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Abstract

Purpose X-linked hypophosphatemia (XLH) is the most common cause of inherited rickets. It is characterized

by chronic hypophosphatemia due to increased levels of Fibroblast Growth Factor 23 hormone (FGF23), renal phos-
phate wasting, and decreased renal vitamin D hydroxylation. Burosumab, an anti-FGF23 antibody, was approved

in 2018 for XLH children.

Methods This retrospective single-center study assessed the progression of clinical, biological, renal, and cardiovas-
cular outcomes of XLH patients who started burosumab before 18 years of age, between July 2018 and June 2022.

Results In total, 12 children began burosumab treatment at a median age of 10.1(2.7-14.7) years, after 7.6 (1.1-11.3)
years of conventional therapy. The last follow-up was 2.7(0.8-4.7) years after burosumab initiation, with 10 patients
with at least 2 years of follow-up. Regarding the progression of anthropometric parameters, only height SDS signifi-
cantly increased from baseline at the last follow-up. Regarding the biological parameters, as expected, at 12 months
after starting burosumab and at the last follow-up, phosphate and alkaline phosphatase levels significantly improved.
Although not significant, there was a trend towards an early increase of osteocalcin and crosslaps during the first
months of therapy. Before starting burosumab, 5 patients (42%) had nephrocalcinosis (1 stage 1, 4 stage 2). One
patient displayed a complete resolution of nephrocalcinosis after 1 year of treatment, and one patient showed
improvement of nephrocalcinosis. No nephrocalcinosis appeared in a patient while being treated with burosumab.
Cardiac ultrasounds remained normal in all.

Conclusion Our real-life data confirm that burosumab improves outcomes in XLH children, including nephrocalcino-
sis and growth.

Keywords Burosumab, X-linked hypophosphatemia, Rickets, Nephrocalcinosis, Growth

"Bettyna Olivotto and Eliane Djatougbé Akolly equally contributed to the
manuscript.

*Correspondence:

Justine Bacchetta

justine.bacchetta@chu-lyon fr

Full list of author information is available at the end of the article

. ©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1007/s44162-024-00034-1&domain=pdf
http://orcid.org/0000-0002-0578-2529

Olivotto et al. Journal of Rare Diseases (2024) 3:10

Introduction

X-linked hypophosphatemia (XLH) is a rare genetic dis-
ease, due to an inactivating PHEX mutation, character-
ized by increased levels of Fibroblast Growth Factor 23
(FGF23), renal phosphate wasting, chronic hypophos-
phatemia and decreased 1-250H, dihydroxyvitamin D
(1-25-OH,-D) [9]. XLH is associated with delayed gait
development, lower limb deformities, growth retarda-
tion, craniosynostosis, and dental abscesses [9].

Conventional medical management (Standard of Care,
SoC) is based on phosphate supplementation and active
vitamin D analogs. SoC is often insufficient for growth
and bone symptoms, whilst increasing the risk of nephro-
calcinosis (NC) and secondary hyperparathyroidism
[9]. Burosumab, an anti-FGF23 antibody, was approved
in 2018 for XLH children aged 1-18 years. Burosumab
restores renal phosphate reabsorption and stimulates
endogenous calcitriol synthesis, with sustained control of
phosphate and alkaline phosphatase (ALP), and a favora-
ble safety profile [11].

Even though more real-life series are published in pedi-
atrics [8, 12, 13], some key questions remain open, nota-
bly the progression of NC and cardiovascular parameters.
Thus, we aimed to provide real-life data on burosumab
use in XLH children, with a focus on these outcomes.

Patients and methods

This single-center retrospective study assessed the pro-
gression of clinical and biological parameters of geneti-
cally-confirmed XLH children who started burosumab
before 18 years, between July 2018 and June 2022. In
France in 2018, we could not treat all patients with buro-
sumab, only the most severe ones (i.e., late diagnosis after
8 years of age, nephrocalcinosis, dental complications,
hyperparathyroidism, neurosurgical complications, per-
sisting deformations after 1 year of SoC). Since 2018,
things have progressively changed, and we can now treat
less severe forms of XLH. As such, there was a modifica-
tion of practice with time. That being said, we still have
patients receiving SoC in our center, mainly the young-
est ones. In clinical practice, we often discuss the intro-
duction of burosumab at the beginning of puberty to
optimize the peak bone mass. Concerning the dose, we
usually begin at 0.4 mg/kg, and have the objective to
reach phosphate levels within the lower normal limit for
age, with monthly titration if appropriate.

The following clinical data were collected from elec-
tronic medical records: weight, height, body mass index
(BMI), blood pressure, age at diagnosis, duration of SoC,
burosumab doses, concomitant recombinant growth hor-
mone therapy (thGH) if any, and global clinical descrip-
tion of XLH (neurosurgical complications, NC). All
parameters were expressed in absolute values and as
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standard deviation scores (SDS) or percentiles for age,
gender, and/or height, as previously described [2, 3].

Routine bone biomarkers were collected: creatinine
to calculate glomerular filtration rate (eGFR) by the
2009-Schwartz formula, calcium, phosphate (absolute
and SDS for age) [1], PTH (normal 15-65 ng/L), total
alkaline phosphatase (ALP), 25 OH vitamin D (25-D)
and 1-25-OH,-D (normal 69-200 pmol/L), osteocalcin,
crosslaps, and bone alkaline phosphatase. Spot urine
samples were used to assess urinary calcium, creati-
nine, and phosphate to obtain calcium/creatinine ratio
and tubular maximum phosphate reabsorption per GFR
(TmP/GER) [6]. Other routine biomarkers were analyzed,
notably insulin-like growth factor (IGF-1) and hemo-
globin. Of note, patients are usually seen in clinics a few
days before the next injection of burosumab, to obtain
phosphate “trough” levels.

Calcium intake was regularly assessed by a special-
ized pediatric dietician and expressed as % of the recom-
mended intake for age [4].

Routine imaging consisted of renal and cardiac ultra-
sounds at baseline and every 1-2 years afterward, with
at least one skeletal X-ray on the wrist before burosumab
therapy. Skeletal X-rays were performed afterwards only
when clinically indicated, to avoid unnecessary radiation
exposure, so that we cannot present the modification of
RSS scoring. The same experienced pediatric radiologist
retrospectively reviewed renal ultrasounds.

Because of the low number of patients, we only com-
pared the results between baseline and 1 year, and
between baseline and last follow-up, using non-paramet-
ric paired Wilcoxon tests (SPSS software). Results are
presented as median (range). This retrospective series
was approved by the Comité d’Ethique des Hospices Civils
de Lyon (2/9/2021, 21_519).

Results
In total, 12 children began burosumab at a median age
of 10.1(2.7-14.7) years, after 7.6(1.1-11.3) years of SoC.
The last follow-up was 2.7(0.8-4.7) years after buro-
sumab initiation, with 10 patients having at least 2 years
of follow-up. Two patients received concomitant rhGH.
Five patients (42%) displayed neurological complications
(craniosynostosis, Chiari, and/or syringomyelia), but only
one patient underwent neurosurgery before burosumab.
Burosumab starting and last follow-up doses were
0.4(0.2-0.8) and 1.1(0.2-1.9) mg/kg/2 weeks, respec-
tively. One teenage boy was given injections every 3
weeks because of a “too good” response on phosphate
levels even with low doses. Raw values for weight, height,
and BMI significantly increased but when normalized for
age and gender, only height SDS significantly increased
from baseline to the last follow-up.
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Serum phosphate levels (raw and normalized val-
ues) and TmP/GFR significantly improved. Total ALP
progressively decreased over time whilst 1-25-OH,-D
increased. No significant differences were observed for
calcium, urinary calcium, urinary calcium/creatinine
ratio, PTH, and hemoglobin. Despite native vitamin D
supplementation, 25D levels decreased. Although not
significant, there was a trend towards an early increase of
osteocalcin and crosslaps during the first months of ther-
apy. We observed significantly increased creatinine levels
and decreased eGFR under burosumab.

Regarding cardiovascular outcomes, both absolute
and normalized systolic blood pressure significantly
increased whilst diastolic blood pressure did not change.
Cardiac ultrasounds were normal in all patients before
burosumab, and during follow-up.

Before starting burosumab, 5 patients (42 %) had NC.
It completely disappeared in one patient, and improved
in one. No patient developed NC whilst receiving buro-
sumab. One patient worsened NC (stage 2 to 3), but he
had genetically confirmed XLH with another genetic
abnormality in FGF10.

Table 1 summarizes all these data and Figs. 1 and 2
illustrate the progression of the most important param-
eters. No significant side effects were reported, except
pain and redness at injection sites.

Discussion

This retrospective study aimed to provide real-life data
on burosumab use after switching from SoC in 12 chil-
dren, with a follow-up of more than 2 years in 10. We
confirm that burosumab improves outcomes in XLH
children, including biological control, growth, and safety
profile. Data on NC and cardiovascular parameters are
novel.

Data on growth under burosumab are conflicting, with
initial disappointing results (mainly in short-term stud-
ies), but also promising results in the most recent data
[11, 13]. Here we observe a significant beneficial effect
on height SDS only at the last follow-up, but standard-
ized weight and BMI did not change. Since obesity/
overweight is a complication of XLH [14], still of unclear
pathophysiology [5], we could have expected improved
standardized BMI with burosumab. However, BMI is
not only the reflection of fat mass, but also muscle mass,
which may improve with burosumab; unfortunately Dual
X-ray Absorptiometry (DXA) assessment of lean and fat
mass was not performed here. We did not have enough
power to evaluate the effect of combined burosumab and
rhGH in the two patients who received both therapies.
One observational study has analyzed the effects of rhGH
in children who were switched from SoC to burosumab.
Treatment with rhGH resulted in a sustained increase in
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height z-score (0.2 £ 0.1) during the first year in which
the treatment switch occurred while no significant
changes were observed in XLH controls treated only with
burosumab [7]. Here we had an overall positive effect of
burosumab on growth with a longer follow-up. Taken
together, these data suggest that treatment with rhGH of
short children with XLH might be beneficial to improve
final adult height.

As previously published, phosphate, TmP/GFR, and
ALP significantly improved. No significant differences
were observed for other biomarkers of phosphate/cal-
cium metabolism. From our experience in real life, we
suggest that regular monitoring of calcium intake by
dieticians was beneficial: slightly increased PTH levels
were often seen in case of insufficient calcium intake that
normalized or near-normalized when providing normal
calcium intake for age: temporary calcium supplementa-
tion was prescribed in three patients during follow-up to
achieve age-specific recommend calcium intake because
nutritional intake was not sufficient [4]. Burosumab
improves phosphate metabolism, allowing the child to
mineralize his/her skeleton. Hydroxyapatite consists
of both calcium and phosphate: in case of calcium defi-
ciency (that will not necessarily be seen in circulating
calcium levels) [4], PTH levels slightly increase. There-
fore, optimizing nutritional calcium in children receiving
burosumab seems crucial. Despite the regular 25 D lev-
els assessment and further cholecalciferol prescription,
25-D levels decreased over time, however mostly remain-
ing within the target range. This provides a rationale to
regularly assess 25D levels, to avoid even mild secondary
hyperparathyroidism. In any case, we propose that these
children with an underlying bone disease at least follow
the national guidelines proposed in general pediatric
populations, namely in France a supplementation in all
children between 0 and 18 years (400 to 800 IU per day),
with a doubling of doses in presence of risk factors for
vitamin D deficiency (i.e., obesity, dark skin, vegan diet
and/or absence of sun exposure) [4]. In contrast, the use
of active vitamin D analogs is contra-indicated in patients
receiving burosumab, and none of the patients received
alfacalcidol after the switch to burosumab.

Because of the growing evidence of a strong asso-
ciation between FGF23 and iron metabolism, nota-
bly in autosomal dominant hypophosphatemic rickets
[10], we sought to assess the trends in hemoglobin
levels, without seeing any significant difference over
time. Last, similarly to what we already described in
the XLH21 study [5], we again find a trend towards
glomerular hyperfiltration (as defined by increased
eGFR) in XLH patients at baseline, with a significant
decrease of eGFR overtime here, albeit in the normal
range. We cannot confirm the link between FGF23 and
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Fig. 1 Graphical representation of the progression of the most important clinical parameters under burosumab. A Bodyweight SDS. B Height
SDS. C Systolic blood pressure percentile SDS; D Diastolic blood pressure percentile. MO: baseline; M3: 3 months; M6: 6 months; M12: 1 year; LF: last

follow-up 2.7(0.8-4.7) years after burosumab initiation

hyperfiltration. Alternatively, the increase in muscle
mass by burosumab may also increase creatinine levels,
and therefore mathematically decrease eGFR. Cystatin
C may help answer this intriguing question.

FGF23 also has extra-skeletal effects, notably on
the cardiovascular system [5], through different
mechanisms: direct cardiac hypertrophy, decreased
1-25-OH,-D that will in turn stimulate the renin/
angiotensin system, hypertension through increased
tubular sodium reabsorption, inflammation, and iron
deficiency [2, 3]. Based on our previous study compar-
ing two groups of XLH patients and showing lower
blood pressure in XLH patients receiving burosumab
compared to SoC [5], we hypothesized that we would

see decreased blood pressure over time. However,
the XLH21 trial was a clinical prospective trial with
a procedural assessment of blood pressure, whilst we
present here real-life data. Importantly, no patient dis-
played left ventricular hypertrophy at baseline, and
cardiac ultrasound remained normal in all patients
(performed at least every 2 years in each patient).
Ambulatory blood pressure monitoring could be of
great interest in this clinical setting.

There is almost no data on NC progression under
burosumab, except the description in the long-term
data of the industry-sponsored trial of improve-
ment (but no disappearance) of NC in 3 children [11].
Here, we see one improvement but also one complete
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Fig. 2 Graphical representation of the progression of the most important clinical parameters under burosumab. A Phosphate SDS. B TmP/GFR.
CALP. D Calcium. E 25 D. F 1-25 (OH)2-D. G PTH. H Urinary calcium/creatinine ratio. | Osteocalcin. J Crosslaps. MO: baseline; M3: 3 months; M6: 6
months; M12: 1 year; LF: last follow-up 2.7(0.8-4.7) years after burosumab initiation

resolution of NC under therapy; however, NC wors-
ened in the patient with XLH and FGF10 variant. The
fact that the urinary calcium/creatinine ratio did not
change over time may appear intriguing, but urinary
calcium excretion also depends on sodium and protein
nutritional intake, hypercalciuria being frequent even
in healthy teenagers [4]. As described in other diseases,
the time to correct NC once the risk factors disappear
(i.e., mainly the use of vitamin D analogs and phosphate
supplementation with SoC) may take time. Patients
should be reminded of the basics to prevent urine over-
saturation, notably sufficient hydration, and a protein-
and sodium-controlled diet. It remains to be proved in
the (very) long-term that improvement of nephrocalci-
nosis may improve renal outcomes, and notably the risk
of chronic kidney disease.

Last, we unfortunately did not have enough data to
quantitatively assess physical activity and quality of life
in these patients, but they all reported an improvement
in their physical ability, improved compliance, and
never asked to withdraw treatment despite the closer
biological follow-up at treatment initiation. Standard-
ized assessment of such parameters as well as patients’

reported outcomes measures (PROMs) would be of
great interest in the future.

Conclusion

We present here a well-characterized cohort of pediat-
ric XLH with a follow-up of more than 2 years in most
patients. Our real-life data confirm that burosumab
improves outcomes in XLH children, including nephroc-
alcinosis and growth, with a good safety profile.
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