
Vol.:(0123456789)1 3

https://doi.org/10.1007/s00467-022-05484-7

ORIGINAL ARTICLE

Real‑world effectiveness of burosumab in children with X‑linked 
hypophosphatemic rickets

Neil J. Paloian1   · Blaise Nemeth2 · Mark Sharafinski3 · Peggy Modaff1 · Robert D. Steiner1

Received: 4 October 2021 / Revised: 26 January 2022 / Accepted: 27 January 2022 
© The Author(s), under exclusive licence to International Pediatric Nephrology Association 2022

Abstract
Background  X-linked hypophosphatemic rickets (XLH) is the most common cause of inherited rickets. Historically, XLH 
was treated with oral phosphate and calcitriol (conventional treatment). Burosumab, a fibroblast growth factor 23 (FGF-23) 
monoclonal antibody, was approved by the United States Food and Drug Administration (FDA) in 2018 for XLH treatment. 
Nevertheless, conventional treatment of XLH continues to be recommended by some specialists due to lack of published 
experience with burosumab in the clinical setting. We compared laboratory and radiographic changes observed following 
transition from conventional therapy to burosumab in pediatric XLH patients as part of routine care.
Methods  This retrospective single-center study identified and retroactively studied twelve patients aged 1–18 years old with 
XLH previously treated with conventional therapy and transitioned to burosumab. Laboratory studies and radiographs were 
obtained routinely as standard of care during two treatment periods: (1) conventional therapy and (2) burosumab treatment. 
Laboratory values and radiologic rickets severity scores were compared between periods.
Results  All laboratory values demonstrated improvement following 1 month of burosumab treatment, findings which were 
sustained over the 2-year study period. Rickets severity scores and height z-scores also improved with burosumab. There were 
no serious adverse events with burosumab, and adverse events overall were very infrequent and mild. One patient developed 
an asymptomatic mild elevation of serum phosphate while taking burosumab resulting in a temporary pause in therapy.
Conclusions  Safety and effectiveness of burosumab in treatment of XLH were demonstrated as burosumab yielded statisti-
cally significant improvement in laboratory and radiographic markers of rickets and height compared to conventional therapy.
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Introduction

Rickets is a systemic disorder of mineral imbalance mani-
fested by poor mineralization of the physes. Because of the 
involvement of the growth plate, rickets is unique to grow-
ing children who have not yet reached skeletal maturity [1]. 
Affected children commonly present clinically with genu 

varum or rarely genu valgum and often have additional skel-
etal deformities which may include short stature, cranio-
tabes, craniosynostosis, wrist flaring, frontal bossing, and 
expansion of the costochondral junction [2]. These patients 
concurrently develop osteomalacia which can persist follow-
ing closure of the physes and may lead to lifelong physical 
disability and bone pain.

Rickets is caused by a total body deficiency of calcium 
or phosphorus, which denies growing bone the substrates it 
requires in order to properly mineralize and ossify. Rickets 
can either be nutritional in nature, due to a dietary insuf-
ficiency of calcium, phosphorus, or vitamin D, or due to 
genetic disorders that cause disturbances in normal mineral 
homeostasis. The most common genetic form of rickets is 
X-linked hypophosphatemia  (XLH), a condition caused 
by excessive urinary phosphate losses due to pathogenic 
variants in the PHEX gene [3, 4]. XLH is characterized by 
elevated urinary phosphate excretion due to inappropriately 
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elevated circulating FGF-23. Elevated urinary phosphate 
excretion results in hypophosphatemia and rickets. Elevated 
alkaline phosphatase levels are observed and correlate with 
the degree of rickets. Over time, XLH patients frequently 
develop hyperparathyroidism due to the role of FGF-23 as a 
down-regulator of 1-α-hydroxylase activity and therapeutic 
phosphate supplementation [5].

Historical treatment of XLH has been with oral phos-
phate supplementation along with calcitriol (conventional 
therapy). With this therapy, children show signs of improve-
ment, but correction of the rickets is limited; despite con-
ventional therapy, children often require surgical interven-
tion to address genu varum or valgum and typically do not 
reach their full height potential [3]. Conventional therapy 
can normalize the serum phosphate level; however, because 
of the ongoing urinary phosphate losses, significant side 
effects such as secondary hyperparathyroidism and nephro-
calcinosis are often observed when targeting normal serum 
phosphate levels [6].

In April 2018, burosumab, a humanized monoclonal 
antibody targeting FGF-23, was approved for the treatment 
of XLH [7]. Clinical trials demonstrated improvements in 
laboratory and radiographic markers of XLH in patients 
treated with burosumab versus conventional therapy, but by 
definition these studies were safety and efficacy studies con-
ducted in a controlled fashion with significant oversight to 
ensure adherence and follow-up [8–10]. Despite the superior 
efficacy of burosumab compared with conventional therapy 
demonstrated in clinical trials, utilization and promotion of 
conventional therapy continues in part due to lack of pub-
lished evidence of safety and effectiveness in real-world set-
tings [11]. We aimed, therefore, to assess the effectiveness of 
burosumab in a real-world clinical pediatric practice.

Methods

This retrospective study was conducted by identifying all 
pediatric patients (< 21 years of age) receiving care at the 
University of Wisconsin Hospitals and Clinics diagnosed 
with XLH and treated with burosumab between April 1, 
2018, and May 31, 2020. The XLH diagnosis was confirmed 
in all patients by identification of a pathogenic variant in 
PHEX.

Prior to starting burosumab, all patients were treated 
with oral phosphate and calcitriol. Following a diagnosis 
of XLH, patients were initially prescribed 20–30 mg/kg/
day of elemental phosphorus given four times daily and 
calcitriol 20 ng/kg/day given once or twice daily. Phos-
phate and calcitriol doses over time were adjusted with 
a goal of maximizing medical therapy without causing 
side effects including laboratory abnormalities (hyper-
calciuria, hypercalcemia, or hyperparathyroidism) or 

gastrointestinal symptoms; doses varied and were tai-
lored to the patient’s lab values, radiographs, tolerance 
of therapy, and adherence to the medication regimen. 
Laboratory studies were obtained approximately every 
6 months which included serum phosphate (mg/dL), cre-
atinine (mg/dL), alkaline phosphatase (U/L), and intact 
parathyroid hormone (PTH) (pg/mL), as well as urine 
phosphate (mg/dL), calcium (mg/dL), and creatinine (mg/
dL). Fractional excretion of phosphate (FEphos) was cal-
culated as (Phosurine /Phosserum) × (Crserum/Crurine) × 100. 
Renal tubular reabsorption of phosphate to glomerular 
filtration rate (TmP/GFR) (mmol/L) was calculated as 
previously described [12]. Reference ranges for labora-
tory results are listed in Table 1 [12, 13]. Adherence to 
conventional therapy was assessed by parental or patient 
report at clinic visits.

Lower extremity radiographs were obtained as needed for 
routine clinical care at least once annually. All radiographs 
were de-identified and randomized prior to scoring by the 
authors. Radiographs were scored using the rickets severity 
score (RSS) as previously described and validated for use in 
XLH patients [14, 15]. As wrist radiographs were not rou-
tinely obtained, only the lower extremity images were used 
for analysis; these were scored from 0 to 6, with a higher 
score indicating a greater severity of rickets. Each radio-
graph was reviewed independently by 2 physician authors 
(a pediatric radiologist (MS) and a pediatric orthopedist 
(BN)) blinded to treatment and these scores were averaged. 
One patient was skeletally mature with natural closure of the 
physeal plates prior to starting burosumab and therefore was 
excluded from RSS analysis. Kidney ultrasounds to monitor 
for nephrocalcinosis were obtained every 1–2 years in all 
patients with XLH starting at the time of diagnosis.

Following FDA approval of burosumab and after discus-
sion with the care team, study patients and families elected 
to transition from conventional therapy to burosumab. All 
patients discontinued phosphate supplements and calci-
triol for 7 days prior to initiating burosumab per manufac-
turer instructions. The dose of burosumab was determined 
according to manufacturer instructions, 0.8 mg/kg/dose 
rounded to the nearest 10 mg in patients < 18 years of age 
and 1 mg/kg/dose rounded to the nearest 10 mg for patients 
18 years old and greater. The maximum single dose utilized 
was 90 mg as per the manufacturer instructions. The subcu-
taneous injections were administered at the patient’s home 
by nurses or trained parents every 2 weeks if the patient 
was less than 18 years old or every 4 weeks if 18 years old 
and older. The decision to increase the burosumab dose in 
response to persistently low serum phosphate levels was 
at the discretion of the treatment team and patient/fam-
ily; dosages were increased stepwise per the manufacturer 
instructions. In the event of a serum phosphate greater than 
5 mg/dL, burosumab was held and follow-up labs were 
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obtained every 4 weeks until serum phosphate decreased to 
less than 5 mg/dL, at which point burosumab was re-started 
at the re-initiation dose as described in the manufacturer 
instructions.

The same laboratory tests as above were obtained 
monthly for 3 months after initiation of burosumab and with 
any dose changes; when obtained monthly, labs were drawn 
1–2 days prior to an injection. These labs were also obtained 
approximately every 3–6  months thereafter throughout 
treatment with burosumab. The exact timing of biochemi-
cal sampling every 3–6 months was variable as injections 
were given at home (dates of injections were not always 
known) and these routine monitoring labs were obtained 
at clinic visits. Following initiation of burosumab, lower 
extremity radiographs were obtained every 6–12 months. 
All patients in the study had baseline radiographs obtained 
within 1 year prior to starting burosumab and at least 2 sets 
of radiographs obtained after starting burosumab and these 
were scored as above. The frequency of ultrasonography 
continued unchanged after starting burosumab. Adherence 
to burosumab therapy was assessed by parental or patient 
report at clinic visits.

Throughout the study period, standing height was meas-
ured at each clinic visit and height z-score was determined 
using sex- and age-matched normative values [16]. Baseline 
height was defined as last height measured prior to starting 

burosumab. Mean changes from baseline were calculated 
following initiation of burosumab. One patient who had 
reached skeletal maturity while on conventional therapy was 
excluded from height analysis.

Statistical analyses were conducted using a 2-tailed paired 
t-test and were performed using Microsoft Excel (Redmond, 
WA). A p value < 0.05 was considered statistically signifi-
cant. Standard error of the mean was calculated as the stand-
ard deviation of the sample divided by the square root of the 
sample size.

Approval for this study was granted by the University 
of Wisconsin Health Sciences Institutional Review Board.

Results

Twelve patients met inclusion criteria. Baseline character-
istics of the 12 patients are detailed in Table 2. One patient 
was 18 years old, and the remaining patients were between 1 
and 17 years old. Adherence with conventional therapy was 
unable to be quantified but noted to be markedly less than 
100% primarily due to abdominal cramping and diarrhea 
or difficulty with the frequency of phosphate supplementa-
tion. Adherence with burosumab was 100% during the study 
period based on verbal parental and/or patient report during 
clinic visits.

Table 1   Age- and sex-matched 
laboratory reference ranges

Laboratory Age Normal range female Normal range male

Phosphate (mg/dL) 0 to 14 days 5.6–10.5 5.6–10.5
15 days to < 1 year 4.8–8.4 4.8–8.4
1 to < 5 years 4.3–6.8 4.3–6.8
5 to < 13 years 4.1–5.9 4.1–5.9
13 to < 16 years 3.2–5.5 3.5–6.2
16 to < 19 years 2.9–5.0 2.9–5.0

Alkaline phosphatase (U/L) 0 to 14 days 90–273 90–273
15 days to < 1 year 134–518 134–518
1 to < 10 years 156–369 156–369
10 to < 13 years 141–460 141–460
13 to < 15 years 62–280 127–517
15 to < 17 years 54–128 89–365
17 to < 19 years 48–95 59–164

PTH (pg/mL) All 23–97 23–97
FEphos (%) All 10–20 10–20
TmP/GFR (mmol/L) 0 to < 3 months 1.43–3.43 1.43–3.43

3 to < 6 months 1.48–3.30 1.48–3.30
6 months to < 2 years 1.15–2.60 1.15–2.60
2 to 15 years 1.15–2.44 1.15–2.44

Urine Ca/Cr  < 7 months  < 0.86  < 0.86
7 to 18 months  < 0.60  < 0.60
19 months to 6 years  < 0.42  < 0.42
 > 6 years  < 0.20  < 0.20
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Serum phosphate, alkaline phosphatase, and PTH lev-
els pre-, 1 month post-, and 12 months post-burosumab 
are displayed in Table 3. The average serum phosphate 
level on conventional therapy just prior to initiation 
of burosumab was 2.6 mg/dL. After 4 weeks on buro-
sumab, the average serum phosphate level increased to 
3.4 mg/dL (p = 0.004). This increase was sustained at 
12 months post-burosumab with an average phosphate 
level of 3.5 mg/dL (p < 0.001). Phosphate levels over the 
course of the 2 years following treatment with burosumab 
are shown in Fig. 1a. All twelve patients had hypophos-
phatemia based on age- and sex-matched normative val-
ues while on conventional therapy. Three patients (25%) 
had normalization of their serum phosphate level while 
on treatment with burosumab.

Alkaline phosphatase levels decreased from an average 
of 593 IU/L pre-burosumab to 502 IU/L 1-month post-
burosumab (p = 0.01). These levels continued to decrease 
to 408 IU/L after 12 months of burosumab (p = 0.001). 
Alkaline phosphatase levels over the course of the 2 years 
following treatment with burosumab are shown in Fig. 1b. 
Ten of the twelve patients had hyperphosphatasemia based 
on age- and sex-matched normative values while on con-
ventional therapy. Nine of these ten patients (90%) had 

normalization of their serum alkaline phosphatase level 
while on treatment with burosumab.

Average PTH levels prior to starting burosumab were 
83.8 pg/mL and decreased to 55.4 pg/mL 1 month after ini-
tiation of burosumab (p = 0.01). This decrease in PTH was 
sustained at 51.8 pg/mL following 12 months of burosumab 
therapy (p = 0.02). PTH levels over the course of the 2 years 
following treatment with burosumab are shown in Fig. 1c. 
Four patients previously developed hyperparathyroidism 
during conventional therapy. All four patients demonstrated 
improvement of PTH levels following conversion to buro-
sumab with three patients exhibiting resolution of hyperpar-
athyroidism with burosumab treatment (Fig. 2).

Urinary excretion of phosphate was measured by calculat-
ing FEphos and TmP/GFR and noted in Table 3. The average 
FEphos prior to starting burosumab was 33%. This decreased 
to 9% 1 month after treatment with burosumab (p = 0.04). At 
12 months of burosumab therapy, the FEphos was calculated 
at 14%, continued significantly lower than pre-burosumab 
(p = 0.02). Correspondingly, TmP/GFR increased from 1.83 
on conventional therapy to 3.50 after 1 month on burosumab 
(p < 0.001). At 12 months on burosumab therapy, the TmP/
GFR was 3.12 (p < 0.001). FEphos and TmP/GFR over the 
course of the 2 years following treatment with burosumab 

Table 2   Baseline characteristics 
of XLH study population prior 
to initiation of burosumab

N 12
Age at XLH diagnosis (median, range, in years) 1 (1 to 3)
Age at initiation of burosumab (median, range, in years) 6 (2 to 18)
Female (%) 67
Time on conventional therapy (mean, range, in years) 3.9 (1.4 to 16.3)
Standing height z score (mean, range)  − 2.24 (− 3.72 to − 0.58)
History of craniosynostosis (%) 1 (8)
History of dental abscesses (%) 2 (17)
History of previous corrective orthopedic surgery (%) 2 (17)
History of nephrocalcinosis (%) 2 (17)
History of hyperparathyroidism (%) 4 (33)
Family member with XLH (%) 10 (83)

Table 3   Laboratory values 
on conventional therapy vs. 
burosumab

* One month on burosumab vs. pre-burosumab
** 12 months after burosumab vs. pre-burosumab

Lab Pre-burosumab One month 
on buro-
sumab

p-value* 12 months 
after buro-
sumab

p-value**

Serum phosphorus (mg/dL) 2.6 3.4 0.004 3.5  < 0.001
Serum alkaline phosphatase (U/L) 593 502 0.01 408 0.001
Serum intact PTH (pg/mL) 83.8 55.4 0.01 51.8 0.02
Urine FEphosphorus (%) 33 9 0.04 14 0.02
Urine TmP/GFR (mmol/L) 1.83 3.50  < 0.001 3.12  < 0.001
Urine Ca/Cr (mg/mg) 0.09 0.13 0.3 0.11 0.4
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Fig. 1   Average serum phosphate (a), alkaline phosphatase (b), and 
intact PTH (c) pre- and post-burosumab. Month 0 represents the most 
recent serum phosphate prior to initiation of burosumab. All other 

months are following start of burosumab. Error bars represent the 
standard error of the mean

Fig. 2   PTH levels in XLH 
patients with hyperparathy-
roidism. Month 0 represents the 
most recent serum PTH prior 
to initiation of burosumab. All 
other months are following start 
of burosumab. The dotted red 
line represents the upper limit 
of normal
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are shown in Fig. 3. Urinary calcium excretion did not sig-
nificantly change upon conversion to burosumab (Table 3).

Two patients were diagnosed with nephrocalcinosis prior 
to initiation of burosumab. The degree of increased echo-
genicity of the medullary pyramids on kidney ultrasound 
in these patients did not change following treatment with 
burosumab. No patients developed nephrocalcinosis during 
burosumab therapy.

The average RSS of our patient population, as meas-
ured from lower extremity radiographs, prior to starting 
burosumab was 3. On the first radiograph obtained post-
burosumab, the average RSS decreased to 2.1. The most 
recent radiograph acquired while taking burosumab dem-
onstrated an average RSS of 1.4. The RSS before and after 
treatment with burosumab are displayed in Fig. 4. Sample 
radiographs of one patient are detailed in Fig. 5. Average 
standing height z-scores increased significantly by 0.35, 
0.6, 0.72, and 0.94 compared to baseline at months 6, 12, 
18, and 24 after starting burosumab, respectively (Fig. 6). 
Two patients, both > 12 years old at burosumab initiation, 
underwent lower extremity osteotomies to correct previously 
identified rachitic deformities. Burosumab therapy was con-
tinued without modification throughout the perioperative 
period and both patients recovered uneventfully from sur-
gery without complications. One patient developed a dental 
abscess while on burosumab that was successfully treated 
with antibiotics and oral surgery; no adjustments were made 
to the burosumab dosing.

Because of persistent hypophosphatemia despite buro-
sumab treatment, four patients underwent burosumab dose 
increases prior to the scheduled weight-adjusted dose 
increases. Serum phosphate levels did not meaningfully 
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Fig. 4   Average rickets severity 
scores (RSS) of lower extremity 
radiographs pre- and post-buro-
sumab. *Pre-burosumab x-ray 
vs. first x-ray on burosumab (p 
value = 0.04). **Pre-burosumab 
x-ray vs. most recent x-ray (p 
value < 0.001)
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change and did not normalize following the dose increases. 
Alkaline phosphatase levels and RSS scores continued to 
improve in these patients in a similar fashion to those chil-
dren who did not undergo dose increases.

One patient developed serum phosphate > 5  mg/dL 
(5.8 mg/dL) resulting in a pause in therapy of 4 weeks dura-
tion at which point phosphate levels decreased to < 5 mg/dL. 

Burosumab was successfully restarted at half dose and the 
patient’s subsequent laboratory values were normal; buro-
sumab was eventually increased to full dose with no further 
phosphate levels > 5 mg/dL. No clinical manifestations of 
the elevated phosphate levels were observed.

Monitoring for adverse events and serious adverse events 
occurred at each clinic visit. Seven patients reported mild 

Fig. 5   Sample lower extremity 
(a) and knee (b) radiographs of 
a patient treated with buro-
sumab. Marked improvement 
of genu varum and stigmata 
of rickets following treatment 
with burosumab. A — Final 
radiograph prior to initiation of 
burosumab. RSS = 4. B — Ini-
tial radiograph following initia-
tion of burosumab. RSS = 2.5. 
C — Most recent radiograph. 
RSS = 1.5
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injection site reactions due to burosumab; no other side 
effects were noted during the study period. One patient with 
a history of migraines reported headaches during treatment 
with burosumab; after consultation with the patient’s neu-
rologist, it was suspected that the burosumab was unlikely 
causative of the headaches. No patient discontinued buro-
sumab or returned to conventional therapy.

Discussion

We have demonstrated statistically significant improvements 
in laboratory parameters as well as radiographic findings in 
children with XLH following transition from conventional 
therapy to burosumab. This study constitutes a real-world 
cohort of children with XLH treated with burosumab and 
expands on previous studies by examining radiographic 
changes in children treated with burosumab. This analysis 
confirms the use of burosumab as the treatment of choice in 
pediatric XLH patients.

The clinical studies in children with XLH that led to FDA 
approval of burosumab were safety and efficacy studies per-
formed under ideal settings that were tightly regulated [8, 
9]. Dedicated research staff ensured adherence to a calcu-
lated study design, which for many reasons often cannot be 
duplicated in real-world clinical settings and therefore have 
limited external validity [17]. While these clinical trials are 
necessary to determine safety and efficacy of a new medi-
cation, they do not demonstrate effectiveness, specifically 
that a new therapy is truly beneficial to patients in everyday 
clinical practice; therefore, such clinical trials should be 

supported by population-based observational research [18]. 
This is especially true in rare diseases such as XLH where 
a low prevalence of disease limits the numbers of patients 
studied in even the most robust clinical trials; additionally, 
this is relevant in XLH where conventional therapy adher-
ence is not always optimal given the difficulties with the 
dosing frequency and side effects of the therapy. A recent 
consensus article recommends conventional therapy over 
burosumab as first-line treatment in children with XLH due 
to lack of published data regarding the use of burosumab 
[11]. This recommendation is even more noteworthy given 
that conventional therapy is not an FDA-approved treatment 
for XLH and that adverse events including nephrocalcino-
sis and hyperparathyroidism (both observed in our patients) 
are not infrequent, underscoring the need for further post-
approval investigation of the real-world effectiveness of 
burosumab.

Martin Ramos et al. previously reported a case series of 5 
children with XLH treated with burosumab for 1 year [19]. 
All 5 patients received conventional therapy prior to start-
ing burosumab and had ongoing hypophosphatemia during 
conventional treatment. That study demonstrated normali-
zation of serum phosphate levels in all 5 patients following 
the introduction of burosumab. Alkaline phosphatase levels 
decreased in 3 of the 5 patients and urinary phosphate excre-
tion decreased in all 5 patients. Height z scores improved 
in 3 of the 5 patients and no patients had significant side 
effects of the therapy. The authors’ conclusion in this report 
was that 1 year of burosumab administration was safe and 
efficacious in children with XLH.

Fig. 6   Average standing height 
z-scores, expressed as change 
from baseline (month 0). Month 
0 represents the most recent 
height z-score prior to initia-
tion of burosumab. All other 
months are following start of 
burosumab. Error bars represent 
the standard error of the mean. 
*Height z-score vs. baseline (all 
p values < 0.01)
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Here we report the largest real-world study of the use 
of burosumab in pediatric XLH. In our cohort, urinary 
phosphate excretion, the sine qua non of XLH, decreased 
significantly after initiation of burosumab. This effect was 
maintained throughout the 2-year study period. We observed 
a statistically significant improvement in mean serum phos-
phate levels with burosumab treatment vs. conventional ther-
apy that was sustained. Similarly, mean alkaline phosphatase 
and PTH levels decreased significantly after transition to 
burosumab. Both values continued to decline with contin-
ued burosumab treatment up to 2 years indicating improving 
bony mineralization.

In contrast to the findings of Martin Ramos et al., the 
majority of our patients demonstrated persistent hypophos-
phatemia on burosumab, which was despite marked improve-
ment in rachitic changes. Conversely, most patients displayed 
complete normalization of alkaline phosphatase levels after 
transition to burosumab. Four patients with improving 
alkaline phosphatase levels, urine phosphate excretion, and 
rachitic changes on x-ray but persistent hypophosphatemia 
underwent burosumab dose increases; these four patients 
continued with hypophosphatemia throughout the study 
period. These patients were all exhibiting improvement prior 
to the dose increase and no additional improvements were 
noted following the burosumab increase. Our data suggests 
that normal alkaline phosphatase levels are a more precise 
marker of treatment success and that normalizing serum 
phosphate levels may not be a necessary goal of therapy. 
Further studies will need to determine if burosumab dose 
increases are warranted for persistent hypophosphatemia in 
the patient that is otherwise responding well to treatment.

Additionally, this study noted improvement in PTH levels 
in all patients with hyperparathyroidism while on conven-
tional therapy following conversion to burosumab with reso-
lution of hyperparathyroidism in three of four patients. The 
mechanism of this is not clear, though likely is related to the 
removal of FGF-23-induced inhibition of 1-α-hydroxylase 
and restoration of normal calcium homeostasis. Other pos-
sibilities for the decrease in PTH include the withdrawal of 
phosphate supplementation or changes in dietary calcium 
intake (though patients were evaluated regularly by our 
metabolic bone clinic dietician and no significant dietary 
changes were noted during the study). Future studies are 
needed to examine this pathway and the role of burosumab 
in PTH regulation.

Our current study has documented the improvement in 
height z-scores and rachitic changes seen after transition 
from conventional therapy to burosumab. Our data indicate 
that real-world use of burosumab in skeletally immature 
pediatric XLH patients significantly improves linear height 
z-scores compared to conventional therapy, with continued 
improvements over time. Martin Ramos et al. were unable to 
comment on rachitic changes as they noted that none of their 

patients had active radiological lesions of rickets, attributed 
to the previous treatment with phosphate and calcitriol. Our 
results are more consistent with those seen in previously 
reported studies that demonstrate only partial correction of 
radiographic lesions with early and aggressive conventional 
treatment [8, 9, 20]. Furthermore, our radiographic analysis 
utilized the RSS, a validated tool to standardize interpreta-
tion of rachitic changes in this population. Using the RSS, 
we were able to conclusively demonstrate statistically sig-
nificant improvement in rachitic changes after transition to 
burosumab, signifying consistent positive results in both 
clinical trial and real-world settings.

Burosumab was well-tolerated in our study popula-
tion with no significant adverse effects during the study 
period. No worsening of nephrocalcinosis or development 
of nephrocalcinosis was identified following initiation of 
burosumab. One patient, a 3-year-old girl, developed serum 
phosphate levels > 5 mg/dL, which was not previously noted 
in the clinical trials or in the case series. The patient’s high-
est serum phosphate was 5.8 mg/dL; this is clearly above the 
acceptable upper limit as set by the manufacturer, but it is 
unclear that this level truly represents hyperphosphatemia, as 
reference ranges note that a phosphate level of 4.3–6.8 mg/
dL is within the normal range for a female 1 to < 5 years 
of age [13]. This patient had no ill effects of the phosphate 
levels > 5 mg/dL and the levels quickly fell when burosumab 
was withheld; subsequently, she was safely able to restart 
therapy. Future studies are needed to address burosumab 
dosing adjusted to age-normalized phosphate levels.

There are several limitations of this current study. The 
data generated in this study are based on a retrospective, 
single-center experience; as is the case with most rare dis-
ease research, it is often ideal to combine data from multiple 
centers to be able to examine a sufficient number of patients. 
Our current study included a large enough cohort to deter-
mine statistical significance, but future multi-center studies 
are desirable to further corroborate our conclusions and to 
expand on findings such as improvements in hyperparathy-
roidism. One such study is the X-linked Hypophosphatemia 
Disease Monitoring Program (XLH-DMP), a prospective 
multi-center study currently collecting data of children and 
adults diagnosed with XLH over a 10-year period. The XLH-
DMP does have the advantage of obtaining laboratory and 
imaging studies at uniform time points; while our clinical 
practice attempted to maintain consistency with timing of 
labs and radiology studies, real-world factors added to some 
variability in the timing of our data collection. During the 
initiation and dose change phases, labs were obtained pre-
cisely every 4 weeks and timed out to occur 1–2 days prior 
to an injection of burosumab. Though not recommended by 
the manufacturer, we would have ideally liked to have all 
patients’ lab specimens for the duration of the study obtained 
at the same intervals for improved data analysis. Fortunately, 
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despite this potential confounder, our laboratory results were 
very similar to the phase 2 and 3 clinical trials; furthermore, 
the significant improvements in rickets and height after start-
ing burosumab correlate with our improved laboratory val-
ues [8–10]. Additionally, we would have preferred to follow 
all our patients at closer intervals (such as every 3 months 
during growth phases while on conventional therapy) but 
for most of our patients this was logistically challenging and 
sometimes untenable [11]. Finally, we did not obtain wrist 
radiographs with enough frequency to calculate the full RSS, 
which is anticipated to be reported by the XLH-DMP.

Our study demonstrates that burosumab is safe and more 
effective than conventional therapy in treating real-world 
pediatric XLH patients and supports the use of burosumab 
as the first-line therapy for children with XLH. Laboratories, 
rachitic changes on radiographs, and height z-scores were 
significantly improved on burosumab compared to conven-
tional therapy and overall burosumab was well-tolerated. 
Further longitudinal, long-term, multi-center studies are 
needed to assess real-world long-term safety and effective-
ness of burosumab in larger cohorts.
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