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Abstract: X-linked hypophosphatemia is a rare genetic disorder caused by a loss-of-function mutation in the
phosphate-regulating gene with homologies to endopeptidases on the X chromosome. It is characterized by early-
onset skeletal deformities, hypophosphatemia, and elevated fibroblast growth factor 23 levels. The following
mutations lead to recurrent fractures, osteoarthritis, joint stiffness, and a reduced life expectancy. Burosumab, a
human monoclonal antibody, is considered a breakthrough in the treatment of X-linked hypophos-
phatemia. MEDLINE, Cochrane Library, CENTRAL, Google Scholar, and clinicaltrials.gov were searched from
inception through March 3™, 2025. Overall, eight clinical trials investigating the effectiveness and safety of
Burosumab in patients with X-linked hypophosphatemia were identified using the PRISMA guidelines. Out of
which two randomized controlled trials exhibited a significant increase in serum phosphate. The other five single-
arm studies reported instability in serum phosphate levels with variability in the dosing regimen. Furthermore,
other primary outcomes; 1,25 dihydroxy vitamin D, serum calcium, and tubular maximum reabsorption of
phosphate to glomerular filtration markedly optimized. Secondary outcomes assessing bone pain and ambulation
indicated lower scores on the Brief Pain Inventory and Western Ontario and McMaster Universities Arthritis
Index. Burosumab was well-tolerated by all participants, with only mild to moderate adverse events reported. The
findings indicate significant improvement in levels of key biochemical markers; serum phosphate concentration,
tubular maximum reabsorption of phosphate to glomerular filtration, 1,25 dihydroxy vitamin D after Burosumab
use. A decrease in the level of pain and stiffness in joints was reported through the Brief Pain Inventory and
Western Ontario and McMaster Universities Arthritis Index in most studies. Burosumab was well tolerated by
participants from all included studies.

Introduction

X-linked hypophosphatemia (XLH) is a rare genetic disorder caused by loss-of-function in the PHEX gene
(phosphate-regulating gene with homologies to endopeptidases on the X chromosome), which results in
progressively debilitating lifelong ambulatory difficulties [1, 2]. Furthermore, according to the United Kingdom's
XLH prevalence report, the incidence of XLH increased from 1.8 to 13.3 per million in the adult population from
1995-1999 to 2012-2016. Additionally, the analysis exhibited that 6.5% of the XLH-inflicted population died at
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the age of 61 compared to the median age of death at 68 years in the control group, indicating an 8-year survival
reduction in the XLH population [3].

X-linked hypophosphatemia is biochemically presented with diminished phosphate reabsorption from the kidneys
due to an eminent increase in fibroblast growth factor 23 (FGF23) [4]. Elevation of FGF23 is shown to be linked
with remarkable amplification in the incidence of chronic kidney disease and cardiovascular diseases like,
cardiomyocyte hypertrophy, and vascular calcification leading to stroke and early death [5, 6]. XLH progression
leads to lifelong disability along with severe musculoskeletal morbidities which significantly upscales the
economic burden of the disease [7]. Additionally, a study by Steel and others [8] analyzing musculoskeletal
comorbidities in nine individuals revealed that adults with XLH presented with enthesopathies, specifically
prevalent in the cervical spine (87.0%), thoracic spine (75.0%), lumbar spine (88.0%), and Achilles tendon
(88.0%). Along with elevated frequency in osteophyte formation and degenerative arthritis, especially, in the hip
(88.0%) and knee (100%) joints. It leads to joint pain and stiffness, thus contributing to impaired mobility, and
hampering overall quality of life [8]. Moreover, Orlando and others [9] demonstrate that approximately 40.0% of
the 26 included adults had compromised mobility and diminished physical activity related to an eminent deficit
in lower limb muscle strength.

Until recently, the sole pharmaceutical intervention to manage elevated FGF-23-associated hypophosphatemia
and 1,25 dihydroxy vitamin D deficiency was phosphate analogs and vitamin D metabolites [10]. Though,
conventional therapy in symptomatic adults has proven to be imperceptibly efficacious [11, 12]. Long-term
subjection to conventional therapy is linked to complications like nephrocalcinosis, hypercalciuria, and medullary
calcifications [13]. Kato and others [14] report the occurrence of nephrocalcinosis in 72.0% of adults with XLH
undergoing chronic phosphate analog use. To avoid the adverse effects of conventional treatments, Burosumab,
a monoclonal antibody has emerged as a new treatment for XLH [15, 16]. We have conducted a systematic review
compiling the results of all the clinical trials assessing the efficacy and safety of Burosumab compared to placebo
in adults with XLH.

Material and methods

This study conducted a comprehensive search of electronic databases including MEDLINE, Cochrane Library,
CENTRAL, and clinicaltrials.gov from inception up to March 2025. We aimed to identify clinical trials that
investigated the effectiveness and safety of Burosumab in adults with X-linked hypophosphatemia. The search
utilized keywords such as X-linked hypophosphatemia, Burosumab, KRN23, and adults. Studies were selected
based on predefined eligibility criteria. The unpublished studies that may have been left out in electronic database
searches were manually extracted. This systematic review adhered to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines to ensure methodological rigor and transparency in reporting
[17]. This research is registered in Open Science Framework (OSF) (https://doi.org/10.17605/OSF.1I0/B2R76).

Eligibility and study selection: Meticulously designated eligibility criteria were used to filter the obtained results
after the search. It was ensured that only randomized control trials (RCT) and clinical trials (CT) published up to
April 2023, in the English language were considered. The review process involved two independent researchers
(ETR & DA) who screened studies based on their titles and abstracts. Studies that were deemed important by
either reviewer were then subjected to full-text evaluation. In case of any disagreements, a third independent
reviewer (HS) was consulted to reach a consensus. The studies selected for review were randomized controlled
trials that used Burosumab as an intervention and compared it to placebo groups and single-arm, dose-escalation
clinical trials. All the clinical trials conducted on adults (aged >18 years) diagnosed with XLH backed with
confirmed PHEX mutation qualified. Furthermore, it was considered mandatory to report primary and secondary
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outcomes to be included in the review. The primary outcomes of interest included serum phosphate levels, the
ratio of tubular maximum reabsorption of phosphate to glomerular filtration rate (TmP/GFR), serum calcium
level, 1,25 dihydroxy vitamin D, intact parathyroid hormone (iPTH), Alkaline phosphatase (ALP) or Bone
Alkaline phosphatase (BALP). The secondary outcomes of interest, related to pain and ambulation were measured
using the Western Ontario and McMaster Universities Arthritis Index (WOMAC), Brief Pain Inventory-Short
Form (BPI-SF), and Brief Pain Inventory (BFI) instruments. Additionally, studies reporting safety-related adverse
events were also included. On the contrary, the studies that solely reported enhancement in bone density or as a
remedy for fractures were excluded from the review. After careful consideration, a total of eight studies were
selected; three Randomized Controlled Trials (RCTs) and five single-arm dose escalation Controlled Trials (CTs)
[18-28].

Extraction and appraisal: The data acquired from the selected research were stratified in tabular form by two
independent reviewers (ETR & DA). The sorted variables included; publication details, baseline characteristics,
study population, follow-up period, and aforementioned primary and secondary outcomes. To assess the risk of
bias (RoB) in RCTs Cochrane Risk of Bias 2.0 (RoB 2) was used and the quality of research was assessed on the
following domains; randomization, deviation from intended interventions, missing outcome data, selective
reporting of outcomes and measurement of outcomes [29]. After a thorough evaluation of methodological quality
and potential biases, high-quality studies were regarded for review. In contrast, single-arm studies were assessed
using Downs and Black Checklist [30]. The procedural methods of study were judged on the following domains;
confounding, selection, classification of intervention bias, missing outcome data, and selective reporting of data.

Results

Our systematic search yielded a total of 109 studies, out of which 41 studies were analyzed on the basis of title
and abstract, the ones considered irrelevant were opted out from the final review. Upon extended assessment, 36
duplicates were found which were subtracted, amounting to a total of 32 studies that were finalized for full-text
view. Out of them, two studies did not report complete results, seven had irrelevant outcomes and 15 did not
pertain to review of interest. After final selection, it was found that one study, Portale A, had a follow-up period
of 24 weeks, and another study, Insogna et al. [18] is an extension of similar studies reporting outcomes up to 96
weeks. Both articles are treated as separate studies. Moreover, a study by Briot K reports secondary outcomes of
Insogna K 2018’s RCT are completely exempted from our review and only referred for outcomes of interest [20].
Therefore, eight studies were included in the systematic review, with three RCTs and five single-arm studies. The
overall search results are summarized in the PRISMA chart Figure 1.

Patient characteristics: In the eight included studies, a total of 534 adults diagnosed with XLH were inducted.
Adults were defined as >18 years of age, while the range was generally regarded as 18-65 years. The main criteria
for inclusion defined by all the studies were the diagnosis of XLH through a PHEX gene mutation, alongside
other specifications that differed in each study. In two studies all participants were required to have a serum
phosphate concentration below LLN; <2.5 mg/dL. Two studies only included patients with a TmP/GFR value of
<2.0 mg/dL and in the other two studies with <2.5 mg/dL. Three studies also mandated a BPI worst pain score of
>4. Participants of two studies were directed to discontinue vitamin D (or its analogs), calcium or phosphate
supplements, or aluminum hydroxide for at least 10 days before the screening visit. One study also included
participants on the basis of their GFR value; in case GFR was >60 mL/min at screening with confirmation that
renal insufficiency was not due to nephrocalcinosis. Burosumab was administered over a wide range of doses,
with the lowest value of 0.003 mg/kg to 1.0 mg/kg being the highest value throughout all the included clinical
trials. Further details of the study and patient characters are provided in Table 1.
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Figure 1: PRISMA flow diagram

Quality Assessment: The three included RCTs; Insogna et al. [18], Carpenter et al. [19], and Portale et al. [20]
were assessed via Cochrane RoB 2.0 tool. After thorough consideration; Insogna et al. [18] and Carpenter et al.
[19] were interpreted to be low risk overall. However, Portale et al. [20] initially followed the same blinding and
randomization protocols as its parent study but after 48 weeks digressed to a single-blinded, open-label study
[18]. Since the subjects were unblinded to protocol, it may have caused potential bias in patient-reported,
secondary outcomes (WOMAC, BPI-SF), therefore, this study was conclusively marked as having some concerns.
The risk of Bias assessment in RCTs is shown in attached Supplementary.

Out of the total eight studies; five single-arm studies were assessed via Downs and Black Checklist. The domains
which were deemed inapplicable by the reviewers were exempted leading to a total marking score of 22. Four
included studies; Weber and others [26] were marked 20, and one study Cheong and others [23]was scored 19
out of 22 by the reviewers. However, these studies are anticipated to have a higher risk of bias due to the absence
of a comparative cohort and lack of blinding protocols. The risk of bias assessment in a single-arm dose-escalation
study is shown in Table 2.
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Study, Study Sample Treatment Indication for Follow Endpoints and
. . arms (Interval Control )
year design size Burosumab, up side effects
weeks)
Confirmed diagnosis of XLH
Insogna Double Burosumab Placebo + serum phosphate LLN; 24 Mean serum Pi, TmP/GFR, Serum
et al. [18] -blind, 134 1.0 mg/kg 1.0 mg/kg <2.5 mg/dL + TmP/GFR of weeks 1,25(0OH)2D,
RCT [4] [4] <2.5mg/dL, BPI >4, WOMAUC, BPI, Plasma iPTH
18-65y.
Phosphorus < LLN 2.5 mg/dL
Portale Double Placebo + TmP/GFR > 2.5 mg/dL + 24 Serum Pi, TmP/GFR, WOMAC,
et al. [20] -blind, 134 Burosumab 1.0 mg/kg BPI>4 + serum weeks BPI, iPTH, 1,25(0OH)2D, 24-hr
RCT 1.0 mg/kg [4] calcium > 10.8 mg/dL + urine calcium excretion
[4] iPTH>2.5 x ULN,
18-65y.
Double Burosumab 0.003,
Carpenter -blind, 38 0.1, 0.3 mg/kg i.v. or Placebo Confirmed diagnosis 50 days 1,25[OH]2D3,
et al. [19] RCT 0.1,0.3, 0.6, of XLH + Serum Pi, TmP/GFR
1.0 mg/kg s.c.
Fasting serum Pi,
Weber Open- Burosumab Confirmed diagnosis of XLH 184 TmP/GFR,
et al. [21] label, 20 0.3, 0.6, N/A + at least 2 doses of in weeks Mean‘serum 1,25(OH)2D, Serum
Single- 0.1 mg/kg KRN23-INT-001 or KRN23- iPTH, Serum calcium,
[4] INT-002 + GFR >60 mL/min 24-hour urine calcium excretion,
arm BPI-SF, WOMAC, BALP
Burosumab 0.05, 0.1,
Open- 0.3, 0.6 mg/kg; 4- Confirmed diagnosis of XLH
Imel label, month dose + TmP/GFR <2.0 mg/dL + 64 Serum Pi,
. escalation CrCl 260 mL/min + serum TmP/GFR,
etal. [22] single- 28 Burosumab 0.1-1 N/A calcium <108 mg/dL + serum VK 1,25(0H)2D,
arm mg/kg; 12-month intact FGF23 >30 pg/mL +
extension discontinuation of vitamin D
(28 days)
Serum Pi,
1,25(0H)2D,
Open- Burosumab TmP/GFR,
Cheong label, 0.3 mg/kg; cohort 1 . ' 29 days Cf)rrected SCI’}II’TI Ca,
. 0.6 mg/kg; cohort 2 Confirmed diagnosis iPTH, Creatinine,
et al. [23] Single- 18 1 mg/kg cohort 3 N/A of XLH 250HD, Calcitonin, BALP,
arm (Day 1- Single day) Urinalysis,
2-hr urinary parameters (urinary
P, Ca, and Cr), 24-hour urine
analysis (urinary P, Ca, and Cr)
Confirmed diagnosis of XLH Serum Pi,
Burosumab + Serum intact serum TmP/GFR,
Open- 0.05,0.1, 0.3, and FGF23 >30 pg/mL + Mean serum 1,25[OH]2D3,
Zhang label 28 0.6 mg/kg; step-wise N/A TmP/GFR <2.0 mg/dL + 120 days Bone formation and resorption
. ’ dose escalation creatinine clearance markers,
et al. [24] single - (28 days) > 60 mL/min + Serum calcium Mean PTH,
arm <10.8 mg/dL Mean serum FGF23,
Mean serum calcium, 24-hour
urine calcium excretion
Confirmed diagnosis of XLH
Open- + FGF23 level greater than
Insogna label, 25 Burosumab N/A 30 pg/mL + TmP/GFR 96 TmP/GFR,
et al. [25] single- 1.0 mg/kg <2.5 mg/dL + Score of four or weeks serum 1,25(0OH)2D
arm (4 weeks) more on Question 3, “Worst

Pain,” of the BPI,
18-65 yrs

Note: FGR23= Fibroblast Growth Factor 23, TmP/GFR= Tubular Maximum Reabsorption of Phosphate (TmP) to Glomerular Filtration
Rate, WOMAC= Western Ontario and McMaster Universities Arthritis Index, BPI= Brief Pain Inventory, iPTH= intact parathormone,
BALP= Bone Alkaline Phosphatase, PTH= Parathormone, CrCl= Creatinine Clearance, LLN= Lower Limit of Normal, N/A= Not
Assigned, i.v= Intravenous, s.c= Subcutaneous
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Table 2: Risk of bias assessment in single-arm dose-escalation studies using Downs and Black List

Weber | Imel | Cheong | Zhang | Insogna
REPORTING T E H X K
1. Is the objective of the study clear? YES | YES YES YES YES
2. Are the main outcomes clearly described in the Introduction or Methods? YES | YES YES YES YES
3. Are characteristics of the patients included in the study clearly described? YES | YES YES YES YES
4. Are the interventions clearly described? YES | YES YES YES YES
5. Arg the baseline chargcterlstlcs or potential confounders of the study vEs | VEs YES YES YES
participants clearly described?
6. Are the main findings of the study clearly described? YES | YES YES YES YES
7. Does the study estimate random variability in data for main outcomes? YES | YES YES YES YES
8. Have all the important adverse events consequential to the intervention YES | YES YES YES YES
been reported?
9. Have characteristics of patients lost to follow-up been described? YES | YES YES YES YES
10. Have actua'll.probablhty values been reported for the main outcomes YES | YES NO NO NO
except probability <0.001?
11. Is the source of funding clearly stated? YES | YES YES YES YES
Weber | Imel | Cheong | Zhang | Insogna
EXTERNAL VALIDITY T E H X K
12. Were ‘subjects who were gsked to participate in the study representative YES YES | YES YES YES
of the entire population recruited?
13. Were. those subjepts who were prepared to participate representative of YES YVES | YES YES YES
the recruited population?
14. Were st.aff, places, and facilities wher.e patients were treated YES YVES | YES YES YES
representative of the treatment most received?
Weber Imel Cheong | Zhang | Insogna
INTERNAL VALIDITY T E H X K
15. Was an attempt made to blind study subjects to the intervention? N/A N/A N/A N/A N/A
16. Was an attempt made to blind those measuring the main outcomes? N/A N/A N/A N/A N/A
17. If any of the results of the study were based on data dredging was this | UNCL | UNCL | UNCLE | UNCL | UNCLE
made clear? EAR EAR AR EAR AR
.18. Was ‘Fhe period between 1ntervent.10n and outcome the same for N/A N/A N/A N/A N/A
intervention and control groups or adjusted for?
19. Were the statistical tests used to assess main outcomes appropriate? YES YES YES YES YES
20. Was compliance with the interventions reliable? YES YES YES YES YES
21. Were main outcome measures used accurately? (valid and reliable) YES YES YES YES YES
22. Were patients in different intervention groups recruited from the YES YES YES YES YES
same population?
23. Were stu@y subjects in different intervention groups recruited over YES YES YES YES YES
the same period?
24. Were study subjects randomized to intervention groups? N/A N/A N/A N/A N/A
25. Was the random'lzed intervention assignment concealed from patients N/A N/A N/A N/A N/A
and staff until recruitment was complete?
26. Was .there an a('iequate': adjustment for confounding in the analyses N/A N/A N/A N/A N/A
from which the main findings were drawn?
27. Was missing data or participant attrition reported? YES YES YES YES YES
Weber | Imel | Cheong | Zhang | Insogna
POWER T E H X K
28. Was the study sufficiently powered to detect clinically important UNCL NO NO NO NO
effects where the probability value for a difference due to chance is <5%? EAR
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Weber | Imel | Cheong | Zhang | Insogna
FINAL SCORE T E H X K

22 20 20 19 20 20

*Domains 5 and 27 were modified according to single-arm studies,
*Domains 15, 16, 18, 24, 25, and 26 were considered not applicable (N/A)

Efficacy: The primary outcomes measured in the RCTs were serum phosphate, serum 1,25(OH)2D
concentrations, and TmP/GFR. Insogna et al. [18] intervention with 1.0 mg/kg over a period of a maximum of 24
weeks showed sustained levels of serum phosphate, serum 1,25(OH)2D concentrations, and TmP/GFR. Both in
Insogna et al. [18] and Carpenter et al. [19], serum phosphate levels were reported to be significant after the
administration of Burosumab. Another study by Portale and others [20] reported an increase in mean serum
phosphate concentration above the LLN in 94.1% of subjects. On the other hand, TmP/GFR improved overall in
the three studies [18, 19], and the p values were significant. Furthermore, an increase of 0.5 mg/dl in TmP/GFR
was documented at 48 weeks in one study [20].

Additionally, the levels of serum 1,25(OH)2D3 concentrations did not prove to be an effective marker of the
efficacy of Burosumab since only Carpenter and associates [20] reported a significant p-value of <0.05 and an
increase to 7.1 pg/ml at 48 weeks was reported. No significant change was observed in the study conducted by
Insogna and others [18]. The secondary outcome measures were reported by three included studies [ 18, 20] among
which a significant improvement in the WOMAC score was reported by all. BPI-SF worst pain score also had a
significant in the research by Insogna et al. [ 18] and Portale et al. [20]. Single-arm studies had a range of reported
results that varied considerably. The serum phosphate concentration was significant in one study [26]. Imel and
Zhang [21] reported a fluctuating level of serum phosphate, with the maximum levels being attained on the 7"
day and then lowering by the 28" day. Insogna and associates [25] achieved a serum phosphorus concentration
above LLN (2.5 mg/dl) in 13 subjects.

The value of TmP/GFR remained significant throughout the period of the study conducted by Imel and others
[22] after the fourth dose. Weber et al. [26] reported an increase in the value from baseline but below LLN overall.
An increase in value was observed by Zhang et al. [24] and Insogna et al. [25] but it returned to the baseline by
day 28 in the latter study, thus not providing any significant results. While the values did increase in the studies
by Weber et al. [25], they eventually decreased to the baseline by 36, 28, and 4 weeks respectively. The secondary
outcomes examining the bone pain levels were only assessed by Insogna et al. [25] and Weber et al. [26] and
reported an overall improvement in pain severity. The summary of the findings of the single-arm dose-escalation
study is provided in Table 3 and a summary of the findings of RCTs is provided in Table 4.

Table 3: Findings of single-arm dose-escalation studies

Phosphate Levels 1,25(OH)2D TmP/GFR
Author Fz)ll::;;-sl;p (mg/dL) (pg/mL) (mg/dL)
W Baseline Post-treatment Baseline Post-treatment Baseline Post-treatment

Imel E 17.3 1.9 2.16 36.6 36.3 1.6 2.13
Weber J 69 1.9 2.65 32 36.5 1.6 2.0
Zhang X 16 1.77 2.3 47.99 42.0 1.51 1.98
Insogna L 48 2.2 2.65 37 394 1.9 2.4
Cheong H 7 1.77 2.8 47.99 55.0 1.51 1.7
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Table 4: Findings of Randomized Controlled Trials

Follow-
Author up Phosphate Levels 1,25(OH)2D TmP/GFR WOMAC (physical BPI
(weeks) (mg/dL) (pg/mL) (mg/dL) function impairment) Worst Pain score
LS
Baseline Mean Baseline LS Mean | Baseline LS Mean Baseline LS Mean | Baseline LS Mean
Change Change Change Change Change
Insogna L 24
Placebo 1.9+0.32 33.5£15.6 1.6+0.37 43.0£19.97 43
Burosumab 20:030 | NR 3245130 | 235352 [T17x040 | 0430067 T5ogite7 | 494248 53 ~0.50.28
Anthony A 24-96
Placebo-
Burosumab 1.9+0.32 33.5+15.6 1.6+£0.37 43.9+19.9 6.5¢1.4 | 1 09+0.216
Burosumab- 0.4 7.1 0.5 =7.76
Burosumab 2.0+0.30 32.4+13.0 1.7+0.40 50.8+19.7 6.8+1.3
Carpenter T 7
Placebo 1.7+0.2 29+10 1.43+0.25 N/R N/R
Burosumab 19:05 | 079 4+18 417 1594033 1.00 N/R N/R N/R N/R

Note: N/R=Not Reported

Whereas, another single-arm dose escalation study [26] provided doses of 0.3, 0.6, or 1.0 mg/kg given by
subcutaneous injection every four weeks which led to a rise of 1,25(OH)2D concentration at 24 weeks but a
vigorous decline after 24 weeks. Likewise, in a study conducted by Zhang X, doses were escalated from 0.05,
0.1, 0.3, and 0.6 mg/kg sequentially for up to 28 days; nonetheless, serum phosphate and TmP/GFR returned to
baseline on the 7™ day and serum 1,25(OH)2D declined after three days. Analogously, in study of Insogna et al.
[25], a dose of 1.0 mg/kg every four weeks for 96 weeks was administered but serum 1,25(OH)2D level dropped
to near baseline at week four. As reported in double-arm studies, the levels of serum 1,25(OH)2D3 concentration
did not prove to be an effective marker in single-arm studies as well. Figures 2-4 provide a visual representation
of changes in serum phosphate, TmP/GFR, and 1,25(OH)2D with varying levels of dosage over different periods
in the included studies.

Serum Phosphate Levels

MG/DL
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Figure 2: Changes in serum phosphate levels with variable Burosumab dosage over different
periods in included single-arm dose-escalation studies
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Figure 3: Changes in TmP/GFR levels with variable Burosumab dosage
over different periods in included single-arm dose-escalation studies
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Figure 4: Changes in 1,25(0OH)2D levels with variable Burosumab dosage
over different time periods in included single-arm dose-escalation studies

Safety: Burosumab was generally well tolerated across participants of all included studies as no study reported
deaths or adverse effects (AE) that may have led to the discontinuation of the study. Portale A did not report any
adverse effects the second time since all the details were mentioned in the 24-week RCT by Insogna and associates
[18]. The remaining six researches described a heterogeneous cluster of mild AEs while only one research [25]
included serious AEs. Among the mild to moderate AEs, the most common AE was the injection site
urticarial/reaction [18, 25]. Other AEs included nausea, headache, back pain, extremity pain, dizziness, sinusitis,
nasopharyngitis, pyrexia, diarrhea, abnormal white blood cell count, restless leg syndrome, and dysgeusia.
Insogna and others [18] reported hyperphosphatemia in 5.9% of subjects in the treatment group as compared to
0.0% in the control group. Even though it is a mild but clinically significant effect with regards to the
pharmacodynamics of Burosumab. In the research conducted, an increase in nephrocalcinosis was not observed
in renal ultrasound from baseline to the end of treatment for any subject [27]. However, five subjects experienced
ectopic mineralization treatment-emergent adverse effects (TEAEs). Two of these had mild nephrolithiasis and
one of them already had a history of nephrolithiasis.
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Discussion

We conducted a systematic review assessing the efficacy and safety of Burosumab in adults diagnosed with XLH.
After thorough contemplation of various clinical trials, it was found that Burosumab was indeed successful in
sustaining higher levels of serum phosphate throughout the treatment. It was also shown to improve ambulation
and proved to be effective in ameliorating debilitating effects of the disease; thereby enhancing overall quality of
life. Additionally, it was observed that Burosumab favorably had minimal adverse effects throughout the follow-
up period in most studies which conferred its pharmacovigilance. However, considering that most of the clinical
trials were not placebo-controlled, the need for more randomized clinical trials with larger population sizes
persists. The comparative analysis of primary outcomes in our systematic review suggests that Burosumab
significantly improved serum phosphate, serum 1,25(0OH)2D, and TmP/GFR concentrations, which is majorly
consistent with the findings of the existing literature [31-33]. A study collectively evaluated Burosumab to the
conventional therapy (Vitamin D and Phosphate analogs) and reported that Burosumab had more vigilance in
trapping FGF-23 and improving the primary outcomes than the conventional therapy. Although the data
supporting its efficacy in adults were limited, it was found that Burosumab not only sustained serum phosphate
levels but also improved rickets-related skeletal deformities in children. However, in the context of adults, no
considerable improvement was reported in regard to enthesopathy, osteoarthritis, osteomalacia, and fractures [34].
On the contrary, one of our included RCTs, Insogna and others [25], showed enhancement in makers of bone
remodeling indicators; osteoid volume/bone volume (-54.0%), osteoid thickness (-32.0%), osteoid surface/bone
surface (-26.0%), and a substantial decrease in mineralization lag time (-83.0%) [34]. Indicating improvement in
osteomalacia-related histomorphometric measures at week 48. Also, documented complete recovery of four
patient-reported pseudofractures.

Secondary patient-reported outcomes; WOMAC and BPI-SF used to determine improvement in mobility have
improved throughout all the clinical trials. Similarly, a review done by Schindeler and others [33] assented with
our findings, reporting considerable improvement in ambulatory functions not only in adults but in children as
well compared to conventional therapy. A substantial increase in Radiographic Global Impression score (RGI)
and Thacher rickets severity score at 40 weeks was observed, in one of the included RCTs. Moreover, a substantial
improvement in the 6-minute walk test was noted in children, contrary to our included RCT, Insogna and
associates [18] in adults, showing no significant improvement compared to placebo [35]. So far multiple clinical
trials have been conducted with varying periods and quantity of doses. In our systematic review, it was shown in
multiple-dose escalation studies; Zhang et al. [24] and Weber and others. [26] TmP/GFR, serum phosphate, and
serum 1,25(OH)2D increased after the first few doses but declined back to baseline after a certain period. This
pattern shows that an optimum effective period for Burosumab has not yet been discovered. Furthermore, this
could be inferred that long-term usage does not transcribe to augmentation of its efficacy; as recorded, whilst
Burosumab increases phosphate levels it concurrently diminishes serum 1,25(OH)2D concentration which could
hinder physiological calcium-phosphate homeostasis in the longer run. In regard to research by Imel E, it was
also pointed out that a lapse exists in the development of treatment regimens for a systematic transition from
adolescence to adulthood for patients in need of life-long treatment [36].

Burosumab is a Food and Drug Authority (FDA) approved drug for the treatment of XLH [38]. Nevertheless, its
limitations in implication on the general population are noteworthy. To begin with, Burosumab being a
monoclonal antibody is supremely expensive which subsequently designates it as an unattainable entity, also,
exacerbating the socioeconomic disparity among the deserving subjects. In addition, it is informed by Canadian
drug regulatory authorities that an amount of approximately $1,119,456 is required to treat adults with XLH which
means that affordability of treatment through a lifetime would be nearly impossible [37]. Furthermore, due to the
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potential adverse effects of Burosumab on the physiological process of the body, it requires constant monitoring
and therefore can only be given in clinical settings. This will eventually raise the cost and decrease the ease with
which a prospective beneficial medicine can be administered.

Nephrolithiasis is the term that is used to describe calculi which are formed within the kidney and are most
commonly referred to as ‘kidney stones. Most patients that are diagnosed with nephrolithiasis have calcium stone
formation that consists of calcium oxalate or calcium phosphate while other types may also include struvite, uric
acid, and cysteine [38] It is important to consider that nephrolithiasis and nephrocalcinosis are both renal
calcification disorders but the localization of calculi largely differs. In nephrocalcinosis, calcium deposition is
within the renal parenchyma whereas in nephrolithiasis, it is mainly within the collecting system [39].
Hyperphosphaturia and subsequent hypophosphatemia are both independent risk factors in the development of
renal calcification and are specifically seen in XLH which exposes patients to the risk of nephrocalcinosis and
nephrolithiasis [40]. Even though the prevalence of nephrocalcinosis is more common [41]. Alongside the
mutation in the FGF23 gene, the conventional therapies used to treat XLH such as calcitriol and phosphate analogs
also cause hypercalciuria and thus contribute to a declining kidney function [29, 42].

Research suggests that in contrast to conventional therapies, Burosumab has proven to be a novel treatment since
it reduces the underlying renal phosphate wasting and has not been linked with renal complications [43]. Weber
T however reported the incidence of nephrolithiasis as a TEAE in three subjects which pointed towards the
possible complications of Burosumab therapy that require monitoring and research. A study also concluded that
over-treatment with Burosumab may result in hyperphosphatemia which likely poses a risk for nephrocalcinosis
[44]. In this review, seven studies reported a series of mild to moderate side effects with no deaths and/or
withdrawals from the study which elevates the safety factor of Burosumab. Injection site reactions were the most
common AE reported alongside headache, restless leg syndrome, and arthralgia. The treatment groups in the study
conducted by Carpenter and associates [19] were divided on the basis of the method of Burosumab administration.
82.0% of AEs were reported in the intravenous group as compared to 83.0% in the subcutaneous group. This goes
on to depict that different routes of drug administration have no significant effect on its safety. Furthermore,
Insogna et al. [25] was the only study to report serious AEs which were grade three paresthesia and migraine
headache. These were not related to Burosumab and were resolved on their own.

The risk of nephrocalcinosis or nephrolithiasis due to Burosumab treatment is still a major impediment in
determining its safety. Even though the frequency of nephrocalcinosis is variable in patients with XLH, the further
risks that it entails could become a serious cause of concern for healthcare professionals. Nephrocalcinosis may
be associated with left ventricular hypertrophy and hypertension [45]. Furthermore, if Burosumab is administered
above the required amount, hyperphosphatemia may be observed which manifests through a series of
consequential symptoms such as muscle cramps and tetany. This systematic review has a few potential limitations.
Firstly, six out of the nine studies included in this review had a sample size of <50 which implies that there is a
need for multi-center research with a greater patient population. An increased sample size will be a better predictor
of the efficacy of Burosumab and will help in formulating efficacious diagnosing regimens. The effect of
Burosumab may also differ in patients across geographical locations and ethnicities thus a diverse patient
population will assist in inferring region-specific administration guidelines. Furthermore, two studies did not
report any adverse effects that raise ambiguity regarding researcher bias and may not be representative of the true
outcomes. It is also important to note that the inducted subjects in the studies that were pooled for analysis had
differing baseline characteristics. Certain characteristics, such as serum phosphate, 1,25(OH)2D3 concentration,
and TmP/GFR, were disclosed in the studies, shedding light on specific aspects. However, crucial factors like the
duration from the onset of diagnosis and details regarding prior therapies were left undisclosed. This lack of
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information poses a potential confounding bias, influencing the reliability and comprehensiveness of the study
results. Additionally, a more detailed description of the patient demographics, comorbidities, and treatment
adherence would have provided a more nuanced understanding of the observed outcomes. Addressing these gaps
in future research could enhance the overall validity and applicability of the findings.

Conclusion: Burosumab was proven to be widely effective in regulating debilitating symptoms caused by XLH.
Burosumab administration resulted in an overall increase in the serum phosphate concentration which was the
primary measure of efficacy. The number of adverse effects noted throughout various clinical trials was minimal
and was significantly overridden by its beneficial effects. The present data is obtained from single-arm studies
and more placebo-controlled trials are needed to confirm its long-term impact. For a more rigorous analysis of
the efficacy of Burosumab, physicians should consider the impact of different dosing regimens on the levels of
serum phosphate concentration and should therefore include subsets of varying doses as the primary intervention.
It will also be beneficial in devising the transitional dosing regimen from childhood to adolescence and adulthood.
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