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Photograph of the patient taken in January 1925, at the age of 4JA Roentgenogram taken in April 1931, when the patient was 1074 years Photograph of the patient taken in April 1935, when

years, showing the deformities and the unusual shape of the head. old, showing active rickets, deformities and multiple fractures. he was 14”4 years old.
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Parabiosis Suggests a Humoral Factor Is Involved in X-Linked
Hypophosphatemia in Mice

WORMAL- NORMAL
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Mechanism of actions for the existing and potential novel therapies.
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BONE RESPONSE TO PHOSPHATE SALTS, ERGOCALCIFEROL, AND CALCITRIOL IN
HYPOPHOSPHATEMIC VITAMIN D-RESISTANT RICKETS

Francis H. Grorieux, M.D., Pu.D., Pierre J. Marig, D.Sc., Joun M. PErTiror, M.B., B.Cu.,
aND Epcarp E. DeLvin Pu.D.

Abstract We treated 11 children with vitamin D-re-
sistant rickets with a phosphate mixture either alone
(1.2 to 3.6 g per day) or combined with ergocalciferol
(vitamin D, 25 to 50X103 U per day) or with calcitriol
(1,25-dihydroxyvitamin D, 0.25 t0 1 ug per day). Serum
calcitriol concentrations were normal in all patients.

Abstract We treated 11 children with vitamin D-re-
sistant rickets with a phosphate mixture either alone
(1.2 to 3.6 g per day) or combined with ergocaliciferol
(vitamin D,, 25 to 50X 103 IU per day) or with calcitriol
(1,25-dihydroxyvitamin D5, 0.25 to 1 ug per day). Serum
calcitriol concentrations were normal in all patients.
Calcitriol therapy raised circulating levels of the hor-
mone to values above normal and increased intes-
tinal phosphate absorption. In some patients this
regimen decreased the need for phosphate supple-
ments. None of the treatment regimens corrected
the renal phosphate leak. Radiologic studies and

peutic trials in VDRR. We found that long-term ad-

ergocalciferol induced mineralization of the epiphys-
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bone histomorphometric analyses showed that
phosphate (alone or with ergocalciferol) induced the
mineralization of the growth plate but not of the
endosteal bone surface. Combined calcitriol and
phosphate therapy for a total of 2850 patient-days
greatly improved the mineralization of trabecular

bone histomorphometric analyses showed that
phosphate (alone or with ergocaiciferol) induced the
mineralization of the growth plate but not of the
endosteal bone surface. Combined calcitriol and
phosphate therapy for a total of 2850 patient-days
greatly improved the mineralization of trabecular
bone. Short-term episodes of hypercalcemia were
easily controlled by changes in calcitriol dosage.
The data indicate that the combined calcitriol and
phosphate regimen is useful in the treatment of vita-
min D-resistant rickets. (N Engl J Med. 1980; 303:
1023-31.)
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Interdisciplinary management of FGF23-related phosphate wasting syndromes:
a Consensus Statement on the evaluation, diagnosis and care of patients
with X-linked hypophosphataemia

Nature Reviews Endocrinology 2022

Conventional treatment in adults: recommendations.

» Treatment in adults should include: vitamin D ana-
logues (alfacalcidol 0-1.5pg per day, once per day,
or calcitriol 0-1.0 ug per day, in one or two doses)
alone or with phosphate supplements (ideally smaller
doses (than in children), which are evenly distributed
across the day, 0-2,000 mg per day).

Management of bone pain might be required in
adults with XLH owing to osteomalacia, fractures or
pseudofractures.

In adults with XLH, clinicians should evaluate the
need for orthopaedic surgery or the presence of
dental complications.

We suggest considering treatment with vitamin D
analogues and phosphate supplements during preg-
nancy and breastfeeding. No data, to our knowl-
edge, are available regarding the effect of therapy in
postmenopausal women. Consistent evidence is still
missing for treating enthesopathies.

We do not recommend treatment of asymptomatic
adult patients, unless they develop pseudofractures,
even without symptoms.

Conventional treatment in children: recommendations.

» Vitamin D analogues and phosphate supplements

can be offered to all children with XLH, as soon as
the diagnosis is established.

Starting doses of elemental phosphate range from 20

to 60 mg/kg body weight per day (0.7-2.0 mmol/kg)*

in four to six divided doses, according to the severity
of the disease.

Calcitriol should be given at a starting dose of
20-30ng/kg body weight per day, in one or two
doses, or alfacalcidol once daily at an initial dose of
30-50ng/kg per day.




Unmet need in XLH -TIO
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AvemBounteg evépyetec kOpla and 1o I'EX
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Mechanism of actions for the existing and potential novel therapies.

Burosumab
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Burosumab

* Burosumab (previously called KRN23) Is a recombinant human IgG1
monoclonal antibody targeted to FGF23 that was developed for the treatment of

XLH

* February 2018, the European Medicines Agency (EMA) granted a conditional

marketing authorization in the Euro
of XLH with radiographic evidence
and in adolescents with a growing s

* In April 2018, burosumab received

pean Union for burosumab for the treatment
of bone disease in children >1 year of age
Keleton. In 2020 approved for adults.

~-DA approval for clinical use for the

treatment of XLH in adult and pediatric patients of 1 year of age and older.

» Approval for TIO
« FDA: 18/6/2020
- EMA:19/8/2022



Burosumab- Indications

Burosumab treatment in children: recommendations. Nature Reviews Endocrinology 2022

» Consider burosumab treatment as first-line therapy

in children with XLH aged 1 year or older (6 months in

some countries, such as the USA), and in adoles-

cents with radiographic evidence of severe bone
disease.

In children with mild disease, a trial of conventional

Burosumab treatment in adults: recommendations.
* Burosumab could be suggested as a second-line ther-
apy in adults with XLH with overt osteomalacia, with

therapy is suggested rather than considering buro-
sumab as a first-line therapy.

Once started, treatment with burosumab should
be continued until the closure of the growth plate.
A multidisciplinary evaluation should be conducted
with the adult team to consider the follow-up of
burosumab through adulthood.

pseudofractures that are not responding to conven-
tional treatment or in patients intolerant to conventional
treatment.

Children: The starting dose of burosumab is 0.8 mg/kg/2 weeks sbc
(maximum dose 2 mg/kg per 14 days or 90 mg per 14 days).
Adults: 1 mg/kg/4 wks (max 90 mg)

All doses should be rounded to the nearest 10 mg



ORIGINAL ARTICLE

Burosumab Therapy in Children
with X-Linked Hypophosphatemia

Thomas O. Carpenter, M.D., Michael P. Whyte, M.D., Erik A. Imel, M.D.,
Annemieke M. Boot, M.D., Ph.D., Wolfgang Hégler, M.D.,
Agnés Linglart, M.D., Ph.D., Raja Padidela, M.D., William van't Hoff, M.D.,
Meng Mao, Ph.D., Chao-Yin Chen, Ph.D., Alison Skrinar, Ph.D.,
Emil Kakkis, M.D., Ph.D., Javier San Martin, M.D., and Anthony A. Portale, M.D.

N Engl ) Med 2018;378:1987-98.

Phase 2, open label, 64 wk

Children: 5 and 12 years

Parallel 1:1 (Q2W) vs. (Q4W ) dosing

* 0.2 -0.3 mg/kg/2 weeks

« 04-0.06 mg/kg/4 weeks
Primary Endpoint?
1. Change from baseline to wk 40 & wk 64 in the
Thacher rickets severity total score
2. Radiographic Global Impression of Change (RGI)
was used to evaluate rachitic changes from baseline to wk
40 & wk 64

Characteristic
Age—yr
Mean
Range
Male sex — no. (%)
White race — no. (%)t
Weight — kg
Standing height
z Score
Percentile for age and sex
Geographic region — nio. (%)
Uinited States
Europe

Previcus comventional therapy for X-linked hypophos-
phatemia — no. (%)

Duration of conventional therapy — yr

Age when corventional therapy was initiated — yr
Renal tubular phosphate reabsorption — mgfdi|
Serum phosphons — mgfdlf
Serum 1, 25-dihydroxyvitamin D — pgfml§
Serum alkaline phosphatase — Ufliter§
Thacher rickets severity total score

Mean

Range
Positive for pathogenic PHEX mutation — no. (%) |
Mephrocalcinosis grade — no. [35)**

Burosumak
Every 2 wesaks

(N=2€)

8717
512
12 {48)
23 (28)

31.9:79

-17+10
11.1+138

17 (85)
9 {35)
24 (97)

T0e2 1
2215
22405
242004
413220
462+110

19412
0-4.5
23 (38)

17 (85)
& (23)
313

Burosumab
Every 4 weoks

[N=2€)

8.3:2.0
5-12
12 {46)
73 (38)
20.1:107

-21:10
6.2:8.2

19 (73)

ran
26 (100)

6.7+l0
19+1.2
2003
23201
41.4+153
456+101

17:10
0-3.0
22 (85)

17 (85}

5 (19}
4(15)

All Patients
[N=52)

£5:190

512
24 (46)
45 (38)
30.5:9.4

-1.9+1.00
271015

35 (68)
16 (31)
50 (9E)

b.09+2.4
21+1.3
21404
23004
413187
459105

12:11
0-4.5
45 (87)

34 (65)
11 21
7 13
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X-linked hypophosphataemia: a randomised,
active-controlled, open-label, phase 3 trial

Erik A lmel, Francis H Glorieux, Michael PWhyte, Craig F Munns, Leanne M Ward, Ola Nilsson, JillH Simmons, Raja Padidela, Noriyuki Namba,
Hae Il Cheong, Pisit Pitukcheewanont, Etienne Sochett, Wolfgang Hogler, Koji Muroya, Hiroyuki Tanaka, Gary S Gottesman, Andrew Biggin,

Farzana Perwad, Meng Mao, Chao-Yin Chen, Alison Skrinar, Javier San Martin, Anthony A Portale 1 mg/d I _ 0 323 m mo I/L
= '

Summary
Lancet 2019; 393:2416-27  Background X-linked hypophosphataemia in children is characterised by elevated serum concentrations of fibroblast

aged 1-12 years.
Conventional Burosumab Mean serum phosphorus 0-74 (0-08) 078 (0-08)
therapy (n=32) (n=29) concentration (mmaol/L)
Mean age (years) 63(32) 5.8 (3-4) Mean TMP/GFR ratio 0-65(0-11) 071(012)
Patientsyoungerthan S5years 12 (38%) 14 (48%) (mmol/L)
Girls 18 (56%) 16 (55%) Mean serum 1,25(0H).D 96 (36) 110 (48)
Boys 14 (44%) 13 (45%) concentration (pmol/L)
Ethnic origin Mean serum 25(0H)D 7938 (2514) 80-63 (26-15)
White 25 (781%) 25 (86-2%) concentration (nmol/L)

Asian 6 (18-8%) 2(6-9%) Mean alkaline phosphatase 523-4 (154-4) 510-8 (124-9)
Other 1(31%) 2(6-9%) concentration (U/L)

Geographical region Years of duration of previous conventional therapy
Japan 3(9%) 2(7%)

USA 15 (47%) 16 (55%) Mean 43(30) 33(31)

Canada 7 (22%) 2(7%) Median 35 (1-88-6-33) 2-2 (1:56-3-47)
Europe 3(9%) 2 (7%) Total Thacher rickets severity score

South Korea 2(6%) 0 Mean 32(11) 32 (1.0)
Australa 2(6%) 7(24%) Median 3.0(250-400)  3.0(2:50-3:50)

Height Z score
Patients with a total Thacher 20 (63%) 19 (66%)

Mean -21(0:9) -23(12) . ) .
Medi - 5 rickets severity score higher
eaan - 23 than 2.5

(-2-51t0-1-44) (-3-05to-1-45)




A Radiographic Global Impression of Change

Global score Lower limb deformity score
37 p<0-0001 ]
p<0-0001 — p<0-0001 A

— T —
Lo

C Alkaline phosphatase

Mean score
juawanosdu)

—e— Conventional therapy ~—#— Burosumab
---- Upper limit of normal 385 U/L

7504

p<0-0001 p<0-0001 p<0-0001

v ] Conventional thera
( Y 650 | T P<0-0001 T p<0-0001
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| | |
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A Serum phosphorus C 1,25(0H),D |
2.0 — 360 _ p<0.0001 —e— Conventional therapy

—B- Burosumab

1.9- —e— Corventional therapy ---- Normal range 67-264 pmol/L

1-8 —=— Burosumab
17- ---- Normal range 1-03-1-97 mmaol/L ~p<0-0001
1.6
15—
1.4 | p=0-0001
1.3 p=<0.0001

1.24
1.1

p<0-0001
p=0-0001

p<O-CIOOl—|

p<0-0001 p<0.0001 p<0-0001 p<0-0001

Mean serum phosphorus (mmol/L)

Recumbent length and standing height Z score

B TmP/GFR 07 7 —e— Conventional therapy

1.8+ —e— Conventional therapy 6 ™ Burosumab
—=— Burosumab 0-6

1.6 ---- Target range 0-84-1-42 mmol/L 0.5

0-4 -
0.3

1.4
p<0-0001

1.2
1.04 T

087/

0-2

MeanTmP/GFR (mmol/L)
Change from baseline

©
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Sustained Efficacy and Safety of Burosumab, a
Monoclonal Antibody to FGF23, in Children With
X-Linked Hypophosphatemia

Agneés Linglart,"? Erik A. Imel,® Michael P Whyte,*® Anthony A. Portale,®

WolfgangHégler,”2 Annemieke M. Boot,’RajaPadidela,®Williamvan’t Hoff,"

Gary S. Gottesman,'2 Angel Chen,'® Alison Skrinar,”® Mary Scott Roberts,™ JCEM 2022
and Thomas O. Carpenter'
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« Patient with confirmed XLH (based on clinical features and biochemistry, and family history or confirmed genetic mutation)
* Phosphate below lower limit of normal range for age (NR)
* Off conventional therapy (phosphate and calcitriol) for at least 1 week

h J
Commence Burosumab 0.8 mg/kg (to nearest 10 mg) subcut every 2 weeks

¥
Monitoring of serum PO4 (4 weekly for 3 months then 3-monthly)

/ ' '
2 consecutive PO4 below NR PO4 norr:'ual range PO4 > NR
4 weeks apart |
; l
Increase dose (as below) : T *  Withhold dose
Continue current dose «  Measure PO4 four weeks later
TRt tlrgg] Ilr:rem (me) ::;mse (me] * Once PO4 < NR, recommence at reduced

15-18 10 20 30 dose (as below)
19-31 20 30 40
32-43 30 40 60
44 — 56 40 60 20
57 — 68 50 70 90 15-30 10
69 — 80 50 90 90 40-50 20
81— 93 70 50 90 50—70 0
94 — 105 80 90 50 50 0
106 and greater |90 90 90

Starting Dose |First Dose Second Dose

Body Weight (kg)

Previous Dose (mg) Re-Initiation Dose (mg)
10 5

Do not adjust more frequently than 4 weekly
If PO4 is still below reference range 4 weeks after dose change, can
restart at 0.8 mg/kg every 2 weeks

*Do not adjust more frequently than 4 weekly

Journal of Paediatrics and Child Health 58 (2022) 762—768




Burosumab dosing and monitoring of serum phosphate

algorithm Endocrine Connections
(2020) 9, 10511056

Initial dose:
0.4 mg/kg by s/c injection
every 2 weeks

Increasing the
burosumab dose
should be considered
after two consequent
measurements of

0 weeks

~ 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

1 1

R R e Maintain current dose i phosphate levels |
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very 2 weeks durin es e :

& ; € Blood tests for target serum Serum phosphate Titration period (up to | referencerange(d4 |

LI TR, hosphate in target range? 3 months typically) | weeks). Theinereass: |

followed by every 4 } PU0sP g g& No | of the dose will also i

weeks for 2 months _ v ! _ere?d on the |

and thereafter as e ————— Increase dose stepwise by 0.4 | c(l(':';":'ci?ns dl;:iree:\'t?: |

appropriate Measure fasting serum mg/kg every 4 weeks to a i weiggﬁt) i

phosphate every 4 maximum dose 2 mg/kg i Dose to be adjusted i

weeks after each dose | (maximum absolute dose 90 mg) i according to the SPC :

Maintenance period adiustment =~ 3200 | 000 ammmee =

: If fasting serum
: phosphate is above
: the reference range
: for age, the next dose
I
i
I
I
i
i

v

y If no adequate response in

should be withheld
and the fasting serum

a Clinicvisits (including phosphate and clinical parameters phosphate reassessed
Recurrent: 3-6 hosphat Consider reverting to conventional t—--Within 4 weeks __ 1
months e A ta )e therapy according to clinician
measurements e eion




A Randomized, Double-Blind, Placebo-Controlled,

Phase 3 Trial Evaluating the Efficacy of Burosumab,
an Anti-FGF23 Antibody, in Adults With X-Linked
Hypophosphatemia: Week 24 Primary Analysis

Journal of Bone and Mineral Research, Vol. 33, No. 8, August 2018, pp 1383-1393

Table 1. Baseline Demographics and Charactenistics

Tabde 1. Baseline Demographics and Characteristics Placebo Burosumab Tozal
n= 6} = 68} {n=134)
m ““;j”g;" {nT_"'f'M Sarum phosphate (ma/dL), mean £ 50 1.9+ 032 2.0+ 030 20+ 031
_ _ _ TmPAGFR (mgfdL)® mean+ 50 1.6+ 037 1.7+ 0.40 1.6+ 030
Age lyears) Serum 1, 250H)D (pg'ml)® mean+ 50 335+156 3244130 330+ 143
Mean £ 50 L 128 H3L118 400122 B carum calcium (ma/dl),* mean+ SD 0.1+ 0.41 0.2+ 0,49 9.2+ 045
Range 185-655 00534 185-655 mgratl
Female, n %) 13 (65.2) 24 (E4.7) 87 (64.0) Serum iPTH (pg/mL)," mean + 5D 95.2+3348 989+ 608 970+ 509
Racz. n (%) Conventional therapy ever, n (%)
White 53 {303} 55 (80.0) 108 (BO.E) Phosphate + witamin 0 metabolites or analogs B2 (B39 SO (868 121 §80.3)
Asian 3138 12 (17.6) 21 (157 Phosphate alone 1 (1.5 344 4 (3.0)
Black 1143 0 1 Vitamin D metzbolites or analogs alone 3 4.5) 344 & (4.5)
Other . . - 11015 1013 2015 Conventional therapy before age 18 years, n (%)
Geographic region, n (%) 3 it i r 1 (5670 (50,4
Miorth America/Europe C8 (87.9) 5B (853) 116 (BE.&) Em::tt: al;:;wm D metabolites or analogs 4? ::;EDT 42 tﬁf Qi ::i‘g:,lq
- - . hasp ] 4) -2
;aﬂzau: e i :ig'. i t?g'l 1?1 L-.Eﬁzl:' Vitamin ' metzbolites or analogs alone 4 &) 574 9 (8.7}
Height® mean+ 5D ! ' ' Conventional therapy duration (years), mean+ 5D
Centimeters 1534118 152+ 05 1524+ 107 Fh::-spha.te" 162+ 102 168107 165+ 104
Z-score® -23+13 -23+12 -23t13 Vitamin D' metzbolites or analogs® 175+1149 19.0+10.0 182+11.0
Percentile r 72+ 121 64+ 129 68+ 125 BFI worst pain =6.0, n (%) 43 (£5.2) 53 (77.9) 96 (7156
gfr:; m*:ft'_"’ﬂ‘ jq?ml]- mean-+ 5D 306+ 78 300+75 303+76 Any pain medication at baseline, n %) 44 (66.7) 47 (69.1) o1 (67.9)
mutation, i (% o - o Any opioid at baseline, n (%) 13 (197 17 (25.0 30 (2.4
Ef‘:ﬂl""?""? — Ev Tiia e [ Enthesopathy on Xray, n o 65 (98.5) &8 (100.0) 133 (99.3)
Variant of uncertain significance a1 {133 17 (127 ”E'F'hM|_‘-"“'3‘5'5 SCowe =0, n (%) 3% (59.1) 34 (50000 73 (545
Mo mutation 1015 & (B8 7i52) Medical history, n (%)
Orthopedic surgery 47 M2 45 (86.2) 0z (83.7)
Cstecarthritis 3 (57.6) 47 (59.7) 8BS (B34

burosumab 1.0 mg/kg or matching placebo

administered Q4W.



5.0

Peak Serum Phosphate (mg/dL)
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=~ Burosumab
=+ Placebo

1.5:,
Jf
VA S S S S SR |
012 6 10 14 18 212
Weeks
C) TmP/GFR
4.07 -~ Burosumab
=+ Placebo
3.51
%. 3.0
B
E
T 257
L
g
E 20
¥ = ——
1.5:,
‘f
/ / / / / / /

12
Weeks

22 24

B) Serum Phosphate at End of Dosing Interval

5.0 =&~ Burosumab
=+~ Placebo
4.5. ...................................................................................................................
3
S 4.0
E
2 35
=
&
o 3.07
L
o
5 2.5-
&
= 2.0
[<)]
3
E 1.5:,
‘f
0 4 12 20 24
Weeks
D) Serum 1,25(0H),D
== Burosumsab
1404 = Placebo
. 1204
E
g 1004
R
T 801
(o]
q
~ 604
E e
E ----u-...-.._..
3 40- L_i_i-------------------:::::
201
N A / / A
012 4 202122

Weeks



A) Serum Calcium B) 24-Hour Urine Calcium
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A) Fracture Healing B) Pseudofracture Healing in a 38-year-old Woman Treated with Burosumab
501

Baseline

Il Burosumab 43.1%
28/65
B Placebo ( )

40

304

20

107

% of Baseline Fractures Healed

Week 12 Week 24

C) PINP Baseline: 32 (47.1%) subjects in the burosumab group had 65 active
2501 fractures (including fractures and pseudofractures) and 38 (57.6%) subjects
in the placebo group had 91 active fractures

200+ 197%
181% 1000+

150 800-
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A) BPI Worst Pain B) WOMAC Physical Function
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The Western Ontario and McMaster Universities Osteoarthritis Index

C) WOMAC Stiffness WOMAC)

Name: Date:

6~ Instructions: Please rate the activities in each category according o the following
scale of difficulty: 0 =None, 1=Slight, 2=Moderate, 3=Very, 4=Extremely
Cirele one number for each activity
Pain 1. Walking 0123 4
- 2. Stair Climbing D123 4
» 3' 2. Nocturnal D123 4
7 4. Rest D123 4
5. Weignt bearin 0123 4
4 0.25 e
| Stifiness 1. Moming stiffness 012 3 &
= 2. Siiffness oceuring later in the da D123 4
] "—‘—
- 0' Physical Function  1.D staire D123 4
(2] 2. Ascending stairs D123 4
(&) 3. Rising from siting D12 3 s
< 4. Standing 0123 4
E 5. Bending to floor 001 2 3 4
3 -
o) 6. Walking on flat surface D123 4
; Z. Getting in / out of car D123 4
T £ Going shopping 01234
c T 9. Putting on socks 0 1.2 3 4
—
o 10, Lying in bed 0123 4
o '6' 11. Taking off socks D123 4
c 12. Rising from bed D123 4
o 13. Getting infout of bath D123 4
L = 4 14 Sitting D 123 4
0 =B= Burosumab 7 87 15. Getting on/off toilet 012 3 4
'9' . 16. Heavy domestie duties D123 4
17 Light domestic duties D123 4
=+ Placebo P=0.012
bl Total Seore: 196 = %
E S
- Comments / Interpretation (to bé completed by therapist only):
-12 T T T

0 12 24
Weeks




CLINICAL TRIAL

Burosumab Improved Histomorphometric Measures of
Osteomalacia in Adults with X-Linked

Hypophosphatemia: A Phase 3, Single-Arm, International
Trial

Karl L Insogna,' © Frank Rauch,? © Peter Kamenicky,® Nobuaki Ito,* Takuo Kubota,® Akie Nakamura,®
Lin Zhang,” Matt Mealiffe,” Javier San Martin,” and Anthony A Portale®

Journal of Bone and Mineral Research, Vol. 34, No. 12, December 2019, pp 2183-2191.
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Clinical Research Article ENDOCRINE
SOCEETY

The Journal of Clinical Endocrinology & Metabolism, 2023, 108, 155-165 -‘

OXFORD

Long-term Burosumab Administration Is Safe and Effective

in Adults With X-linked Hypophosphatemia

Thomas J. Weber,'® Erik A. Imel,?® Thomas O. Carpenter,>® Munro Peacock,?
Anthony A. Portale,* Joel Hetzer,® J. Lawrence Merritt II,°> and Karl Insogna®

Table 1. Baseline demographics and clinical characteristics

Parameter

Age, mean (SD)
Sex, Yo )
Female
Race, n (%)
White
Black or African American
Ethnicity, n
Not Hispanic or Latino
Hispanic or Latino
Height (cm), mean (SD)
Weight (kg), mean (SD)
Laboratory parameters, mean (SE)
Serum phosphate (mg/dL)
Serum calcium (mg/dL)
Serum 1,25(OH);D (pg/mL)
Serum iPTH (pg/mL)
TmP/GFR (mg/dL)

n=20

49.8 (12.9)
14 (70%

19 (95%)
1(5%)

147.8 (10.6)
78.9 (22.7)

1.9 (0.1)
9.1 (0.1)
32 (3)

111 (10)
1.6 (0.1)

Table 2. XLH-related medical histories

Diagnosed with, n (%)
Short stature
Bowing of lower legs

Abnormal gait

Osteoarthritis
Excessive cavities
Bowing of upper leg
Enthesopathy
ened wrists
Kidney stones
In-toeing
Hearing loss
Knock
Bowing of forearms
Nephrocalcinosis
Impaired renal function
d walking (first walked =15 months)
Ribcage abnormalities
Cranial synostosis
Chiari malformation
Other
XLH symptoms in the last year, n (%)
Joint stiffn mited range of motion

ghing
Tinnitus (ringing in ears)
Other

I I S
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CLINICAL TRIAL

Burosumab for the Treatment of Tumor-Induced

Osteomalacia

Suzanne M Jan de Beur,' Paul D Miller,” Thomas J Weber,? Munro Peacock,* Karl Insogna,” © Rajiv Kumar,®
Frank Rauch,” Diana Luca,® Tricia Cimms,? Mary Scott Roberts,?® Javier San Martin,® and
Thomas O Carpenter’

Table 1. Baseline Characteristics 1 mg/dl= 0,323 mmol/L
Characteristic, statistic TIO (N=14)

Male, n (%) 8 (57)
Age (years) 56.9 £ 103
Years since diagnosis 13.7 £ 13.0
Body mass index (kg/m?) 338 + 75
Race

White 12 (86)

Black or African American 2(14)
Serum phosphorus (mmol/L) 052 + 0.15
Serum FGF23 (pg/mL) 416 (94, 2569)
TmP/GFR (mmol/L) 036 + 0.17
1,25(0H),D (pmol/L) 68 + 23
25(OH)D (nmol/L) 77 29
Serum iPTH (pmol/L) 9 (1, 54)
Received prior phosphate treatment 13 (93)
Received prior active vitamin D 14 (100)
History of hyperparathyroidism 2(14)
History of nephrolithiasis 3 (21)
Tumor located at baseline® 6 (43)




A) Serum Phosphorus
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A) Histomorphometric Analysis B) Fracture Healing
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LETTER TO THE EDITOR

Burosumab for Tumor-Induced Osteomalacia: Not
Enough of a Good Thing

Iris R Hartley ©@ and Michael T Collins

National Institute of Dental and Craniofacial Research, National Institutes of Health, Bethesda, MD, USA

Study Blood Phosphate Fracture Healing

4.5
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— x baseline Pi = 1.9 mg/dL | Bl P B =N fgg i remain at 24 weeks
> Starting dose = 1 mg/kg - ?: n= 3
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1 / / Vi s / /
o M 12 20 24
Weeaks
4.0 lx | e New finding Partially healed
Imanishi, JBMR, 2020 g 30 K - - - - -:U;::nged = Healed
o Nn=13 on Burosumab ‘iif 25 g 0% .
— X baseline Pi =1.6 mg/dL £ E > - 67% fractures
— x length disease = 10y £ o 30 = 71% pseudofractures
x dose = 1.0 mg/kg @144w °s m—y remain at 96 weeks
O ine & 36 34 92 46 4% 5% €4 72 % &% 86 1be 332 23 e acing We:k24 e Week 96
N s e e g
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REPLY LETTER TO THE EDITOR

Reply to: Burosumab for Tumor-Induced Osteomalacia:
not Enough of a Good Thing

Suzanne M. Jan de Beur,’ Paul D, Miller,? Thomas J. Weber,® Munro Peacock,” Kad Insogna,® Rajiv Kumar®
Frank Rauch,” Diana Luca,® Tricia Cimms,” Mary Scott Roberts? Javier San Martin,? and

Thomas O, Carpenter”

"sohns Hopking University Schod of Medicine, Battimons, MD, USA

Cearter for Bone Research, Lakewood, 00, USA
ks University, Durharm, NC, USA
Yindiana University School of e, Indianapalis, IN, U5A
Fyale University School of Medicine, New Haven, CT, USA

lege of Medicine, Rochester, MN, USA
| University, Montreal, Canada

St ey Pharmscewtical ne, Novate, CA, LISA

To the Editor

‘We apprediate that Or Hartley and Dr Collins recognize the
importan ce of burcsumab as a treatment for patients with tumdor-
induced osteomalada [T and X¥dinked hypophosphatemia
({LH). Burosumab i the only US Food and Drug Administration
[FDAlapproved therapy for patients with TIO who have unresect-
able or unlocalizable tumars Up until the approval of burasumab,
treatment with active vitamin D and phosphate was the standard
of care fior medical treatrment of TIC. Howeves, treatman twith these
agents must be cargfully monitored and titrated to awold side
dfects such as secondary hyperparathyroidism, hypencalduria,
and nephrocalcinosis For these reasons, dinidans aim for blood
phosphate levds that are just within the lower limit of nomal.
The registrational TIO st'udy"w' was desgned in the context of this
traditional appmach to treatment and was implemented prior to
the avallability of robust, long-tem safety das of burosumab in
adult patients with XLH=* As such, burosumab was initially given
at a consenative dose (13 mg'kg every 4 weeks) and then titrated
to a madmum dose of 20 mo'bg eveny 4 weeks to achlewe a serum
phosphate leve just above the lower limit of nomal. Some patients
reqyuired higher doses to reach the lower limit of normal, and these
doses were well Dlerated. Based on these data, the FDA has
approved burosumakb for patients with TH with doses ranging from
5 mg'kg every 4 weeks up to 2.0 mg/kg every 2 wesks.

Although XLH and T2 have the commonality of fibroblast
growth factor 23 (FGF23)-mediated hypophosphatemia, they
are different diseases with different underlying etiologies and
dinical manifestations MO symptoms and physcal signs can

be more debllitating. As such, it ks difficult to directly comipare
burocsumab efficacy across disease states and across dinical
studies with different assessments and endpoints. Compared
to patients enrolled in the adult XLH Phase 3 clinical triaks, >
MO patients had lower serum phosphate higher FGF23, and
more variable histomorphometric parameters of ostepmalacia
upon study entry. The latter may be explained by differences in
study enrollment oriteria in which T} patients continued to
recefve phosphate/active vitamin D until 2 wesks prior to study
entry, whereas ¥LH patients in the bone blopsy subset were ind-
igible to partidpate if they recelved phosphate/active vitamin D
within 2 years prior to study entry ™

Fatients with T treated with burosumab experienced
significant improvements acoss multiple measures, including
some measures of osteomalada, fracture healing, and patient-
reported pain, fatigue, and phyd cal functioning. OF note, dgnifi-
cant changes were seen in the stting of a small study popula-
tion of 14 patients, and despite the fact that most patients did
mot reach an effective burosumab dose until the end of the
16-wesk titration period. Because of the titration period, patients
were on an effective burcsumab dose for only 32 weeks at the
time of the second bone biopsay, which may explain why dgnifi-
cant improvements in some, but not all, osteomalacia parame-
ters were observed With longer burcsumab treatment, we
would expect to see greater improvements in these measures
a well Similardy, 33% of fractures were fully healed after
144 weeks of treatment. In this study, fractures were assesed
by fulkhody bone scan, whereas the XIH studies™® used

Thiks ks an open acoess articke under the terms of the Ceative Commons Attebution License, which penmits use, distsibution and repsodu chion. in amy medium,
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LVOUTEPUG T

* H yopiiynon Burosumab c¢ acBeveic pe XLH kot TIO
* AmokaBiota TIc Proynukéc olatapayES TG VOGO
* AoxkaB16TA TIC pOYITIKES OAAOLMCELS - OOTEOLAAOKIN
* Beltiwvel 1o puOuod avAamtuéng, Tic 0GTIKEC TAPALOPPDGELS KOL TOV TTOVO
* BeAtiwvel tnv TOpmOON TOV KATOYUATOV

* Beltiwvel ) @uoikn opactnplotnTa



Evoeicelg

* O¢gpaneia XLH og oot ko eprifovg niikiac 1-17 etov pe aktivoloyikd
emPePormpevn 0GTIKY) VOGO KOl GE EVIIAIKEC.

* O¢gpaneia FGF23 emaymuevnc vropmopopopiog AOym @mGEATOVPUKOV
oykov (T1O) mov dev pumopel va avTineT®model yeypovpyikd 1 Oev

evtomiCeTon o€ maold ko epnPoug nakiog 1-17 etdv Ko 6 eviAkec.
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