CRYSVITA®

THE DAWN OF A NEW ERA IN XLH MANAGEMENT

The Unforgettable Role of phosphate in the Development of Strong Bones

A Satellite Symposium on Hypophosphatemic Rickets at the 11t Asia Pacific Paediatric Endocrine Society 2021
Scientific Meeting (APPES 2021)

This article presents key highlights from two presentations about hypophosphatemic rickets focussing on X-linked
hypophosphatemia (XLH). The topics revolved around the importance of early diagnosis and treatment of
hypophosphatemic rickets and introduced a new era of managing XLH with burosumalb.
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Phosphate is, more often than not, the “forgotten the kidney, causing phosphate wasting in the urine, and
@ mineral” when discussing musculoskeletal reduces the production of vitamin D by the kidney, which @
health. Hypophosphatemia causes a multitude of decreases the absorption of dietary phosphate from the
conditions that can lead to poor bone development, gut (Figure 1).34
such as rickets, and which affect the quality of life of
children aond adults. The early diagnosis of
hypophosphatemia in children is crucial as it ensures bd
that they receive early treatment for better outcomes. Bone W

In humans, 85% of phosphate is found in the skeleton
complexed with calcium to form hydroxyapatite, while FGF23
the remaining have a critical role in most intracellular
processes. It is important to remember that phosphate
levels in adults are very different than in children, as the
normal range reduces by age. Any value <1 mmol/l in

children (0-12-years-old) is considered low!
\ phosphate

Regulation of phosphate homeostasis

A significant proportion of phosphate from foods are
absorbed through the gut and is incorporated into
the “phosphate pool” to be utilised. Apart from being

used in the bone formation-resorption cycle and other
cellular processes, it is also channelled to the *]r'é
kidneys to be excreted via the urine.?

Kidneys

Serum phosphate is primarily regulated by the kidneys Gut 1,25(OH),D
through the fibroblast growth factor (FGF23) and t ) :
parathyroid hormone (PTH). Of these, FGF23 is the

primary regulator of serum phosphate levels. When

i it Figure 1. FGF23 is the primary regulator of serum phosphate homeostasis and
serum phosphote risesth rOUgh a DOSItIVG feedback |OOD, exerts its action in the kidneys and, to an extent, the gut. 1,25(0OH),D, vitamin D; FGF23,

so does FGF23. It decreases phosphate reabsorption in fibroblast growth factor-23. Adapted from Bergwitz C, JUppner H. Annu Rev Med. 2010.3
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Approach to hypophosphatemic rickets

The diagnostic approach to hypophosphatemic rickets
is similar to other paediatric bone and mineral disorders.
It should include a detailed history of presenting illness,
physical examination, family history and laboratory
investigations.

Specifically, for hypophosphatemic rickets, it is essential
to determine if it is of renal or non-renal origins. Among
the investigations that can point to a renal origin
of hypophosphatemia is the low tubular maximum
phosphate reabsorption per glomerular filtration rate
(TmP/GFR). Low TmP/GFR and serum phosphate indicate
inappropriate renal phosphate wasting. Conversely, in
non-renal causes, the TmMP/GFR is high.®

One of the causes of renal hypophosphatemia is
mediated by the dysfunction of FGF23 secretion
and is associated with different gene mutations
and inheritance, such as XLH, which is autosomal
dominant, and the less common autosomal recessive
hypophosphatemic rickets.®

XLH - a rare inherited skeletal disorder

XLH is a rare, genetic (Figure 2), chronic and progressive
skeletal disorder caused by the loss-of-function PHEX
gene mutation that leads to excess FGF23 production.
It is characterised by renal phosphate wasting and is
the most common form of heritable hypophosphatemic
rickets.*” Though it is inherited through its X-linked
dominance,® 20-30%%* of cases arise from spontaneous
mutations. Cumulatively, it affects approximately 1 in
20,000 to 1in 60,000 people.’®
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Figure 2: Pedigree analysis illustrating the X-linked dominance of XLH.
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Features of XLH in children
and adolescents

Patients with XLH can present with associated disease
manifestations that span a wide spectrum (Figure 3) and
have distinctive laboratory findings that guide diagnosis
(Table 1). In children, the basic criteria for clinical diagnosis
of XLH include progressive lower extremity bowing,
impaired growth after the onset of weight-bearing and
the characteristic signs of rickets**® X|LH is also associated
with functional limitations that reduce the quality of life in
children and adults.®%

CRANIAL

® Skull abnormalities such as
craniosynostosis and Chiari
malformations*

‘nnu’

Xy

DENTAL

® Prone to spontaneous dental
abscesses due to defects in
enamel, dentin and cementum™

MUSCULOSKELETAL

SKELETAL

® Skeletal disease, leading to lower
extremity deformity and loss of
growth potentiale s

BONE AND JOINT-RELATED

® Frequent bone and joint pain,
especially at the knee, upper leg
and ankle™®

MUSCULAR

® Substantially decreased lower
extremity muscle strength that
contributes to functional deficits™

Figure 3: Clinical manifestation of XLH in children and adults.s*-
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Expected laboratory values for XLH

Serum phosphate ¢
Serum calcium -
Serum ALP f
Serum PTH >, f
Serum 250HD ->
Serum 1.25(0H),D -
Serum FGF23 f
TmP/GFR !

Urine calcium -, ¢

Table 1: Laboratory findings of patients with FGF23-mediated XLH. 1,25(0H),D; active
vitamin D; 250HD, vitamin D; ALP, alkaline phosphatase; FGF, fibroblast growth
factor-23; TmP/GFR, tubular maximum phosphate reabsorption per glomerular
filtration rate. Adapted from Imel EA, Econs MJ, 2012.5

As XLH is the most common form of heritable
hypophosphatemic  ricketsé’ evaluation of at-risk
infants and children is essential for early diagnosis and
treatment initiation, which have been shown to improve
clinical outcomes.” Though molecular genetic testing to
establish the PHEX gene mutation could help confirm a
diagnosis of XLH, it is not essential in the presence of the
characteristic biochemical findings of XLH (Table 1).

Early diagnosis of XLH is important to

improve patient outcomes

As skeletal deformity and growth impairment begin in
early childhood, early initiation of treatment for XLH could
lead to more favourable height outcomes. In a study
involving 19 XLH children, those diagnosed and treated
with oral phosphate and active vitamin D analogues at

<I-years-old showed improved height and biochemical
outcomes, and decreased rickets severity compared to
those who started treatment at 1 year of age (Figure 4).7
The early diagnosis and, therefore, treatment of XLH has
also demonstrated benefits in improving height outcomes
in adulthood by mitigating the paediatric consequence
of short stature and leg deformities,” and could reduce
the risk of arthritis and joint replacement® and improve
dental health

Height Z-scores

p=0.001 p=0.009 p=0.054 p=0.06

Height (SDS)

Sl

-4 | | | | | | |
At Rx* After first At age Adult
Onset Rx" year 9.0yrs height

. Start treatment at median 0.35 years (n=38)

. Start treatment at median 2.1years (n=11)

‘Rx = treatment with oral phosphate and
active vitamin D analogues

Figure 4: Treatment was with oral phosphate and active vitamin D analogues. Initiation
of treatment for XLH children at median 0.35 years demonstrated significantly better
height Z-scores than those who started treatment at a median age of 2.1 years.
Adapted from Mékitie O, et al. J Clin Endocrinol Metatb 2003.”

S
Key messages
® Phosphate homeostasis is a major factor in the ® Early diagnosis of XLH can be typically reached
maintenance of musculoskeletal health* with clinical and biochemical findings, and
family history?®¢1s
® XLHis aninherited, chronic and progressive ® With early diagnosis, the initiation and optimisation
skeletal disorder leading to the over secretion of of XLH treatment could have long-term benefits
FGF23 and is the most common form of heritable on clinical manifestations and complications in
hypophosphatemic rickets®’ |ater life™ 78
J
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XLH is the most common heritable form of (calcitriol), the treatment has its limitations. The availability
hypophosphatemic rickets. Though it is conventionally of a novel antibody, burosumab, that targets the FGF23
treated with phosphate salts and active vitamin D marks a new era in the management of XLH rickets.

Case of XLH rickets

7-month old boy Lab investigations: Conventional treatment

History Normo-cqlcqemlc rickets - Fresdieie 20 el EE sy
. Full-term via elective - Callcium 2.31 mmol/L<> + Calcitriol 20 ng/kg/day
caesarean section - Magnesium 0.94 mmol/L <> . Start low (1/3 the standard
T - Phosphate 0.70 mmol/I |, dose) & slowly increase to
- Alkaline phosphatase avoid gastrointestinal effects
586 p/l I - Standard dose:
- PTH 6.2 pmol/l <> Phosphate 750 mg/day
- Vitamin D 57 nmol/L <> (4-5 divided doses) +
- PHEX gene mutation + Caicitriol 250 ng/bd
Physical exam

- Normal length and weight
- Normal development EZI
. ;ror:ftu_l bossing X-rays — ®) 10 years on treatment
e Cupping & flaring - Genu valgum +
- Systemic exam - normal R Fa . éﬁgﬁss%qagi'ns +
- Recurrent tooth abscess +
- Phosphate 0.87 mmol/I
- Alkaline phosphatase
619 u/l N
- PTH 4.3 pmol/l <>

No family history of bone - X-rays - persistent evidence
or growth disorder ’ of rickets

What next?
A novel treatment for XLH?

At 10 years of age, the child was
included in a phase lll trial and
randomised to receive burosumab

At 11.5 years of age
1.5 years on burosumalb

Burosumalb
0.8 mg/kg
second weekly
+
Cholecalciferol
400 IU daily

- Genu valgum - Phosphate
improved 1.2 mmol/l &
- Improved growth - Alkaline
velocity: 4.9 to phosphatase
5.6 cm/year 450 y/l &
- No tooth abscess - PTH 2.3 pmol/l <>
- No limb pain

Figure 5. A case study of a patient with XLH rickets that was diagnosed at infancy and followed up to 1.5 years old. This case illustrates the importance of early diagnosis of
XLH rickets and the limitations of conventional oral phosphate and active vitamin D treatment. The addition of burosumab significantly improved the clinical and radiological
outcomes of the patient.
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Treatment goals for XLH

The goals for treating XLH in children are to,*™

® improve their growth by improving the skeletal
deformities in rickets

® improve osteomalacia

® reduce bone pain and tooth abscess

® avoid complications

For adults, they are to also prevent arthritis, decrease
or heal pseudo-fractures and improve healing after
orthopaedic surgery.$* Treatment should be started
early, preferably at <l-years-old for better outcomes
(Figure 4) 4171

Conventional treatment for XLH

in children

The conventional treatment available for XLH is the
combination of phosphate salts 20-60 mg/kg/day and
active vitamin D (calcitriol) 20-30 ng/kg/day. However,
due to its gastrointestinal adverse events, the therapy
is generally started at a lower dose and gradually
increased to the standard doses of 750 mg/day in 4-5
divided doses and 250 ng twice daily.o*

There are some challenges with conventional therapy.
When treating XLH with conventional therapy, the aim
is not to increase phosphate to normal levels. Normal
serum phosphate levels indicate overtreatment with
phosphate salts which can lead to hyperparathyroidism
or nephrocalcinosis.® The primary outcome measure
is height, whilst 3-monthly monitoring of biochemical
markers are required during therapy to determine the
need to modify the dosing strength of either phosphate
salts or calcitriol. Radiological monitoring of skeletal
improvement and renal ultrasound to monitor for
nephrocalcinosis every 1-2 years is also recommended.$*
Even with optimised treatment with oral phosphate
and active vitamin D, stature is generally short with @
significant reduction in leg length, while sitting height
is maintained, indicating that spinal height is relatively
normal in these children.®

Other than the gastrointestinal side effect of phosphate
salts, conventional therapy has other risks. These include

the occurrence of hyperparathyroidism (particularly
in overtreatment with phosphate), hypercalciuria and
hypercalcaemia and nephrocalcinosis. Long-term
treatment could lead to chronic kidney disease,
hypertension and ectopic calcification.o™

A new era of XLH management in

children

Burosumalb is a recombinant human IgGT monoclonal
antibody that binds to FGF23 and inhibits its biologic
activity.”* A phase Il study of burosumab involving 61
children with XLH was conducted to determine the
efficacy and safety of burosumalb against conventional
therapy.? The children were stratified by age (<5 and =5
years of age) and were randomised to receive either 0.8
mg/kg subcutaneous (SC) burosumalb two weekly (N=29)
or oral phosphate and active vitamin D (n=32) for 64
weeks. The primary assessments were the height Z-score
and Radiographic Global Impression of Change (RGI-C)
based on a 7-point scale describing temporal changes
at the wrist, knee and leg. All 61 subjects completed 64
weeks of treatment and were included in the efficacy
and safety analyses.

Burosumab treatment resulted in a sustained
increase of fasting serum phosphate in both age
groups, while conventional therapy showed little
change.?® Burosumab also resulted in a decrease in
serum alkaline phosphatase, demonstrated rapid
improvement and normalisation of the TmP/GFR
resulting in a reduction of urine phosphate loss,
improved rickets more than conventional therapy
(Figure ¢6) and achieved greater height Z-score
change (Figure 7) and annualised growth velocity
at 64 weeks than with conventional therapy (6.65
cm vs 5.94 cm, respectively).?® The height outcomes
were Dbetter in  the younger age group,
suggesting again that the earlier the treatment,
the better the growth outcomes.

In terms of safety, burosumab was well tolerated,
with  most adverse events being mid-to-moderate in
severity. More than half (57%) had a transient local
reaction to the SC injection, whie 379% had
hypersensitivity to the treat-ment,?° which was easily
managed  with  antihistamines  before  therapy.
Although 552% of the chidren in this study
experienced pyrexia, this is not typically observed in
clinical practice.

RGI-C Global Score at Week 40 (Primary Endpoint)
M Pi/D B Burosumab

-~ + 30 Difference = 1.14
(95% Cl 0.83, 1.45)
+ 25 — P <0.0001
= | & [ |
o | 4 + 20 —fe---memecmmeemeee el mmomm-
£ c
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5 @ + 1.5 —
g | =
Elwn + 10 —f-------------EESERRESL - - - - - - -
|
+ 0.5 —
0.0 —
All Subjects
N=32/29

Difference = 1.10
(95% Cl10.75, 1.45)

Difference = 1.15
(95% Cl1 0.62, 1.68)

<5 years-old
N=12/14

25 years-old
N=20/15

Figure 6: The radiographic changes after 40 weeks of treatment with burosumab in children <5 and 25-years old compared to conventional therapy. ANCOVA model; P-values not
calculated for age subgroups. Radiographic Global Impression of Change (RGI-C Scale: +3.0=complete healing, +2.0=substantial healing, +1.0=minimal healing, 0.0=unchanged,
-1.0=minimal worsening, -2.0=moderate worsening, -3.0=severe worsening). Cl, confidence interval; Pi/D, phosphate salts/calcitriol; SE, standard error. Adapted by Imel et al.
Lancet 2019.%°

5

‘ ‘ MW00422 Kyowa Kirin Highlight Report individual pages.indd 5 @ 13/4/22 12:54 PM ‘ ‘



® H = HEEN

- Pi/D<5-yrs =& Burosumalb <5-yrs - Pi/D >5-yrs -l Burosumalb 25-yrs
0.35 — Z-Score _ Z-Score
: Difference 0.20 Difference 0.09
g) u 0.25— —
H 0.15 ] 0.15
o  015— 0.14 -
£ c
55 I
sa 0057 0.01 .
o 0.00 —T— Baseline _| Baseline
E g -0.05 Mean (SE) Mean (SE)
- = 015 - -2.27 (0.29) -1.91(0.17)
' -2.27 (0.32) -2.36 (0.32)
-0.25
Week 0 24 40 64 Week 0 24 40 64
n/n 12/13 11/12 12/13 12/13 N/N 20/15 20/15 20/15 20/15

Figure 7: The difference in height z-score between treatments. Pi/D, phosphate salts/calcitriol; SE, standard error. Adapted by Imel et al. Lancet 2019.2°

C R
Key messages
® The available XLH conventional therapy of @® Burosumab showed greater improvement
phosphate salts and calcitriol has its limitationsé™1? in height Z-score compared to conventional
treatment in younger subjects, suggesting a
critical developmental period for intervention?
® Burosumalb, an FGF23-antibody, offers the ® There were no concerning safety findings with
opportunity for improved outcomes for patients burosumaln?
with XLH2
N\ J
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Abbreviated Prescribing Information
CRYSVITA’ (Burosumab)

Based on Malaysia Package Insert.
Kyowa Kirin Malaysia Sdn Bhd. 2022.

INDICATIONS AND USAGE: CRYSVITA" is indicated for the
treatment of X-linked hypophosphataemia, in children and
adolescents aged 1to 17 years with radiographic evidence of
bone disease, and in  aduls. DOSAGE  AND
ADMINISTRATION: Treatment should be initiated by a
physicion experienced in the management of patients with
metabolic bone diseases. Oral phosphate and active
vitamin D analogues (e.g. calcitriol) should be discontinued 1
week prior to initiation of treatment The recommended
starting dose in children and adolescents aged 1to 17 years is
0.8 mg/kg of body weight given every two weeks. Doses
should be rounded to the nearest 10 mg. The maximum dose is
90 mg. After initiation of treatment with burosumab, fasting
serum phosphate should be measured every 2 weeks for
the first month of treatment, every 4 weeks for the following 2
months and thereafter as appropriate. Fasting serum
phosphate should also be measured 4 weeks ofter any
dose adjustment. If fasting serum phosphate is within the
reference range for age, the same dose should be
maintained. The recommended starting dose in adults is 10
mg/kg of body weight, rounded to the nearest 10 mg up to a
maximum dose of 90 mg, given every 4 weeks. After initiation of
treatment with burosumab, fasting serum phosphate
should be measured every 2 weeks for the first month of
treatment, every 4 weeks for the following 2 months and
thereafter as appropriate.

CRYSVITA

burosumab
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Fasting serum phosphate should be measured 2 weeks
after the previous dose of burosumab. If serum phosphate is
within  the normal range, the same dose should be
continued. For subcutaneous use. CONTRAINDICATIONS:
Hypersensitivity to the octive substance or to any of the
excipients listed in  section 61 of Package Insert.
Concurrent  administration  with  oral  phosphate, — active
vitamin D analogs (see section 45 of Package Insert).
Fasting serum phosphate above the normal range for age due
to the risk of hyperphosphatemia (see section 4.4 of
Package Insert). Patients with severe renal impairment or end
stage renal disease. WARNINGS AND PRECAUTIONS:
Traceabiity: In  order to improve the tracedbiity —of
biological medicinal products, the name and the batch
number of the administered product should be clearly
recorded  within  the  patient's  records.  Ectopic
mineralization:  Ectopic  mineralization, as manifested by
nephrocalcinosis, has been observed in patients with XLH
treated with oral phosphate and active vitamin D andlogs;
these medicinal products should be stopped at least 1
week prior to initiating burosumab treatment (see section 4.2
of Package Insert). Hyperphosphataemia: Levels of fasting
serum phosphate should be monitored due to the risk of
hyperphosphatemia. Serum parathyroid hormone: Increases
in serum parathyroid hormone have been observed in
some XLH patients during treatment with burosumab.
Periodic measurement of serum parathyroid hormone is
advised. Injection site reactions: Administration of burosumato
may result in local injection site reactions. Administration
should be interrupted in  any patient experiencing
severe injection site reactions (see section 4.8 of Package
Insert) and appropriote  medical therapy administered.
Hypersensitivity: ~ Burosumab  must  be discontinued  if
serious hypersensitivity reactions occur and appropriate
medical treatment should be initiated.

Malaysia Logistic Service Provider

Apex Pharmacy Marketing Sdn. Bhd.

No.2, Jalan SS13/5, 47500 Subang Jaya, Selangor.
Tel: +603 5629 3688 Fax: +603 5636 8200

Excipient with known effect: This medicine contains 45.91 mg
of sorbitol in each vial which is equivalent to 45.91 mg/ml.
UNDESIRABLE EFFECTS: The most common  (>10%)
adverse drug reactions reported in pediatric  patients
treated for up to 64 weeks during clinical trials
were: injection site reactions (56%), cough  (56%),
headache  (50%), pyrexia (43%), pain in  extremity
(40%), vomiting (39%), tooth abscess (35%), vitamin D
decreased (32%), diarrhea (25%), rash (24%), nausea (15%),
constipation (11%), dental caries (11%) and myalgia (11%).
The most common adverse drug reactions reported in
adult  patients  during clinical  trials were:  back  pain
(23%), headache (21%), tooth infection (19%), restless
legs syndrome (13%), muscle spasms (12%), vitamin D
decrease (15%) and dizziness (11%).
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