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ABSTRACT

Introduction: X-linked hypophosphataemia
(XLH) is a rare, genetic renal phosphate-wasting
disease, resulting from excess fibroblast growth
factor 23 (FGF23) activity, which has a pro-
gressive and profound impact on patients
throughout life. The monoclonal anti-FGF23

antibody, burosumab, is a subcutaneous injec-
tion indicated for the treatment of XLH in
children and adults. Originally, burosumab was
approved to be administered by a healthcare
professional (HCP), but the option of self-ad-
ministration would enable patient indepen-
dence and easier access to treatment. Two open-
label, single-arm clinical trials, conducted in
Japan and Korea, have assessed the safety and
efficacy of self-administration of burosumab in
both children and adults with XLH.Supplementary Information The online version

contains supplementary material available at https://
doi.org/10.1007/s12325-022-02412-x.
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Methods: In KRN23-003 (n = 15 children aged
1–12 years) and KRN23-004 (n = 5 children aged
3–13 years, n = 4 adults aged 21–65 years), chil-
dren initially received 0.8 mg/kg of burosumab
every 2 weeks and adults initially received
1.0 mg/kg of burosumab every 4 weeks. Self-ad-
ministration was permitted from Week 4, and
patients or carers were provided with training to
inject correctly.
Results: In both trials, burosumab had an
acceptable safety profile with mainly mild-to-
moderate adverse events. Following self-ad-
ministration, no patients reported serious
treatment-emergent adverse events C grade 3,
injection-site reactions or hypersensitivity
reactions related to burosumab. Serum phos-
phate and active vitamin D levels increased
from baseline in children and adults.
Conclusions: These results indicated that the
efficacy and safety of burosumab when admin-
istered either by a carer or patient are similar to
that when administered by an HCP and show
that self-administration is a viable option for
patients with XLH.
Trial Registration Numbers: NCT03233126
and NCT04308096.

Keywords: Anti-FGF23 antibody; Burosumab;
Fibroblast growth factor 23; Self-administration;
Serum phosphate; Subcutaneous injection; X-
linked hypophosphataemia

Key Summary Points

The option of self-administration of
injectable medications for patients is
becoming increasingly important as many
patients seek the independence and ease
of access to treatment which self-
administration can offer

Two open-label, single-arm clinical studies
were carried out to assess the safety and
efficacy of burosumab, a fully human
monoclonal antibody given as a
subcutaneous injection every 2 or 4 weeks,
in children and adult patients with
X-linked hypophosphataemia (XLH).
Both studies allowed carer or self-
administration of burosumab after
appropriate training at the clinical centre

Carer or self-administration of burosumab
in children and adults with XLH had an
acceptable safety profile and resulted in an
improvement in serum phosphate and
active vitamin D levels from baseline

These studies showed that self-
administration of burosumab had a
similar efficacy and safety profile to
healthcare professional administration
and that self-administration of burosumab
is a viable alternative option for patients
with XLH

Based on these data, regulatory agencies in
Japan, the European Union and the UK
have subsequently approved self-
administration in their territories

INTRODUCTION

X-linked hypophosphataemia (XLH) is a rare,
lifelong, progressive, phosphate-wasting disease
affecting approximately 1 in 20,000–60,000
people worldwide [1–3]. It is caused by loss-of-
function mutations in the phosphate-regulating
endopeptidase homologue on the X chromo-
some (PHEX) gene, leading to excess of the
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phosphaturic hormone fibroblast growth factor
23 (FGF23) [3, 4]. Excess FGF23 activity leads to
reduced renal phosphate reabsorption and sup-
pression of 1,25-dihydroxyvitamin D
(1,25[OH]2D), with the resultant hypophos-
phataemia affecting the musculoskeletal, dental
and auditory body systems in patients with XLH
[3, 5]. Clinical manifestations arise in childhood
and persist or deteriorate over time, with addi-
tional complications appearing later in life [6].
The chronic and progressive manifestations
experienced by people with XLH contribute to a
decrease in their health-related quality of life
(QoL) [6–8]; therefore, early, optimal and con-
tinued treatment of XLH is important to prevent
complications and improve patient QoL [9].

Historically, XLH has been treated with
conventional therapy comprising oral phos-
phate and active vitamin D analogues to sup-
plement serum phosphate levels and correct
1,25(OH)2D deficiency, respectively [10].
Despite some improvements in clinical mani-
festations [11–14], this treatment regimen is
burdensome, associated with numerous side
effects, including hyperparathyroidism and
nephrocalcinosis, and the symptoms of XLH
may persist [9, 14]. A treatment modality,
burosumab, is a fully human anti-FGF23 mon-
oclonal antibody that inhibits excess intact
FGF23 (iFGF23) activity, thereby increasing
renal phosphate reabsorption and enhancing
intestinal phosphate absorption through the
production of 1,25(OH)2D [15, 16]. This leads to
an increase in serum phosphate levels, the
amelioration of skeletal and muscular deficits in
both children and adults with XLH [17–19] and
improvements to QoL [20].

As of 2021, burosumab has been approved
for the treatment of XLH in children and adults
by several regulatory agencies around the world,
including the European Medicines Agency, US
Food and Drug Administration and Pharma-
ceuticals and Medical Devices Agency in Japan
[16, 21, 22]. Burosumab is administered as a
subcutaneous injection, every 2 weeks for chil-
dren and every 4 weeks for adults, by a health-
care professional (HCP) [16]. In Japan since
December 2020 and in the European Union
(EU) since July 2021, burosumab may also be
administered by the patient or a carer [23, 24].

Self-administration of subcutaneous thera-
pies is encouraged in hospitals worldwide, par-
ticularly in chronic diseases such as diabetes
[25], to promote patient independence [26]. The
National Prescribing Centre in the UK describes
the aims of self-administration as being able to
‘increase the patient’s knowledge and under-
standing of their medication and promote and
maintain patient independence and autonomy’
[26]. Studies have reported a significant
improvement in patients’ knowledge of their
own medication following self-administration
[26]. Self-administration can empower patients
to manage their medication, which has been
linked to improved adherence, particularly in
chronic diseases [27–29]. This can lead to
improved overall health, reducing future visits
to hospital and, therefore, costs [27]. Self-ad-
ministration can be performed in both a hospi-
tal and home setting but, in certain situations, as
exemplified and exacerbated during the recent
COVID-19 pandemic, hospital care can become
inaccessible [30]. Patients administering their
own injectable medications can manage their
treatment schedule and choose to administer at
home, providing continuity of treatment and
independence in their personal and professional
lives [31]. Self-administration can save time for
HCPs and reduce both patient and hospital costs
as there is no need for a patient to attend the
clinic for treatment [32–34]. Psychological ben-
efits of self-administration compared with HCP
administration may also include improved
patient self-esteem and confidence [26].

For people with XLH, the need for an HCP to
administer the burosumab injection in hospital,
every 2 or 4 weeks, can be restrictive and a
burden in terms of time and travel. The ability
of patients or carers of children with XLH to
administer burosumab themselves would
enable them to fit the medication schedule
around their own lives and situations. This is
particularly relevant in a chronic and progres-
sive disease like XLH where continued treat-
ment is important, and missed doses, for any
unforeseen reason, may lead to a deterioration
in health outcomes [35]. Although burosumab
is largely administered by HCPs, the option of
self-administration would be beneficial and
convenient to many patients with XLH. In
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many other therapy areas, self-administration
of subcutaneously injected medicines has been
shown to be efficacious and have a good safety
profile [36, 37].

Two phase 3 studies, KRN23-003 and KRN23-
004, investigated self-administration of buro-
sumab in children and adult patients with XLH
in Japan and Korea. This article summarises the
safety and efficacy of the self-administration of
burosumab from these two studies, while high-
lighting the benefits and implications of self-
administration for patients with XLH, their
carers and physicians.

METHODS

In the clinical development programme of
burosumab, self-administration by either
patient or carer was permitted and monitored in
patients with XLH in two open-label, single-arm
clinical studies conducted in Japan and South
Korea: KRN23-003 (NCT03233126) [38] and
KRN23-004 (NCT04308096).

For both studies, the study protocol and
amendments were reviewed and approved by
the institutional review boards (IRB) consulted
by the director of each investigative site. The
studies were conducted in accordance with the
Declaration of Helsinki. All subjects provided
informed consent to participate in the studies.
The investigative sites are listed in the
acknowledgements.

Information on participants who self-ad-
ministered burosumab in trial KRN23-003 and
KRN23-004 can be found in Table 1 and study
designs are illustrated in Fig. 1i [38] and Fig. 1ii.
In both trials, burosumab was administered as a
subcutaneous injection every 2 weeks in chil-
dren and every 4 weeks in adults. In both trials,
the investigator or sub-investigator asked
enrolled subjects and their legally accept-
able representative whether they wished to self-
administer. Patients and their carers who opted
for self-administration were given an illustrated
‘Instructions for use’ leaflet to demonstrate how
to prepare and give the subcutaneous injection.
Investigators or study staff provided further
training on the preparation of the drug and how
to practice injecting. Self-administration was

permitted from Week 4 of treatment, at hospi-
tal, where patients or carers were judged to be
suitable to administer burosumab appropriately
by the investigator or sub-investigator.

Furthermore, if the patients or their carers
had conducted self-administration at least once
in hospital, the patient’s serum phosphate
levels were deemed stable, and they were con-
sidered suitable to self-administer burosumab
appropriately at home; then, self-administra-
tion at home was allowed at and after Week 10
for paediatric patients and after Week 12 for
adult patients. Investigators provided instruc-
tions on how to transport, store and manage
burosumab for these patients. Self-administra-
tion at home was suspended if the dose needed
adjustment, and changes to the dose were
under the control of the investigator. Self-ad-
ministration at home could be resumed after
the investigator deemed both the dose and
serum phosphate levels stable. The safety and
efficacy data of patients who self-administered
burosumab are reported here. Results from the
paediatric patients from KRN23-003 [38] and
KRN23-004 are pooled across the two studies.
Please note that results for the 15 children in
KRN23-003 have already been reported in
Namba et al. [38]. Additionally, all data men-
tioned in this publication can be found in the
Supplementary Material.

Patients

In KRN23-003, the key inclusion criteria were
children aged C 1 and B 12 years, a confirmed
diagnosis of XLH by either a PHEX mutation or
a directly related family member with appro-
priate X-linked inheritance or, alternatively, a
serum iFGF23 level C 30 pg/ml. At screening,
patients also had open growth plates and evi-
dence of rickets on simple x-ray evaluation as
judged by the investigator or clinical symptoms
of rickets [38].

In KRN23-004, patients were included if they
had completed the last visit of either the phase
3 study UX023-CL301 for children [17] or phase
3 studies UX023-CL303 or UX023-CL304 for
adults [18, 19, 39]. Inclusion criteria are pro-
vided elsewhere [18, 19, 39].
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Study Outcomes

The primary objective for KRN23-003 and
KRN23-004 was to assess the safety of buro-
sumab administered subcutaneously every
2 weeks in children and every 4 weeks in adult
patients. Safety was assessed by measuring the
frequency of adverse events and treatment-
emergent adverse events (TEAE). Additionally,
laboratory tests, vital signs, 12-lead electrocar-
diogram, renal ultrasound and echocardiogram
were also evaluated [38].

The key secondary objectives of both trials
included evaluation of biochemical markers,
such as changes in serum phosphate level,
1,25(OH)2D level and ratio of tubular maximum
reabsorption of phosphate to glomerular filtra-
tion rate (TmP/GFR) from baseline, in children
and adult patients.

Demographics, drug exposure, serum phos-
phate and other pharmacodynamic variables
(TmP/GFR and 1,25[OH]2D) and safety results
will be reviewed here for those patients who
underwent carer/self-administration.

Table 1 Trial information from KRN23-003 and KRN23-004 regarding self-administration patients

Trial Location Participants who self-administered
burosumab and their starting dose

Additional comments

KRN23-003

(NCT03233126)

[38]

Japan 15 paediatric patients aged between 1 and

12 years subcutaneously administered

burosumab at a starting dose of 0.8 mg/

kg every 2 weeks

Patients treated for a minimum of

114 weeks

The trial continued as a post-marketing

study until February 2020 following the

Japanese approval of burosumab to treat

XLH in September 2019

KRN23-004

(NCT04308096)

Japan

and

South

Korea

5 paediatric patients aged 3–13 years with

XLH who were treated with burosumab

or conventional medications for

64 weeks in Study UX023-CL301

subcutaneously administered burosumab

every 2 weeks. In patients who received

burosumab in Study UX023-CL301, the

starting dose was based on the pre-dose

body weight (rounded to 1 kg unit). In

patients who received conventional

therapy in Study UX023-CL301, the

starting dose was based on body weight

[17]

This trial was an extension study of

burosumab in patients with XLH from

Japan and South Korea who completed

global studies UX023-CL301

(NCT02915705), UX023-CL303

(NCT02526160) and/or UX023-CL304

(NCT02537431), with 27 patients

enrolled. By the end of the study (Week

120 for children and Week 140 for adult

patients), only 9 patients had self-

administered burosumab

4 adult patients who were treated with

burosumab for up to 96 weeks in Study

UX023-CL303 or UX023-CL304

subcutaneously administered burosumab

at a starting dose, which was the dose

used for the last administration in Study

UX023-CL303 or UX023-CL304, every

4 weeks [18, 19]

Patients received treatment in KRN23-004

within 56 days at maximum after the

final study visit of either UX023-CL301,

UX023-CL303 or UX023-CL304

Only participants in Japan were offered

self-administration

XLH X-linked hypophosphataemia
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Statistical Analysis

Categorical data were summarised using fre-
quency and percentage, whereas continuous
data were summarised using mean and standard
deviation (SD) at each time point. Statistical

significance was not assessed since no statistical
assumptions were provided in either study.

RESULTS

Baseline Characteristics

Paediatric Patients
All 15 of the enrolled children in KRN23-003
and 5 children in KRN23-004 had carer/self-ad-
ministration both in hospital and at home. The
mean age of children was 7.4 years, although it
should be noted that patients included in
KRN23-004 tended to be older since this was an
extension study from previous clinical studies
(Table 2). Most paediatric patients (70%) were
female. Genetic analysis data were available for
13 patients in KRN23-003 and were positive for
a PHEX mutation in all 13 patients. Data were
not available for two patients [38].

Adult Patients
In KRN23-004, four adult patients performed
self-administration both in hospital and at
home. Their baseline characteristics are given in
Table 2.

Fig. 1 Study design of iKRN23-003 and iiKRN23-004.
Figure i reproduced from Namba et al. [38] by permis-
sion of Oxford University Press and the Endocrine

Society. aEnrolment took place within 28 days of providing
informed consent. If the inclusion criterion for 25-hydrox-
yvitamin D was not met, enrolment within 49 days was
allowed in view of supplement administration and rescreen-
ing [38]. bAfter eligibility was confirmed, oral phosphate and
active vitamin D therapy were washed out for at least 7 days
before the start of burosumab administration. However,
washout could be started at the discretion of the investigator
or sub-investigator before confirmation of all eligibility
criteria [38]. cTreatment was started within 7 days of
enrolment [38]. dEnrolled patients included adults with
XLH who completed the final observation at Week 96 in
Study UX023-CL303 or UX023-CL304 or in paediatric
patients with XLH who completed the final observation at
Week 64 in Study UX023-CL301. eTreatment was started
within 14 days and within 56 days at maximum after the
final study visit of the preceding study.EoT end of treatment,
XLH X-linked hypophosphataemia

b

Table 2 Baseline characteristics of patients who self-administered

Characteristic Children Adults

KRN23-003 (n = 15)a KRN23-004 (n = 5) Pooled (n = 20) KRN23-004 (n = 4)

Age, years 6.7 ± 3.2 9.2 ± 3.9 7.4 ± 3.4 39.3 ± 21.5

Female, n (%) 13 (86.7) 1 (20.0) 14 (70.0) 2 (50.0)

Weight, kg 20.9 ± 7.0 28.9 ± 14.1 22.9 ± 9.5 51.5 ± 10.7

Height, cm 113.8 ± 20.2 122.2 ± 22.6 115.9 ± 20.5 N/A

Serum phosphate, mg/dl 2.6 ± 0.3 2.2 ± 0.4 2.5 ± 0.4 2.0 ± 0.4

TmP/GFR, mg/dlb 2.4 ± 0.5 2.0 ± 0.6 2.3 ± 0.5 1.6 ± 0.3

Serum 1,25(OH)2D, pg/ml 24.7 ± 12.7 43.2 ± 23.3 29.3 ± 17.3 37.2 ± 9.6

Serum iFGF23, pg/ml 182.6 ± 67.3 N/A 182.6 ± 67.3 N/A

Data are shown as mean ± SD unless otherwise specified. aThese data have been reported in Namba et al. [38]. bBased on a
2-h urine test
1,25(OH)2D 1,25-dihydroxyvitamin D (calcitriol), iFGF23 intact fibroblast growth factor 23, N/A not available, SD
standard deviation, TmP/GFR ratio of tubular maximum reabsorption of phosphate to glomerular filtration rate
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Treatment Duration and Dose

In KRN23-003, all 15 enrolled children self-ad-
ministered burosumab. In KRN23-004, five
children self-administered burosumab. For all
20 children with self/carer administration, the
median duration of burosumab exposure at the
end of the studies was 114.8 weeks (range
73.9–119.9), with a median dose of 17.36 mg
(range 7.52–51.00 mg) every 2 weeks.

In KRN23-004, four adult patients self-ad-
ministered burosumab. For all adult patients,
the median duration of burosumab exposure at
the end of study was 100.1 weeks, with a med-
ian dose of 52.96 (range 9.35–72.62) mg every
4 weeks.

In KRN23-003, four patients underwent dose
adjustment and either self-administered in
hospital or had their injections administered by
an HCP during dose adjustment. Following the
period of dose adjustment, the patients re-ini-
tiated self-administration at home. In KRN23-
004, there were no instances of dose
adjustment.

Safety

Patients in both the KRN23-003 and KRN23-004
studies experienced TEAEs, but most were mild
to moderate in severity. Following self-admin-
istration, no patients in either study reported
serious TEAEs C grade 3, injection-site reactions
or hypersensitivity reactions related to buro-
sumab. Furthermore, there were no reports of
any patient with TEAEs relating to hyperphos-
phataemia or ectopic mineralisation. No clini-
cally meaningful changes from baseline were
observed for vital signs and no TEAEs led to
study discontinuation, treatment discontinua-
tion or death in either trial.

In the 20 paediatric patients from KRN23-
003 and KRN23-004 who self-administered
burosumab, TEAEs were recorded in 17 patients
(85%) after self-administration (Table 3). Five
TEAEs that were considered by the investigator
as related to the investigational product occur-
red in two patients (10%) after the start of self-
administration, including diarrhoea, dizziness,
headache, nausea and decreased levels of serum

25-hydroxycholecalciferol. One patient experi-
enced a serious TEAE, tonsillitis, but this was
considered unrelated to burosumab. In addi-
tion, all other TEAEs reported in the paediatric
subjects who self-administered burosumab were
considered by the investigator as unrelated to
burosumab and were not mechanistically rela-
ted to the self-administration procedure. There
were no reports of injection-site reactions or
hyperphosphataemia in either of the two stud-
ies after the start of self-administration. TEAEs
of allergic blepharitis, eczema, rash, facial
swelling and urticaria occurred in one patient
each (5%) who self-administered burosumab
(after the initiation of self-administration);
however, the investigator considered the events
unrelated to burosumab.

In KRN23-004, three out of four adult
patients who self-administered burosumab
experienced a TEAE following initiation of self-
administration (Table 3). None of the reported
TEAEs were considered by the investigator as
related to burosumab, and none were mecha-
nistically related to the self-administration
procedure.

Efficacy

Serum Phosphate
Serum phosphate levels increased with buro-
sumab in both children and adults with XLH. As
patients in KRN23-004 had previously partici-
pated in other clinical studies with burosumab,
their baseline values will remain the effect of
those previous studies. In the 20 paediatric
patients who self-administered burosumab in
KRN23-003 and KRN23-004, serum phosphate
levels increased from 2.5 ± 0.4 mg/dl at base-
line to 3.5 ± 0.5 mg/dl at Week 8 and were
sustained to 3.5 ± 0.4 mg/dl for the 15 children
in KRN23-003 at Week 100 (last measurement
with all participants) and 3.1 ± 0.3 mg/dl at
Week 72 for the 5 children in KRN23-004 (last
measurement with all participants) (Fig. 2i).
There was little fluctuation in serum phosphate
values following the initiation of self-adminis-
tration at Week 4. The fluctuations that did
occur were due to the difference in patient
number. Adults in KRN23-004 had an increase
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in serum phosphate from 2.0 ± 0.4 mg/dl at
baseline to 2.1 ± 0.7 mg/dl at Week 96 with
burosumab (Fig. 2ii).

TmP/GFR
TmP/GFR improved for children in both trials
following burosumab treatment. In the pooled

analysis, TmP/GFR increased from
2.3 ± 0.5 mg/dl at baseline to 3.9 ± 0.8 mg/dl
at Week 8. This increase was maintained over
time to the last available data for patients in
both studies. The decrease shown at Week 48 is
due to the difference in patient number (Fig. 3).
Adults in KRN23-004 had an increase in TmP/

Table 3 Summary of TEAEs

Parameter, n (%) Children Adults
Pooled KRN23-003/004 (n = 20) KRN23-004 (n = 4)

Total TEAEs 17 (85.0) 3 (75.0)

Serious C grade 3 TEAE 1 (5.0) 1 (25.0)

Drug-related TEAE 2 (10.0) 0

Serious C grade 3 drug-related TEAE 0 0

TEAE leading to study discontinuation 0 0

Most frequently reported TEAEsa

Nasopharyngitis 8 (40.0) 2 (50.0)

Dental caries 7 (35.0) 1 (25.0)

Influenza 6 (30.0) 1 (25.0)

Otitis media 3 (15.0) 0

Pharyngitis 3 (15.0) 0

Upper respiratory tract infection 3 (15.0) 1 (25.0)

Diarrhoea 2 (10.0) 0

Erythema infectiosum 2 (10.0) 0

Periodontitis 2 (10.0) 0

Impetigo 2 (10.0) 0

Appendicitis – 1 (25.0)

Gastritis – 1 (25.0)

Nausea – 1 (25.0)

Pneumonia – 1 (25.0)

Arthralgia – 1 (25.0)

Headache – 1 (25.0)

Rash – 1 (25.0)

aFor children pooled from KRN23-003 and KRN23-004 and adults from KRN23-004, most frequently reported TEAEs
are in C 10% of patients
TEAE treatment-emergent adverse event
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GFR from 1.6 ± 0.3 mg/dl at baseline to
2.0 ± 0.8 mg/dl at Week 96.

1,25(OH)2D
In both studies, active vitamin D levels
increased with burosumab treatment. Children
in the KRN23-003 and KRN23-004 studies had
levels of 29.3 ± 17.4 pg/ml at baseline, which
then increased to 60.4 ± 23.1 pg/ml at Week
24. Increases from baseline were maintained in
both studies to the end of treatment. The
increase shown at Week 48 is due to the

difference in patient number (Fig. 4i). Adult
patients in the same study showed an
improvement from 37.2 ± 9.6 pg/ml at baseline
to 47.8 ± 13.9 pg/ml at Week 96 (Fig. 4ii).

DISCUSSION

The KRN23-003 and KRN23-004 trials demon-
strated an acceptable safety profile and efficacy
of self-administered burosumab in children and
adults with XLH. There were no noteworthy

Fig. 2 Serum phosphate levels in i children in studies
KRN23-003 and KRN23-004 (n = 20) and ii adults in
KRN23-004 (n = 4). Data are shown as mean ± SD. The
number of patients varies because of missing data in each

study. Data from paediatric patients in KRN23-003 and
KRN23-004 were obtained at different time points and
i shows a merged analysis. SD standard deviation

Adv Ther (2023) 40:1530–1545 1539



TEAEs, indicating that burosumab can be
administrated by both patients and carers
without any major safety concerns. Burosumab
treatment led to improvements in serum phos-
phate, TmP/GFR and serum 1,25(OH)2D in
children and adults with XLH.

The safety profile from patients with self-
administration of burosumab was consistent
with those reported in previous phase 3 trials
(UX023-CL301, UX023-CL303 and UX023-
CL304), where burosumab was administered by
HCPs to children and adults [17, 19, 38]. There
were no reports of injection-site reactions rela-
ted to the investigational product or hypersen-
sitivity reactions in the patients who self-
administered burosumab in studies KRN23-003
and KRN23-004. There were also no reports of
incorrect dosing or overdose for patients who
self-administered burosumab.

Results from the KRN23-003 study confirmed
the efficacy of self-administered burosumab.
Data for each patient who implemented self-
administration showed that there were no
noticeable fluctuations in serum phosphate
following initiation of self-administration. This
was also consistent with the individual patient
dosing data, which showed that the mg/kg dose
of each patient remained consistent over time.
Overall, the serum phosphate data and

information from the individual patient data do
not indicate any change in the pharmacody-
namic effect of burosumab following the intro-
duction of self-administration. Supportive data
from the nine patients in KRN23-004 who also
self-administered burosumab were consistent
with data from KRN23-003 with respect to sus-
tained serum phosphate levels.

After routine training, the carers of children
with XLH and adults with XLH were able to
administer burosumab correctly and safely. The
availability of training materials, onsite training
and illustrated instructions for use were impor-
tant for the HCP to ensure patients were com-
fortable and confident with the procedure. In
both studies, no dosing errors, missed doses or
safety issues associated with self-administration
were reported. All biochemical indicators of
efficacy, including serum phosphate levels, were
also met, indicating good compliance. Other
studies have shown that some patients who
appear able to self-inject in the hospital may
lack confidence to do so alone [40]. It is
imperative for patients and their carers to
maintain a link with the treatment centre,
which provides the training and support to
increase patient confidence and satisfaction
with their self-care [41]. In all instances of self-
administration, patients and carers must be

Fig. 3 TmP/GFR levels in children in studies KRN23-
003 and KRN23-004 (n = 20). Data are shown as
mean ± SD. The number of patients varies due to missing
data in each study. Data from paediatric patients in

KRN23-003 and KRN23-004 were obtained at different
time points and this figure shows a merged analysis. SD
standard deviation
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aware of what to do in case of adverse events or
complications and have access to an HCP when
needed.

There are limitations associated with the
KRN23-003 and KRN23-004 studies, and care
must be taken when interpreting the findings.
First, the populations studied, Japanese and
Korean patients, may not be directly compara-
ble with patient populations in other countries.

However, the selection criteria of patients for
KRN23-003 were very similar to those of the
global paediatric burosumab studies [17], e.g.
PHEX mutation positive, or confirmed raised
FGF23, hypophosphataemia, open growth
plates with evidence of rickets and reduced
growth. All patients from KRN23-004 met the
selection criteria of the global development
studies UX023-CL301 for children [17] or

Fig. 4 1,25(OH)2D levels in i children in studies KRN23-
003 and KRN23-004 (n = 20) and ii adults in KRN23-
004 (n = 4). Data are shown as mean ± SD. The number
of patients varies because of missing data in each study.

Data from paediatric patients in KRN23-003 and KRN23-
004 were obtained at different time points and i shows a
merged analysis. SD standard deviation
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UX023-CL303 or UX023-CL304 for adults
[19, 39]. Second, the patient populations were
small, but this is not unexpected in studies of a
disease as rare as XLH. Third, the self-adminis-
tration procedure, whether in hospital or at
home, was performed in the setting of a clinical
trial, which may have influenced compliance.
Future studies could investigate the adherence
of self-administration of burosumab at home
versus HCP administration in hospital. In
addition, further elaboration in this publication
on the self-administration training provided to
patients is unavailable because of the original
documents being written in Japanese.

Similar to many other subcutaneously
administered treatments, these studies demon-
strated that burosumab can be administered by
a carer or patient with XLH. While conducted in
the clinical trial setting, these data are sup-
ported by the real-world experience of patients
in Japan, where self-administration has been
allowed since December 2020 [23], and in the
EU, where self-administration was approved in
July 2021 [24]. The option of permitting self-
administration during the pandemic has been
beneficial in the context of reducing hospital
exposure or resource use, and there have been
no safety or efficacy issues reported in any
country since self-administration has been
allowed. It must also be noted that the cost of
burosumab may be a factor, and while self-ad-
ministration of burosumab is an option, it may
not be suitable for all patients and carers, par-
ticularly where there may be issues with
compliance.

Empowering a carer of a child or an adult
with XLH to manage their treatment regimen
themselves may improve adherence and satis-
faction with treatment, as has been shown for
other chronic diseases [28, 29]. Further research
to assess patient satisfaction and adherence
with this alternative means of managing their
treatment programme would be useful, as has
been done for other injectable medications [41].
These data could inform support programmes
to enable patients and carers to be more confi-
dent and competent in handling and adminis-
tering burosumab, thereby reinforcing their
connection with their HCPs.

CONCLUSIONS

Overall, the results from the KRN23-003 and
KRN23-004 studies indicate that the safety and
efficacy of burosumab when administered by a
patient with XLH or carer are similar to that of
HCP administration. This shows that self-ad-
ministration is a viable alternative option for
patients with XLH and their carers.
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