CRYSVITA

burosumab

BUROSUMAB -

Professor of Pediatrics (Endocrinology)
and of Orthopaedics and Rehabilitation
Director, Yale Center for X-Linked Hypophosphatemia
Medical Director, Hospital Research Unit

Rickets and its classification

Rickets is the disordered proliferation and under- It is seen radiographically as the frayed edge of the
mineralization of hypertrophic chondrocytes leading metaphysis as it approximates the growth plate. This is
to physical deformities such as bowed legs and known as cupping deformity (Figure 2).!

expansion of the wrist at the growth plate (Figure 1).
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Figure 2. X-ray of severe leg deformity in
a patient with rickets.'

Figure 1. Bowed legs and wrist deformity
in rickets.’




When one has rickets, there is an accompanying lesion of the bone called osteomalacia. Osteomalacia is the
deficient mineralization of the bone matrix (osteoid), which makes one vulnerable to cortical fractures (Figure 3).
Figure 3 shows the difference between normal bone and osteomalacia. The top layer (pink) represents the
osteoid while the layer below it is the new bone (blue). There is an increase in osteoid in osteomalacia. This is
represented by the pink layer/pink stain, which is visibly greater in the bone with osteomalacio.

Figure 3. Normal bone vs. osteomalacia.
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Rickets is classified as calciopenic or phosphopenic.! The availability of calcium and phosphorus to the skeleton
are major regulators of both growth plate mineralization and bone mineralization.! Phosphopenic rickets can
occur rarely from nutritional causes but is most commonly due to disorders of transport.! Disorders of transport are
generally divided into two categories: XLH (x-linked hypophosphatemia) type, which has been shown to be
hypophosphatemia that is mediated by excess fibroblast growth factor 23 (FGF23) activity and other transport
disorders that are not mediated by FGF23.!

X-linked Hypophosphatemia: Diagnosis and treatment

XLH is the most common heritable cause of rickets and is due to renal phosphate wasting.” Manifestations of XLH
include rickets and osteomalacia, which are often the presenting features, skeletal deformity and short stature,
dental abscesses, and craniosynostosis.! The biochemical findings of XLH include low blood phosphate level
(hypophosphatemia), decreased fractional tubular reabsorption of phosphate (TRP) and ratio of maximum
tubular reabsorption of phosphate to glomerular filtration rate (TmMP/GFR), and low circulating levels of 1,25
dihydroxyvitamin D (1,25 (OH)2D).!

The treatment of XLH has evolved over the years. It was initially recognized as “Vitamin D-resistant rickets” when
vitamin D therapy did not treat the disease.? When phosphate-wasting was eventually identified, phosphate was
used for treatment. However, while phosphate therapy led to a healing effect on the bones, it also led to markedly
elevated parathyroid hormone secretion. This led to combination therapy using phosphate and vitamin D, which
produced better outcomes but required very high doses of vitamin D often leading to vitamin D toxicity. This
combination therapy continued to be used until approximately 1980 when the active vitamin D metalbolite calcitriol
was used instead of vitamin D.2 For the past 40 years, the use of 1,25(0H)2D3 (calcitriol) together with phosphate
has been the standard of care.® Complications of this kind of therapy include hyperparathyroidism, nephrocalcinosis,
hypercalciuria/hypercalcemia, and soft tissue calcification in other sites.*



What mediates hypophosphatemia?

[t was discovered that FGF23 was the mediator of hypophosphatemia.’® It is secreted excessively by
osteocytes that harbor the phosphate regulating endopeptidase homolog on the X chromosome (PHEX)
mutation that are responsible for XLH.5¢

XLH pathophysiology and novel treatment

Renal tubular cells have fibroblast growth factor (FGF) receptors and also have the enzymes that convert
25-hydroxyvitomin D to 1,25-hydroxyvitamin D.5¢ They also have Sodium-dependent Phosphate Cotransporter
(NaPi2) in the apical surface of the cell.5¢ The cells also express the necessary co-receptors for FGF23. In XLH,
the PHEX mutation results in the oversecretion of FGF23 leading to reduced expression of transporters, increased
excretion of urinary phosphate resulting in decreased serum phosphorus, which in turn impairs skeletal
mineralization. Increased FGF23 secretion likewise leads to impaired 1,25(0H)2D production and impaired
phosphate production again resulting in low serum phosphorus, which contributes to impaired skeletal
mineralization (Figure 4).5-¢

Figure 4. XLH Pathophysiology.5-¢
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Burosumaib, a fully human monoclonal antibody inhibits FGF23 allowing transporter abundance to be restored,
phosphate excretion to e corrected, correction of the serum phosphorus, and ultimately improvement of skeletal
mineralization. It would also allow for upregulation of 1-alpha-hydroxylase, enhanced phosphate absorption, and
correction of serum phosphorus, which contributes to improved skeletal mineralization.®-¢

The goals of treatment in paediatric XLH are to prevent rickets, enhance growth, and minimize pain.*




Burosumab in children: Clinical trial data

One clinical trial on burosumalb involved children ages 5-12 at enrolilment who were randomised to every 2-week
versus every 4-week dosing schedule of subcutaneous burosumalb. The doses were titrated upward over the
first 16 weeks. Primary outcome was assessed at 64 weeks and the children were followed up in the extension
phase through 160 weeks.”

Fasting serum phosphorus increased and was maintained at a steady level with the every 2-week dosing
schedule.”® There was also a sustained reduction in serum alkaline phosphatase, the clinical marker used for
rickets, in both dosing schedules. The level of 1,25(0H)2D also increased in both groups and was sustained
through the extension phase. There were no clinically meaningful changes in 24-hour urine calcium excretion nor
serum calcium or parathyroid hormone (PTH) that occurred.® There was rapid improvement in the Rickets Severity
Score (RSS).? Lower limb deformity likewise improved through 160 weeks, however, the bulk of the improvement was
a later effect. Patient-reported outcomes in terms of global functioning were also positive.?

Another clinical trial involved children ages 1-4 at enrolilment and all were treated every 2 weeks with no titration
period. There was an abrupt rise in serum phosphorus level and this was maintained over the 64 weeks of the
study. The effects on 1,25(0OH)2D, serum alkaline phosphatase, and RSS seen in the trial were similar to the
initial study.™

A third paediatric trial was done comparing burosumal with conventional therapy (calcitriol and phosphate).
Children were ages 1-13 at enrollment. There was improved serum phosphorus and renal phosphate
reabsorption in the burosumalb group. A rapid decline in serum alkaline phosphatase was likewise seen in the
burosumab group. The degree of improvement in radiographic features was higher in the group treated with
burosumalb and this was persistent through week 64. There were also height advantages in the group who
received burosumab. The group treated with burosumab also scored higher on a 6-minute walk test.”

Burosumab was found to be safe with adverse effects being generally mild to moderate, not leading to
discontinuation of treatment.”

Burosumab: Real world data

Real world data on burosumalb use in children has shown significant improvements in serum phosphorus, alkaline
phosphatase, PTH, fractional excretion of phosphorus without changes in the urinary calcium to creatinine ratio.
Burosumalb was well-tolerated with no significant adverse effects.’>%

summary

@ XLHisthe most common inherited form of rickets.!
@ XLHis mainly due to FGF23-mediated renal phosphate losses.*®

@ Conventional therapy consists of oral phosphate salts and calcitriol/activated vitamin D, however it is
associated with complications thus requiring freguent monitoring and dose adjustments.?-3"

Inhibition of FGF23 is an attractive and promising treatment strategy for XLH."

@ Limited term outcomes of burosumab therapy are impressive, however long-term effects are
unknown at present.’?
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