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Abstract

Tumour-induced osteomalacia (TIO) is a rare paraneoplastic disorder caused by fibroblast
growth factor 23 (FGF23) secreting from tumor that is resulting by hypophosphatemia from
decreased tubular phosphate reabsorption, with a low or inappropriately normal level of
active vitamin D. Chronic hypophosphatemia can eventually lead to inadequate bone
mineralization, presenting as osteomalacia. The diagnosis of TIO is usually suspected when
serum phosphate levels are chronically low in the setting of bone pain, fragility fractures and
muscle weakness. The only definite treatment is surgical removal of the tumour. Localization of
responsible tumors could be rather difficult since the vast majority are very small and could
be everywhere in the body. A combination of physical examination, laboratory tests and
imaging techniques should be applied. For those undetectable or unresectable cases,
phosphate supplements and active vitamin D should be administrated and curative intended

radiotherapy or ablation are optional.
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ATl 1 wamsasaaneaesufiRnisidleissiuvas FGF23 Tusraneiiiindu daudasan Shima-
da T, Fukumoto S. Chapter 10. FGF23 AS A NOVEL THERAPEUTIC TARGET *¥

nas2nL52 (Rapid action)

Hasseze12 (long term action)

Blood phosphate level i Fgn

Urinary phosphate excretion isdntios WinTudLau
1,25-(OH)2D level i avseUnAndeudw (low normal)
iPTH level i o

Bone mineralisation liAsuutas ANAITULTY

Growth plate structure Tiasuudas Moderately disorganized

ANEIYNITIFINYN
N1IATIANNSIEING19ENU generalized
osteopenia, vertebral double concave de-
formation, pelvis deformities Lag®13NU pseu-

dofracture line 19 usogrslsAniuiilosonsia
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1NA15M593078 dual energy X-ray absorpti-
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Yanguuninnagasdng waz (c) looser’s zone # shaft of fibula, AnAENAIN Sciubba DM, Petteys

RJ, Shakur SF, et.al. En bloc spondylectomy for treatment of tumor-induced osteomalacia.

Journal of Neurosurgery Spine. 2009; 11:600-60
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1 ALY LAWY
{ilaalaaans iaataunans)
25-35 1 1.00-1.35 0.96-1.44
45-55 1l 0.80-135 0.88-1 42
65-75 U 0.80-1.35 0.80-1.35
QTR Py T
LA
Age ianlun fng
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216 1 1.15-2.44
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1.1 24-hour urine phosphate l¥ns13d0UUTIW
vosloavesafignivesnmataanizlu 24 dlus
VOIdLAD M390N AU LaENITAUYIUN
wiaduusedn wu diltiazem, diuretics, aspirin
wazngueeesluurliam1ee) dwaliinisnsiany
Aleanesalutaasiidoavy  dAunfves
urine phosphorus 1ﬁ§®mmﬁﬂmﬁizulﬂﬂu
sreauran1snstaanng awluderundvaly
Y94 urine phosphorus %agjﬁ 0.9-1.3 Hadniu
o 24 3lue winAwnndn 1 adnsusie 24
Hlue  Andeiniaziinmsgyideeansiaoen
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1.2 Fraction excretion of phosphate (FE phos-
phate) 1Hun1sAwindndiuvesneanesaiid
n1snsesulnamesda  laen1siiu random
urine uarAulaglens1dIU clearance of

phosphate/creatinine clearance

FEPOZ = [FOq (Urine) x Creatinine (Serum)] x 100

[FOgq (Serum) x Creatinine {Urine)]

MnAIganNNInSerar 5 wanatan1g

renal related hypophosphatemia

1.3 Percent tubular reabsorption of phosphate
(%TRP) MsfwmmAnsgavleanasanduiive
lalasnisiiudaanizuaznsiadennaeain
91vn3etatios 8 Hlus Avumsnsrenslvigtae
an phosphate supplementation n1sulanaly
fuaefiinnznszgneeuaznudn %TRP anasay
Weeninfesay 50

TRP - - Serum creatinine x Urine phosphate

Urine creatinine x Serum phosphate

1.4 Tubular maximum reabsorption of phos-
phate /GFR (TmP/GFR) WWun1sArurun
anunsalunisiiuneanedavessneniy  @mise
n3ale 2 35 A

1.4.1 M391593978N135A1W0 TRP Uaqliu
forduisiuugduiesansinlelugsinnis
AUINFADID1AEAT TRP TasninA1uIuwal TRP
desnimsewiiu 0.86 Wil¥ans TmP/GFR =
TRP x serumn phosphate Lilosanaudumius
sgninnsgandurlaanesawazseaunlaanealy
denaztdululunuidunss wagvin TRP 1A
0.86 AVUdUTUSTEnINMIRAnTUrlaaneTauae
seourleanesaludonasduluTunuadulAdvly
403

0.3xTRP

TmP /GFR = serum phosphate X —————
1-(0.8xTRP)

1.4.2 n15l% normogram laginannszau
voamesauazadozAtuludon (3Uf 4)

AUNGYs TMP/GFR aglvinnuA1Un#ves
seauneanesaluldonlumbiadeniy Taouugii
nsiAvdaanizadeiianeneuid1919na199 04
Yaay waviiuidennsialunaniediu 1daein
finsonomsunegetos 68 dalus feaunis
mnmﬂﬁﬁﬂwm phosphate supplementa-
tion N15ULeIAT GFR 11v1s TmP iletdunns
Wumuihdedelunsdauiifiinavessisnietey
(lean body mass) @93Edenanilanuuiugius
nsnsaavhlageen msuvanalugtaedifinig
N3LANBRUILNUAT Tmp/GFR anasautaunil
Sovay 50 luAuni
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gﬂﬁ 4: W& normogram for renal threshold phosphate concentration, Anaanu1aIn Walton

RJ, Et.al, Lancet 1975;2:309-310.""
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faasndrunanuindenuduiusiuaniznsegn
2aUAENUIN SLAUVDY intact FGF23 (IFGF23) 4

eNUIUTNRIE  44.1-14,922.3  AlnnSuse
108803 (pg/mL) Y nagwuinseiuves FGF23
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dmuiinsanawesseiiu  FGF23  1AnTusiud
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Flusmendimsdniiesen duvifuainisdin
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58190 Aswe heel pads, thigh, popliteal fossa,
acetabulum, greater trochanter, distal femur,
fibula head wag vertebral body®*” wonani
ganuueeslu craniofacial sinuses @lunsanu
mazﬂiz@ﬂéam’m paraneoplastic syndrome
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3.1 MINTIINNNLINIA- (Anatomical
imaging) Wu 199939 CT scan Wag MRI
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3.2 MINTIINTINU (Functional im-
aging) Lﬁaqmﬂﬁaaaﬂﬂduﬁﬁﬂﬁ somatostatin
receptor lWaunsanTIaldseasndSET
adefulmnlnaunduld®  Faiezsildanunsa
avaalivhiene Jagtudsuugihliminismes
ﬁgﬂ functional Ka¥ anatomical imaging WS
mmaawuéﬁmeﬁuauﬁaaaﬂﬁlﬂummmm
amegnsegnasulaunninfesay 80 JaqUuilis

v

YIN1TAAEITNUTIEAUATANITAIEAINN N
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LﬁfaqaﬂﬁL*fJummmmmwmz@ﬂéawma%%
il Wy Technetium®m sestamibi scintigra-
phy, "'Indium octreotide scintigraphy with
SPECT, Technetium”m octreotide with Single
Photon Emission Computed Tomography (oc-
treo-SPECT), F-18 fluorodeoxyglucose Positron
Emission tomography with computed tomog-
raphy (18-FDG-PET/CT), Positron emission to-
mography/computed tomography (PET/CT)
Ineldansindyssd “Ga-radiolabeled DOTA-con-
jugated peptide Wu DOTATOC, DOTANOC,
DOTATATE ifiasannansindudadfildlunisfindu
ansivinisnsreaeuduasiudunsed fisndu
poddioanizlunswisuans lRn1Ins19e19
geliunsmany Juugiriinisesaldlanuunag
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ilasenann functioning imaging wuztldvinnis
pvranameinaiiieldszysunisesiounsel
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(;WJ’JEJ(B)

3.3 Whole body venous sampling wu
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221 139n929 lUNUA AL
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. . . Y 44 & A =
anatomical imaging lagnann1sAe LAULEDALNE
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v = 1 1 =1 1 - 1 (28)
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9nATN15a319 FGF23 nsalflunumnuiauni
1AN1TMTIAVN functioning 1Az anatomical
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phaturic mesenchymal tumor”
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1.1 MIHIAALUUUTIIAUNTN (resection
with wide margins) {Juisfuugiinasviudie
Tannsaviloseneenldtomn  Sasinsnau
Hugifesunn

1.2 N13AiAUSEIU (segmental resection)
wangdmiunsdiilesenaguiiam long bone
Tnsarudnsaluniseniiosensenagiifesay
80 warwunsnduilugndesunn

1.3 A1 curettage a@wnsavinlu long
bone M5 curettage aldlunsdiimunives
dosenaglndiusumisvastoss Tneenudise
Tunsieiloseneenagiisosay 67 luvneitdns
nsnauiuginenginisisnvesnis curettage
nuUszuasesay 50°7

UaefldSunisndadeuiesonaan
W shavmevauazissiuneanodaluden
navgunalunamdmaUszana 2-5 KU
UseanaSowaz 50 znuszaunpanesanauin
Un@d Aol 5 Jundewindn® diuszau FGF23 nau
iUnFlusseziaiUsyana 45 undinuana3edin
¥04 FGF23 lnpisenuifiande 2 daluamds

H159 Y wagseau 25(0H)D %58 active vitamin D

inagndugseauunAcieuiu - dunisteuusy
nsranaziaviuvdwdausldiann 1 U
fevifiuaudsuntasidniou

2. MIBLEs A51891uin510 radiofrequen-
cy ablation (RFA) unllunmisinwinniznszgn
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therapy (PRRT) Wnanlidumadenlunsdinnig
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