating variants in the 
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phosphate regulating gene with homology to endopeptidases 
(PHEX) gene. This results in excess synthesis and secretion 
of fibroblast growth factor 23 (FGF23), which impairs prox
imal renal phosphate reabsorption causing renal phosphate 
wasting and hypophosphatemia. Excess FGF23 also reduces 
the 1-α hydroxylation of 25-hydroxyvitamin D (25(OH)D) to 
1,25-dihydroxyvitamin D (1,25(OH)2D) and increases catab
olism of 1,25(OH)2D by the upregulation of 24-hydroxylase. 
These effects lead to decreased absorption of phosphate from 
the bowel (1). Currently, there is limited data on the natural his
tory of XLH as well as long-term outcomes; however, the bur
den of disease observed in the adult patient population suggests 
that late diagnosis and management are associated with adverse 
outcomes (2, 3). Adults present with osteomalacia, experience 
chronic musculoskeletal pain, lower limb deformity, fractures, 
pseudofractures, dental complications, fatigue, and difficulties 
with mobility and impaired physical function. Medical man
agement includes conventional therapy with phosphate and ac
tive vitamin D, and more recently, burosumab (recombinant 
human IgG1 monoclonal antibody to FGF23) has become 
available (4).

The pivotal trial in adults comparing burosumab to placebo 
has demonstrated that burosumab enhanced fracture and 
pseudofracture healing by 16.8-fold compared to placebo 
(P < .001) (4). In this randomized controlled trial (RCT) bur
osumab demonstrated a significant reduction in stiffness in 
comparison to placebo (4). In asymptomatic adult patients 
with XLH, medical therapy (with either burosumab or phos
phate and active vitamin D) is individualized based on symp
toms as well as comorbidity.

Methodology
The recommendations in these guidelines are based on 2 
systematic reviews (SRs) and an expert panel practice sur
vey, in addition to a narrative review of the literature. The 
guidelines employed a rigorous approach, including a com
prehensive literature review conducted by a specialized 
healthcare librarian, and duplicate assessment of eligibility, 
risk of bias, and data abstraction. The evaluation of the 
quality of evidence from included studies utilized the 
Grading of Recommendations, Assessment, Development, 
and Evaluation (GRADE) methodology (5), and the SRs 
were preregistered with PROSPERO.

The GRADEd treatment recommendations followed a struc
tured approach, encompassing the formulation of questions in 
the patient/intervention/comparator/outcome (PICO) format 
(6), conducting SRs, and rating the quality of evidence in “sum
mary of findings tables” addressing patient-important out
comes (7). The recommendations were classified as strong or 
weak with a description of the quality of evidence (8, 9), pa
tients’ values and preferences were taken into consideration 
for all recommendations. In contrast, the non-GRADEd rec
ommendations did not adhere to a structured approach but 
were based on narrative reviews of the literature and consensus 
among the panelists. The phrase “the panel proposes” was used 
when presenting non-graded recommendations.

The GRADEd monitoring recommendations are supported 
by very low-quality evidence and were derived from a detailed 
expert practice survey. A threshold of 80% agreement among 
the surveyed experts was chosen as the necessary level to 

recommend each clinical practice. More details are presented 
in an accompanying manuscript describing monitoring guide
lines for XLH (citation pending publication).

HOW TO DIAGNOSE?
Diagnosis Recommendations in Adults 
(non-GRADEd)

The Panel Proposes

1. The panel proposes that the diagnosis of XLH be made in 
the presence of chronic hypophosphatemia in the absence 
of other conditions resulting in renal phosphate wasting. 
The diagnosis is supported by an X-linked inheritance 
pattern (see Fig. 1).

Initial assessment recommendations (GRADEd) 
(Fig. 2)

We suggest (weak recommendations, very low cer
tainty evidence)* 

1. Obtaining a history that includes documentation 
of XLH in the family, or an X-linked dominant in
heritance pattern of hypophosphatemia; frac
tures or pseudofractures; and dental abscesses 
and/or periodontitis

2. Standing height, weight, and BMI measurements
3. Blood pressure measurements
4. Musculoskeletal examination for bony tender

ness and range of motion
5. Measurements of serum phosphorus, calcium 

corrected for albumin, ALP, 25-hydroxyvitamin 
D, kidney function (creatinine, eGFR), TmP/GFR, 
PTH, 24-hour urine calcium and creatinine (or 
spot urine calcium and creatinine), 24-hour urine 
phosphorus and creatinine

6. Genetic testing for hypophosphatemia-associated 
genes, including PHEX

7. Baseline BMD assessment**
8. Baseline dental assessment with periapical 

x-rays or orthopantomogram to screen for en
larged pulp chambers, pulp necrosis, and periap
ical bone loss

*Based on clinical practice survey with 80% of experts 
performing the clinical practice 80% of the time in 80% 
or more of their patients attending for an initial 
assessment.
**Despite DXA limitations in XLH, BMD assessment 
may be of value in adults with skeletal mineralization 
abnormalities. In such individuals, serial assessment 
may be of value in the presence of hypogonadism or 
other conditions which can affect bone density, such 
as superimposed postmenopausal osteoporosis.
Abbreviations: ALP, alkaline phosphatase; BMD, bone 
mineral density; BMI, body mass index; DXA, dual- 
energy x-ray absorptiometry; eGFR, estimated 
glomerular filtration rate; PHEX gene, phosphate 
regulating endopeptidase homolog X-linked gene; 
PTH, parathyroid hormone; TmP/GFR, tubular max
imum phosphate reabsorption adjusted for glomeru
lar filtration rate.
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INITIAL ASSESSMENT RECOMMENDATIONS 
(NON-GRADEd)

The Panel Proposes

1. At the initial assessment of an adult with XLH, a skeletal 
survey using plain x-rays is advised to detect asymptom
atic pseudofractures. Bone scintigraphy may be used to 
further evaluate abnormalities if initial radiographs are 
inconclusive.

2. Evaluation of other possible causes of hypophosphatemia 
considering the differential (see Fig. 3).

Clinical manifestations, biochemical and radiographic evalu
ation. In adulthood, XLH is characterized by bone and joint 
pain, osteomalacia-related fractures or pseudofractures, early 
joint damage, enthesopathies, muscle weakness, lower limbs 
deformities, poor dental health, and hearing loss (Table 1) 
(3, 10). Adults with XLH experience progressive functional 
limitations, including stiffness and chronic pain as they age. 
This influences all spheres of quality of life (QoL), including 
work, travel, physical and mental health, as well as social 
and family life (10).

The key laboratory finding of XLH is persistently low fast
ing serum phosphorus. Calcium and parathyroid hormone 
(PTH) levels are usually normal, although PTH levels may 
be elevated in XLH. High doses of phosphate therapy contrib
ute to further rises in PTH, leading to secondary and tertiary 
hyperparathyroidism (11-13). The 1,25(OH)2D level may be 
low or inappropriately normal, alkaline phosphatase (ALP) 
may be high or normal, FGF23 levels may be high or inappro
priately normal, and bone-specific ALP (BsALP) is usually 
normal or elevated reflecting the degree of osteomalacia 

present. The tubular maximum phosphate reabsorption ad
justed for glomerular filtration rate (TmP/GFR) is calculated 
using a fasting second void or 2-hour morning urine specimen 
with concurrent measurement of phosphorus and creatinine in 
the serum and urine; a low value is seen with renal phosphate 
wasting (14). Exclusion of other causes of renal phosphate 
wasting is required to confirm the diagnosis of XLH 
(Table 2) (15, 16).

Radiographic manifestations of XLH in adults may include 
the presence of osteomalacia-related fractures or pseudofrac
tures, which are frequently present at sites of high mechanical 
stress. In addition, imaging is helpful in identifying early de
generative disc disease involving the spine as well as joint dam
age of the hips and knees characterized by syndesmophytes on 
the joint margins. Bone proliferation may occur at sites of liga
ment attachments, characterized as enthesopathies, or calcifi
cation in spinal ligaments (2, 23), and can in severe cases lead 
to spinal stenosis.

Role of genetic testing. XLH is confirmed by identification 
of a pathogenic or likely pathogenic PHEX variant when an 
X-linked dominant inheritance pattern is not evident in the 
family (24-26). In the case of an unknown genetic variant in 
the family, genetic testing may involve any form of testing 
that sequences the PHEX gene (single-gene sequencing, gene 
panels, whole-exome sequencing, and whole-genome sequen
cing) and the finding of a pathogenic or likely pathogenic vari
ant in the PHEX gene can support the diagnosis of XLH. 
About one-third of patients do not have a recognized family 
history (27-30). Conventional PHEX gene sequencing may 
not reveal pathogenic mosaicism, deep intronic variants, 
chromosomal rearrangements, or other hereditary disorders 

Figure 1. XLH diagnosis algorithm.
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of hypophosphatemia due to variants in CYP27B1 (autosomal- 
recessive [AR] vitamin D dependent rickets type 1), CYP2R1 
(AR deficient vitamin D 25-hydroxylation), DMP1 and 
ENPP1 (AR hypophosphatemic rickets), FAM20C (AR Raine 
syndrome), FGF23 (autosomal-dominant [AD] hypophosphate
mic rickets), SLC34A1 (AD hypophosphatemia with osteo
porosis and nephrolithiasis; AR Fanconi syndrome), 
SLC34A3 (AR/AD hereditary hypophosphatemic rickets 
with hypercalciuria) as well as VDR (AR vitamin D resistant 
rickets type 2A). Next-generation sequencing panels are 
now available for patients suspected of having heritable hypo
phosphatemia, although they may not yet be accessible in 
many countries. In some patients, DNA testing may be nega
tive or may identify a variant of uncertain significance 
(VUS)—in these cases, the diagnosis of XLH relies on a clinical 
or biochemical diagnosis. When a de novo variant is identi
fied, the family history may be negative. While there are tech
nologies that can evaluate whether a VUS is damaging (for 
example if it is novel), these technologies are usually research- 
based and difficult to access. Since assessment of variants can 
change over time as new information becomes available, con
sideration can be given to re-interpretation of the variant clas
sification in the future or assessment through a laboratory or 
specialist in variant interpretation.

Tumor-induced osteomalacia also results in FGF23-mediated 
renal phosphate wasting and should be considered in the dif
ferential diagnosis. It is caused by mesenchymal tumors 
which secrete FGF23 (31). Fanconi syndrome should be ex
cluded by testing for aminoaciduria, glycosuria, normal 
anion gap metabolic acidosis, and low molecular weight pro
teinuria (10, 32, 33).

Role of bone histomorphometry. XLH is characterized by 
osteomalacia and peri-osteocytic “halo” lesions; the latter 

may be useful in distinguishing XLH from tumor-induced 
osteomalacia (34). Peri-osteocytic lesions also suggest a pos
sible XLH diagnosis in patients with an “XLH-like phenotype” 
but without a detectable PHEX pathogenic variant. Trans-iliac 
histomorphometry is useful in demonstrating the bone tissue ef
fect of medical therapy (with either burosumab or phosphate 
and active vitamin D) (35).

Role of bone mineral density assessment. A dual-energy 
x-ray absorptiometry (DXA) study is widely used to assess 
areal bone mineral density (aBMD); however, its application 
in all patients with XLH requires careful interpretation and 
further evaluation (36). In adult patients with XLH, aBMD 
often appears falsely elevated at the lumbar spine and tends 
to be decreased at the hip and 1/3 radial site (37). The lumbar 
spine aBMD may be falsely elevated due to ligamentous ossi
fication, enthesopathies, and lamina thickening (23, 38, 39). 
In addition, the increased cross-sectional bone area leads to 
an overestimation of the aBMD in both children and adults 
(23, 38, 39).

Despite these limitations, DXA may with cautious inter
pretation, still have clinical utility in fracture risk assessment, 
and it can also be of benefit in postmenopausal women and 
men over 50 who may have superimposed osteoporosis in as
sociation with aging and hypogonadism (37, 39).

WHO TO TREAT?
Natural History and Complications, Both Short-term 
and Long-term, and Impact of Therapy
Adults entering the XLH International Registry (NCT0319 
3476) report high rates of skeletal symptoms/manifestations 
(71.8%) and problems with dentition (75.9% abscesses) (40). 
Some of these complications may respond to treatment and 

Figure 2. GRADEd initial assessment recommendations in adults with XLH.
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therefore, many experts recommend re-initiating medical ther
apy (with burosumab if available, or with conventional therapy 
if well tolerated) when clinical symptoms of osteomalacia, such 
as bone pain, osteomalacia-related fractures are present, during 
fracture healing of fractures or in preparation of skeletal/dental 
surgeries. In the adult population, the type and extent of previ
ous treatment received will have an impact on the presence of 
current skeletal deformities as well as renal, parathyroid, and 
dental complications.

Treatment goals in adults are to normalize ALP, heal frac
tures, and improve bone pain and physical function. 
Normalization of fasting serum phosphorus is not in itself a 
treatment goal with conventional therapy. Treating with con
ventional therapy during adulthood may decrease but not 
eliminate dental abscesses or osteomalacia-related fractures. 
To date treatment in adulthood with conventional therapy 
or burosumab has not been shown to prevent or reverse the 
progression of enthesopathy or osteoarthritis. Conventional 
therapy in adulthood does not appear to be associated with 
excess cardiovascular risk (40, 41) but may be associated 
with chronic kidney disease (CKD), often in the presence of 
tertiary hyperparathyroidism (42). Only limited data are 
available regarding the effect of burosumab therapy on short- 
term patient outcomes in symptomatic adults (43).

Musculoskeletal Manifestations
Osteomalacia may result in bone and muscle pain as well as 
pseudofractures. Fractures and early osteoarthritis are also 
commonly observed (12, 44-47). An analysis study of clinical 
trial and survey data (n = 336) has shown that approximately 
43% to 47% of adults with XLH had a history of fracture, 
with the proportions increasing with age (48). Joint damage 
occurs early and can be seen as early as the third decade. 
Bone pain, muscle pain, and muscle stiffness also contribute 
to decreased mobility. Enthesopathies initially manifest as cal
cification at the insertion sites of tendons and ligaments, 

eventually progressing to osteophyte formation (49, 50). 
Enthesopathies often develop bilaterally, involving weight- 
bearing joints and the spine and result in significant pain 
and impaired mobility. Currently, medical therapy has not 
been shown to prevent or effectively treat enthesopathies 
(51). Healing of pseudofractures and improvement in histo
morphometric indices occur with burosumab therapy com
pared to placebo (4, 52). Musculoskeletal pain, stiffness, 
and mobility particularly respond to therapy (4, 52, 53).

Renal Complications
Renal complications in XLH include nephrocalcinosis (54), urin
ary stone disease (54), CKD (55), and hypertension (55, 56). 
Prevalence of nephrocalcinosis varies from 21% to 42% (47, 
57) and up to 100% in some series (58). Severe nephrocalcino
sis may lead to end-stage renal disease (59). Hypercalcemia and 
aggressive overtreatment, with development of hyperphospha
temia or elevations in the calcium × phosphate product, may 
also contribute to CKD.

More severe disease, as ascertained by height Z-score, cor
relates with a higher incidence of nephrocalcinosis (54). The 
incidence and prevalence of urinary stone disease in these pa
tients is not well described. The prevalence of hypertension 
correlates with lower estimated glomerular filtration rate 
(eGFR) and the presence of CKD (55). Excess sodium intake 
may also occur with the use of oral sodium phosphate salts 
and may also contribute to the development of hypertension 
(55, 59, 60). Multiple other factors may also contribute to 
hypertension in addition to CKD and include decreased phys
ical activity, obesity, and possibly elevated FGF23 (56). 
Additional disease-specific factors, such as PHEX gene–asso
ciated downregulation of the sodium phosphate cotransporter 
2 (NPT2) (61), require further evaluation.

Thus, it is essential to monitor for nephrocalcinosis and hyper
calciuria (16); reductions in the dose of active vitamin D may re
duce the hypercalciuria, which can be further treated with 

Figure 3. Workup for hypophosphatemia.
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hydrochlorothiazide (62) and/or potassium citrate (63). The 
eGFR should be monitored using the average (64) of the modi
fied Schwartz formula (65) and the Filler formula (66) for cysta
tin C in patients aged 1.5 to 25 years of age (67-69) and the 
CKD-EPI formula for older patients, using both creatinine and 
cystatin C (70). CKD should be treated as per regional guide
lines. This includes the use of angiotensin-converting enzyme in
hibitors or angiotensin-2 receptor blockers (71, 72).

Hypertension should be treated as per current guidelines 
using the latest country- or region-specific guidelines for 
pediatrics and adults, if available (71-74) recognizing the 
differences among the American and European guidelines 
(75). Burosumab therapy may lower the blood pressure (56).

Neurologic Manifestations
Neurological complications of XLH in adults include 
headaches, craniosynostosis, Chiari 1 malformation, syr
ingomyelia, spinal stenosis, spinal cord compression, tin
nitus, and hearing loss. In an ongoing, multinational, 
prospective, longitudinal study designed to characterize dis
ease burden, progression and long-term outcomes in XLH 
(the X-linked Hypophosphatemia Disease Monitoring 
Program [XLH-DMP]), neurologic complications were re
ported in 364 affected adults (76). Craniosynostosis was re
ported in 33/364 (9%), Chiari type 1 malformation in 
19/364 (5.2%), syringomyelia in 6/364 (1.6%), and severe 
headache in 72/364 (19.8%). Neurological manifestations 
that are found more frequently in adults than in children 
with XLH are spinal stenosis, seen in 67/364 (18.4%), and 
spinal cord compression, seen in 37/364 (10.2%). Spinal 
stenosis and spinal cord compression in XLH may result 
from ossification of the ligamentum flava, thickening of the 
laminae, hypertrophy of facet joints, and intervertebral disc 
calcification. The XLH-DMP reports common occurrences 
of tinnitus (126/364; 34.6%) and hearing loss (106/364; 
29.1%) in adults with XLH. Thus, comprehensive neuro
logical and fundoscopic examinations should be performed 
in the presence of headache or other neurologic symptoms.

Hearing
Hearing loss, most often asymmetric, affects up to 34% of af
fected adults (57). Both sensorineural and conductive hearing 
defects may arise. Underlying mechanisms appear to involve 
both endolymphatic hydrops as well as osteosclerosis and 
thickening of the petrous bone (77). There is insufficient 

data at this time to assess the impact of treatment on the pre
vention and progression of hearing impairment.

Quality of Life
The burden of disease is significant in both children and adults 
with XLH, with the majority experiencing some degree of pain, 
joint stiffness, fatigue, and impaired mobility and physical func
tion that interfere with daily life (47, 78-81) and increase with 
age (80). Health-related quality of life (HRQoL) is reduced in 
adults with XLH compared to the general population (2, 47, 
81, 82), with the physical component being the most consistent
ly affected (47, 79, 81, 82) although some studies also report 
lower mental health scores (81-83). In adults, conventional 
therapy was shown to improve bone or joint pain in a small un
controlled study (84) and was associated with better mental 
health scores in a cross-sectional study (2). Burosumab reduced 
pain, improved stiffness, fatigue, and physical function, and im
proved walking distance; however, only the improvement in 
stiffness was significantly favorable compared to placebo at 
24 weeks in the pivotal adult RCT (4). These improvements 
persisted at 48 and 96 weeks in the open-label extension of 
this study (43, 52). Small short-term uncontrolled studies also 

Table 1. Clinical features of adult XLH

Lower limb deformity
Fractures and pseudofractures
Muscle weakness and fatigue
Bone and joint pain
Dental infections and periodontal disease
Early joint damage
Enthesopathies
Spinal stenosis
Tinnitus, hearing loss
Osteophytes

Table 2. Disorders with hypophosphatemia

Disease OMIM number Gene(s) 
involved

FGF23-dependent
XLH (X-linked 
hypophosphatemia)

OMIM#307800 PHEX

ADHR (autosomal-dominant 
fypophosphatemic rickets)

OMIM#193100 FGF23  
SKG3 
(uncertain 
FGF23 status)

Autosomal-recessive 
hypophosphatemic rickets

OMIM#241520, 
#613312, 259775

DMP1, ENPP1, 
FAM20C

Hypophosphatemic rickets and 
hyperparathyroidism

OMIM#612089 KLOTHO

Osteoglophonic dysplasia OMIM#166250 FGFR1
Opsismodysplasia (17) OMIM#258480 INPPL1
Cutaneous skeletal 
hypophosphatemia 

syndrome (RAS)

OMIM#163200 RAS

Fibrous Dysplasia OMIM#174800 GNAS
Tumor-induced osteomalacia 
(TIO)

N/A Various/N/A

IV iron (especially ferrous 
carboxymaltose)

N/A N/A

FGF23-independent
Hereditary hypophosphatemic 
rickets with hypercalciuria (18)

OMIM#241530 SLC34A3

Hypophosphatemia and 
nephrocalcinosis (19)

OMIM#182309 SLC34A1

X–linked recessive 
hypophosphatemic rickets: 
Dent disease (20)

OMIM#300009 CLCN5

Nephropathic cystinosis (21) OMIM#219800 CTNS
Hypophosphatemia, 
nephrolithiasis, osteoporosis 
(22)

OMIM#604990 NHERF1
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have shown that burosumab improves muscle performance, fa
tigue, and pain (85) as well as stiffness, physical function, and 
the physical component of HRQoL (86).

Currently there is insufficient evidence to support a recom
mendation on the impact of conventional therapy (phosphate 
and active vitamin D) on QoL.

Metabolic Dysfunction
Obesity and metabolic dysfunction have been reported in 
some patients with hypophosphatemic rickets. In the 
XLH21 study, a total of 21 patients with XLH (53%) had in
sulin resistance (HOMA > 2.4, N = 10 conventional therapy, 
N = 11 burosumab) (56). Another cohort study involving 113 
patients with XLH reported that 56% of patients were over
weight or obese (87).

Monitoring recommendations: follow- 
UP (GRADEd) (Fig. 4)

The following assessments in adults are advised at 
least once a year unless otherwise specified:
We suggest (weak recommendations, very low cer
tainty evidence)* 

1. Pain assessment
2. Clinical assessment of fractures or pseudofrac

tures by obtaining fracture history as well as 
physical examination for tenderness of regions 
with reported bone pain

3. Weight, standing height, and BMI measurement
4. Blood pressure measurement
5. Documentation of dental infections (abscesses or 

periodontitis)by history
6. Measurements of serum morning (fasting) phos

phorus, total corrected or ionized calcium, ALP, 
creatinine or eGFR, PTH, 25-hydroxyvitamin D, 
spot urine phosphorus/creatinine ratio, spot 
urine calcium/creatinine ratio

Every 6 to 12 months: 
7. Dental assessment
8. Clinical physical examination for skeletal deform

ity, osteoarthritis, and joint restriction
In the presence of neurological deficit: 

9. Comprehensive neurological clinical examination
Annually or less frequent: 

10. Renal imaging, preferably with renal ultrasound
Annually in the presence of bone pain: 

11. Skeletal survey or x-rays to screen for fractures 
or pseudofractures

Practices that we suggest are not routinely required 
(discretionary): 

12. Routine sitting height measurements
13. Routine QoL assessment

*Based on clinical practice survey with 80% of experts 
performing the clinical practice in 80% of their 
patients
Abbreviations: ALP, alkaline phosphatase; BMI, body 
mass index; eGFR, estimated glomerular filtration 
rate; PTH, parathyroid hormone; QoL, quality of life.

HOW TO TREAT?

Treatment recommendations* (GRADEd) (Fig. 5)

1. In adults with fractures or pseudofractures we 
recommend burosumab therapy over no therapy 
(strong recommendation, moderate certainty).

2. In adults without fractures or pseudofractures we 
suggest burosumab therapy over no therapy 
(conditional recommendation, low certainty).

3. In adults with fractures or pseudofractures we 
suggest burosumab therapy over conventional 
therapy (active vitamin D and phosphate salts) 
(conditional recommendation, low certainty).

*We recognize that there may be limitations to drug 
therapy accessibility.

TREATMENT RECOMMENDATIONS 
(NON-GRADEd)
The Panel Proposes

1. Provide ongoing care by an expert in metabolic bone 
disease who recognizes the importance of multidiscip
linary services at the transition to adulthood—along 
with patient support groups—to address disease-related 
comorbidities.

2. Continue medical therapy (with either burosumab or 
phosphate and active vitamin D) for at least several 
years following epiphyseal closure enabling the opti
mization of peak bone mass which occurs at approxi
mately 20 to 25 years of age in asymptomatic 
individuals.

3. Provide medical therapy (with either burosumab or 
phosphate and active vitamin D) in the presence of 
symptoms or biochemical/histological evidence of 
osteomalacia (bone pain, weakness, osteomalacic frac
tures, elevated ALP, or osteomalacia on bone biopsy)

4. Optimize medical therapy (with either burosumab or 
phosphate and active vitamin D) prior to undertaking 
orthopedic surgeries or dental implant surgeries.

5. Provide ongoing adult care with pharmacotherapeutic 
management (with either burosumab or conventional 
therapy) with consideration of the benefits and risks of 
therapy and the patient’s capacity for ongoing 
monitoring.

6. When treating with burosumab, adhere to the recom
mended starting dose and adjust doses to achieve serum 
phosphorus levels in the low to mid normal (peak) or 
just below the normal or low normal (trough) range 
for age, while avoiding hyperphosphatemia at any point 
in the dose cycle.

7. If burosumab is not available, symptomatic adults 
should be treated with conventional therapy (active 
vitamin D with or without phosphate salts).

8. Phosphate salts should not be used as monotherapy.
9. When treating with conventional therapy (active vitamin 

D with or without phosphate salts), the fasting serum 
phosphorus should not serve as a target. It is not neces
sary to achieve normal fasting serum phosphorus levels 
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to treat XLH, and the high phosphate loads used to ac
complish this often lead to severe hyperparathyroidism.

10. Treatment with active vitamin D and phosphate 
salts should be modified to avoid hypercalcemia and 
hypercalciuria.

11. Burosumab is contraindicated in CKD (GFR less than 
30 mL/min), and in acute kidney injury. Cautious use 
may be considered in the presence of an eGFR between 
30 and 60 mL/min with careful monitoring.

12. Treat hypertension using current regional recommenda
tions pertaining to hypertension management.

13. Treat tertiary hyperparathyroidism in the setting of 
hypercalcemia, where multi-gland involvement is antici
pated, with off-label use of calcimimetics (ie, cinacalcet) 
to lower PTH levels, with careful monitoring of serum 
calcium to prevent hypocalcemia. If hyperparathyroid
ism and hypercalcemia remain uncontrolled, a subtotal 
parathyroidectomy should be considered.

14. Treat hypercalciuria by reducing the dose of active vita
min D, and in persistent hypercalciuria, hydrochloro
thiazide or potassium citrate may be used. The panel 
also proposes a low sodium intake (<1500 mg/day) 
and increased fluid intake up to 3 L/24 hours in the pres
ence of hypercalciuria.

15. Early referral to the spinal team with physiotherapy in 
cases of spinal scoliosis.

16. Treat spinal scoliosis with surgical fixation if the Cobb 
angle is greater than 30 degrees depending on the rate 
of progression and location of the curve.

Conventional Therapy
Generally, symptomatic adults with XLH are treated with 
phosphate salts (750-2000 mg/day) divided into 3 to 4 doses 
daily, and active vitamin D (calcitriol [0.5 to 1 µg/day] or al
facalcidol [0.75-1.5 μg daily]), especially when treating osteo
malacia or fractures. Doses may then be lowered during the 
maintenance phase of treatment to minimize long-term com
plications (11, 24, 49). A balanced use of calcitriol (useful in 
dampening PTH secretion) and phosphate is of value in order 
to avoid phosphate stimulation of PTH, which exacerbates re
nal phosphate loss and further lowers serum phosphate. 
Importantly, phosphate salts should not be used as monother
apy without concurrent active vitamin D. Active vitamin D 
without phosphate salts, however, may be considered in 
adults with mild symptoms.

Adequate dietary calcium intake is recommended to pro
vide calcium for skeletal mineralization and the healing of 
osteomalacia and rickets, especially during the first few 
months of treatment, acknowledging that the active vitamin 
D also increases gastrointestinal calcium and phosphate ab
sorption, and the combination may increase the risk of hyper
calciuria. As calcium supplements act as phosphate binders, 
potentially reducing the bioavailability of phosphate supple
ments, calcium intake must be separated 1 hour from phos
phate intake. Elevated PTH with concomitant low urinary 
Ca/Cr may indicate the need for increasing the calcium intake.

Phosphate supplementation is often limited by gastrointes
tinal tolerability issues, including dyspepsia, and a laxative ef
fect. Patients may opt to discontinue phosphate replacement 
due to gastrointestinal side effects. As mentioned above, compli
cations of conventional therapy include secondary and tertiary 

(hypercalcemic) hyperparathyroidism, nephrocalcinosis, and 
CKD. Tertiary hyperparathyroidism occurs in about 25% to 
30% of adults with XLH (88) and may develop several years 
after stopping conventional therapy. The resulting hypercalce
mia limits the use of active vitamin D. Tertiary hyperparathyr
oidism usually requires multi-gland parathyroidectomy, and 
hypercalcemia can still recur. Cinacalcet may be effective as ad
junctive therapy for hyperparathyroidism (89-91).

Burosumab
In adults, burosumab is administered at a starting dosing of 
1 mg/kg every 4 weeks, with an approved maximum of 
90 mg every 4 weeks, based on the dose used in the placebo- 
controlled trial in adults (4). This trial indicated that burosu
mab normalized serum phosphorus and the healing of active 
osteomalacia-related fractures (52). In the RCT comparing 
burosumab to placebo, burosumab positively impacted vari
ous QoL measures as noted above (4, 52, 92-94). However, 
when applying GRADE to assess the certainty of evidence 
with respect to QoL measures, burosumab showed little or 
no impact on fatigue or mobility. Burosumab also demon
strated probably little or no impact on pain and stiffness 
when using direct measures of pain and function. Dental ab
scesses appeared to be more with burosumab compared to 
placebo in the trial over 24 weeks (5% more; 95% CI, −5 to 
16) (95).

Joint damage and enthesopathy are among the most debili
tating symptoms of XLH in adults, beginning even in the third 
decade of life. Unfortunately, there is no evidence to date that 
either conventional therapy or burosumab in adults prevents 
joint damage or enthesopathy and further research is required.

Monitoring of burosumab requires frequent laboratory test
ing for both safety and efficacy as with conventional therapy. 
In contrast to conventional therapy, the target with burosumab 
is to achieve a normal fasting serum phosphorus concentration 
throughout the dose cycle, if possible, while avoiding hyperphos
phatemia. Thus, the interpretation of every laboratory assess
ment requires consideration of its relationship in time to the 
last dose of burosumab. In clinical trials, the peak serum phos
phorus value was observed at 7 days post-dose (53), while 
TmP/GFR peaked 7 to 14 days post-dose. Serum 1,25(OH)2D 
peaks at day 3 to 7 after burosumab dose and the mean value 
is supraphysiologic. Hypercalciuria or hypercalcemia may theor
etically occur early in the dosing cycle when or shortly after 
1,25(OH)2D levels peak, especially in patients with parathyroid 
autonomy or high calcium intake.

Achieving a normal fasting serum phosphorus throughout 
the dose cycle with burosumab is challenging and not all 
adults achieve normal fasting serum phosphorus with doses 
of up to 90 mg of burosumab every 4 weeks. In order to 
achieve consistently normal fasting serum phosphorus with 
burosumab therapy, some patients may require more frequent 
dosing than every 4 weeks and may require dosing every 2 
weeks. The total monthly dose may be more than 90 mg in 
a 4-week period. These are currently off-label regimens. In 
contrast, some patients may require very low burosumab 
doses in order to normalize fasting serum phosphorus, high
lighting the broad individual variation in response.

Complications of hyperparathyroidism in adults may be 
less likely to occur with burosumab. In a recent clinical trial 
reductions in PTH levels were noted with burosumab in com
parison to placebo (52). Injection site reactions occur in adults 
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less commonly than in children and are typically brief and usu
ally do not require discontinuation. Occasionally patients 
have reported transient generalized bone pain at the onset of 
therapy. About 8% (or more) of patients with XLH have rest
less legs syndrome in the absence of burosumab therapy. 
Restless leg syndrome has been noted as an adverse event of 
burosumab therapy (4).

Orthopedic and Related Surgical Procedures
Orthopedic intervention for XLH is predominately devoted to 
fracture care and osteotomies performed to correct limb align
ment. Fractures and deformity occur primarily in the lower 

extremities and are attributed to progressive osteomalacia 
and the impact of prolonged weight bearing on poorly miner
alized bones and misaligned joints. Reports of surgical treat
ment of bone deformity in skeletally mature adults with 
XLH include small numbers of patients with no control 
groups. The few articles specific to surgical treatment in adults 
with XLH promote intramedullary fixation (rods) for realign
ment osteotomies to span the full length of the bone; this ap
proach allows for long healing time and prevents recurrence of 
deformity over the long term. In general, however, surgical 
management should be coordinated between the surgical 
team and the metabolic bone disease specialists. For most 
skeletal surgeries, surgical healing of the bone is likely to be 

Figure 5. GRADEd treatment recommendations in adult XLH.

Figure 4. GRADEd monitoring recommendations for follow-up in adults with XLH.
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improved with antecedent medical therapy (with either buro
sumab or phosphate and active vitamin D). Improved healing 
of active fractures after starting burosumab therapy was noted 
in the RCT study evaluating burosumab in comparison to 
placebo (before which many participants were receiving con
ventional therapy), supporting the use of burosumab for post
operative skeletal healing (4).

Pseudofractures
Pseudofractures are areas of weakened bone that appear as 
transverse radiolucent lines on imaging studies, varying in 
width from less than a millimeter to over a centimeter (96). 
They often indicate underlying skeletal weakness or dysfunc
tion due to metabolic bone diseases such as osteomalacia. 
These lesions have been referred to as Looser’s zones (97), in
sufficiency fractures (98), and osteomalacia-related fractures. 
The aims of therapy are to heal fractures and to prevent com
plications. If a pseudofracture is at high risk of progressing to 
a full-thickness fracture or worsening deformity, initiating 
burosumab therapy is advised. If burosumab is not available, 
conventional therapy should be considered, despite insuffi
cient data on its impact on fracture healing. Strong evidence 
supporting the use of burosumab to enhance fracture or pseu
dofracture healing is available (4). Consider referral for sur
gery if there is evidence of deformity or severe pain that is 
not responding to medical therapy (with either burosumab 
or phosphate and active vitamin D). Complete fractures or 
pseudofractures may still require prolonged healing time, 
even with conventional therapy or burosumab, as noted in 
the RCT in which only 63% of the active fractures at baseline 
were completely healed at 48 weeks of therapy (52).

Complete fragility fracture
The goal of treatment is to fix the fracture, optimize the anat
omy and function and promote recovery. The bone is likely to 
be soft in the presence of a mineralization defect, and therefore 
nailing may be preferable to plating. A specialized orthopedic 
team should be consulted in the presence of significant de
formity that may be multi-planar. In the RCT improved radio
graphic healing of active fractures and pseudofractures was 
observed in the burosumab arm in comparison to placebo in 
adults over 24 weeks (4). In our accompanying systematic re
view, there was a 35% improvement in fracture and pseudo
fracture healing with a narrow CI (95% CI, 22 more to 49 
more) with burosumab in comparison to placebo (95).

Other Elective Orthopedic Surgeries, Including 
Arthroplasty
If musculoskeletal pain is present, further evaluation is re
quired to determine the cause. Advanced joint disease may re
quire arthroplasty. A recent survey of musculoskeletal 
complaints in adults with XLH emphasized both the high 
frequency and early onset of musculoskeletal conditions, in
cluding osteoarthritis requiring hip and knee arthroplasty in 
adults as young as 30 years of age.

Scoliosis and spinal stenosis
Patients with scoliosis should be regularly monitored for pro
gression as assessed by pain or worsening deformity.

Spinal stenosis is a complication of XLH and may require 
surgical intervention (48). Patients with XLH should be moni
tored for symptoms of neurologic compromise and undergo 

spinal imaging in the presence of nerve or spinal cord com
pression with referral to surgical specialists. Patients may re
quire laminectomy and spinal fusion procedures.

Patient Support Groups
Patient support groups play a crucial role in the care of adults 
with XLH. Organizations such as the XLH-Network (https:// 
xlhnetwork.org/) and the Canadian XLH-Network (https:// 
canadianxlhnetwork.org/), among others, provide valuable 
resources, education, community, and peer to peer support 
for patients of all ages. They offer information on disease 
management, transition from pediatric to adult care, and self- 
care strategies. They also provide valuable information re
garding how and where to access specialized multidisciplinary 
team care. Support groups are of great value in assisting pa
tients with XLH in navigating the healthcare system. 
Psychological support is also an unmet need and patient sup
port groups may be of value in locating community resources 
(99, 100). By providing a platform for shared experiences and 
advocacy, patient support groups empower adults with XLH 
to take an active role in their healthcare and may contribute to 
improve their QoL.

PREGNANCY AND LACTATION

Preconception and pregnancy  
(GRADEd)

For follow-up assessment during preconception and 
pregnancy:
We suggest (weak recommendations, very low cer
tainty evidence)* 

1. Providing genetic counseling to all women of child
bearing age, including adolescents, regarding the 
inheritance of XLH and the risk of transmission

2. Counseling women of childbearing age (includ
ing adolescents) who are treated with burosumab 
or conventional therapy (phosphate salts and ac
tive vitamin D) regarding the limited evidence of 
the risks and benefits associated with these 
treatments

In the presence of neurological deficit: 
3. Conduct a comprehensive neurological clinical 

examination for patients presenting with neuro
logical deficits

Biochemistry: 
4. Measurement of serum total calcium (albumin 

corrected) or ionized once every trimester for all 
women; serum creatinine and eGFR measure
ment monthly for women on medical therapy; 
and fasting serum phosphorus at least once dur
ing pregnancy for all women.

Practices that we suggest are not routinely required 
during pregnancy (discretionary): 

5. Mobility assessment with 6MWT during pregnancy
6. QoL assessment
7. Renal ultrasound to screen for nephrocalcinosis 

during pregnancy
*Based on clinical practice survey with 80% of experts 
performing the clinical practice in 80% of their patients.
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Abbreviations: 6MWT, 6-minute walking test; eGFR, es
timated glomerular filtration rate; QoL, quality of life.

RECOMMENDATIONS FOR PREGNANCY AND 
LACTATION (NON-GRADEd)

The Panel Proposes

1. Optimization/normalization of serum corrected calcium, 
and vitamin D levels preconception, during pregnancy, 
and while breastfeeding. This may involve considering sur
gical intervention pre-conception in cases of existing ter
tiary hyperparathyroidism (the ideal target for fasting 
serum phosphorus in pregnancy is not known at this time).

2. Medication review should be performed preconception:
(a) Thiazide diuretics, angiotensin-converting enzyme 

inhibitors or angiotensin-2 receptor blockers, should 
be stopped.

(b) Cinacalcet is not recommended during pregnancy 
(FDA category C). Data regarding the safety of cina
calcet in pregnancy is limited. It has been successfully 
used in nonpregnant individuals with XLH and 
hyperparathyroidism.

(c) Safety of burosumab treatment during pregnancy and 
lactation is not established. Risks and benefits of ther
apy should be discussed with patients. There is inad
equate data at this time to make a recommendation 
regarding burosumab therapy during pregnancy.

3. Phosphate supplementation is ideally divided into 4 to 5 
daily doses, and always in combination with active vita
min D, (calcitriol is given twice daily given the short half- 
life and alfacalcidol is given once daily).

4. Lower doses of phosphate and active vitamin D may be 
sufficient in pregnancy due to increased endogenous pro
duction of 1,25(OH)2D. However, close monitoring is re
quired, as requirements for conventional therapy may 
vary among patients.

5. Blood pressure monitoring at every pregnancy visit; and treat
ment for hypertension should be initiated in collaboration 
with the obstetrician, both preconception and during preg
nancy. This should follow the current regional recommenda
tions pertaining to hypertension management.

6. Close monitoring of serum corrected calcium during lac
tation with modifications of active vitamin D in cases 
with existing secondary/tertiary hyperparathyroidism, 
as hypercalcemia may worsen due to rises in parathyroid 
hormone-related protein (PTHrP).

7. Normalization of bone-specific alkaline phosphatase 
(BsALP) by ensuring adequate calcium intake, active vitamin 
D, and native vitamin D supplementation during pregnancy.

8. Monitoring breastfed infants of affected mothers to en
sure their serum phosphorus levels are normal.

Preconception Planning. Women of childbearing age with 
XLH should receive preconception advice and multidisciplinary 
counseling regarding the inheritance pattern, and possible compli
cations of pregnancy or drug therapy in XLH. The involvement of 
a genetic counselor is useful. Prenatal and preimplantation genetic 
testing for XLH may be considered as possible options in some 
contexts (101). In addition, the utilization of embryo selection 
may also be discussed if available and amenable.

Pregnancy and Lactation
Physiological changes. Pregnancy results in changes in cal
cium and phosphorus homeostasis. These changes are beneficial 
in supporting fetal skeletal development and growth and include 
elevations in parathyroid-related protein (PTHrP) and 
1,25(OH)2D as noted in pregnant women with normal phos
phate homeostasis (102). Some data suggest that TmP/GFR is 
not affected by pregnancy (103), while others report rises in 
TmP/GFR in the first trimester (104). Intact FGF23 levels seem 
unaffected by pregnancy in healthy individuals, but this has 
not been studied in women with XLH (105). In the case of 
XLH, these physiological alterations may impact serum phos
phorus and potentially increase pregnancy complications.

Management of maternal XLH during pregnancy and lacta
tion. There is limited evidence to support specific guidance 
on the management of XLH during pregnancy and lactation. 
Most data are derived from case reports and case series. 
During pregnancy, production of 1,25(OH)2D from the pla
centa and breast increases serum calcium levels and urinary 
calcium excretion, warranting close monitoring (106).

Frequent laboratory testing during pregnancy (every 1-2 
months) is prudent for safety monitoring. The safety of burosu
mab treatment during pregnancy and lactation is not established. 
The risks and benefits of therapy should be discussed with pa
tients. There are inadequate data at this time to make a recom
mendation regarding burosumab therapy during pregnancy.

The data on mode of delivery in XLH are heterogeneous. In a 
report of 22 deliveries in 12 women with XLH, only 7 vaginal 
deliveries (32%) were reported, while the remaining required ce
sarean delivery (46). Similarly, a cohort study from the UK re
ported a higher rate of cesarean deliveries in 18 women with 
XLH, with 8 of 34 deliveries (23.5%) via the vaginal route 
(57). In contrast, a Danish study of the 60-year period from 
1946 to 2006 found that only 3 of 25 women with XLH (in 5 
of 36 pregnancies; 14%) underwent a cesarean delivery, not sig
nificantly different from the general population (23).

Management of maternal XLH to improve fetal outcomes.
To date, there is no evidence for any benefit to the affected fe
tus from treatment of maternal XLH. In the Hyp mouse model 
of XLH, the affected pups were normophosphatemic in utero 
despite the hypophosphatemia in the affected dam (107). It 
appears that FGF23 is not required to regulate fetal phosphate 
metabolism. Physiologic disturbances begin to affect phos
phate metabolism only after birth (108). Of note, burosumab 
does cross the placenta, and effects on the developing fetus are 
not known. Close monitoring of the clinical and biochemical 
status of women with XLH throughout pregnancy is advised 
during treatment with conventional therapy, given the known 
effects of pregnancy on mineral homeostasis. Some clinicians 
reduce dosing of conventional agents during this time (109).

DENTAL and ORAL COMPLICATIONS
DENTAL RECOMMENDATIONS (NON-GRADEd)

The Panel Proposes

1. Dental visits at least once a year to screen for infections, 
and periodontal supportive care with recall intervals 
based on each individual condition.

2. In the presence of active oral manifestations, treatment 
with active vitamin D and phosphate salts, or burosumab 
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is advised to reduce the risk of dental infections and the 
severity of periodontitis.

RECOMMENDATIONS FOR DENTAL 
PROFESSIONALS (NON-GRADEd)

The Panel Proposes

1. A thorough clinical and radiological assessment search
ing for spontaneous pulp infection (tooth color changes, 
fistula, swelling, abscess, cellulitis, pain, periapical bone 
loss), and periodontitis.

2. Performing a dental orthopantomogram (radiograph of the 
upper and lower jaw and teeth), potentially complimented 
or replaced with cone-beam computed tomography im
aging, in patients with recent oral manifestations, which 
can be repeated based on individual needs.

3. Implant surgery may be performed after 3 to 6 months of 
medical treatment (conventional therapy or burosumab), 
which should be continued for 6 months following im
plant surgery; healing time should be extended up to 6 
months.

Dental complications are common in patients with XLH (3, 
49, 110) and significantly alter QoL (111-113). Mineralization 
of dentin is impaired, resulting in greater susceptibility to 
pulp infections (114, 115). Periodontal tissues are compro
mised (3, 116, 117) resulting in relatively frequent and severe 
periodontal diseases in affected adults of all ages (3, 118), pre
mature loss of teeth (3, 110), as well as an increased risk of 
dental implant loss (47).

Prevention and Management of Dental Complications of 
XLH. Multidisciplinary teams caring for patients with 
XLH must include dental services (12, 24, 25). In adults, 
twice-yearly visits are indicated to perform conventional sup
portive periodontal therapy (24). Dental implant placement 
should not be performed in the absence of medical treatment. 
It is suggested that implant surgery be performed after 3 to 6 
months of medical treatment (expert recommendation), with 
continuation for at least 6 months following the implant sur
gery (24, 119, 120). For all patients, bitewings and/or periap
ical radiographs, orthopantomogram or cone-beam 
computed tomography may be performed based on clinical 
needs (24, 121-123); malocclusions may be present (124). 
Medical therapy (with either burosumab or phosphate and ac
tive vitamin D) should be started prior to initiation of any re
quired orthodontic treatment.

Comparison of the Effect of Therapies (Burosumab and 
Active Vitamin D/Phosphate Salts) on Dental Complications 
of XLH. Early conventional treatment with good compli
ance improves dentin and potentially cementum mineraliza
tion (3, 114), reduces dental infections in children and 
adults, and decreases the severity of periodontitis in adults 
(3, 49, 114, 125). Limited studies have compared the effects 
of burosumab with those of conventional therapy on dental 
manifestations of XLH in adults. In a recent RCT in adults, 
burosumab was not found to reduce the number of dental ab
scesses compared to placebo, However, dental outcomes were 
not included as a study endpoint measure in the study design 
and ascertainment was questionable (4). In this 24-week 

study, 9 of the 68 adult patients (13.2%) treated with burosu
mab developed an abscess compared to 5 of the 66 patients 
(7.6%) in the placebo arm. Further long-term data is being 
obtained.

RESEARCH AGENDA
Much remains to be explored in terms of understanding the 
full adult phenotype of XLH and optimizing therapy to min
imize morbidity. For instance, it is not understood which fea
tures of XLH are mediated by hypophosphatemia and which 
are independent of hypophosphatemia. Exploration into the 
direct effects of PHEX loss of function and chronic exposure 
to ambient elevations in FGF23 is warranted. On a molecular 
level, understanding the function of PHEX with respect to its 
substrate, its interaction with FGF23, and its full physiologic 
effect remains elusive and an active area of investigation. It 
will be important to determine whether long-term inhibition 
of FGF23 activity can result in normalization of bone histo
morphometric measures that were found to be partially but 
not completely corrected after 1 year of burosumab treat
ment (35). Other critical gaps in knowledge include under
standing the etiologies of arthritis and enthesopathy, and 
their responsivity to inhibition of FGF23 activity, both 
acutely and with respect to long-term preventive approaches. 
Likewise, the therapeutic response of dental disease, hearing 
loss, craniosynostosis, and associated central nervous system 
complications remains unknown. The full burden of XLH is 
likely underestimated. QoL, loss of productivity, and the 
economic burden of the untreated XLH patient need to be es
timated. On a more immediate scale, clinical experience to 
date would suggest optimization of treatment schedules 
with attention to dosing intervals is an important area to in
vestigate, as worsening clinical symptomatology appears to 
recur near the end of the currently approved “every 
28-day” dosing cycle. Thus, there is a broad opportunity to 
further improve the management of the adult patient with 
XLH.

Summary
These global XLH guidelines have been developed based on 
systematic reviews of the literature, GRADE methodology to 
evaluate the certainty of evidence, and broad consensus using 
surveys among international experts in XLH. The guidelines 
provide recommendations for the diagnosis and manage
ment of XLH in adults today. XLH is associated with signifi
cant multisystem complications, including musculoskeletal, 
dental, neurologic, renal, parathyroid, and ocular effects. A 
careful clinical assessment is required to confirm the correct 
diagnosis and to evaluate the multisystem manifestations, in
cluding the impact on daily function and QoL. A specialized 
multidisciplinary team is recommended to optimize care for 
various aspects of disease progression and to manage 
pharmacologic and potential surgical interventions. 
Conventional therapy with phosphate salts and active vita
min D is of value in improving bone mineralization and likely 
useful for enhancing healing of fractures, as well as prevent
ing and treating dental complications. Complications of con
ventional therapy include secondary or tertiary 
(hypercalcemic) hyperparathyroidism, nephrocalcinosis, 
and impairment in renal function. Hyperparathyroidism 
may be less likely to occur with burosumab therapy. 
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Surgical intervention may be required in the presence of severe 
spinal stenosis, advanced scoliosis, or advanced joint disease. 
Medical therapy (with either burosumab or phosphate and ac
tive vitamin D) prior to surgical intervention is advised to opti
mize bone mineralization and surgical outcomes.

Close monitoring of any therapy during pregnancy and lac
tation is advised. Conventional therapy may be safe during 
pregnancy, although some clinicians decrease the dosing.

Burosumab has been demonstrated to improve active frac
ture and pseudofracture healing in comparison to placebo. 
In adults with fractures or pseudofractures burosumab is 
recommended over no therapy (strong recommendation). 
Burosumab is also suggested over conventional therapy in 
the presence of fractures or pseudofractures (conditional rec
ommendation) based on the results of the SRs conducted. 
Appropriate revision of these clinical guidelines would be use
ful in several years with the development of a greater body of 
knowledge and clinical experience.

Limitations
Our recommendations are limited in assessing patients’ func
tional status, as we primarily considered the 6-minute walking 
test (6MWT) for evaluating mobility. Our survey did not address 
other important aspects of function, such as walking perimeter, 
use of assistive devices, or daily activity levels. Moreover, the use 
of the 6MWT did not achieve the consensus threshold in our sur
vey, reflecting variability in clinical practice.
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