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INTRODUCTION 

XLH is one of the hereditary rickets manifested by low 

serum phosphate, decreased intestinal absorption of 

calcium and joint deformities.1,2 Due to scarcity of 

information and the lack of treatment guidelines which 

frequently lead to missed diagnoses or mismanagement. 

Therefore, a review of all available literature is needed to 

have the guidelines for the treatment of XLH with 

children.  In this review, outline the current evidence and 

provide recommendations on features of the XLH, 

including new treatment methods, to improve knowledge 

and provide guidance for management.  

There are two types of management in XLH, out of 

which the main stay of treatment is conventional 

treatment which includes combination of oral phosphate 

supplements and active vitamin D as soon as diagnosis is 

established.2-5 It is well evident that initial and early 

management is associated with good outcomes. In 

children, healing of rickets is determined by the 

normalization of alkaline phosphatase levels and 

improvement in radiological signs. Also early 

management promotes growth, reduces bone pain, and 

improves leg deformities.1-7  

The cornerstone in managing XLH is the conventional 

treatment with active vitamin D (calcitriol or alfacalcidol) 

in addition to oral phosphate supplements to prevent 

secondary hyperparathyroidism and increase phosphate 

absorption from the gut.1,2 However, higher doses of 

active vitamin D although improves growth and bone 

healing but are associated with significant risk of 

increased calcium excretion in urine and 

nephrocalcinosis. On the other side, decreased doses of 

vitamin D are usually associated with low intestinal 

calcium absorption and poorly controlled rickets. Thus, 

conventional management should be adjusted to keep 

PTH (parathyroid hormone) levels within the normal 

range (10-65 pg/ml in children) to prevent the orthopedic 

complications.2,8-12  

The other emerging treatment is burosumab therapy 

which is human monoclonal IgG1 antibody against 

fibroblast growth factor 23 (FGF 23) for the treatment of 

XLH in children ≥1 year of age and in adolescents and is 
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near future will be discussed along with clinical manifestations and investigations.  
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found to be effective in improving rickets without major 

adverse events and in 2018 received approval from 

European Medicines Agency (EMA), and USA (United 

States of America) Food and Drug Administration 

(FDA).1-3 

Clinical manifestations 

Children usually manifests with short stature, features of 

rickets affecting mainly lower limbs. Moreover, some of 

the children may present with delayed walking, lower 

limb deformities (varus deformity or valgus deformity) 

along with (intoeing or extoeing), widening of the wrist, 

reduced growth velocity, disproportionate short stature, 

dental abscesses and abnormal skull shape.2-4 

Investigations  

The salient features of XLH are hypophosphatemia due to 

renal phosphate wasting, increased alkaline phosphatase 

(ALP) levels and elevated intact FGF23 levels. . The 

urinary phosphate wasting should be assessed by 

calculating the tubular maximum reabsorption of 

phosphate per glomerular filtration rate (TmP/GFR).1,2,5  

The list of biochemical tests, including serum levels of 

phosphate, calcium, alkaline phosphatase, parathyroid 

hormone, 25 (OH) vitamin D (25 hydroxyvitamin D), 1, 

25 (OH)2 Vitamin D (1, 25-dihydoxyvitamin D3) and 

creatinine, and urinary levels of calcium, phosphate and 

creatinine by use of a spot urine test for calculation of the 

tubular maximum reabsorption of phosphate per 

glomerular filtration rate (TmP/GFR) and urinary 

calcium: creatinine ratio.2,13-17 The confirmation of the 

biochemical and clinical diagnosis of XLH is by genetic 

analysis of the PHEX gene in children. Moreover, renal 

ultrasound should be monitored for nephrocalcinois.1-3 

Table 1: Biochemical features of XLH. 

Laboratory values XLH 
Nutritional 

rickets 

Serum 

phosphorous 
↓ ↓ 

Tmp/GFR ↓ ↑ 

Urinary 

phosphorous 
↑ ↑ 

ALP ↑ ↑↑ 

Serum calcium Normal or ↑ Normal or ↓ 

PTH Normal or ↑ ↑↑ 

1,25 (OH)2D Inappropriately normal or ↓ ↓ 

25 (OH)D Normal ↓ 

FGF 23 Inappropriately normal or ↑ Normal or ↓ 

TmP/GFR-tubular maximum reabsorption of phosphate 

per glomerular filtration rate; ALP- Alkaline 

phosphatase; PTH- Parathyroid hormone; 1, 25 (OH)2 D- 

1, 25- dihydoxyvitamin D3; 25 (OH) D-25 

hydroxyvitamin D; FGF 23- Fibroblast growth factor 23. 

Other important radiological diagnostic features supports 

the diagnosis are rachitic lesions are characterized by 

cupped and flared metaphysis and widened and irregular 

physes (growth plates) of the long bones.2,5,18-21    

TREATMENT 

Includes conventional medical management and 

emerging medical management. 

Conventional medical management 

The main stays in conventional management in treating 

children with XLH are combination of active vitamin D 

and oral phosphate supplements.2 The treatment guideline 

varies significantly among children and it depends on the 

severity of the phenotype and no agreement exists on the 

optimal dose of oral phosphate. However, starting doses 

of 20-60 mg/kg body weight daily (0.7-2.0 mmol/kg 

daily).1,2,5 

The phosphate supplements are available as liquid 

formulation or as tablets containing sodium-based and/or 

potassium-based salt and should be given as frequently as 

possible, for example, 4-6 times per day in children as the 

phosphate concentrations return to baseline in 1.5 

hours.1,2 On the other side, higher phosphate doses may 

cause diarrhea and gastrointestinal discomfort.2   

Therefore, there should be fine balance between optimal 

dose and the side effects.  

Also active vitamin D should be started along with 

phosphate supplements in order to prevent secondary 

hyperparathyroidism and increase phosphate absorption 

from the gut and the dosage recommended is calcitriol of 

20-30 ng/kg body weight daily or alfacalcidol of 30-

50 ng/kg body weight daily or at 0.5 μg daily of calcitriol 

or 1 μg of alfacalcidol in patients >12 months old and 

adjusted on the basis of clinical and biochemical 

responses.2,5 Calcitriol can be given in one or two doses 

per day, whereas alfacalcidol should be give once per day 

owing to its longer half-life.1,2,5,22 

Table 2: Monitoring and dose regulating. 

Biochemical finding Dose regulating 

Hypercalciuria, 

normal serum calcium 
↓ calcitriol, and/or ↑ phosphate 

Hypercalcemia 
↓ calcitriol or discontinue both 

medications if hypercalcemia 

↑ PTH ↑ calcitriol, and/or ↓ phosphate 

Lack of radiographic 

response or 

inappropriate growth 

deceleration 

↑ calcitriol or phosphate, as 

tolerated and within weight 

based guidelines 

Hypophosphatemia 

Increase carefully phosphate 

supplements and need to closely 

monitor as hyperparathyroidism 

may occur.  
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The aim of the treatment is to keep serum phosphate >1 

mmol/L, PTH within the normal range (10–65 pg/ml in 

children), ALP (<500 U/L), normal calcium 2.25-2.5 

mmol/l and normal urinary calcium creatinine ratio 

according to age centiles.2,5,22 

Emerging medical management 

Burosumab therapy in children 

The pathogenesis in XLH is caused by excessive levels 

and activity of FGF23. Burosumab is a recombinant fully 

human monoclonal IgG1 antibody, against FGF23 

planned to block excess FGF23 activity in children. It 

further increases the phosphate reabsorption and 

production of vitamin D from the kidney.1,2,5 

Burosumab therapy was approved in children following 

encouraging results from the previous trials. Thomas et al 

conducted an open-label, phase 2 trials in 52 children 

with X-linked hypophosphatemia and concluded that 

renal tubular phosphate reabsorption significantly 

improved along with linear growth, and physical 

function.3 Moreover, Erik et al conducted the open- label, 

randomized, active controlled, phase 3 trial compared the 

efficacy and safety of burosumab with conventional 

treatment which also supports the above 

recommendations.1 Results of the trials testing 

burosumab in a total of 61 pediatric children aged 

between 1-12 years with severe XLH illustrated greater 

clinical improvements in rickets severity, growth and 

biochemistries among children with XLH.1-3,22-25   

In children, approved starting dose of 0.4 mg/kg body 

weight and 0.8 mg/kg body weight, respectively, given 

every 2 weeks. Starting with a dose of 0.4 mg/kg body 

weight as this dose might be sufficient. The dose should 

be titrated in increments of 0.4 mg/kg body weight in 

order to raise fasting serum phosphate levels within the 

lower end of the normal reference range for age, with a 

maximum dosage of 2.0 mg/kg body weight (maximum 

dose 90 mg).1,2,5 In pediatric trials, the average 

maintenance dose was 1 mg/kg body weight. The side 

effects observed with burosumab therapy were injection-

site reactions, headache and pain in the extremities.2,5,22 

Burosumab should not be given along with conventional 

treatment, when serum phosphate levels are within the 

age-related normal reference range before initiation of 

treatment or in the presence of severe renal failure.2,5  The 

dose should be discontinued if serum phosphate level is 

above the higher range of normal and can be restarted at 

approximately half of the previous dose when serum 

phosphate concentration is below the normal range.1,2,5   

The most important is monitoring and follow up during 

and after burosumab therapy and monitoring of fasting 

serum phosphate levels during the titration period 

between injections, ideally 7-11 days after the last 

injection, to avoid inadvertently causing 

hyperphosphatasemia.2,3 Moreover after 3 months of 

stable dosage, suggest monitoring serum levels of 

phosphate preferentially directly before injections to 

detect hypophosphatemia.1-3,22  

CONCLUSION 

To conclude, burosumab therapy was more effective than 

continuing conventional therapy in improving rickets, 

growth, lower limb deformity and mobility in children 

with XLH as evident in open-label active-controlled 

randomized trials. Moreover, this review article also 

highlights the importance of emerging modalities of 

managing XLH in children in order to prevent the 

adverse effects associated with conventional treatments. 

However, we need further randomized, double-blind, 

controlled trial study with more adequate samples and 

meta-analysis needed especially in children. 
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