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Abstract

Objective: To examine the evidence addressing the management of X-linked hypophosphatemia (XLH) in children to inform treatment
recommendations.

Methods: \We searched Embase, MEDLINE, Web of Science, and Cochrane Central up to May 2023. Eligible studies included randomized
controlled trials (RCTs) and observational studies of individuals younger than 18 years with clinically or genetically confirmed XLH.
Manuscripts comparing burosumab to either no treatment or conventional therapy (phosphate and active vitamin D) or evaluating
conventional therapy to no treatment were included. Two reviewers independently determined eligibility, extracted data, and assessed risk of
bias (RoB). GRADE methodology was used to assess evidence certainty.

Results: We screened 4114 records and assessed 254 full texts. One RCT and one post hoc study proved eligible when comparing burosumab to
conventional therapy or no treatment. The open-label RCT was at high RoB, with certainty of evidence ranging from moderate to very low.
Burosumab, compared to conventional therapy, probably prevents lower limb deformity and improves physical health quality of life (QoL)
(moderate certainty). Burosumab may increase height and enhance the burden of symptoms related to chronic hypophosphatemia (low
certainty). Burosumab probably increases treatment-emergent adverse events (moderate certainty) and may increase dental abscesses (low
certainty). One observational study assessing conventional therapy vs no treatment was at high RoB, providing very low certainty evidence
regarding the impact of conventional therapy on final height.
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Conclusion: Our review indicates that burosumab likely provides benefits to children by preventing lower limb deformity and improving physical
health QoL while potentially increasing height. However, burosumab may also increase adverse events. Our review found limited evidence
regarding the impact of conventional therapy compared to no treatment on final height. Further research is required to understand the long-

term effect of medical therapy in children.

Key Words: pediatric XLH, children XLH, efficacy, burosumab, conventional therapy, patient-important outcomes

Abbreviations: 1,25(0H)2D, 1,25-dihydroxyvitamin D; 25(0H)D, 25-hydroxyvitamin D; 6BMWT, 6-minute walking test; ALP, alkaline phosphatase; FGF23, fibroblast
growth factor 23; GFR, glomerular filtration rate; GRADE, Grading of Recommendations, Assessment, Development and Evaluations; MD, mean difference; MID,
minimal important difference; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analyses; QoL, quality of life; RCT, randomized controlled
trial; RoB, risk of bias; SR, systematic review; TmP/GFR, tubular maximum reabsorption of phosphate to glomerular filtration rate; XLH, X-linked

hypophosphatemia.

X-linked hypophosphatemia (XLH, OMIM 307800) is a
rare genetic disorder caused by inactivating variants in
the phosphate regulating gene with homology to endopeptidases
(PHEX) gene. PHEX encodes a metalloprotease that cleaves
small peptides and is involved in fibroblast growth factor
23 (FGF23) regulation by an unknown mechanism.
Consequently, FGF23 levels are elevated in patients with
XLH, which impairs proximal renal phosphate reabsorption
and reduces 1-a—hydroxylation of 25-hydroxyvitamin D
(25(OH)D) to 1,25 dihydroxy vitamin D (1,25(OH),D), the lat-
ter of which normally stimulates phosphate absorption in the
gut by upregulating the expression of the sodium-phosphate
cotransporter (NaPi-IIb) in the brush border membrane of enter-
ocytes. The combined renal phosphate wasting and decreased
gastrointestinal absorption of phosphate in XLH ultimately
lead to hypophosphatemia (1). The recorded prevalence of
XLH in children based on a population-based cohort from the
United Kingdom is estimated to be 15.1 per million (95% CI,
11.3-20.1) (2). Children present with lower limb deformities,
rickets, impaired mineralization of the bones and teeth, and other
clinical features. Early diagnosis and management may optimize
growth, prevent bone deformities, and improve outcomes such
as quality of life (QoL). Despite the lack of studies describing
the natural history of the disease and long-term consequences,
the burden of disease observed in the adult XLH patient popula-
tion suggests that late diagnosis and delayed treatment are asso-
ciated with adverse outcomes (3, 4). Conventional therapy
consisted of phosphate salts and active vitamin D replacement,
whereas more recent advances in treatment include a fully hu-
man monoclonal antibody to FGF23 (burosumab). This review
comprises 2 systematic reviews (SRs). The first review aims to
assess the relative impact of burosumab in children with XLH
compared to conventional therapy or no treatment on various
patient-important outcomes; these include: (i) musculoskeletal
pain; (ii) mobility; (iii) QoL (encompassing mental, physical
and social aspects); (iv) fatigue; (v) symptomatic fractures; (vi)
fracture healing; (vii) dental manifestations, such as abscesses
and maxillofacial cellulitis; (viii) skeletal deformities, such as
genu varum and genu valgum in lower limbs and skull deform-
ities; (ix) parathyroidectomy; (x) corrective surgeries including
osteotomy, guided growth surgery and cranial vault surgery;
(xi) auditory manifestations including hearing loss or tinnitus;
and (xii) final height. The second SR aims to evaluate the impact
of conventional therapy compared to no treatment on those same
outcomes.

Methodology

The protocols of these two SRs were registered a priori at
PROSPERO (registration number CRD42023416689 and
CRD42023416713). We refer to the SR addressing burosumab
vs conventional therapy or no treatment as SR ,,.ap vs Pi/D or 70 Rx

and the SR addressing conventional therapy vs no treatment as
SRpiD s no rx- We adhered to PRISMA reporting guidelines (5)
and Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) for assessing certainty of evidence (6).

Search Strategy

An experienced health sciences librarian (R.C., see
“Acknowledgments”) led the development of the search strategy
for the PICO (patient, intervention, comparison, outcome) ques-
tions of the two SRs. The search was conducted from inception to
May 2023 in 4 databases: MEDLINE, Web of Science,
EMBASE, and Cochrane Central. The search utilized the follow-
ing keywords: X-linked hypophosphatemia, X-linked hypo-
phosphatemic rickets, familial hypophosphatemia, XLH,
PHEX Phosphate Regulating Neutral Endopeptidaselor
PHEX, burosumab, active vitamin D, calcitriol, alfacalcidol,
phosphate,and anti-FGF23 antibody. The complete search strat-
egy is published online (7).

Eligibility Criteria
SR on burosumab vs conventional therapy or no treatment

Eligible studies included randomized controlled trials (RCTs) in-
volving children (age < 18 years) diagnosed with XLH. The diag-
nosis was based on a pathogenic variant in the PHEX gene or
clinical features such as a family history of an X-linked dominant
inheritance pattern. Additional criteria included biochemical evi-
dence of chronic hypophosphatemia secondary to renal phos-
phate wasting, low ratio of tubular maximum reabsorption of
phosphate to glomerular filtration rate (TmP/GFR), elevated
alkaline phosphatase (ALP) or radiographic evidence of rickets.
Eligible studies compared burosumab either to conventional
therapy (phosphate salts and active vitamin D) or to no
treatment.

SR on conventional therapy vs no treatment

Eligible studies included the same patient population but in-
stead compared conventional therapy to no treatment, includ-
ing RCTs and observational studies.

For both SRs, studies were excluded if they: (i) were interven-
tion studies of <4 weeks’ duration; (ii) reported on adults or
mixed populations of children and adults where distinguishing
between those < 18 years old and > 18 years old was not pos-
sible; or (iii) were published in languages other than English.

Screening Citations and Extracting Data

We compiled the findings from the database searches using a
reference manager (EndNote) and removed all duplicates.
Two reviewers (D.A. and F.A.) independently assessed articles
for eligibility based on the titles and abstracts using Covidence.
Any citations deemed potentially suitable by either reviewer
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underwent full-text evaluation. Articles meeting the eligibility
criteria were then thoroughly reviewed in full text. A third re-
viewer with experience in research methods (R.M.) resolved
the conflict.

Reviewers independently extracted data using standardized
templates, including pairs (D.A. and S.H., D.A. and F.A.).
These templates included information such as the author and
publication year, study design and characteristics, sample size,
patient demographics (age, sex, body mass index), treatment de-
tails, duration of follow-up, and patient-important and surro-
gate outcomes.

Risk of Bias and Certainty of Evidence

Two reviewers conducted the risk of bias (RoB) assessment in
duplicate; a third reviewer resolved any persistent disagreements.
To inform the RoB assessments for RCTs, we utilized
the Cochrane risk-of-bias tool 1, modified by McMaster
University’s CLARITY group (8). This includes random se-
quence generation, allocation concealment, blinding of partici-
pants, healthcare providers, outcome adjudicators, and missing
outcome data. There are 4 levels of RoB (definitely high, prob-
ably high, probably low, and low). If a study exhibits a definitely
or probably high RoB in any domain, it is categorized as having a
high RoB overall. Further, if a study demonstrates probably low
RoB across all domains, there remains some concern in each do-
main, though small. In such instances, it is still considered to be at
RoB. It is crucial to note that this does not imply bias per se but
rather a susceptibility to bias.

To inform the RoB assessments for cohort studies, we used the
modified Ottawa-Newcastle scale across 8 domains: selection
bias, exposure to intervention, outcome measurements both at
the start and end of trial, assessment of prognostic features, ap-
propriate adjustment of prognostic imbalances, adequacy of
follow-up, and similarity of intervention between groups (9, 10).

We used the GRADE methodology to assess the certainty of
evidence as high, moderate, low, or very low. The certainty of
evidence is defined as the adequacy to support a particular de-
cision or recommendation. RCTs begin as high-certainty evi-
dence but may be downrated by one or more in each of 5
categories of limitations: RoB, inconsistency, imprecision, in-
directness, and publication bias (6). To study the impact of
missing outcome data concerning RoB, we considered imput-
ing missing data using plausible worst cases, assuming worse
event rates among patients who were lost to follow-up (eg,
sensitivity analyses) and reporting the impact of missing
data on the results and conclusions of the SR (11).

We created summary of findings (SoF) tables using optimal
formats in the MAGIC app, which included relative and abso-
lute effects (12).

Outcomes of Interest and Measure of Effect

We outlined specific outcomes at the outset. We focused on
patient-important outcomes, such as variables impacting their
feelings, functional status, or survival. The guideline internation-
al working group (IWG) members, along with a patient partner
(E.M.) and input from the methodology team, chose these out-
comes. We considered the following outcomes as critical: symp-
tomatic fractures, fracture healing, musculoskeletal pain, serious
adverse events related to treatment, skeletal deformities (eg, genu
varum, genu valgum), skull deformity (eg, craniosynostosis), and
orthopedic corrective surgeries (osteotomy, guided growth
surgery, cranial vault surgery). We considered the following

outcomes as important: treatment-related adverse events, mobil-
ity, QoL (mental, physical, and social), fatigue, dental manifesta-
tions (eg, abscesses, maxillofacial cellulitis), parathyroidectomy,
impact on final height and auditory findings (hearing loss or
tinnitus).

We also incorporated surrogate outcomes, such as labora-
tory measurements, radiographic images, physical signs, or
other measures that were not direct indicators of clinical bene-
fit but could predict benefits significant to patients. We assessed
the presence of hypertension, secondary and tertiary hyper-
parathyroidism, changes in serum phosphorus levels (hypo-
phosphatemia), raised serum ALP, radiographic evidence of
nephrocalcinosis/nephrolithiasis, joint and ligament damage
(including enthesopathy, joint space narrowing indicating car-
tilage damage, osteophytes and facet joint hypertrophy), rick-
ets severity score, estimated GFR, and the ratio of TmP/GFR.

Given the rarity of the disease, direct evidence concerning
how therapy impacts several outcomes important to patients
is scarce. Consequently, we inferred the effects of burosumab
on these outcomes using surrogate measures, making indirect
assessments. Specifically, we inferred reductions in the risk of
parathyroidectomy based on reductions in intact parathyroid
hormone (iPTH) levels (since data on parathyroidectomy were
lacking); risk of progression to chronic kidney disease based
on radiographic improvement in nephrocalcinosis score (since
data on renal function and dialysis were lacking) and improve-
ment in the overall burden of symptoms related to chronic hy-
pophosphatemia indicated by improvement in serum
phosphorus level, TmP/GFR, and reductions in serum ALP.
We appropriately reduced our certainty in these assessments
given the serious indirectness and the very serious indirectness
in the latter-most inference.

We assessed dichotomous outcomes using relative risk and
continuous outcomes with mean difference (MD); for specific
outcomes with available minimal important differences (MID)
for patients with XLH, we applied MID. Specifically, when
measuring pain with the PROMIS instrument, where a lower
score indicates less pain, we applied an MID of 2 (13, 14).

For assessing mobility using the 6-minute walking test
(6MWT), we used an MID of a 7% increase in the distance
walked over 6 minutes as a percentage of the predicted distance.
This percentage was drawn from studies involving patients with
respiratory, cardiovascular, or musculoskeletal diseases, which
were compared to changes observed in patients with Morquio
A syndrome during the 6MWT (15). We specifically relied on
the MID utilized in patients with musculoskeletal diseases.
The literature review revealed a mean MID of 7% change
(range, 3%-15%) in studies employing anchor-based methods
and a 9% change (range, 4%-16%) using distribution-based
methods (15).

When evaluating physical health QoL with the SF-10 Health
Survey (PHS-10), where higher scores signify better physical
health, we applied an MID of 2 (16). For psychosocial health
QoL, also measured by the SF-10 (PSS-10), where higher scores
denote better psychosocial health, we used an MID of 1. In sur-
rogate measures, we also deemed a 5% reduction in serum ALP
significant for patients.

Results

Study Selection

This systematic search for both reviews revealed 7043 citations,
of which 4114 were screened after removing duplicates. After
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Figure 1. PRISMA 2020 flow diagram for SR addressing the impact of burosumab vs conventional therapy.
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Figure 2. PRISMA 2020 flow diagram for SR addressing the impact of conventional therapy vs no treatment.

records, all assessed in full text, but none met the inclusion cri-
teria (see Figs. 1 and 2, PRISMA). In SRp,,.0 vs Pi/D or no Rxs 1
RCT and 1 post hoc analysis of the RCT met our eligibility

assessing 4114 records and excluding 3858 based on title and ab-
stract, we evaluated 254 reports in full text for eligibility. We con-
ducted a secondary manual search that identified 10 additional
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Table 2. Studies excluded from systematic review, and reason for exclusion

No. Study Title and description

Reason for exclusion

SR on burosumab vs conventional therapy or no treatment

1  Gadion, 2022 (20) Burosumab and Dental Abscesses in Children With X-Linked

Hypophosphatemia.

2 Imel, 2023 (21)

Level.
3 Akta, 2023 (22)
Ward, 2022 (23)

Burosumab Versus Phosphate/Active Vitamin D in Pediatric
X-Linked Hypophosphatemia: A Sub-group Analysis by Dose

The ankle in XLH: Reduced Motion, Power and Quality of Life.

Effect of Burosumab Compared with Conventional Therapy on
Younger vs Older Children With X-linked Hypophosphatemia.

With only 1 observational study and 1 RCT (17) meeting
our inclusion criteria, the RCT was the study that we
included. It is not possible to pool the dental data from
the observational study with that of the RCT and in this
case meta-analysis was not possible.

Post hoc analysis of included RCT (17), no additional data
on outcomes of interest.

Cross-sectional study, same as reason (No.1).
Post hoc analysis of included RCT (17), no additional data

on outcomes of interest.

Post hoc analysis of included RCT (17); compared surrogate
outcomes between older (>5 years) and younger children (<5 years).

5  Ariceta G, 2023 (24) The International X-Linked Hypophosphatemia (XLH) Registry:

Observational, offered baseline data only.

First Interim Analysis of Baseline Demographic, Genetic and
Clinical Data. Baseline characteristics of children treated with
conventional therapy and burosumab; ongoing international,
multicenter, non-interventional clinical study for children < 18
years; n =165 (burosumab), n = 114 (conventional therapy), and 2

untreated.

6  Baronio, 2023 (25) X-Linked Hypophosphatemic Rickets: Cases Series and Literature

Case series.

Review With a Focus on Neurosurgical Management.

7  Barros, 2023 (26)

X-Linked Hypophosphatemia in 4 Generations Due to an Exon 13-15 Case series.

Duplication in PHEX, in the Absence of the ¢.*231A>G Variant.
8  Demirbag, 2023 (27) A Novel PHEX Mutation in A Case Followed Up With A Diagnosis Case study.

of X-Linked Hypophosphatemic Rickets.
9  Ewert, 2023 (28)

Effects of Burosumab Treatment on Mineral Metabolism in Children Prospective, single-arm study.

and Adolescents With X-linked Hypophosphatemia. A prospective
national registry from Germany, involved 65 children, 28 adolescents

with XLH.
SR on conventional therapy vs no treatment
1 Verge, 1991 (29)

Effects of Therapy In X-Linked Hypophosphatemic Rickets.

No outcome data on controls other than baseline.

Retrospective study from Australia involved children 1 to 16 years; n

=19 (conventional therapy) and 16 (no treatment).

2 Cheung, 2013 (30) Cortical and Trabecular Bone Density in X-Linked
Hypophosphatemic Rickets. Cross-sectional study from Canada in
children < 18 years; n = 21 (conventional therapy) and 6 (no

treatment).
3  Grote, 2023 (31)

Mixed patient population; unable to separate adults data vs
children, especially when assessing the impact of
intervention vs no intervention on outcomes of interest.

Predicting Rates of Angular Correction After Hemiepiphysiodesis in Retrospective, control group does not have XLH.

Patients With X-Linked Hypophosphatemic Rickets.

4 Taylor, 1995 (32)

Nephrocalcinosis in X-Linked Hypophosphatemia: Effect of

Provided baseline data only.

Treatment Versus Disease. Interventional study from the United
States; involved adults and children; n = 8 (conventional therapy) and

4 (no treatment).

Abbreviations: RCT, randomized controlled trial; XLLH, X-linked hypophosphatemia.

criteria (17, 18). In SRpi/p us no Rx»> 1 Observational study met our
eligibility criteria (19). Table 1 presents the characteristics of the
included studies, and Table 2 presents the excluded studies and
reasons for exclusion.

Study and Patient Characteristics

SR on Burosumab vs Conventional Therapy

or no Treatment

The primary analysis ultimately included 1 randomized,
active-controlled, open-label trial that involved 61 children
with XLH, of whom 29 were randomized after a 7-day

conventional therapy washout period to receive burosumab
and 32 continued on conventional therapy (alfacalcidol
40-60 ng/kg/day or calcitriol 20-30 ng/kg/day, and phosphate
salts 20-60 mg/kg/day divided into 3-5 doses per day), and
were followed for 64 weeks (17). This RCT was funded by
Ultragenyx Pharmaceutical Inc. and Kyowa Kirin
International who were responsible for the study design, man-
agement, monitoring, pharmacovigilance, statistical and data
analysis, and supply of burosumab (17). The second study is a
post hoc analysis of the trial, focusing on a subset of patients
aged 5 years or older (18). It evaluated patient-reported out-
comes, including pain, fatigue, and physical and psychosocial
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Figure 3. Risk of bias assessment of SR comparing burosumab to conventional therapy (RCT) (17).

health. The mean (SD) age of included children in the post hoc
study was 8.5 (2.2) years, and 45.7% were female.

SR on Conventional Therapy vs no Treatment

Table 1 also displays one observational study that met our eli-
gibility criteria for the SR addressing the impact of conven-
tional therapy compared to no treatment (19). The study is
retrospective, involving 43 children followed over 7.5 + 0.77
years. In this study, all children were treated with convention-
al therapy and were divided into “good compliance” and
“poor compliance” groups. We considered those with poor
compliance as controls. There were 14 patients in the inter-
vention group and 29 in the control. Poor compliance was de-
fined as a patient who did not come to the appointment and
did not pick up the medication supplied either by the hospital
or an outpatient supplier or if a patient reported having not
taken medication during follow-up.

Risk of Bias of Included Studies and Quality
of Evidence

SR on Burosumab vs Conventional Therapy
or no Treatment

This open-label RCT (17) demonstrated high RoB in two do-
mains of the modified Cochrane RoB tool 1: blinding of par-
ticipants and healthcare providers. This resulted in an
overall high RoB (Fig. 3).

The post hoc analysis of this RCT (18) demonstrated a high
RoB in 3 domains of the modified Newcastle-Ottawa quality
assessment scale, including outcome of interest not present at
the start of the trial, confidence in outcome assessment, and
similar co-interventions in each group. Following the RoB as-
sessment, we generated a summary of findings (SoF) table ad-
dressing the impact of burosumab compared to conventional
therapy on patient-important outcomes in children (Table 3).

SR on Conventional Therapy vs no Treatment

This SR proved to have high RoB. The study (19) demon-
strated high RoB in 75% of the domains of the modified
Newecastle-Ottawa quality assessment scale (Fig. 4).

Following the RoB assessment, we developed a single sum-
mary of findings (SoF) table addressing the impact of conven-
tional therapy compared to no treatment on final height in
children. This outcome was the only one available for assess-
ment in this SR (Table 4).

Main Outcomes

SR on Burosumab vs Conventional Therapy
or no Treatment

In this analysis, we report that burosumab probably increases
adverse events occurring for the first time after the administra-
tion of burosumab compared to conventional therapy (38%
more adverse events with burosumab [95% CI, 14-60
more|, moderate certainty). These include injection site reac-
tions, hypersensitivity, and gastrointestinal side effects.
Burosumab may also increase dental abscesses compared to
conventional therapy, as observed in the trial over 64 weeks
(19% more children with dental abscesses in the burosumab
group [95% CI, 1 fewer to 37 more], low certainty). In add-
ition, we evaluated the prevention of lower limb deformity
in children, a patient-important outcome, based on radio-
graphic evidence of rickets healing, a surrogate outcome.
Rickets healing was assessed using the Radiographic Global
Impression of Change (RGI-C) global score, with substantial
healing defined as an RGI-C score of > +2.0. Considering
this inference, we downgraded our certainty due to serious in-
directness. It is probable that burosumab, compared to con-
ventional therapy, prevents lower limb deformity, supported
by 70% more children achieving healing of rickets at 64 weeks
in the burosumab group compared to conventional therapy
(95% CI, 35-100 more, moderate certainty evidence).

We remain uncertain about the impact of burosumab com-
pared to conventional therapy on pain interference with daily
activities, as assessed using the PROMIS instrument (MD 2.26
lower [95% CI, 6.61 lower to 2.09 higher], very low cer-
tainty). Additionally, uncertainty persists regarding the effect
of burosumab on mobility, measured as a percentage of pre-
dicted distance walked for an average population matched
for age and sex (MD 7% more predicted distance walked
[95% CI, 0.01-14.5 more], very low certainty).

We evaluated physical health QoL using the SF-10
(PHS-10), a caregiver questionnaire. Higher scores on this
measure indicate better physical QoL. Our findings suggest
that burosumab likely improves physical health QoL, based
on data from 35 participants in the trial, with an MD of
5.49 points higher (95% CI, 4.12-6.8 higher), exceeding the
MID of 2 points (moderate certainty). Children’s height in
the trial was assessed using height-for-age-and-sex Z-scores.
Our findings suggest with low certainty that burosumab, com-
pared to conventional therapy, may improve height (MD 0.14
SD higher [95% CI0.0-0.29 higher]). See summary of findings
Table 3 for further analyses.
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Risk of bias
| pt | p2 | p3 | p4 | ps | pe | D7 | D8 | overal]
e @ © © © © © © O O
>
°
2
w
wmez @ @ @ © @ © © O @
D1: Selection Judgement
D2: Assessment of exposure -
D3: Qutcome of interest not present at start @ critcal
D4: Matched exposed and none exposed OR adjusted for prognostic variables . High
D5: Assessment of the presence or absence of prognostic factors
D6: Confident in the assessment of outcome = Unclear
D7: Adequate follow up . Low
D8: Similar cointerventions between groups
Figure 4. Risk of bias assessment in the observational studies included in both systematic reviews (18, 19).
Table 4. GRADE summary of findings table SRpi/p vs no Rx
Outcome Study results and Absolute effect estimates Certainty of the evidence Summary
timeframe measurements (quality of evidence)
No treatment Pi/D
Increase in final  Measured by: SD score. —4.3 —2.4 Very low We are uncertain whether Pi/D
height High better SDS Due to serious risk of bias’ increases final height.
7.5 years Based on data from 43 Difference: MD 1.9 higher

participants in 1 study”

(CI 95% 1.0 higher—3 higher)

“Systematic review. Baseline/comparator Control arm of reference used for intervention. Supporting references (19).

“Risk of Bias: serious. We considered poorly compliant patients as controls. Poor compliance in the study was considered if a patient doesn’t come to the appointment
and/or doesn’t pick up the medication supplied by the hospital or doesn’t come to pick up the prescription to buy it outside the hospital or if they said, during the
appointment, that they had not taken the medication.; Imprecision: no serious. P=.0001.

SR on Conventional Therapy vs no Treatment

In the second SR, one observational study on conventional
therapy vs no treatment with high RoB provided very low cer-
tainty of evidence regarding the impact of conventional ther-
apy compared to no treatment on final height (MD 1.9 SDS
higher [95% CI 1.0-3 higher], very low certainty).

Discussion
Main Findings
SR on burosumab vs conventional therapy or no treatment

Comparing burosumab to conventional therapy over 64 weeks,
we inferred that burosumab prevents lower limb deformity in
children. In our efforts to clinically contextualize the increase
in children experiencing radiographic healing of rickets with
burosumab compared to conventional therapy (which oc-
curred in 70% of children), we considered the possibility that
this difference could prevent the development and progression
of lower limb deformities resulting from rickets. Although pain
and mobility were assessed in the trial, we still need to deter-
mine the impact of burosumab on these parameters compared
to conventional therapy. When evaluating QoL in children
based on caregivers’ questionnaires, our findings suggest with
moderate certainty that burosumab will likely enhance physical
health QoL. However, there is a lower level of certainty indicat-
ing that it may have minimal or no effect on the psychosocial
aspect of QoL. While our primary interest was to assess the im-
pact of burosumab therapy on final height, this was not feas-
ible. The trial included children aged 1 to 12 years. Typically,
near-final height is attained by 15 years in girls and 17 years
in boys, with final height achieved much later (33).
Nonetheless, our evaluation of the impact on height over 64

weeks suggested, with low certainty, that burosumab may in-
crease height in children compared to conventional therapy.

It is prudent to highlight that there was an increase in the rate
of treatment-emergent adverse events and dental abscesses in
those treated with burosumab. However, there were no serious
adverse events requiring the discontinuation of therapy.

In addition to the previous outcomes, and due to the absence
of other patient-important measures, we made inferences based
on surrogate outcomes. These surrogate outcomes included la-
boratory tests or radiographic measures. While they may not
directly reflect patient-important outcomes, they may clinically
correlate with specific outcomes that are significant to patients.
Among these outcomes, we inferred with low certainty that im-
provement in serum phosphorus levels and TmP/GFR, as well as
reductions in serum ALP, possibly improve the burden of symp-
toms caused by chronic hypophosphatemia and rickets. These
parameters have been enhanced in children treated with burosu-
mab compared to those treated with conventional therapy.

Lastly, this trial did not evaluate several patient-important
outcomes that we had predefined based on our understanding
of the disease and its clinical manifestations. These outcomes in-
cluded the rate of parathyroidectomies, orthopedic corrective
surgeries (eg, osteotomy, guided growth, and cranial vault sur-
geries), fatigue, fractures, auditory involvement, and chronic
kidney disease requiring dialysis. We suspect that these omis-
sions may be attributed, in large part, to the relatively short dur-
ation of the trial.

SR on conventional therapy vs no treatment

Due to the absence of studies comparing conventional therapy
to no treatment in children, we included this study that com-
pared outcomes between children with good and poor
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compliance (19). To confirm the definition of poor compli-
ance, we contacted the study authors, who indicated that non-
compliance was defined as nonattendance at appointments,
failure to pick up medication supplied by the hospital or out-
patient supplier, or admission of nonadherence during appoint-
ments. We deemed this reasonable for our control group.
However, we only assessed one outcome, height, in this SR.
We downrated our certainty to very low, given the observation-
al nature of the trial and our unique control group definition.
With that being stated, we are still determining the impact of
conventional therapy compared to no treatment on final height.

Strengths and Limitations

These systematic reviews are the first to examine how medical
therapy impacts patient-important outcomes in children with
XLH. Their strength arises from their meticulously conducted
searches, the utilization of a preregistered protocol with
PROSPERO, and the application of GRADE to evaluate the cer-
tainty of the evidence, with a specific focus on the limitations as-
sociated with surrogate outcomes such as laboratory and
imaging assessments.

The limitations included a small sample size, short trial dur-
ation, and limited literature on patient-important outcomes in
children. Another limitation was our reliance on inferences
based on surrogate outcomes. It is worth mentioning that
some clinicians might perceive conclusions drawn from bio-
chemical markers about the burden of symptoms caused by
chronic hypophosphatemia as speculative. We share this view,
so we downgraded our certainty to low and very low levels.
We recommend exercising caution when drawing clinical con-
clusions based on these biochemical and radiographic findings.

Relation to Previous Reviews

Studies focusing on more than just RCTs presented evidence
of very low quality. A recent SR incorporated 3 articles
from RCTs (17, 34-36) and 3 single-arm studies (37-39).
The primary difference between this SR and our study is
that it combines adult and pediatric studies. This approach
is problematic particularly because the results varied between
children and adults (36). The studies within the other review
aimed to evaluate the efficacy and safety of burosumab in
both adults and children with XLH. A pediatric trial by
Carpenter et al (35) was also excluded from our analysis
due to the lack of a control group; this trial administered the
same drug (burosumab) in both intervention and control
arms, differing only in administration frequency. In addition,
another SR on the efficacy of burosumab in children consid-
ered the study by Paloian et al to be an RCT, which is a retro-
spective cohort (40). The 2024 SR by Wang et al also
combined cohort studies and RCTs in their meta-analysis,
which is suboptimal given observational studies are at much
higher RoB, whereas our SR analyzed these study designs sep-
arately aligning with our predefined methodology (41).
Another disparity between our SRs and the recently published
SRs lies in their primary outcomes (36, 41). The SRs by Wang
et al (2023) and Wang et al (2024) primarily focused on the ef-
ficacy of the intervention on the biochemical and radiographic
profiles (eg, serum phosphorus, TmP/GFR, 1,25(OH)2D, ALP,
and rickets severity score) (36, 41). Our SRs focused on patient-
important outcomes—those that directly affect how patients feel
and, function—when evaluating the impact of burosumab or

conventional therapy. While the study by Wang et al (41) also
assessed mobility through the 6MWT, this test is a surrogate ra-
ther than a direct patient-important outcome.

Despite the distinctions between our SRs and previously pub-
lished SR by Wang et al (2023) (36), they both evaluate the
safety of burosumab by addressing its impact in relation to ad-
verse events. Based on RCT data from this SR (36), the burosu-
mab group exhibited a higher likelihood of experiencing an
injection site reaction event or arthralgia compared to the con-
trol group (OR 6.86 [95% CI, 0.07-715.83], P=.002, P=
89%). Adverse event rates were also high with burosumab in
the single-arm trials; the rates of injection site reactions, arthral-
gia, and headaches were high at 36% (95% CI, 12%-60%),
32% (95% CI, 7%-58%) and 34% (95% CI 1%-67%), re-
spectively, with a considerable respective heterogeneity (I =

90.9%, 92.9%, 96.3%) (36).

Implications for Practice and Research

This study highlights the effect of medical therapy, particularly
with burosumab, on children with XLH. The evidence demon-
strated in this report suggests a positive impact of burosumab on
preventing lower limb deformity and improving height and
physical QoL. Additionally, the study addressed adverse events
associated with medical therapy in children, a crucial aspect to
consider when assessing intervention effects on patient-
important outcomes. While recognizing the significance of med-
ical treatment in managing XLH and its benefits for skeletal
health, we emphasize the necessity of ongoing dental monitor-
ing for children undergoing burosumab treatment. Although
outside of the scope of our review, we note the limited data re-
garding the treatment of hypovitaminosis D in patients with
XLH. Future research should address this issue.

Conclusions

While burosumab showed the potential to prevent lower limb
deformity and improve physical health QoL (moderate cer-
tainty) as well as improve height (low certainty), it showed little
or no impact on psychosocial QoL (low certainty). It further
demonstrated a relatively high adverse event rate (moderate
certainty) and an increase in dental abscesses (low certainty)
in children treated over 64 weeks. It remains unclear whether
these observations persist over the longer term. These findings
highlight the importance of closely monitoring and managing
potential side effects associated with burosumab therapy,
particularly in the context of oral health. The impact of buro-
sumab, compared to conventional therapy on pain and mobil-
ity remains uncertain (very low certainty).

The comparison between conventional therapy and no
treatment in children with XLH produced results of very
low certainty. Furthermore, it lacked evaluation of numerous
patient-important outcomes in this comparison. This high-
lights the current uncertainty in the literature regarding the
comparative effectiveness of conventional therapy in children,
emphasizing the need for personalized management strategies
tailored to each child.
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