Tumor-induced Osteomalacia
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Tumor-induced osteomalacia (TIO) tTu paraneoplastic syndrome FAnaInnnswas fibroblast
growth factor-23 (FGF23) aanuiunnkaung nifesen phosphaturic mesenchymal tumor (PMT) (1, 2) 5¥6U
FGF23 ﬁgqﬁudqwaiﬁtﬁm renal phosphate wasting saAUann1duATIZY 1,25-dihydroxy vitamin D
(1,25(0H),D) 9114 intestinal phosphate absorption anas ﬁﬂﬂqjmw chronic hypophosphatemia Fadanalst
LAn defective mineralization, osteomalacia, bone pain, fractures wag proximal muscle weakness a11u1 (1,

3)
STUININY LA ANWUSN 1IN ING

TIO $mfulspmenn Tneilglifinisaiuszanas 0.04-0.13 sio 100,000 person-years Waxils1gaugevin
Tantiaunt 1,800 38 (1, 2) egslsfniu aesuunndnldsunsitadoann viedtededuduianann
desanernsuandliisumng uasnewiesenilvuadn

f?aut,ifmaﬂﬁt,ﬁummadauimg fio PMT Sainflvunadn lu solitary tumor waraulng)idu benign
Taewu malignant PMT wtes 1.7% winiu (1, 2) L‘ifmaﬂmmmwvlﬁlunﬂﬁwLm'u'qsums'wma Taesumisfinuyey
lﬁLLﬁ soft tissues V89 extremities, appendicular skeleton, craniofacial bones Wag paranasal sinuses (1, 2)

Snwauzng histology 989 PMT 2¥Wu bland, round-oval to spindle cells sauriud florid
vascularization wagn15a314 extracellular matrix (ECM) USsnauunn Fatnmy grungy calcification (calcification
in unusual grungy manner) (1) §11$UN15M579 immunoreactivity Tnevialuil diagnostic value ABLLIIRAR U
nn3gfeufn somatostatin receptor 2A (SSTR2A) finaulaas Fadundnnsddalunsi1 somatostatin receptor
(SSR)-targeted imaging uﬂsﬁuﬂﬁﬁw tumor localization (1) ﬁy’ﬁﬁ msmaﬁ]‘wvmsmmaaﬂsumﬁu’q SSTR2A uay
FGF23 Saufuazmeiinanusiniglunmsifady warlunsdiiteduldenn nisdfoufin SATB2, SSTR2A, ERG uay

CD56 safiuanunsayeativayunsitady PMT 14 (1)
weanuila

nalnuesnisiiin FGF23 overproduction Tu tumor cells \Rervesiunsiin fusion proteins fidfay
WLLﬁ fibronectin-FGFR1 fusion protein Wag fibronectin-FGF1 fusion protein (1, 4) SIUAUNNTVINIUYDY FGFR1
wag KLOTHO vuiiadiiiasen azsiiliiin FGFR1 activation wagnsedunisasna FGF23 ity uenainil
FGF23 findasenandsansnsadounduannszdu FGFR1-KLOTHO complex U tumor cells wazaongwisie target

cells B FGFR1-KLOTHO complex ey (1)



dlossiu FGF23 Tunszualdenglu avdwansaugavlioaln uazdnndufniunalandnitle wavald dedl (3)

1. anseenquddila (Kidney): FGF23 aanqnafl proximal renal tubules Insannsvieumastusiiuruds
Woaaviln NPT2a waz NPT2c dwualit phosphate reabsorption anas

2. mseangviRelLNUaATuve Il wazdld (Intestinal tract): FGF23 Fudaoulasl
10-hydroxylase uaznszdueulysl 24-hydroxylase #ila daalsiszsiu 1,25(0H),0 anas ¥il# intestinal

phosphate absorption anas

naganauneawinile uazmsgaduneaminiidldianaviliiinnnzneamanisess Uilug defective

mineralization, osteomalacia, bone pain, fractures wag muscle weakness (3)
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HUae TIO fnundaeernismaraiinfiuuseenidu skeletal symptoms wag non-skeletal symptoms lag
mmmﬁuﬁqmiuﬂfju skeletal symptoms & bone pain Fanuldda 97.1% ermsuandnladuiusiumumisues
f?autﬁmaﬂ mmnmmmqmg@ﬂﬁuq ﬁwﬂ.ﬁ WLLﬁ pectus carinatum, kyphosis, fractures gz height loss a1
non-skeletal symptoms ﬁﬁ?ﬁ'ﬁg 1¢un weakness (WUUSEANR 65-77%) LA¥ANIATIANY subcutaneous mass
(1) U5 UNTATIVN NS IAINY1B1INTITNU osteopenia, loose trabecular, looser zones, insufficiency
fractures wag bowing of long bones (1)

MInTIINeeeUuRnIs (biochemical laboratory investigation) 9Wus¥AU serum phosphate anas
ﬁauﬁ’uGmﬁ]W‘UﬂWSQQLEBW%LWWNM‘EMUWLﬁumﬂm TmP/GFR uagA1 TRP flanad (3) sefu serum ALP 4t
a9%u @ serum calcium Snanaudntiosuiesgluinasiung warsedu intact PTH Snifiuduviosdlunasi
Unf 556U 1,25(0H)2D axanaw3esyluinast inappropriately normal vauzfiszsiu 25(0H)D sfheglunausiung

mansraBuduiidndey fe msinsedu FGF23 lufen Ssasnu intact FGF23 geiuniongluinmsi
inappropriately normal wag C-terminal FGF23 ﬁﬁﬂgjﬁ;ﬁu (3)

dleBuuniy hypophosphateria 910 FGF23 wazfinnsandansia genetic testing Tusnediasdelsama
WUTNTTUWE %y’umauﬁﬁzyﬁ’mlﬂ fio n13¥h tumor localization Fawuziiilifisudusae functional imaging
iosanfinmahuazanudunzgs fuandlunsed 1 (3) mnATNURILsTiasdeiiosen Fedensan
anatomical imaging ieduduveuien wazdsyfiulemalunseingn (resectability) il Tuvrensdifimsszy

suvsdalidaau 819fia15a19i venous sampling $aus8 (3)



3197 1 Sensitivity uag Specificity 183 Functional imaging iiasineg Tunnsvi1 Tumor localization (3)

Method Reported sensitivity (%) Reported specificity (%)
®*Ga-DOTA-TATE PET/CT 54.5-100 90.9
®Ga-DOTA-NOC PET/CT 90.0-94.1 75
®Ga-DOTA-TOC PET/CT 73 66.7
®Ga-DOTA-JR11 PET/CT 57.9 -
Octreoscan SPECT/CT 36.3-100 36.4-99.1
®FDG-PET/CT 36.3-88.0 36.0-86.0
#MTc-HYNIC-TOC 86.3-86.7 99.1
8F-AIF-NOTA-Octreotide PET/CT = 87.5 100

A193NEN

WWIN9N133NET TIO wuseanidu surgical treatment Lay medical therapy MmuFLALS waE

ANUANLITRIUNNSHIFRLEINBUL HBIBNeBN (3)



Surgical Treatment

luftheiinsranunouiesen wazannsarinesnld n1svh complete tumor resection #ewafin
wide resection with negative margin 5@Lﬁuﬂ’]i%ﬂ‘iﬂ’mﬁﬂﬁﬁﬂﬁﬁgﬂ?EJW]EJGU’]G]IG]Elfl success rate g4n1 90%
nsdifinsranusuminifosendaiau (3) mendsnsvi complete resection 38U intact FGF23 %aﬂawzijgj
wnasiuniniely 24 2lue waz serum phosphate Shndusnunfinigly 5 $u mmwmﬂéﬁﬂsum;ﬁﬂwasﬁ%ﬂu
&N Tufedun v vnzfinisiufuesnig osteormalacia karn1sanasTeITEIY ALP Lszjuwgimzwﬁﬂﬂamﬂ%nm
sz 1 9 (3) dmsuithefinewdlesenaglusiumisiivhh complete resection 1¢t1n 1afiansanvh non-

surgical ablation Fafl success rate uwanaauly (3)
Medical Therapy

Tolunsainlianunsassusumiaiiesenta wiienewllesenliaunsaiidnesnls sawdnstieineuiidnuie

wssNAUNEINYeINTEan WL 2 wwna ldun (3)

1. Conventional therapy: Usznausen1slit oral phosphate salts $2ufiU active vitamin D lngd
hnewfieussiniennis, USuaunaeamn, USuseau ALP uay PTH Tindudinasiung smdewn
wﬁﬁmms@ﬂﬁaumsméfﬂ uazanlonalin hungry bone syndrome %addn (3)

2. Burosumab: L1Ju monoclonal antibody ﬁaanqwéé’vé’?& FGF23 ﬁﬁ?@ﬁﬁ%ﬁm%ﬁﬂw non-resectable
¥30 non-localizable TIO M33MW1RIE burosumab @wNsYIY Usuaunaveainn wazyeliniy

osteomalacia, fracture healing, 81n15U30, N15iAGoul AaenIuAMN MRV UBATY (3, 5)
N13AAAINBINTS wazn1snauldugivadlse

wiifUapdnlngaemeuianaanisnide wigieunsany persistent 5o recurrent TIO 16 lnganunsa

Wi recurrence lsiwuia 20 Yndwi resection wazaulwailunsiin local recurrence gadls 78.1% (2)

Hadeiifimnuduiudiunsin recurrence lun medfedvanen, esenvunelve, sedureaulsluden
fisann, dnvaioseniu malignant, JULUUNSHAAAETS curettage, nsrdinneusenlinun wazn1sisysy
Woawin uay FGF23 linduindulnfindsmsninga (2) fufiufnrsinniuernsmendiinuasseiuesasluden
agwsiaiies mnasdunnig persistent %38 recurrent TIO AISENANIIN IR URNISUAY imaging study Tyl
adefukumslunsifdads TIO Tnelusiefingaanu recurrent 3o multifocal tumors A35%1 tumor

localization wagfiansauvin surgical resection Fwnausaviile (2, 3)
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