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Introduction

X-linked hypophosphatemia (XLH) is a rare,
chronic, and progressive genetic disease caused
by mutations in the phosphate-regulating endo-
peptidase homolog X-linked (PHEX) gene.l2
Loss of function of PHEX results in excess levels
of circulating fibroblast growth factor 23
(FGF23), causing excessive renal phosphate-
wasting in addition to decreased activation of
vitamin D to calcitriol, which leads to chronic
hypophosphatemia.l:34 Children with XLH usu-
ally present with signs and symptoms of rickets
and osteomalacia, bowing of the legs, dispropor-
tionate and short stature, and may experience
undesirable dental conditions, including tooth
abscess.2>8 A 2009 Danish study reported that
the estimated incidence of hereditary hypophos-
phatemic rickets in children was 3.9 per 100,000
per year.® More recent UK and Norway studies
have reported a lower estimated incidence of 1.4
and 1.7 per 100,000 per year, respectively.”>10
Conventional therapy for XLLH typically involves
the use of oral phosphate supplementations and
active vitamin D, with the aim of improving dis-
ease symptoms and complications, such as cor-
recting rickets, improving growth and dental
health, and reducing bone pain.>® However, in
most cases, this treatment is only partially suc-
cessful; supplementation is unable to correct
renal phosphate-wasting to normalize plasma
phosphate levels and can be associated with clini-
cally significant side effects.>

Burosumab (Crysvita®; Kyowa Kirin) is a recom-
binant human immunoglobulin G1 monoclonal
antibody that binds to and inhibits the biological
activity of excess FGF23, thereby minimizing the
clinical consequences of XILH by restoring nor-
mal serum phosphate levels. Burosumab received
a conditional marketing authorization in the EU
in 2018, for the treatment of XILH with radio-
graphic evidence of bone disease in children aged
1year and older and adolescents with a growing
skeleton, which was subsequently converted to a
standard marketing authorization in 2022. Later
in 2018, burosumab was approved by the US
Food and Drug Administration for the treatment
of XLH in adults and children aged 1year and
older, and subsequently expanded to children
aged 6 months and older in 2019!!; burosumab
has also been approved for the treatment of both
children and adults in several other countries,
including Japan, Canada, and Switzerland.!? In

2020, burosumab was approved for use in older
adolescents and adults with XILH in the EU.!> The
recommended starting dose in children and ado-
lescents with XILH aged 1-17years is 0.8 mg/kg of
body weight given every 2 weeks subcutaneously,
which may be increased stepwise by 0.4 mg/kg up
to a maximum dose of 2.0 mg/kg (maximum dose
of 90mg), to ensure that fasting serum phosphate
is maintained within the reference range for age.!3
In accordance with good pharmacovigilance prac-
tices, a risk management plan was required for
burosumab in children and adolescents. As part
of the risk management plan agreed upon at the
time of the conditional marketing authorization,
Kyowa Kirin initiated a post-authorization safety
study (PASS) utilizing data collected from par-
ticipants included in the existing International
XLH Registry [ClinicalTrials.gov identifier:
NCTO03193476], of which the protocol and
methods have been described previously.! Here,
we present the first interim analysis results of the
PASS.

Methods

Objectives

The rationale and description of this PASS of
burosumab use in patients with XLLH are covered
in detail elsewhere.!* Briefly, this study aims to
monitor long-term safety outcomes and deter-
mine the frequency and severity of any adverse
events (AEs) during burosumab treatment of
XLH in children and adolescents in clinical prac-
tice. Of note, burosumab is contraindicated in the
setting of severe kidney impairment or end-stage
kidney disease.!!:13 Use of burosumab in patients
with XLH and mild to moderate chronic kidney
disease (CKD) is a key safety interest to be stud-
ied in this long-term PASS.

As a secondary objective, this PASS aims to com-
pare safety outcomes in participants exposed to
burosumab, to those in participants receiving
other treatments for XILH; this objective will be
addressed in future reports and is not included in
this first interim analysis.

Study design

This is a 10-year retrospective and prospective
cohort study using data embedded within the
International XILH Registry. The methods for the
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International XILH Registry have been reported
previously.! In brief, the International XLH
Registry is a multicenter, noninterventional,
observational registry of participants with XLH,
collecting data retrospectively data at study entry,
and prospectively at follow-up.! The International
XLH Registry captures standard diagnostic and
monitoring practice data in adult and pediatric
participants with XILLH.! Only data collected dur-
ing standard routine examinations are recorded in
the International XILH Registry. The PASS is a
substudy embedded within the International
XLH Registry. At the time of writing, the cur-
rently approved version of the PASS is Version
2.0, which includes adult participants in addition
to children older than 1year, including adoles-
cents. The data cut-off for this first interim analy-
sis was before the implementation of Version 2.0;
thus, no adult participants are included in this
analysis. This analysis includes data on partici-
pants residing in France, Italy, the Netherlands,
Norway, Spain, and the United Kingdom. AEs
were recorded from the time of enrollment in the
International XLLH Registry; AEs related to treat-
ment before enrollment were not evaluated.

Participants

Participants in the PASS included children aged
=1year and adolescents with a growing skeleton
(aged <18years). Included participants required
a clinical presentation, along with radiological,
biochemical, or genetic investigation results in
support of a diagnosis of XLLH, as determined by
the treating physician. Written informed consent
(parental/legal guardian, or adolescent assent,
where applicable) was required for participation
in the International XLH Registry and inclusion
in the PASS analysis.

As a noninterventional study, all data were col-
lected during the usual clinical management of
these participants. All participants investigated
for the primary objective were expected to receive
treatment with burosumab in line with the stipu-
lations of the marketing authorization. Therefore,
all participants investigated for the primary objec-
tive comprise children aged =1year and adoles-
cents with a growing skeleton, receiving
burosumab for the treatment of XILH and enrolled
in the International XILH Registry via 1 of the 18
participating European countries.

Study size

As the PASS utilized data from a prospective
observational rare disease patient registry, the
sample size was not based on statistical considera-
tions, but on evidence provided by XLH clinical
experts across Europe. This suggested that a
recruitment target of 1200 patients with XLH
would be sufficient to enable robust research to
be conducted.! It is estimated that approximately
400 participants will be exposed to burosumab in
the 10-year duration of the PASS and approxi-
mately 800 participants will receive either an
alternative, or no treatment, which will form the
comparator cohort for the secondary objective.l4

The data cut-off point for the current analysis was
based on a predetermined milestone; at least 50
pediatric participants must have achieved at least
6 months on the PASS, that is, at least 6 months
of burosumab treatment. This milestone for the
first interim analysis was reached on 13 May
2021.

Data analysis

Data were summarized using descriptive statis-
tics. For continuous variables, the number of
reported values and number of ‘not reported’ val-
ues [i.e., n (not reported), arithmetic mean,
standard deviation (SD), median, first and third
quartiles, minimum, and maximum] were pre-
sented. Categorical variables were summarized by
frequency counts (#) and percentages (%) of par-
ticipants in each category, unless otherwise speci-
fied. The safety analysis set (SAF) included all
screened participants enrolled in the International
XLH Registry, where the participant’s hospital
site had agreed to participate in the PASS; the
participant’s reported age at the index date was
=1 and <18years; and the participant (or legal
guardian) had signed informed consent for enroll-
ment in the International XLLH Registry and the
PASS, had confirmed re-consent in the electronic
data capture form, and the participant had
received burosumab treatment between 30days
before signing the informed consent form and the
data cut-off date of the first interim analysis in the
PASS (13 May 2021).

Analyses were conducted for the overall SAF
population and stratified according to the follow-
ing age groups at first informed consent date:
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Participants in International XLH Registry (FAS)

Participants with XLH treated with burosumab only OR burosumab + alternative
XLH treatment OR alternative XLH treatment only
(n=647)

A4

A 4

Burosumab-treated participants in
International XLH Registry (FAS)

+ Participants treated with burosumab only OR burosumab
+ alternative XLH treatment (n = 367)

Non burosumab-treated participants in
International XLH Registry (FAS)

» Participants treated with alternative XLH treatment only
(n=280)

I

Safety analysis set (SAF)

» Participants who consented to participate in the PASS

(n=67)
! !

Burosumab-treated Non burosumab-treated
participants in safety participants in safety
analysis set (SAF) analysis set (SAF)

* Participants treated with .
burosumab only
(n=136)

Participants treated with
burosumab + alternative
XLH treatment (n = 31)

Figure 1. Participant flow diagram (children =1year and adolescents).
FAS, full analysis set; PASS, post-authorization safety study; SAF, safety analysis set; XLH, X-linked hypophosphatemia.

toddler (1 to <5years), children (5 to <12years),
and adolescents (12 to <18years).

Results

Participant disposition and characteristics

A total of 647 participants in the International
XLH Registry were screened at the date of data
cut-off (13 May 2021), of whom 367 were receiv-
ing burosumab alone or with other treatment.
Among these 367 participants, 67 consented to
participate in the PASS and were included in the
SAF. Among participants in the SAF population
(n=67), 36 received burosumab as their only
treatment for XLH during the study period; 31
participants received burosumab plus other treat-
ment at some point during the study period,
either sequentially or concomitantly with buro-
sumab (Figure 1). Treatments recorded in addi-
tion to burosumab, though not necessarily
concomitantly, were phosphate, active vitamin D,
growth hormone, calcium carbonate, calcium
carbonate and cholecalciferol, cholecalciferol,
and ‘other’. The mean (SD) follow-up time was

2.2 (1.0)years. The mean (SD) age of the overall
participant population was 7.3 (4.3) years; range
1.0-17.5years. Overall, 31 males and 36 females
(53.7%) were included. Of these 67 participants,
22 children (32.8%) were aged 1 to <5years, 34
(50.7%) were aged 5 to <l12years, and 11
(16.4%) were adolescents (aged 12 to <18years).
An overview of participant characteristics can be
found in Table 1. Of note, although one female
participant was of child-bearing potential, no
pregnancies were reported over the course of the
study.

Study medication exposure

During the study period, a total of 36 participants
received burosumab only; 31 participants received
other therapy either sequentially or concomitantly
with burosumab. The majority of participants
who received burosumab plus other treatment
during the study period received oral phosphate
supplements (7=28/67; 41.8%) and/or active
vitamin D (n=24/67; 35.8%). Recorded con-
comitant use of either phosphate supplements or
active vitamin D consisted of six participants who
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Table 1. Demographic characteristics by age group at baseline (safety analysis set).

Characteristic

Overall population,

(1 to <5years), (5 to <12years),

(12 to <18years),

n=67 n=22 n=34 n=11
Age at informed consent, years
Mean (SD) 7.3 (4.3) 2.6 (1.1) 8.0 (2.0) 14.3(2.0)
Median (min, max) 6.8(1.0,17.5) 2.4 (1.0, 4.2 7.3(5.0, 11.8) 13.3(12.3,17.5)
Sex, n (%)
Male 31(46.3) 11 (50.0) 15 (44.1) 5 (45.5)
Female 36 (53.7) 11 (50.0) 19 (55.9) 6 (54.5)
If female, child-bearing potential, n 34 " 18 5
Yes, n (%) 1(2.9) 0 0 1(20.0)
No, n (%) 331(97.1) 11 (100]) 18 (100) 4(80.0)
Missing, n (%) 2 0 1 1
Race, n (%)
White 48 (71.6) 17 (77.3) 23 (67.6) 8(72.7)
Black/African 3 (4.5 1(4.5) 2 (5.9 0
Asian 2(3.0) 0 2 (5.9) 0
Other 9(13.4) 2(9.1) 6(17.6) 109.1)
Not applicable/not collected 2 (3.0 0 0 2(18.2)
Unknown 3(4.5) 2(9.1) 1(2.9) 0

Max, maximum; min, minimum; SD, standard deviation.

did not discontinue active vitamin D treatment
before initiation of burosumab. These partici-
pants were flagged, in accordance with the
Summary of Product Characteristics of buro-
sumab, as taking a contraindicated combination
of treatment. It was not possible to determine if
the participants who did not discontinue active
vitamin D treatment experienced AEs during this
study or were included in the CKD cohort. In this
study population, no treatment with growth hor-
mone was reported during the study period.

The mean (SD) duration of exposure to buro-
sumab was 29.7 (25.0) months. The mean (SD)
drug dose was 32.9 (20.5) mg every 2weeks sub-
cutaneously [1 to <5years: 20.5 (8.6)mg; 5 to
<12years: 32.7 (15.5) mg; 12 to <18years: 58.2
(27.9)mg]. In participants who used phosphate
during the treatment period, the mean (SD)

duration of exposure to phosphate was 20.7
(19.9) months; the mean (SD) individual dose
was 178.5 (184.9)mg. In participants who
received treatment with active vitamin D during
the treatment period, the mean (SD) duration of
exposure to active vitamin D was 23.4
(21.3) months. As this is a noninterventional
study collecting real-world data, patients were not
excluded from the SAF if a dose was missed or if
they required a dose suspension. In addition,
interruptions and compliance were not consid-
ered for the duration of cumulative exposure.

Abnormal phosphate and parathyroid hormone
levels, hypercalciuria, and nephrocalcinosis
Serum phosphate levels were reported for 14 par-
ticipants at baseline (of which six were abnormal
and clinically significant), and for two participants
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prospectively (of which one was abnormal and
clinically significant). No instances of hyperphos-
phatemia were recorded. Parathyroid hormone
levels were reported for 22 participants at baseline
and five prospectively. In total, four baseline and
zero prospective results were reported to be abnor-
mal and clinically significant. Nephrocalcinosis
was reported in one patient at baseline, with one
patient reported as ‘diagnosed or treated’ during
follow-up. No AEs of ectopic mineralization,
including nephrocalcinosis, hyperphosphatemia,
increased parathyroid hormone, or hypercalciuria,
were reported during the study.

Safety

Overall participant population. Overall, 25 of 67
participants (37.3%) experienced =1 AE pro-
spectively during the study period (Table 2). In
total, 83 AEs were reported. No deaths, no seri-
ous AEs (SAEs) related to XLH treatment, and
no AEs leading to XLH treatment withdrawal
were reported in the study at data cut-off.

Sixteen participants (23.9%) reported 30 AEs
classified as ‘musculoskeletal and connective tis-
sue disorders’ (Table 3). Within this category, the
most frequently reported AEs were ‘pain in
extremity’ (18 events in 12 participants) and
‘arthralgia’ (four events in four participants).
Eleven participants (16.4%) reported 12 AEs
classified as ‘infections and infestations’. The
most frequently reported AE was ‘tooth abscess’,
reported seven times in seven participants. Seven
participants (10.4%) reported 11 AEs classified
as ‘general disorders and administration site con-
ditions’. The most frequently reported AEs in this
category were ‘pain’, which was reported four
times in three participants, and ‘fatigue’ and
‘injection site erythema’, which were each
reported in two participants. Six participants
(9.0%) reported eight AEs classified as ‘gastroin-
testinal disorders’, of which ‘toothache’ was
reported three times in two participants.

Among the 25 participants with =1 AE, 13 par-
ticipants (19.4%) had AEs possibly/probably
related to XLLH treatment, as reported by the
investigator (Table 2). Among these 13 partici-
pants, 12 had AEs possibly/probably related to
burosumab specifically, with a total of 23 AEs. In
the 13 participants who had AEs possibly/proba-
bly related to XLLH treatment, seven participants

reported nine AEs that were classified as ‘muscu-
loskeletal and connective tissue disorders’. Within
this category, the most frequently reported AEs
were ‘pain in extremity’ (reported seven times in
six participants) (Supplemental Table 1). Five
participants reported five AEs classified as ‘infec-
tions and infestations’, for which the reported AE
was ‘tooth abscess’. Four participants reported
five AEs classified as ‘general disorders and
administration site conditions’. Within this cate-
gory, ‘injection site erythema’ was reported two
times in two participants.

Two participants (3.0%) reported SAEs, with
two SAEs in total (Table 4). Of these, one SAE
was classified as ‘congenital, familial, and genetic
disorders’, for which ‘craniosynostosis’ was the
event, and one SAE was classified as ‘musculo-
skeletal and connective tissue disorders’, for
which ‘knee deformity’ was the event.

AEs stratified by age cohort

In the 1- to <5-year age group (n=22), seven par-
ticipants (31.8%) experienced a total of 22 AEs.
Four participants (18.2%) experienced eight AEs
that were possibly/probably related to XLLH treat-
ment, asreported by the investigator (Supplemental
Table 2), of whom three participants had six AEs
that were possibly/probably related to burosumab
specifically. No severe AEs, SAEs, deaths, or AEs
leading to XLH treatment withdrawal were
reported in this age group (Table 2).

In the 5- to <12-year age group (z=34), 13 par-
ticipants (38.2%) experienced a total of 53 AEs.
Seven participants (20.6%) experienced AEs
that were possibly/probably related to XLH
treatment, as reported by the investigator
(Supplemental Table 2). Three participants had
four severe AEs: three events of ‘pain in extrem-
ity’ (classified as ‘musculoskeletal and connective
tissue disorders’) and one ‘procedural pain’ (clas-
sified as ‘injury, poisoning, and procedural com-
plication’). Two participants experienced SAEs:
one event of ‘craniosynostosis’ (classified as ‘con-
genital, familial, and genetic disorders’) and one
event of ‘knee deformity’ (classified as ‘musculo-
skeletal and connective tissue disorders’). These
SAEs were not considered to be related to XLH
treatment. No deaths or AEs leading to XLH
treatment withdrawal were reported in this age
group (Table 2).
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Table 2. Overview of AEs, overall and by age group (safety analysis set).

N (%) Participants receiving burosumab
Overall (1to <5years), (5 to <12years), (12 to <18years),
population, n=67 n=22 n=34 n=11
Any AE 25(37.3) 7(31.8) 13 (38.2) 5 (45.5)
Any AE possibly/probably related to XLH 13 (19.4) 4(18.2) 7 (20.6) 2(18.2)
treatment?
Any AE leading to death 0 0 0 0
Any AE leading to death and possibly/ 0 0 0 0
probably related to XLH treatment?
Any AE leading to XLH treatment 0 0 0 0
withdrawn
Any AE leading to XLH treatment 0 0 0 0
withdrawn and possibly/probably related
to XLH treatment?
Any severe AE 4 (6.0) 0 3(8.8) 11(9.1)
Any SAE 2(3.0) 0 2(5.9) 0
Any SAE possibly/probably related to 0 0 0 0

XLH treatment?

Percentages are calculated using the number of participants in the safety analysis set as denominator.
aThe relationship of the AE with XLH treatment as reported by the investigator.
AE, adverse event; SAE, serious adverse event; XLH, X-linked hypophosphatemia.

In the 12- to <18-year age group (n=11), five
participants (45.5%) experienced a total of eight
AEs. Two participants (18.2%) in the adolescent
cohort had a total of four AEs that were reported
as possibly/probably related to XILH treatment by
the investigator (Supplemental Table 2). One
adolescent reported two severe AEs; ‘limb dis-
comfort’ and ‘pain in extremity’, both classified
as ‘musculoskeletal and connective tissue disor-
ders’. No SAEs, deaths, or AEs leading to XLLH
treatment withdrawal were reported in this age
group (Table 2).

Effects in participants with mild to

moderate CKD

CKD is defined as abnormalities of kidney struc-
ture or function, present for >3 months, with
implications for health.!> In total, five partici-
pants had normal-mild CKD. Participants with
normal CKD (Grade 1; G1) present with a nor-
mal estimated glomerular filtration rate (eGFR)
=90mL/min/1.73m?2, participants with mild

CKD (Grade 2; G2) present with a mildly
reduced eGFR Dbetween 60 and 89mlL/
min/1.73 m2. Among these five participants, three
(60.0%) had =1 AE reported, with a total of nine
AEs (Table 5). In these three participants, two
(40.0%) had AEs that were reported as possibly/
probably related to XLLH treatment by the inves-
tigator, of whom one had an AE possibly/proba-
bly related to burosumab specifically. No SAEs,
severe AEs, deaths, or AEs leading to XILH treat-
ment withdrawal were reported in participants
with CKD in the study.

Among the five participants with CKD, four were
category G1. Of these four participants, two
reported =1 AE; the total number of AEs was
five. One participant had AEs that were possibly/
probably related to XLH treatment (phosphate
and calcitriol), as reported by the investigator.

The one remaining participant presented with
CKD category G2. This participant reported a
total of four AEs, with one AE possibly/probably
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Table 3. AEs in participants with XLH treated with burosumab (safety analysis set).
MedDRA SOC/PTab.c Burosumab, n=67
Participants AEs

Participants with any AE, n (%) 25(37.3) 83
Congenital, familial, and genetic disorders 1(1.5) 1
Craniosynostosis 1(1.5) 1
Ear and labyrinth disorders 1(1.5) 1
Ear pain 1(1.5) 1
Gastrointestinal disorders 6(9.0) 8
Toothache 2(3.0) 3
Abdominal pain 1(1.5) 1
Diarrhea 1(1.5) 1
Infrequent bowel movements 1(1.5) 1
Loose tooth 1(1.5) 1
Vomiting 1(1.5) 1

General disorders and administration site conditions 7 (10.4) "
Pain 3(4.5) 4
Fatigue 2(3.0) 2
Injection site erythema 2 (3.0) 2
Chest pain 1(1.5) 1
Injection-site mass 1(1.5) 1
Peripheral swelling 1(1.5) 1

Infections and infestations 11(16.4) 12
Tooth abscess 7 (10.4) 7
Abscess jaw 1(1.5) 1
COVID-19 1(1.5) 1
Gastroenteritis 1(1.5) 1
Viral infection 1(1.5) 1
Viral upper respiratory tract infection 1(1.5) 1
Injury, poisoning, and procedural complications 2 (3.0) 3
Accidental poisoning 1(1.5) 1
Head injury 1(1.5) 1
Procedural pain 1(1.5) 1

[Continued]
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Table 3. (Continued)

MedDRA SOC/PTab.c Burosumab, n=67
Participants AEs
Investigations 1(1.5) 1
Blood alkaline phosphatase increased 1(1.5) 1
Musculoskeletal and connective tissue disorders 16 (23.9) 30
Pain in extremity 12 (17.9) 18
Arthralgia 4 (6.0) 4
Knee deformity 2 (3.0) 2
Limb discomfort 2 (3.0) 2
Neck pain 1(1.5) 2
Back pain 1(1.5) 1
Limb deformity 1(1.5) 1
Nervous system disorders 3(4.5) 3
Headache 2 (3.0 2
Restless legs syndrome 1(1.5) 1
Psychiatric disorders 3 (4.5) 3
Emotional distress 1(1.5) 1
Irritability 1(1.5) 1
Sleep terror 1(1.5) 1
Respiratory, thoracic, and mediastinal disorders 2 (3.0) 2
Asthma 1(1.5) 1
Dyspnea 1(1.5) 1
Skin and subcutaneous tissue disorders 2 (3.0 2
Rash 2 (3.0) 2
Uncoded 6 (9.0 6

Percentages are calculated using the number of participants in the safety analysis set as denominator.

aS0C terms ordered alphabetically; PT sorted in order of frequency of the total column within each SOC.

bA participant can have more than one SOC and more than one PT reported under a given SOC.

cIf a participant experiences the same AE (same SOC or same PT) more than once, participant is only counted once.
AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities version 23.1; PT, preferred term; SOC, system

organ class; XLH, X-linked hypophosphatemia.

related to XLH treatment (burosumab),
reported by the investigator.

No participants in the SAF had CKD with a GFR

as

category >G2 (i.e., G3a: mildly to moderately

decreased eGFR 45-59mlL/min/1.73m?; G3b:
moderately to severely decreased eGFR
30-44 mL/min/1.73m?2; G4: severely decreased
eGFR 15-29 mL/min/1.73 m?2; G5: kidney failure
eGFR <15mlL/min/1.73 m?).15
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Table 4. SAEs in participants with XLH treated with burosumab (safety analysis set).
MedDRA SOC/PTab.c Burosumab, n=67
Participants AEs
Participants with any SAE, n (%) 2 (3.0) 2

Congenital, familial, and genetic disorders, n (%)

Craniosynostosis, n (%)

Musculoskeletal and connective tissue disorders, n (%)

Knee deformity, n (%)

1(1.5) 1
1(1.5) 1

1(1.5) 1
1(1.5) 1

Percentages are calculated using the number of participants in the safety analysis set as denominator.

aS0OC ordered alphabetically; PT ordered in order of frequency of the total column within each SOC.

bA participant can have more than one SOC and more than one PT reported under a given SOC.

cIf a participant experiences the same AE (same SOC or same PT) more than once, participant is only counted once.
AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities version 23.1; PT, preferred term; SAE, serious
adverse event; SOC, system organ class; XLH, X-linked hypophosphatemia.

Discussion

This PASS aims to evaluate the frequency and
severity of AEs in children and adolescents using
burosumab for the treatment of XILH; a rare,
debilitating genetic disease, with a current lack of
real-world long-term data. The International
XLH Registry was established to address this
paucity of evidence, aiming to recruit 1200 pedi-
atric and adult patients with XLH, running for
10years. As part of the conditional marketing
authorization for burosumab, this PASS was
mandated and is embedded in the International
XLH Registry.

In total, 67 participants receiving =1 dose of
burosumab were included in this study between
12 September 2017 and the interim data cut-off
date of 13 May 2021, with 37.3% experiencing
=1 AE, and 19.4% experiencing =1 AE possibly/
probably related to XLLH treatment during this
follow-up time. Analysis by age group showed
that 31.8%, 38.2%, and 45.5% of participants
experienced =1 AE in the age cohorts 1 to <5,
5 to <12, and 12 to <18years, respectively.

The most frequently reported AEs were classified
as ‘musculoskeletal and connective tissue disor-
ders’, with ‘pain in extremity’ the most frequently
reported event, followed by ‘infections and infes-
tations’, with ‘tooth abscess’ as the most fre-
quently reported event. Notably, extremity pain
and tooth abscesses are known features of XLH;
thus, these AEs may be more attributable to the

disease itself rather than specifically due to buro-
sumab treatment per se. No deaths, no SAEs
related to XLLH treatment, and no AEs leading to
XLH treatment withdrawal were observed.

A 2019 US clinical trial evaluating burosumab in
children aged 1-4years with XLH reported that
all 13 enrolled participants experienced =1 AE;
the investigators reported that five children expe-
rienced 14 treatment-related AEs, most of which
were injection-site reactions.!® A 2019 US Phase
III trial of burosumab in children reported that
participants in the burosumab group experienced
treatment-emergent AEs, most of which were
related to injection-site reactions (15/29; 51.7%).
These reactions were mild in severity and resolved
within a few days.!” A 2018 US Phase II trial also
reported injection-site reaction as a common AE
in children with XLH receiving burosumab
[17/26 patients (65.4%) in the every-2-week dos-
ing group and 13/26 (50.0%) in the every-4-week
dosing group]. These reactions were mild, limited
to the skin, and lasted no longer than 1-2 days.!8
All three US clinical trials concluded that the
safety profile of burosumab was consistent across
the published literature.16-18 Notably, in this cur-
rent study, only two participants (3%) reported
‘injection-site erythema’.

In this PASS, five participants had been diag-
nosed with CKD. Burosumab treatment for XLH
is contraindicated in patients with severe or end
stage renal disease and burosumab has not been
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Table 5. AEs in participants with CKD with XLH treated with burosumab (safety analysis set).

MedDRA SOC/PTab.c Burosumab, n=67
Participants AEs
Total (N) 5
Participants with any AE, n (%) 3(60.0) 9
Gastrointestinal disorders 2 (40.0) 3
Abdominal pain 1(20.0) 1
Diarrhea 1(20.0) 1
Infrequent bowel movements 1(20.0) 1
General disorders and administration site conditions 1(20.0) 1
Peripheral swelling 1(20.0) 1
Infections and infestations 1(20.0) 1
COVID-19 1(20.0) 1
Musculoskeletal and connective tissue disorders 2 (40.0) 2
Pain in extremity 2 (40.0) 2
Skin and subcutaneous tissue disorders 1(20.0) 1
Rash 1(20.0) 1
Uncoded 1(20.0) 1
Normal stage CKD (N) 4
Participants with any AE, n (%) 2 (50.0) 5
Gastrointestinal disorders 2 (50.0) 3
Abdominal pain 1(25.0) 1
Diarrhea 1(25.0) 1
Infrequent bowel movements 1(25.0) 1
Musculoskeletal and connective tissue disorders 1(25.0) 1
Pain in extremity 1(25.0) 1
Skin and subcutaneous tissue disorders 1(25.0) 1
Rash 1(25.0) 1
Mild stage CKD (N) 1
Participants with any AE, n (%) 1 (100.0) 4
General disorders and administration site conditions 1(100.0) 1
Peripheral swelling 1(100.0) 1
Infections and infestations 1(100.0) 1
COVID-19 1(100.0) 1

[Continued)
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Table 5. (Continued)

MedDRA SOC/PTabc Burosumab, n=67
Participants AEs
Musculoskeletal and connective tissue disorders 1(100.0) 1
Pain in extremity 1(100.0) 1
Uncoded 1(100.0) 1

Percentages are calculated using the number of CKD participants as denominator.

aS0C terms ordered alphabetically; PT sorted in order of frequency of the total column within each SOC.

bA participant can have more than one SOC and more than one PT reported under a given SOC.

<If a participant experiences the same AE (same SOC or same PT) more than once, participant is only counted once.
AE, adverse event; CKD, chronic kidney disease; MedDRA, Medical Dictionary for Regulatory Activities version 23.1;
PT, preferred term; SOC, system organ class; XLH, X-linked hypophosphatemia.

studied in patients with renal impairment.13 A
known homeostatic response in CKD is the eleva-
tion of FGF23 in order to maintain physiological
phosphate levels.!® In addition, potential risks for
patients treated with conventional therapy or
burosumab are nephrocalcinosis, hypercalciuria,
or hyperparathyroidism, and these may negatively
affect renal function.?10:14 Therefore, a key safety
interest of this PASS was the use of burosumab in
patients with XLLH and mild to moderate CKD.
A greater frequency of participants with CKD
reported AEs compared with all participants
(60% and 37.3%, respectively). Thus, the safety
of burosumab in this participant group warrants
further investigation.

A limitation of this PASS is the generalizability
of results. Not all countries that participated in
the International XLLH Registry were included/in
scope in this first interim analysis; as such, the
results may not be entirely representative of the
broader population of patients with XLH. In
future analyses, other countries that participate
in the International XLH Registry will be
included.

A second limitation of this PASS is the limited
number of biochemical parameters collected. A
greater number of biochemical parameters col-
lected will help to inform, and understand in
greater detail, the safety outcomes of patients
treated with burosumab. It is therefore important
to ensure collection of these data to provide more
detailed analyses in the future.

Conclusion

Over a 2-year follow-up, the most common AEs
reported in this first interim analysis of the buro-
sumab PASS were typical of a pediatric popula-
tion or were frequent manifestations of XILH,
with most AEs reported in ‘musculoskeletal and
connective tissue disorders’ or ‘infections and
infestations’ Medical Dictionary for Regulatory
Activities system organ class. Therefore, the
safety profile of burosumab observed in this
interim analysis is consistent with previously
reported safety data for burosumab. The PASS
will continue to follow up participants for a period
of at least 10years, with the goal of providing
long-term safety data for healthcare providers and
people living with XLH. This knowledge will
contribute to the overall understanding of buro-
sumab safety and will help ultimately inform the
future clinical management of XILH.
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