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RAET  MHHCEFEVIEEEEMEE (X-linked hypophospatemic rickets )
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WHERMEAE REF 23 (fibroblast growth factor 23)
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HE A {2555 (vitamin D-dependent rickets » EfffE
£ 32 DA AERR ) s 2= B A9 2195 (nutritional
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& 18 N B R R AR IR e Y = B TR R
Mk PSS T 2k ) #52 k BR BEY RL3E. - FGF23 it
= NE R IO A - T
R BFREIMAE (hypophosphatemia) » [F]F
IR HEESR D IEMEAEY) 1,25-dihydroxyvita-
min D ( #% 5 1,25(0H),D) &L > -

XLH By HAE R EE - BiRbE -
HETHE NS R BRI EERE > - H
* XLH B9%E FLEFIER R R BRI S50, - 2R
WAL E - 8ESR XLH 2 BRE 2 /NS I RE -
BANR R AAFAE T B JE B0 T IR T2 98 B A

(80 BWALGERE RS B2 mA RS (|
AR - FHERRE R T BEE)
HIJE =5 FE HE 1T 2 7 © - & B1I5 (conventional
therapy) Ryt PR BRI EHEAER D - (HS
B BB AR S A S

2018 4 B2 F1 & Bl L burosumab » H
HAH A 1gGl B R PL#E (recombinant human
IgG1 monoclonal antibody) * A A5 XLH -
Burosumab FJ AT i B /] VE 1 I IR A PR
W A WL BETAR - OGS SR ThRElE
Bt - B BUG A LU SR R 27 - TR R B
FEPRRT burosumab FIA XLH 52 B A HEAEY
B R ERBRAG SR S5 o ARSI FE I SURRERRT » A%
Erimadt XLH AUfREAREE - R RAEIRFISEY)IGHE
AR R TERG S -

XLH AYfRIE M

XLH /& FH A # 5 PHEX Y £k [K] Z¢ 88 » i
L FGF23 &R o I N 20w - PHEX 2 H
J& 72 P bk 85 P Y1) B (neutral endopeptidase)
F BB RSAY B (osteoblasts) ~ B E A A
(osteoclasts) 3% » TEIRNG 2% 5 W5 88 B G
RALRF 2RI 114 - PHEX 288 €18 5 ASARM [l
ik (acidic serine- and aspartate-rich motif peptides)
T2 (HFs PHEX HYAEE ) » AT HS 0 FGF23 1Y
IR BEERER R AR R e A A ! -

e P B Ak 1 R P T P T/ NERGE
T2 80-97% Ytk B A e PR I - TR AKHE
$79 / sk 48 3 25 H (Na/Pi cotransporters) ¥} §1 &
JE£ R B A D+ O M b R AR/ R EE R

F 5 NaPi-I1a bz NaPi-IIc' - FGF23 B FGF %
8 (FGFRI1c) Jx Hiif B 32 #8 o Klotho #5 & JE X
=EEY - BB B LPR IS ESY

12 %€ extracellular signal-regulated kinases 1 and
2 (ERK1/2) k& serum/glucocorticoid-regulated
kinase-1 (SGK1)1% « g | (9 o Klotho %% H
ERK % /% 1k 18 9% » 2 4 7Y Na+/H+exchange
regulatory cofactor-1 (NHERF1) fs B 1L fily 5%
NaPi-1la F1 NaPi-lc [ g - DRI 982 % 19
W M B EE BEER IR - FGF23 » FGFRIc H a
Klotho J& 5% 1 #2 & ¥ [A] I th & 3iiE CYP24A1
(24-hydroxylase » H Es X 1,25(0H),D EEEAYFES
1LH ) ~ #I5] CYP27B1 (25-OHD-10-hydroxylase
H By &L 1,25(0H),D BEIRHYRRALEG ) » (Kl 5
1,25(0H),D & I A HARGEE I - S84 3%
D JEERE 1o
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A Al B {E B AU A R R INUE ~ i1k
TSRS (alkaline phosphatase, ALP) F75; » [E51ER
FETEH » R 1,25(0H),D AR » BE
EFER A - KR 5 HERR KA 3 o BIHR
I8 % (parathyroid hormone, PTH) F] 58 1E 7 8 fH
i - ErElE NSRS A 4R 3R D siERE
FHERHA EAERE ¢ -

XLH PP i B 72 FRAROK » (Eis Ay i
R R EN 2 SRS E AEE T - XLH K
IR A FTRE R HAMEIR - ZAM AR % XLH
SR A% T5e 2R A EAR 1 XLH fE &% i B
RN IAHBIEAR RS AR = 13671415 .
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XLH RIRG B nE EEER R B4 a1

2 i 1111375 R PR R g NI I XILH 1R 38 B RY
FIETRE - RS S & BRSNS
AN BRI FFEAS .

ARG Y R LSS Dl R |
LLE 43 7 AL 1 (2 B EERE R (rickets
severity score, RSS) ¢ RSS ‘EHR#E#: 4 (metaphy-
seal) EEIE UL B ~ [MIPEFE EEFIA4E R b (growth
plate) SZFZEELLG » FA T iou B R R B 160 (555
BREEAERE - RSS By 10 7085k » DUEAREBE B 1]
TR - Fhitkm 4 5 0 REET &= 6 57
18 BEZoR BRI B A s 10 -

A s G RS 34E (Radiographic Global
Impression of Change, RGI-C) F] FAFHG 1A EE R
t&EyEL - B2 RSS ANIA] - RGI-C 1 7 BANE
3% (7-point ordinal scale) » FFAFEAR A [F] B FE
B e g e - L3~ 2 -1

R= : MESEEERHRERE(OEENIRRER 15671

T FFiE

B

Gy NN B~ R R BCEAL 0 0 43 RRIR
GEME > +1 > 42~ 13 P RHIRRERR IR E RS
(minimal healing) * BEZ 8 (substantial healing)
M5Ea / gEEE 2 E - RSS @ MEREHIE T
% » RGI-C RIFRHERTEAEM LAY E M REAY 1€ -

KIS BB A R4 AT 6 43 #8117 3E
HIE (6-minute walk test, 6(MWT) » H B &A1k
XLH # 5 #IINRIZEE - WA ERIGERR
JEREET ARG » 15 RS I HE [R50 8%
2 I HEE R e A T e e i (/e P S e e 1 L e
&R REL - TR B LR AR ° -

540+ E A B I B S R A AR
Yiky ALP - IE R B SHIRR AR 1 -
16 R B8R WAL E 16 R AREAR R - A B H
ALP JH&E HIR$F5E AL » & » & EwRIE
R D B Y - ALP SR IE AL - IRESFRLA
s 3 e

IR A 0-5 J% HHEHART 5 HHEM A

SEHEAER 3 1-3%/ H 1% /3-6 il F 1R /3EA 1 & /6-12 8 A

LA i 1. B RRIETEAE 6-12 fifl FH IS Aage 13 - 1. AR AR 5 BB RALEAE - N ERRE
2. BB AEBHIA BRI TREAEE « BAEDRE C SEITE BN BEEBTISREEETT Y REGE
TR 3 o SEALMERRETR - HERRE S
3. BEE R TTRES [ B 1T M RIS ~ 88 2. BA—f% AMHLE - B SR RAK HLLE B s
17 A (B e v o i 22 Sl b T SRS, B By B A L TR AR © -
e R SO = N[TITEE S8= 2 7 7 T N 3.40 UL R AR FAREETR (RRETR R
ANGFTRGRLTEAL B S - AR IR, W) ¢ TR BT B B a0 ey e
EREEEE - DG IRIEERS » 5.6 L R A S
B9 AR FEETT 6 20 #4T E HEA DARE A B s
LA BRI 3 o

ERESS) | FEPAA Btk - SEFEET 2 RERE S - LA - FREIHARE RS RsEE K - BEE
2. 12 BRI IE TR ERG IR T4 3 - BEERE - HEMEARL R -
3IREMI A BEE A - IIRFE R L s > 78 25848 AU T RLRERE - B - WiE DIk
LI LR B L (A o e g 2 U A i 7 7 - Frit XOUFEF TR © -

HoAth BERE R - THE A R RS o TREHEREE T 1 BMEREYEE ¢ REIAHEAE A SR - Bl

TEARET » RECETHE Y - FEEERR O
g3 -

OIS M 5 D AHRE - B LIRS e
LGHER A

2. BIFRIROUHE © EEM RN T -
T TR R i 1 o
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R LU OB © -
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XLH AYEZER

L EAA M EERR R BGE GERRE &
REERE GERR) ~ M7 B R R F R
S2HHEE S A R AR 5k 5L
DUk (/8 L7 R R A A - e Y 2225 i
HEERHETT XLH W2 B - MHREERER R
a3 e BRI A AL BRBR v Ve DA S A
B~ AR~ IRER ~ (Ko TREA IR
TE R IR B/ VE i PR TR FE W (B4 -

Fanconi syndrome ) $& 712287 317 -

EH IR R ESLE TR
i) o FEHACRERy XLH BUfR A - FE R — I A FE R
ST AR SO EETT I3 T R A A 117 FH R I
w2 & PHEX Z2€%8 Koa it LT R - ALP -
PRUFEMEEE 15 o A A E XLHR A (REIE
W) o DB ERELN ) AR E XLH
WA (B ERIET)  AEaeEl
ﬁ 34

XLH BYEEY) 65
L XLH AHEZE R, Bz AR 2A
65| I 5L H i BRI - 52

RO - MESEE R E(OEENREDZERE

VI 5 A 4 A B O P A 22 % Haffner
D % AJA 2019 FEFERAVERIER ® (RIgRI#
12 (EEMEE S & HIER] ) - Bl burosumab JT4-
REEATIER AR FE > 12 o

1% % B8 4 7 ) A0 & 1% #E 2£ = D (phosphate

supplementation and active vitamin D)

2018 = DAR(T » W IR A Fo B ROTG PEAE AR SR

D J& XLH HyME—JEHREgEY) - BN H BIRE -

— R BAPREE S RINIVE MEAE AR 3R D #RE
T IR B 22 MR I W R SRR B
BB R R EE IR IR (ratio of renal tubular
maximum reabsorption rate of phosphate to
glomerular filtration rate, TmP/GFR)>7 - f
RREAHE FE P e LIS MR AE AR D — ARG T
F B T e A2 A oy (R g 1 il IR
JUE -+ [RTEI FH TR I B B 3 22 e P Y 5 e~
fhr - (SRR - &R IR &R DURs B A

B R LR U > -

T KPRRIRRE - BRI B BR A
Z BT FH B B EE R A+ Fe A e 1 DA
) ¢ Tk I R Al 7S ) RO 1 AfE 2 3R D RO
o ZRTARBIGR VIR AN A

affhE H FELRA

FEAINSUNREIN

BRFRTF {7
PRI

1 SRR - ek fn (haesdl - ki)

2. WA~ SRR ~ B FPART (50 BRI
3. o FHwdr « TREIRETT - EENFEEALAILIGE
4. TR ~ BHETTRENEE  FiEmE ~ MRS

5. BEJTRHS

G ET kTG - MRnIEg

EF TG - Mg h

(FTHZXEHEBLIFRHE ~ IaRERTEAR % LLBRG0)

MR AR >
PRIRAEALR A > G c P~ Ca Cr

P~ Ca~PTH " ALP * Cr~ 25(0OH)D * 1,25(0H),D

P~ Ca~PTH > ALP ~ Cr

P~Ca~Cr

FERIZ2HET © TmP/GFR ~ calcium:creatinine ratio

S PHEX FEAIRYEE M

EE T

FHEFSEITRRRG FGF23 ~ R SLRHE DR R B

ALP: alkaline phosphatase, Ca: Calcium, Cr: creatinine, FGF23: fibroblast growth factor 23, P: Phosphorus
PHEX: phosphate-regulating endopeptidase homolog, PTH: parathyroid hormone
TmP/GFR: ratio of renal tubular maximum reabsorption rate of phosphate to glomerular filtration rate
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BRHE R 2 H BUG R » LITEPG G 5L E RE i
LHRIE - JCH R TEAEARNGEIA > o RHABAIR
(9 N T B A T TEAEZE R D Bl & DA
T F PR M ESREAE AR ° «

- IR A TSR E R - AR S

%
P2 — - AR 1% R = Bl & DAJK A i s Bk
MBI EITE R - 2 80w A AT 32 16 5 7
&M DRI - TR
Ao aE - FLEAEE — K 4-6 K HAEKK
ANA[IEA B — R 3-4 K » DUHRTHIR ZE R IH
T P17 o Ryl G S5 B IR AR SE YRR -
A B A T B B R 'Y (Bl
4y) —HEARA 17

5 MEHE A Z2 D (calcitriol B4 alfacalcidol) HY

TFEHIE © Aok 1,25(0H),D iz ~ TR
R FF TR iR T3 L 3% el P W R G - 2R 7
BHZEEL VST GGG EE— KA
a] o W _EAGSEE BIARG I R R S
M - 5 1 PR 3 4 317 o 1E MR e AR

£F : FREREDABRBEREE > 17

T FFiE

R D RO BRI 5% » A ok 8 B
AT R o fE Y B PR L B
T AR - FHE R O fhg il B
ALP FHETEIE ° -

R HEER - BiEE EEER (E

o MUEFIEE ) ~ MR (EIEs
s HR IR DDRETUAE ) FIB B OF 3 (1= 8%
JR ~ B EV(FEHE nephrocalcinosis ) 7
R =8 H B 2 IR I 3 R R I
5~ PREGFINLERET - DLEEAL & 45 75 o e 8
VIR o = IR A L K 30-70% 0 TR
R A =SSR IENL N RE R 4 = 85
PR o 15 I $%5 555 $5 PR A2 Ik 4> calcitriol il &
HUFERE - EAHERF IR 85 / UEEET (calcium/
creatinine) kL {H < 0.3 mg/mg B{ R H & 24
/NI EE S B < 4 mg/kg!t o BREESBIARH S K
43 0 AERHEE A hydrochlorothiazide FEAK =
$5 R BB AE BE BT (potassium citrate) DL 11
FHO0I o (HZAD EAR R e i L IR K

SiE A

Wb

A

st

WRERER RIS MEAEE SR D

R

PR BRS SARER e AT e B
JCEW% 20-60 mg/kg/day
alfacalcidol 30-50 ng/kg/day
calcitriol 20-30 ng/kg/day

HEEE L BB Z RIS E Y
B5L » VAR H AL R TEBAHK
R 3 o

2. CH BB Ag A Ay GLEE

B R UG - $R
B B EREERE ~ 2
%EE*DE&%E%M#%‘E

Burosumab

ST oLk R 1~12 5%

BXEE 0.4 mg/kg
2 0.8 mg/kg
S ¢ 0.8 mg/kg

T 750-1600 mg/day
alfacalcidol 0.75-1.5 pg/day
calcitriol 0.5-0.75 pg/day

FER : 1 mg/kg

1. ALP Jhm—> B i P42 58 D
Pl -

2. M5 — Pk 5 R AE A 3R D Al
(S hRE ) -

3. Jo B e ML 95— Tl T i e TR A
TG TEAEESR D EEH] -

4. PTH Jhm—> 34 s PE#E 4 38 D
Bl (Sl iR ) -

1 EREARAY AR A+ Rz
B ATE TR IR R RE IS -
ERBE TR RNAR ! -

2. HFEARBY AR A - T8 H AR
FotE A ~ BEALRI A g
(WD Z -~ PRI
SEER) (B REUGEET
BEET IS 2 -

ALP: alkaline phosphatase, PTH: parathyroid hormone
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ST gk e R 3 L R T oA BE M 3 - R
TR 3 -

7N BRI BRI RS A AER D
HY ] AR W IE R IB RS B - R KR
SEAR B B (RRECE i~ A Rl E) &
LA ALP fg B (B B R vh 875 / WL I8 HeAB 253
# o SAMERREHIESH PTH » KB PTH %
BT =R Al 35 FHEE 5 calcitriol MY & B
U5 A e R R 1y R R R T 1 LA R
B BIKIBRE R RR— .

Burosumab
Burosumab j& EAH A¥H [gG1 BEEDTHE » &
Bl FGF23 A& IS & - EimIRE B NE S
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T PR A PR - R FH IR 1,25(0H),D A3

}E 3,59

—~ EAES  KBEON R - RERA
AR HBEA RS GERE  HY
BUGHR IR A =2 H BGH ~ (EFH
FUGHR L BLOFRE ~ REAS 43 Ba W A AR
F 5 AR AR K XLH 8B #ALiES |
FRC 5 A8 1 B ) AR IR T R Al
EE) ~ KR e g AL ES g4
HEBEE EA AR A 3 -

T~ YEEEEIA  Burosumab BEIGTAIERT—H TS
FH Wl B O B BT M AfE A2 R D DARER
25 ML 375 R P G A TE M - el R s
2R — 0 RIZELLEIT R 10 ~ 20 ~ 30 mg/

I\ : Burosumab RS BHEEE R EQEIEBEREZ 2T TR 5102

Study Carpenter et al. (2018)° Whyte et al. (2019)°  Insogna et al. (2019)'° Imel et al. (2019)!2

WFoeERst 26 2 WibUREReritls 28 2 MR E s 5 3 WSS ER RS 26 3 ARV ERRE e

WHgELt#  burosumab Q2W I Q4W  burosumab Q2W burosumab Q4W IX 27 B FHEH RIGHE * 5idk
(NCT02163577) (NCT02750618) 7 (NCT02526160) Ji% burosumab Q2W

(NCT02915705)
5 5~12 5% XLH %5 A 1~4 5% XLH % A 18-65 3% XLH K A 1~12 3% XLH 5 A
28y Q2W 26 A VS Q4W 26 A 13 A Burosumab fl 68 A VS FHEFEHIEHE * f132 A VS
LRI 66 A burosumab #H 29 A

JEHERIR  JEHE 64 31 SBHE 64 H SBHE 24 H B 64

FERET 40 HEL o4 EMEREE 40 NE MG M BILEEIMEL - Z2IRINE 40 B2 AR AR
FREERESY (RSS) By L, 1t Tl BT 1 3 A EL 3] Jis fi EE R AL

FERE 40 BEFEGG QW B Q4W 40 FFZE R IMIE B fEF] burosumab ZZFIMYE 40 FEHFEE A burosumab T
R R S BEEEFEILPIEE SR R ESCEE S E AR
HE TR gyl HITEHE *

HAFER 1R TPAENARESRS L 2EIAERERT LA TFAMENAREHEMN 1. {4 burosumab 1R B &

e E I -

2. WRE IR A 22 8 I e
B/ INE R R R A IR
R Ml i 1,25(0H),D
REREE L ALP
PR -

3. SEEUENT S Z score
6 s EE TR - #EAE
AN AR -

BHA  E -

2. e s AR BT
Gy EEE T RE S IM
% 1,25(0H),D &
JEEEZE BT~ ALP
HHE R -

3R SR~ G
7 R BRI
A EAME L -

HBE T

2. { A burosumab By &
7N S ek R R 1 W
# Il 75 1,25(0H),D
il 77 BB A b B
2 1

3.{# A burosumab ‘& 1

5 5 19 E R B R
LR -

JE BRI FE -

2. {5 F burosumab {5 i
HIREFE TR AL
AFHE R HIIARE * 3EE =
% o

3. {# A burosumab ZE g I i
W~ B INE SRR IR
e ==~ Il 3 1,25(0H),D
HIRFRE T HUEE « FHLLES
REE SN -

ALP: alkaline phosphatase, Q2W: every-2-week, Q4W: every-4-week, RSS: rickets severity score, TmP/GFR: ratio of renal tubular
maximum reabsorption rate of phosphate to glomerular filtration rate, XLH: X-linked hypophospatemic rickets

*E RO - ERRE R ARG AR D
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mL BRI/ - (] BV AR
ST 10mg BB R LU HEAGSE - SEHA
e SESER Ty Wl — RS ST - AGH
NPt 4 P FHEZE 'S

~ P AR A © Burosumab FEARIEZENE M

TR Rt T P R A - A 22 MR I 9 ke 22 1
R R EAIEEE MR - BKEL0.4 mg/kg 2K
AR - SR BB R EFRT 2 mg/kg
BHRAGEAEE 0 mg’ - FREYE) )
52 W) IR LR IG AR 1R 7-11 RETHIZE
R % - DS L A4 - RE TG
& > QIR RAGSERT R - BRI E ST
REIEYF R 1S

Burosumab HIERIKZETE

ST AR [ §E 25 3% burosumab {5 A XLH

[FIAF e R IR T ERE R - BN~ B -

—_ N

{50 A S BE JEEEE (5-12 8% ) © Carpenter 3£ A
HIBTZE » LL#R burosumab i FFA 5L B9k A

T FFiE
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Pharmacotherapy for X-Linked
Hypophospatemic Rickets

Chen-Chang Huang, Shih-Han Wang, Ai-Yu Yang

Department of Pharmacy, Kaohsiung Medical University Hospital,
Kaohsiung Medical University, Kaohsiung, Taiwan, ROC.

X-linked hypophosphatemia rickets is the most common form of hereditary rickets and is caused by mutations
in the phosphate regulating endopeptidase homolog X-linked, resulting in abnormal regulation of fibroblast growth
factor 23 (FGF23), which leads to reduced renal tubular reabsorption of phosphate. Typical symptoms include rickets,
osteomalacia, lower limb curvature deformities, bone pain, etc. Conventional treatment is phosphate supplementa-
tion and active vitamin D, but a high percentage of patients do not respond well to treatment. A recombinant human
IgG monoclonal antibody, burosumab, was approved for the treatment of X-linked hypophosphatemia rickets in 2018.
Burosumab binds to and inhibits the activity of FGF23, thereby restoring phosphate reabsorption in the renal tubules
and improving phosphate stabilization, rickets severity score, bone health and quality of life in both pediatric and
adult X-linked hypophosphatemia rickets patients. In this article, we discuss the clinical findings on the pathological
mechanism, clinical symptoms, and drug treatment of X-linked hypophosphatemia rickets through literature review.



