'," frontiers
in Pediatrics

ORIGINAL RESEARCH
published: 18 February 2020
doi: 10.3389/fped.2020.00048

OPEN ACCESS

Edited by:
Agnieszka Swiatecka-Urban,
University of Pittsburgh, United States

Reviewed by:

Vera Hermina Koch,

University of Sdo Paulo, Brazil
Dagmara Borzych-Duzalka,

Medical University of Gdansk, Poland

*Correspondence:
Fernando Santos
fsantos@uniovi.es

Specialty section:

This article was submitted to
Pediatric Nephrology,

a section of the journal
Frontiers in Pediatrics

Received: 10 October 2019
Accepted: 29 January 2020
Published: 18 February 2020

Citation:

Martin Ramos S, Gil-Calvo M,

Roldan V, Castellano Martinez A and
Santos F (2020) Positive Response to
One-Year Treatment With Burosumab
in Pediatric Patients With X-Linked
Hypophosphatemia.

Front. Pediatr. 8:48.

doi: 10.3389/fped.2020.00048

Check for
updates

Positive Response to One-Year
Treatment With Burosumab in
Pediatric Patients With X-Linked
Hypophosphatemia

Silvia Martin Ramos ', Marta Gil-Calvo?, Virginia Roldan?®, Ana Castellano Martinez® and
Fernando Santos "4%*

" Hospital Universitario Central de Asturias, Oviedo, Spain, 2 Hospital Clinico Universitario de Santiago, Santiago de
Compostela, Spain, ° Hospital Universitario Puerta del Mar, Cadiz, Spain, * Instituto de Investigacion Sanitaria del Principado
de Asturias, Oviedo, Spain, ° Universidad de Oviedo, Oviedo, Spain

X-linked hypophosphatemia (XLH) causes significant burden in pediatric patients in
spite of maintained treatment with phosphate supplements and vitamin D derivatives.
Administration of burosumab has shown promising results in clinical trial but studies
assessing its effect in the everyday practice are missing. With this aim, we analyzed
the response to one-year treatment with burosumab, injected subcutaneously at 0.8
mg/kg every 2 weeks, in five children (three females) aged from 6 to 16 years, with
genetically confirmed XLH. Patients were being treated with phosphate and vitamin
D analogs until the beginning of burosumab treatment. In all children, burosumab
administration led to normalization of serum phosphate in association with marked
increase of tubular reabsorption of phosphate and reduction of elevated serum alkaline
phosphatase levels. Baseline height of patients, from —3.56 to —0.46 SD, increased
in the three prepubertal children (+0.84, +0.89, and +0.16 SD) during burosumab
treatment. Growth improvement was associated with reduction in body mass index
(=1.75, —1.47, and —0.17 SD, respectively), suggesting a salutary effect of burosumab
on physical activity and body composition. Burosumab was well-tolerated, mild local
pain at the injection site and transient and mild headache following the initial doses
of burosumab being the only reported undesirable side effects. No patient exhibited
hyperphosphatemia, progression of nephrocalcinosis, worsening of metabolic control or
developed hyperparathyroidism. Mild elevation of serum PTH present at the beginning of
treatment in one patient 4 was not modified by burosumab administration. These results
indicate that in the clinical setting, beyond the strict conditions and follow-up of clinical
trials, burosumab treatment for 1 year exerts positive effects in pediatric patients with
XLLH without major adverse events.
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INTRODUCTION

X-linked hypophosphatemic rickets (XLH) is a monogenic disorder that follows a Mendelian

dominant inheritance (OMIM 307800) and it is the most common hereditary form of rickets (1).
XLH is caused by loss of function of the gene PHEX (2), a phosphate regulating gene with

homologies to endopeptidases, leading to elevated circulating levels of fibroblast growth factor
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23 (FGF23), renal wasting of phosphate and defective renal
production of 1,25-dihydroxyvitamin D (3).

Although XLH is characterized by a broad phenotypical
expression, active lesions of rickets, subsequent bone deformities
and disharmonic growth retardation are major manifestations
of the disease in the pediatric age. Dental abscesses and
mineralization defects in teeth are also common findings (1).

Classical medical treatment of XLH is based on the
oral administration of phosphate supplements and 1-hydroxy
metabolites of vitamin D, given chronically, at least until
the end of body growth (4). This therapy usually heals the
active radiological lesions of rickets and improves growth but
does not normalize serum phosphate, does not avoid major
clinical manifestations of the disease, does not result in the
achievement of a normal final adult height and entails the risk
of potential undesirable side effects such as nephrocalcinosis or
hyperparathyroidism (5, 6).

The development of burosumab, a humanized monoclonal
antibody for FGF23 is a promising treatment in patients
with XLH (7). Preliminary clinical trials indicate that
burosumab improves renal tubular phosphate reabsorption,
serum phosphorus levels, linear growth, and physical function
and reduces pain and the severity of rickets in children with
XLH (8, 9). However, very limited data on pediatric patients
with XLH treated with burosumab are available. Thus, to know
the efficacy and safety of burosumab treatment in the everyday
clinical setting we here present five children with genetically
confirmed XLH receiving the drug for more than a year.

PATIENTS AND METHODS

Patients younger than 18 years of age with XLH genetically
confirmed and on treatment with burosumab for more than
a year were identified in three Spanish hospitals. All patients
received burosumab subcutaneously at a dose of 0.8 mg/kg every
2 weeks, after an initial dose of 0.4 mg/kg. Phosphate supplements
and 1-hydroxy derivatives of vitamin D administration were
withdrawn 2 weeks before the beginning of burosumab.

After informed consent, the medical records of these
patients were reviewed. The following data were collected
from the basal visit, immediately before starting burosumab,
and, when available, from each of the outpatient clinic visits
during the period of burosumab treatment: height, weight,
and clinical manifestations including adverse effects potentially
related with the administration of burosumab; fasting serum
concentrations of phosphate, alkaline phosphatase, calcium,
1,25-dihydroxyvitamin D and intact parathyroid hormone
(PTH); wurine calcium/creatinine ratio, tubular phosphate
reabsorption (TPR) and tubular maximum reabsorption of
phosphate for glomerular filtration rate (TmP/GFR) were
calculated. Radiological findings as well as the presence of
nephrocalcinosis or dental impairment were also collected.

Somatometric measurements, including height, weight, and
body mass index (BMI), were expressed in absolute values and as
standard deviation (SD) score of Spanish reference growth charts
for age and sex. The profile of the several biochemical variables
measured was drawn using absolute values except for alkaline
phosphatase whose values were expressed as percentage of the

initial one because of the wide dispersion of the results in the
different hospitals.

The protocol was approved by Comité de Etica de la
Investigacion con Medicamentos del Principado de Asturias (SP no
38/18). All subjects gave written informed consent in accordance
with the Declaration of Helsinki.

RESULTS

Table 1 shows baseline characteristics of the patients before
starting burosumab treatment. Hypophosphatemia associated
to urinary wasting of phosphate, relatively low values of 1,25-
dihydroxyvitamin D and elevated alkaline phosphatase levels all
support the diagnosis of XLH, confirmed by the mutation found
in the PHEX gene. Serum concentrations of calcium and 25-
hydroxyvitamin D were normal (not shown). Serum intact PTH
levels were also normal except in patient 4 who had a mild
elevation (upper normal reference value 65 pg/mL).

Response to burosumab assessed by the biochemical profiles
of serum phosphate, serum alkaline phosphatase and renal
reabsorption of phosphate is graphically shown in Figure 1. The
dose of burosumab did not need to be modified and was kept at
0.8 mg/kg every 2 weeks as originally planned. Serum phosphate
normalized in all patients, in patient 1 after a transient worsening
of hypophosphatemia immediately following the first burosumab
dose. The normalization of serum phosphate was associated to
greater renal phosphate reabsorption as shown by increases in
TRP and TmP/GFR.

Growth of patients is shown in Table 2. Height improved in
three out of the five children and remained unchanged in two
who were pubertal females of 13 and 16 years of age. Weight
and BMI decreased, particularly in those children who exhibited
greater increase in height SDS, or remained unchanged.

As for the unsuitable effects of burosumab, no patient
developed new radiological lesions, nephrocalcinosis or dental
problems during the period of burosumab treatment. The
patients had been receiving conventional treatment of XLH
and did not have active radiological lesions of rickets. As
for nephrocalcinosis, it was already present in one patient
before starting treatment with burosumab and the kidney
ultrasounds did not worsen during burosumab treatment. No
patient developed new findings of nephrocalcinosis after 1 year
of burosumab treatment. Likewise, no adverse effects potentially
related with burosumab were reported except for mild local pain
at the injection site (1 patient) and transient and mild headache
following the initial doses of burosumab (1 patient). Patient 4
had elevation of PTH at the beginning of treatment. None of the
four remaining patients developed hyperparathyroidism, serum
PTH concentrations increasing in all of them but within the
normal range.

DISCUSSION

This manuscript supports the efficacy and safety of burosumab
administered to pediatric patients with XLH in the everyday
clinical setting, beyond the strict monitoring conditions of
clinical trials (8, 9). This is important because, as stated
in a recently published evidence-based guideline for the
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TABLE 1 | Clinical, genetic, and biochemical findings in five children with X-linked hypophosphatemia at the moment of starting treatment with burosumab, after
withdrawal of administration of vitamin D derivatives and phosphate supplements at least 2 weeks before.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Age (years) 7 6 16 13 13
Sex Female Male Female Male Female
PHEX gene mutation c.871C>T, p.Arg291Ter  ¢.670C>T, p.GIn224Ter  c¢. 1936_7del; p.Asp646_7del  ¢.1079+1G>A; splicing ¢.1735G>A; p.Gly579Arg
and zigosity Heterozygous Hemizygous Heterozygous Hemizygous Heterozygous
Serum phosphate (mg/dL) 2.2 2.6 1.7 2.3 1.7
Serum AP (U/L) 504 425 516 1093 605
Serum 1,25(0H),D (pg/mL) 15.9 36.6 22.0 13.4 23.0
Serum PTH (pg/mL) 34 19 22 83 40
TRP (%) 61 54 32 85 80
TmP/GFR (mg/dL) 0.90 1.40 0.54 1.99 1.36
Height in cm (SD) 119.9 105.0 143.5 129.7 154.2

(—0.53) (—=2.4) (—2.89) (—3.56) (—0.46)
Skeletal findings Leg bowing Leg bowing Leg bowing Leg bowing Leg bowing
Hyperlordosis Scaphocephaly

Dental abnormalities No No No Dental abscesses Dental abscesses

AR alkaline phosphatase; PTH, parathyroid hormone; 1,25(0H)2D, 1,25-dihydroxyvitamin D; TRR tubular reabsorption of phosphate; TmP/GFR, tubular maximum reabsorption of
phosphate for glomerular filtration rate.
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FIGURE 1 | Response to burosumab. The course over time of serum phosphate, serum alkaline phosphatases (AP), tubular reabsorption of phosphate (TRP) and
tubular maximum reabsorption of phosphate for glomerular filtration rate (TmP/GFR) are shown in graphs (A-D), respectively, for each patient. On the “x” axis, TO
indicates baseline values, immediately before starting burosumab treatment, and T1-T4 indicate values every 3—4 months on burosumab treatment. X + SD values for
TO and T4 were as follows. Serum Phosphate (mg/dL): 2.10 & 0.39 and 3.33 £ 0.24; Serum AP (U/L): 628 + 267 and 525 + 419; TRP (%): 62.5 + 21.3 and 87.4
+ 4.7; TmP/GFR (mg/dL): 1.26 + 0.53 and 2.99 + 0.83.

diagnosis and management of XLH (10), recommendations  here report that treatment with burosumab for 1 year
on the use of burosumab cannot be conclusive because at a subcutaneous dose of 0.8mg/kg/14 days results in
the available information is based on the results of trials  normalization of serum phosphate, decrease of serum alkaline
testing the drug in children with severe XLH (10). We  phosphatase, elevation of serum 1,25-dihydroxyvitamin D, and
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TABLE 2 | Effect of 1 year burosumab treatment on growth in five children with
X-linked hypophosphatemia.

Patient1 Patient2 Patient3 Patient4 Patient5

Height in 130.0 115.4 144.5 136.0 155.6
cm (SD) (0.31) (=1.51) (—2.92) (—-3.4) (—0.76)
Height A (SD) +0.84 +0.89 —0.03 +0.16 —0.30
Weight in 33 27.2 46 43.7 53.5

kg (SD) (0.79) (0.37) (—=1.22) (—=1.14) (—0.02)
Weight A (SD) —-0.97 -0.39 —0.11 -0.07 —-0.18
BMIin 19.53 20.42 22.03 23.63 22.27
kg/m? (SD) (0.84) (1.66) (0.14) (0.64) (0.37)
BMI A (SD) —1.75 —1.47 —0.08 -0.17 -0.02

BMI, body mass index; A, SD change during burosumab treatment.

marked improvement of tubular reabsorption of phosphate in
five pediatric patients with genetically confirmed XLH after
interruption of classical treatment with phosphate supplements
and vitamin D derivatives. It is of note that TRP (%) of patients
4 and 5 were within the expected range for a child with normal
serum phosphate concentrations but TRP should be much higher
(above 90-95%) in the presence of marked hypophosphatemia
such as that found in these two patients, below 2.5 mg/dl in both.

Burosumab induced a positive effect on growth in three out of
the five children, as demonstrated by a marked increase of height
SDS at the end of the 1-year treatment period. In these patients
the amelioration of height was noticeably higher than that found
by Carpenter et al. (8) in their trial after 64 weeks of treatment.
XLH exerts a marked adverse effect on growth (11) and final
adult height of pediatric patients with XLH is usually low, even if
they have received conventional treatment since diagnosis (12) or
growth hormone (13) at infancy or early childhood. Our findings
indicate that the growth promoting action of burosumab does
not occur in growth retarded pubertal XLH patients, regardless
its positive effects on phosphate metabolism. The two patients
(patient 1 and 2) with the greater height SD increase during
burosumab treatment were those of younger age (7 and 6
years), suggesting the convenience of early administration of
burosumab, before puberty. It also supports the assumption that
the impairment of growth in XLH is not entirely dependent
on hypophosphatemia and rachitic bone lesions (11, 14) so
that growth retardation may persist in spite of improvement in
mineral metabolism. The characterization of growth response to
burosumab needs to be investigated in further studies involving
greater number of patients and longer follow-ups.

It is interesting to note that BMI markedly decreased
in patients 1 and 2. These patients underwent the greatest
improvement in height and, although, unfortunately, our study
does not provide quantitatively measured objective data on
musculoskeletal function (15), this positive effect on weight
and body composition likely resulted from the higher physical
activity of children, a fact disclosed by the patients’ parents
in the clinical interviews. Likewise, families reported the
interruption of frequent oral doses of phosphate as an appreciable
benefit linked to the new treatment. Burosumab also exerted a

beneficial effect on radiological osseous abnormalities although
no specific score to quantify bone deformity and/or legs’ bowing
was used.

Burosumab was well-tolerated and no serious undesirable
effects were detected. Headache and local injection-site reactions
reported by one of our patients have been notified in the literature
in approximately 60% of children treated with burosumab
(16). No patient exhibited hyperphosphatemia, progression of
nephrocalcinosis, worsening of metabolic control or developed
hyperparathyroidism. Mild elevation of serum PTH present at
the beginning of treatment in patient 4 was not modified by
burosumab administration.

In summary, this study shows the efficacy and safety of
burosumab administered for 1 year in the clinical management
and follow-up of pediatric patients with XLH. Additional studies
are necessary to assess the influence of burosumab on the long-
term outcome of these patients and to define the criteria for
its use.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the
article/supplementary material.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Comité de Etica de la Investigacién con
Medicamentos del Principado de Asturias (SP n° 38/18). Written
informed consent to participate in this study was provided by
the participants’ legal guardian/next of kin. Written informed
consent was obtained from the minor(s)’ legal guardian/next of
kin for the publication of any potentially identifiable images or
data included in this article.

AUTHOR CONTRIBUTIONS

SM designed the data chart, obtained patients information
from the medical records, analyzed the data, drew the
figures, and contributed to writing the manuscript. MG-C,
VR, and AC obtained patients’ information from the medical
records, revised and corrected the data presentation, and the
manuscript. FS designed the study, revised and corrected the data
presentation and contributed to writing the different versions of
the manuscript.

FUNDING

Kyowa Kirin Spain covers the publication fees of
this article.

ACKNOWLEDGMENTS

Partly supported by Kyowa Kirin & Fundacién Nutricién
y Crecimiento.

Frontiers in Pediatrics | www.frontiersin.org

February 2020 | Volume 8 | Article 48


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Martin Ramos et al.

Burosumab in XLH

REFERENCES

10.

. Bitzan M, Goodyer PR. Hypophosphatemic rickets. Pediatr Clin N Am.

66:179-207. doi: 10.1016/j.pcl.2018.09.004

. Francis F, Hennig S, Korn B, Reinhardt R, de Jong P, Poustka A, et al. A

gene (PEX) with homologies to endopeptidases is mutated in patients with
X-linked hypophosphatemic rickets. The HYP Consortium. Nat Genet. (1995)
11:130-6. doi: 10.1038/ng1095-130

. Carpenter TO. The expanding family of hypophosphatemic syndromes.

] Bone Miner Metab. 30:1-9. doi: 10.1007/s00774-011-

0340-2

(2012)

. Carpenter TO, Imel EA, Holm IA, Jan de Beur SM, Insogna KL. A clinician’s

guide to X-linked hypophosphatemia. ] Bone Miner Res. (2011) 26:1381-8.
doi: 10.1002/jbmr.340

. Linglart A, Biosse-Duplan M, Briot K, Chaussain C, Esterle L, Guillaume-

Czitrom S, et al. Therapeutic management of hypophosphatemic
rickets from infancy to adulthood. Endocr Connect. (2014) 3:R13-30.
doi: 10.1530/EC-13-0103

. Skrinar A, Dvorak-Ewell M, Evins A, Macica C, Linglart A, Imel EA, et al.

The lifelong impact of X-linked hypophosphatemia: results from a burden
of disease survey. J Endocr Soc. (2019) 3:1321-34. doi: 10.1210/j5.2018-
00365

. Kinoshita Y, Fukumoto S. X-linked hypophosphatemia and FGF23-related

hypophosphatemic diseases: prospect for new treatment. Endocr Rev. (2018)
39:274-91. doi: 10.1210/er.2017-00220

. Carpenter TO, Whyte MP, Imel EA, Boot AM, Hégler W, Linglart A, et al.

Burosumab therapy in children with X-linked hypophosphatemia. N Engl J
Med. (2018) 378:1987-98. doi: 10.1056/NEJMoal714641

. Imel EA, Glorieux FH, Whyte MP, Munns CE Ward LM, Nilsson

O, et al. Burosumab versus conventional therapy in children with X-
linked hypophosphataemia: a randomised, active-controlled, open-label,
phase 3 trial. Lancet. (2019) 39:2416-242. doi: 10.1016/S0140-6736(19)
30654-3

Haffner D, Emma E, Eastwood DM, Duplan MB, Bacchetta ], Schnabel D,
et al. Clinical practice recommendations for the diagnosis and management

of X-linked hypophosphataemia. Nat Rev Nephrol. (2019) 15:435-55.
doi: 10.1038/s41581-019-0152-5

. Fuente R, Gil-Pefia H, Claramunt-Taberner D, Hernandez O, Fernandez-

Iglesias A, Alonso-Duréan L, et al. X-linked hypophosphatemia and growth.
Rev Endocr Metab Disord. (2017) 18:107-15. doi: 10.1007/s11154-017-9408-1

. Zivi¢njak M, Schnabel D, Billing H, Staude H, Filler G, Querfeld U,

et al. Age-related stature and linear body segments in children with
X-linked hypophosphatemic rickets. Pediatr Nephrol. (2011) 26:223-31.
doi: 10.1007/s00467-010-1705-9

. Meyerhoff N, Haffner D, Staude H, Wiihl E, Marx M, Beetz R, et al. Effects

of growth hormone treatment on adult height in severely short children
with X-linked hypophosphatemic rickets. Pediatr Nephrol. (2018) 33:447-56.
doi: 10.1007/s00467-017-3820-3
Santos F Fuente R, Mejia N, Mantecon L, Gil-Peia H, Ordoiez
FA. Hypophosphatemia and growth. Pediatr Nephrol. (2013) 28:595-603.
doi: 10.1007/s00467-012-2364-9
Saraff V, Schneider J, Colleselli V, Ruepp M, Rauchenzauner M, Neururer
S, et al. Sex-, age-, and height-specific reference curves for the 6-min walk
test in healthy children and adolescents. Eur | Pediatr. (2015) 174:837-40.
doi: 10.1007/s00431-014-2454-8
Lyseng-Williamson KA. Burosumab in X-linked hypophosphatemia: a
profile of its use in the USA. Drugs Ther Perspect. (2018) 34:497-506.
doi: 10.1007/s40267-018-0560-9

Conflict of Interest: The authors declare that this study received funding from
Kyowa Kirin. The funder had the following involvement with the study: financial
support for FS teaching and research activities.

Copyright © 2020 Martin Ramos, Gil-Calvo, Rolddn, Castellano Martinez and
Santos. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org

February 2020 | Volume 8 | Article 48


https://doi.org/10.1016/j.pcl.2018.09.004
https://doi.org/10.1038/ng1095-130
https://doi.org/10.1007/s00774-011-0340-2
https://doi.org/10.1002/jbmr.340
https://doi.org/10.1530/EC-13-0103
https://doi.org/10.1210/js.2018-00365
https://doi.org/10.1210/er.2017-00220
https://doi.org/10.1056/NEJMoa1714641
https://doi.org/10.1016/S0140-6736(19)30654-3
https://doi.org/10.1038/s41581-019-0152-5
https://doi.org/10.1007/s11154-017-9408-1
https://doi.org/10.1007/s00467-010-1705-9
https://doi.org/10.1007/s00467-017-3820-3
https://doi.org/10.1007/s00467-012-2364-9
https://doi.org/10.1007/s00431-014-2454-8
https://doi.org/10.1007/s40267-018-0560-9~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Positive Response to One-Year Treatment With Burosumab in Pediatric Patients With X-Linked Hypophosphatemia
	Introduction
	Patients and Methods
	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


