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Abstract

This study investigated 18F-THK5351 positron emission tomography-computed
tomography (PET/CT) images to determine the optimized imaging time of
radiopharmaceutical PET/CT in normal Thai population. Seventeen volunteers without
any neurological or psychiatric illnesses, who showed no abnormalities upon
neurological examination and the standardized uptake value ratio, were included. All
subjects were diagnosed using 18F-THK5351 PET/CT and 3.0 Tesla magnetic resonance
imaging (MRI). THK5351 PET/CT was operated on the co-registered MRI to draw a region
of interest (ROI). A digital imaging and communications in a medical file were converted
to a .img file. Next, the image file was rendered from discrete time to continuous time
for plotting graphs. The ROI positions and rendered file were then used to plot a graph
showing the relationship between the radiopharmaceutical uptake quantity and the
interval time to determine the optimized uptake time of THK5351 PET/CT for the brains

of normal Thai population, which was consequently 40-60 min.
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Computed tomography
SUV Standardized uptake value
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Juiseqlasmzlunguuesigsenguasnguussmaiiiiussmnnsuinfaeiidnsinsifinane
auendoninnaulufedmidulsaorfumirauendeniuielsadaluwed (Azheimer's
disease : AD) LHugUuvuvaslsnaussdonsiavisiinuuniignuasnuldlnevtiluvulantuil
[2] imannsEUILNs Sunewisenaln ineliAansiauiiiauniluvenwaduinaanes
dau%ﬂiﬂLmuﬁ’aﬁLﬁ'mﬁﬁaﬁummmqﬁwL,Lazmiﬁsmif[a] Aurelsndaglaluesagidnsinis
anasegsreldoavesruAnANLTIWILAL ANLEN T luN S BuSTauAns1 N ALURR
Tutusnitrelsndarlawesziionnsdntosuazauasmennudeneuunsiveaus[3]
warazionsifiuduegrannlunduaudifiony 65 Yiuld Tnevaluudlsndalowessslad
n3fnwduniseeusu c-"hﬁ?umsmaawuiiﬂé’alsaLuaﬁﬁaLﬁ‘;JuL%Qﬁai’wﬁzﬁammia
57380 UlANTULUUTDINITANBANNINITUINNE LT ET TR T SO ORISR EERTatt
gensuasslndnsou (Positron emission tomography : PET)4] ip3esasuninlaewnadia
NNTANYAINAILIDNTIAIATIERNITNTIVTATIAUANLN (Single photon emission computed
tomography : SPECT)[5] wagia3asgnanmlnenisasaningieslowuududvdn (Magnetic
Resonance Imagine : MRI)[6]
nsiinlsedalewesiuduniainannsiesiiiaunivedusiunm (T proteins)
6’5@Lﬁumiauﬁdaﬁﬁummﬂﬂﬁﬁ%mﬁL.%mf'] hyperphosphorylation tiasa1nldsuns
Uil kinase meluadlaefiidmunglunisifiuny phosphate wWglaseasng
v94lUTAU Tau LLazﬁaiﬁLﬁmmiqzyLﬁammmmsﬂumiazmaf’]LLaslzimzmaﬁmﬁ’]ﬁ
nealAsIaseveadl L3en Tau hyperphosphorylation LLazL,'%'wqmaaﬂmaw,ﬁmﬁumjm
nouredlusiudinasolassasisesgadvililiamisasnwlassadanaziinnisuaniin
wiouagyidsidulssudulasaiaeseadusramly vligyidonisiauiasiilug
nsvuIuNImevengaduszam sammiusiuilannsansieduldmenisereningedssuiu
fhensUdesindnsouvesans BF-THK5351 [7)8a1sundwsed BF-THK5351 Wuansundused
fiflanuamnsalunissitu blood brain barrer léAfanudumzin1zasgaiulysiuTau 7

Wadunielulwaaldlnenss wardull1iu paired helical filaments (PHF) vinlsaunsa
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Usvam wazszdunisazauduiianuduiusivennisneedin dofuasinduded oF-
THK5351 aduasindussdimnzaunazgniunlilunsmsaitdedonsasauveslsiiu
Tau Tugtinnzanoadenszozusnizunazyseifiuanuguussvedsaldd Tnsansindessd
fuanmnsoimsdnaseininiaiendseyniauuulelaanseudielildufansutunded
waztnuAnaaINansUTENauLALl

dmsuiedaimennisdszuiuvesindnseu(Positron emission tomography : PET)
fuiedueiodionsidndeedinfinadianiwazfunaianisdrenmnianisunndig
mans-TumdefdmiunisindalsunavesiiuUmenisfnwivessioniels] PET uisi
lglarItarazisungaudmun1satennnnindunsise1ve slianaLAL ST UL 9
melusrsnevesywddaduneiasgnamidinansumditglunmsairaammanisunmd
fiensrvaeuauiaunfvesnszuaunisineg luseneldesisaniziatgauasusiugly
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Udeslndaseu thufnannisiianastutunddideidinduy Wingnseualadin Antuens
fufupdsdaziinnisaaredneliAneymalndasoudadulforynatudidnnseul10-11]
dloldlndnseuninnisaaneivesanstutunsd IndneuaslUsuiudidnaseunielusianie
wazaaedudadunsu 2 faiiindaeu 551 keV[12] Sedunsuunaaesdndaviadoudily
ﬁﬁﬂ/l’lx‘iﬁ]ix‘iﬁu%’mLLﬁ%QﬂMi’JﬁlﬁUﬁ’JﬁJLﬂ%@x‘i’?ﬂﬁﬂﬁa’lu’ﬁﬂw}ﬁ’]LLMﬂQ“U@QIWM@ULLﬁ%ﬁ%’Nﬂ’]W
1613]

1unN199152980Ul5ANIDNITATIVADUNITVNNIUTDITTUUD TBIZAN 9 RTICE DR
fenndedssuiudienisudesIn@aseu (PET) Tundsanvinsanansiusunseddnluly
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uwenlsaRausissesisuLsniayitiadeuenlsaliegignaedlagldiasosdionmisdssuiuie
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1) Wefnwudnnisyieauresadesdieninsidssuiusenistasslndnsounas
m‘%"aqLs'qaﬂ,q;mml,wlsﬂﬂamau
2) femtanariimunzausenisaiennsidszuumenisuaeslndinouveans
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lelnamsouitlilunsadnansindvsedveaqudlalnansounazinmaunuuviani
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BF-THK5351

anduriadilflunsinudnissdadelflumiade Sundadudifouunay
fudeunanau wa. 2560 Feldiunguiegidlunsiasadsiiinadanm
asndviadivinnsdslunguinegnaagiiuTinunandudu 5+ 1 mGi
yhnsAnwilunguiiegissuu 25 auitlifllsaioafussuutszamuazaues
wagHuN1saULRAINANENTINN1INTITE YL an1duideguinsal
sunsudmdusidunislunisnaguinadaulasazindnisazauansinds
Fedaz19lUsunsu PMOD software (PMOD Technologies Ltd, Adliswil,
Switzerland)
Tsunsudmiumssdiunswasuulammanalidagldlusunsu MRI convert
(Lewis Center for Neuroimaging, University of Oregon, USA)
TUsunsudmiunszuaunnfsafunsufulgnmagldlusunsuivihniadeu
Fr8n191 MATLAB il 031 ana75 2mat Fasidunitsvulusunsy

MATLAB R2016 (MathWorks, Inc., Massachusetts, USA)
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#13 "°F-THK5351 L,Lazmw‘fmuﬁuaaLﬂéaQLﬁaayﬂWﬂlﬂﬂamau
AnidennauietnailiflsaiiAsiussuuUssamuazanes

Weulusunsu ana75_3mat.m feluswnsy MATLAB uaznadoulusunsy
ana75_2mat.m deuielddmsunissminsunmmaney wsutunFeady
A ldLfen

¥111321807% (Draw ROI) felusinsy P-MODUSinawesiifanuawla ilely
Ifstumisesauosdutug Tugd (xy,2)
thindnmdlsuvinnsseynsunaniiemtisafivnzaslunsienmsed
ssuuseIn@nseunes BF-THK5351 Tngldfitn (X, Y, 2) Aldann1s Draw RO
npFRUnATIvaNgaNTRsITenWiiAsTuufeTndnseuves BF-THK5351
lungelusunsy Syngo-via
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1) 193’%’Um'm§ﬁmﬁ’wé’ﬂmamaa”]s;mwwé’aa%’ﬁizmuﬁwmiﬂdaaiw%mau
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Tuduvaanguf i sadoseadnednusiauiusenoulumenguliieitesves
LASBIANENINSIATEUNUNBLNTRTOU (PET), @150 LT UANINTIAT bT A1 NTUNISANEAIN
(Radiotracer), n15a@5190maulua (Reconstruction) Wagn1SNUNIUITSUNTIUANEITDIAU

A15E18NNSIATTUIUMENSUaRYINTRSaU

2.1 wénnsiAndiugiuvaaaes PET wag PET/CT

Positron Emission Tomography (PET) @8 A19018A1W5 I8 S3U1UA 81508 08
Wndnseudunisaienmeynialndnsou Tudnvuzdnuing ﬁLﬁmmﬂmiﬁUi’mé’@@mﬁuaaﬂ
$38IWmau (photon) W19 511 keV AiflfiAn19n156A8 0ufi n5ad iy 180 03A7 w1AN
nsenudeininded & nadeaiu lnefigsedlnaeudenann Wusadmmsanmsnszuiums
n15Used® (annihilation) FaiAnanlelalnuvessniiliiaiesiinisudeseynialndnsou
(positron, B TuvuFAzefuoyniadiannseu (electron, B u3e ) fidleglusnenie[idl

Fauluuornunindaiuuasiu (antiparticle) Inen1siinnmuedia3ed PET wanasfisgun 2.1

g‘ﬂﬁ 2.1 MILAANTNVDUATDL PET
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SidnnseunnUsensiissiienuuanseiuivsyy Gee1aviSenlailndnsoude Sidnnseui
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vhesliatioslnensudesndanuseninlugivedndnseudainannsilsmey

(proton) Waswduiinseu neutron) uaglndnseu feaunisl]
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A Ao Lavadavindudwulisney + Suiuinseu
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7 @9 1aveznay Jeneeanuulusneu
,3+ A9 positron

V., @@ antineutrino

annihilation  photons  usdnldannszuumindunsniendureseyniasgning
Indnsouannsdanuaessanlelelnlvessniilsiaiosiudidnaseudassitognely

379078 138137 annihilation interaction %ﬂw%mauﬁqﬂa'n%ﬁmimﬁ'auﬁLLasﬁmiqzyLﬁsJ
wdaliufnasiidumeihuneufiisindunsniendudidnasey  lnesvegnnewenis
\asuiitusgfundruvedndnseuiilasuanmsuanddesvesansSidusrazaiinunntes
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wdesniwivlumsdenldasfidivnzanieuldnud audddyedramiad
msﬁmsmﬂms;Jﬂma:Jﬁ’aLﬁaaé]’uﬁuaqms%’qﬁL,Lamc-"fqmmﬁz.1[15]

uenani Fmuanuraardeuluuneunisin MsUsde fie Ineunisdlndnseu
wgydendanumatitomadowdausngnsvisds  dwalvglineuilld  aiddufiamns
nsafudy wiluurensaissdindnsousandendsnuuisdrnvnsiiinuingnsussdogl
poudlfaziinsidoavueenanuur 180 esrudnios (x05 o) Lilesnwiannaves
Tnadilunsoy  fwainduaneueainndoudesegeiildnarnnavdmalngnssen
aupndalunmenesadssuudenisudesindnsey  eldanunsaudlald wianunsons
muauiielidamuraaedoutioeiian  Tudwuesnstiuiadyaraszuuiinisdasiing
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{111 electronic collimation @dinulalunisiuinunnnitssuunistiuinvesedes SPECT,
SPECT/CT ifosanlsifidines colimator iy 3wvinldnmitlésuannisanennged
szugusenisUaesindnseu (PET) asdmnuaudauinniiniseisninsieiaies SPETCT,
SPECT/CT [15]

M19197 2.1 Aauantivesansid@nudesSdlngnsou

L. | A%eTa + + -
a15598 . B B ANSHAR
(min) (Wa 9 UgEn, MeV) (3z8zM9gga, mm.)
e 20.40 0.96 3.80 seslglnansou
BN 9.96 1.19 5.00 w3oslelaansou
150 2.05 1.72 8.00 w3oslelaansou
18p 110 0.64 2.20 w3oslalaansou
\A3earuinged
%8G 68 1.90 9.00
WUU Generator
\A3earuinged
82Rp 1.27 2.60, 3.40 15.50
WUU Generator
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giL%aéﬁuaqa'ﬁmé’%%’aﬁﬁaﬁaﬂ% clucose transporter (GLUT) Lﬁtiuﬁmﬁ’ufwmaﬂqiﬂaiuzhu
YouAseIEN NS @sEnuienisUasslndnseuusznausieiindadussana 20,000 67
MNusesiudunwmusauiilae TnerTaveaesesienngsdssunuienisuaes
In@nsou NanaN crystal U bismuth germinate oxide (BGO), lutetium oxyorthosilicate
(LSO) %39 gadolinium oxyorthosilicate (GSO) %ﬂﬁﬁﬂ%’qﬁmdwﬁ%%’ué’mmmawﬁﬂmau ‘1‘7i

Angaeu 511 keV Fapnnsenunin 2 famSeus tu Tuitanimsaiutiu Weansinduiadiing



waduazgnivegluwad exmeuvesansied ddliliafiosazanUdessidindnsousenun Tne
$@lndnsouiivdepeonnasedeouiilUldssesmdldiiu - 05  fedwms  wazwwdiiu
siinasoudasyluidoBevesssneiinnsyuiuns  anninilation @y interaction of
radiation with matters wiandis 95 8lnnou 2 6 Aindsau 511 keV Aslufianensetudig
Lavruin U T Sdveaadesmunmsdssuumensiaesndnsou lunamdousy wie
wietuldiy 10 wildud Tnewedenzmumalagldndnnisvesssusauasszezniain

}%4

/éu Line of Response (LOR) vilsiaunsevngavsasmunisiiinn1susede deiifieuidesld

<

Jushuvibandedlndnseugnuaegesnin FanRarwlsNasndusad avauey uavi LOR

AAnTulUllunsadranm algorithm sine 9 Fauansuguil 2.2 [16]

N

t <10 ns

§

record
even
for LOR

positron-emiting

nucleus
positron
path

positron-electron
annihilation
.,
**~.._annihilation
photons

JUN 2.2 nsifiannanesidszuumenisudeslndnseu lagusingnisal Msuseae

ﬁuﬁﬁmmiLﬁUGﬁayjaﬁuaaLfﬁ'aadwamw%’qﬁizmué’wmiﬂdasﬂw%mau%ﬂiamam
Nufivszana 1520 msauiaassonsiunmasy 1 faaan Waandsvana 3-5 wdl
Mnufezdeuluifiunmdwessimedusiollaunsuriai Saldiauszana 20-30 wil
%ﬂisasnaﬂuﬂmﬁwﬁa;ﬁaﬁgu %uagiﬁ’mwﬂiuiaﬁﬁuaam%a TngUnAuaINIIaNeN NS IdTZUIY
Fhonsudesindnsou azmenmaseunauitusfsus videgunglvanisaausiuan (vertex or
base of skull to proximal thigh) nwaessdsyutumenisuaselndnsouazuanalimdiuis
ﬂ%mmaamiLﬂé{’ﬁu%’qﬁﬁﬂizmaagimmhwm 9 we30TwazluTene WU BF-FDG aznszaney
AINEAUAT 9 maﬁ"mmamﬂﬁaammﬂ%mmaaé’mwmimemmﬂfwmaﬂqiﬂa mndeu
¥invesasndused 1wy F-FDOPA  awildRanidunmiuaninisininatsvestannii
(dopamine) lusrsnedudu eniuluunensdldavaienmisuanawin (vertex to toe) 1au

TugUheuziss melanoma, lymphoma uewiln wiedUreluueisadim Tnenenainis



Anansundusediingsunenarazisreziagiienesseneun1saienin e liansindyad
N5£218AUTNNEAZIUAUAIUNADINITATIVNNULAFSTINYNVBIATUFREIRAU BF-FDG

agldaseuszana 50-90 W[17]

2.3 1304 PET/CT
\A384 PET/CT (Positron Emission Tomography with Computed Tomography) fig

'
=

\ASD9 PET ﬁﬁm‘%lamaﬂmiéﬂauﬁama%‘Uizﬂauagjma’l,ul,ﬂ?amﬁmﬁ’u Tnadunisanen ey
avaSifimuniaionfundniundeutusalui® vliisianusauendumisvesnm PET o
WiguAudnwuen1anenmuesn e CT  laegraudugn  aunsavensmunisvessaslsalay
“"Jﬁaﬁsﬂiﬂiﬁﬁ%wLmzmgﬂé}’amﬂu&‘hmﬂﬁu Imaiﬁ%’a;ﬂaﬁgqmqé’m physiology  tag
metabolism 91381 PET uazdeyamasuneiniaainieies CT luwdeu 9 Aulunisnse

ﬂ%ﬁLﬁ&J:}é’fﬂgUﬁ' 2.4 (18]

JU# 2.3 1A389 PET/CT Ju Biograph 16, Siemens vasAudlelaansounaslnnaunuuiawd

lsamenuiagnansal YIvendegnsal

usnannslfintesenasdaeuinmeslunissryiumisvesseslsa  (localization)
& Ssldnmenasdneufinmaslunisii attenuation correction iswAmnisasveuanssa
TifunmeessdszuiusmenisUdesindnseudnie lesnlnneriseonaingaduie Tu
i"mmaéuaq;:Jﬂaa%éfaamuLﬁaL?J'aﬁuaqﬁﬂqﬂﬂaﬁqﬁmﬂmmwuﬁwi*n’fu W oy wlornu
Uonardwldiieurimun Lwié"]muﬂig@ﬂ‘lwmau%gﬂ@meﬁ’uﬁﬁﬂmwﬁqLLazmﬁaf{hmu

Wegaailefuinindsd FaSennszuiunisilin attenuation effect FausiagaarumeAIILAN
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1'71'1:Jwiﬁu%ﬂﬁqﬁﬁm%’aﬁiauﬁaﬁﬂw WlAlanmiiiendn non-attenuation  correction
image (non-AC) %n%Lﬁua’imsﬂ'miuﬁwmaﬁag'a'auﬁﬂ vizeoSuefifinmumnunuuLn iy
QEEN szinssuansindedditosnivadiiee
ﬁqﬁ?w,ﬁammﬂamaL.Lazﬂ'1'5ﬁf1mmﬁ7igﬂéfaq?jqéfaﬂﬁﬁmwﬁlﬁmﬂLﬂéaqLaﬂ%Lié
Aoufawes  lumsihuwiigudounasiwinnisgaduansindyisdveseieigineg  nu
UszdnSnnnisanvieu (attenuation coefficient) FauUsnamumdsiuvadlinou wavyia
vouiloie  ileatunmitasviouliiiuiaiinalnoussuraiefigaridannitlde

a 1

138071 attenuation correction image (AQ)[19] lngUSinauiiianumunuiugwsesganni

e

a =

Wiy Aziinsunalaensiinaiuin (add count) waguTnnilauUILIUTRY YSa0gi

A1 AzdinswaANlaen1sanA1tuin (subtract count)

NN PET NN CT NN PET/CT
JUN 2.4 msihamveaeTesenysdreuiunesIMUAT UMM TIEsEUIUAIENTUdeY

n@nsou MnAudlelransoulasinnaunuuriend lsmeu1aguinsal s19inedegunnsal

? 0 .

S 7 »

A7

o (e Ao
\/ 268 % 248 v

L
Ty

-« ?
T | = -

{ {7 far
2 ] ¥ v

sUN 2.5 Wa@md non - attenuation correction PET image (non-AC Wouw) Wiy

v

attenuation correction PET image (AC ua3619) 3mnaudlulaansoulasinnaunuumeya

lsangu1aginasal 91 IneaenTel
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2.4 NANKIINSIFUUULTD9LLES (crystal) dmsutaTas PET[20]

AuantRvewianiindd@nad miuiaIsamenmsidssuiumenisudeslndnsou

'
wa a

Ao dnaautannzadlunisulnnowdiandany 511 keV Usznaume

1) ﬁﬂ"lﬂ\‘i‘ﬁlﬂ’]'iaa’lEJ@]J’JﬁéJuLLazﬁ’]ﬂ%?m%ﬂ’lwﬂ’liL%@ﬂLLﬁﬂE;iﬂ Ao @mnsaneliinnis
Eowadldiluszeznandy Tneunfinsian timime resolution Ay 2 s 6 wilwiuit wie
fianuanansalunsiuiadayaaiinnsnenuluaanieontiu (coincidence timing window)
A 5 s 12 wluAund

2) flesveasanlunsauiafidu (short decay constant) ilesneuduvesdded
(count rate) Tumsdienin PET fieAeutnegs wdnildnalunindesuaniy asiimnul
ANTUNTIZVZADIZLLIAINIGIAA dead time 1uﬂ15iaﬁuﬁmmwmﬂ%zaﬁalﬂ

3) Ty msziaveznendigs szl Sadiindany 511 kev 16

4) fianuanunselunswenndanudad (energy resolution) fianuasBunidiioli

ANsanenNnasnulen

A19197 2.2 wanirinnuuisosuasiinng 9 NdnsliudmsunIesaisnmsidszuiunie

nsUanelndnsou

AMALURVDINEN Nal(Tl) | BGO LSO LYSO | GSO BaF, | LaBrs

q

N T
a1%98 fndeu 511 kev | 0.34 0.92 0.87 0.86 0.62 0.44 0.47

(cm™)

SYYYNITANNOUANS A
2.88 1.05 1.16 1.20 1.43 2.2 2.12

(17U, cm)
AMUAINNTOIUNITHEN
L. 66 | 102 10 14 85 | 114 -
WANUTIE (%)
ANNNSLSaduAsHuInS (%) | 100 15 75 80 30 5 160
S¥ezLIaIN1sEaen (ns) 230 300 40 41 65 0.8 25
AaNURluN1IgN Enile
X g aidl aidl aidl aidl aidl
ANUTU g
29AUSENDUNILAT]
LuioYo,
Bi4Ge3 LUZSiO5Z GszI
Nal:Tl 5Si05: BaF, LaB;
012 Ce O5:Ce

Ce
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2.4.1 wanwuy Nal(TI)

#19n Sodium iodide fealdlununvmansinndesdmsunios SPECT, SPECT/CT
{l099nTAn energy resolution TranwarivszAvEnSwadldR Tnawedaadanin
FadszurvmenisUaosln@asou Turawsniinislandn sodium iodide wunlng Aoaudel
mswaudsudunsliudnoundn Wwmeuny  egslsfnumuimdnsdinand
AauTRlimnzauvangeaiavianldfuiasesanenmisdssuuienisUdesindnson
1t srziatlunvgansEeaias (decay time) g1 LHugdy

2.4.2 NANKUU BGO

v a ;%

WAN bismuth germanate (BGO) dinsldsuduiniosansnnsidssuiumenisuaoy

a1 o a £

Tndnsou adusnduurtaslarsvemenssedl 1970 Fauilmdudsyansnisanaoudnyed
(linear attenuation coefficient) findsnu 511 keV finfian widsildoddnludiuvesa
decay time LazANLILESTI AT (light yield) 1u TudruveinisfidAszezianisau
A1 decay time ABUTINBIIENHARBAT Maximum count rate U995z UUTUR

2.4.3 w@An GSO Wan LSO wag Wan LYSO

soulainisierianlvag laun win gagolinium oxyorthosilicate (GSO) W&n
lutetium oxyorthosilicate (LSO) uagkan lutetium yttrium oxyorthosilicate (LYSO) ul4
a1 Tnendnsteanuie QNHANGILAS cerium (Ce) WioinuszansamlunisiSosuas Tag
wuhiinauifiniadeuadldfuasden decay time fidu dwmaliiussavsnmiianiingn
WUy BGO luwamifenndsnssnwnuseansanlumsiufnsendulnmeundsnu 511 ke
wazdmSuANSEEZIaINIIALE decay time Tidu dewalinruannsalunsnsiadudaa
16 (A1 maximum count rate &) kagNUIAITEELLIAT decay time %%uasgjﬁw%mmaq
a3 cerium Tinavaslulndnita nensfinusunamesans cerium andosas 0.5 Ju 1 ae
PrelunsanArszeziaNIsAud decay time 31 85 WU 55 wilwiundl egrelsiniundn
WU GSO fimnuudeusatiosnituan BGO way LSO vilvmedldmnuseainse Tadudasly
NIPUIUNSHERN dIUNANLUY LSO LﬁumﬁﬂﬁﬁmmLL%@LLNQQL,Lazﬁﬂmamﬁ’%iaﬂmm%u sl
fosrinfefans Lu-176 Fuduansindedididudinusznay

2.4.4 uanEndEmsumATANSIAUAINLUY Time of Flight (TOF)

W&N barium fluoride (BaF,) kaguan lanthanum bromide (LaBrs) gniunlddmsu
wadansinuamvesnsinen nssdssuiumenisuaselndnseuwuy  Time  of Flight
Hosmnasfenaninuansiddsszesainsiudaiidu (short decay constant)

MENNTVBINTATRAMLUY TOF PET Ao nistuindgyaadasldssazinantes &

Junafialdldspanismiamzaavsomunimenisinufiisen annihilation sgnineudn
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v o 1

Sude oyt wAfIAILINTTEZATILANANAUYDINTINATENURIASEME 3

e S

<2

uppuRInaIT Ll feNanfdAsreviia1nISAURT (short decay constant) Nidwann

2.5 maluladasdelvaiveaases PET/CT [21-22]

'
o =

flugnuvesaies PET & Wrined Wududdy Faneluiaiaded asUsznauluse

2.5.1 nanInseduuUIsoguas (crystal)

\udnildlunisifa Usingnisal scintilation Ae n1siasuaseenuilefinigu
Yidlnimou JuAnanusngnisal annihilation vesisdlnimen dsluaies PET lneihly
crystal 2e¥11910 BAF,, BGO, LYSO, LSO %39 GSO %ﬂﬁﬂmauﬁ’amimdumumz
AruannsnMSudlnneund 511 keV fvmnzay

Wwnves cystal 1Uudddquiniiagiiiy spatial resolution Tunisad1eninues

W39 PET lngwuned crystal flvuadnagiiunnn1nuesnisdienigui 2.6

PET detector block

cuts in
crystal

rar .
/ -y

four PMTs

crystal

Uil 2.6 mseenuuuiuTaveeias conventional PET #hinfsdaziidnuasiluuden
AmdsumeiumihdindniinEesuas ilongesidindnseundsau 511 keV Wasusdlndn
seuiiannszmulidulnimeunas lnsmelundniiniSesuasazgnuiaduuadiuiunatonn
\ieann1snszdedlineuwasInduntEn dumvasnvenudyg e (photomultiplier
tune; PMTs) zaginundsvoaniainiFeuas Tnedygraanliaeuiinnnsznundniaia

\Seduanzgnassialy PMTs viliismsusunisvesdyaaiiinuy

2.5.2 Photo sensor
Ao diwiiianisassdgaaluidiednisannsznuvesuas Tua3es conventional

PET WuAon15ld PMTs tievinn sassdoyeyios wanudn PMTs U410 luliesveunias
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auanansalunsaisdngaditing Salnsiauanld Saaussan solid state Sondn
silicon photomultiplier (SiPM) Feusznautuanlaswadeiiiendn avalanche photodiode
(APD) wane daudeulestuseniseenuuuiasmely viliinnsaduazvenedyanallds
Wiguvin PMTs Lwiﬁmmmmﬁﬂumaaé’wﬁ’mmmmmﬂd’]LLazﬂiaUﬂquﬁuﬁﬁuaa crustal 161
wnndn liiuUsEansam detector Waleutu PMTs saussauauimdnalaifinari
A1599UYR SIPM SaumnzaufuiIas PET/MRI §he viail crystal wae photo sensor 2%l
nsUSuuAdliUsE B WA TY Wy s¥uu digital photon counting %ﬂLLamﬂﬁLﬁuﬁquﬁ
2.7
a. analog SiPM b. digital SiPM

Analog —|e— Digital All Digital

Digital SiPM Dedicated Cell
Electronics Next
To Each Diode

Analog Analog
SiPM Signal

A/D Converter

Multiple Time :
Crystals One Time

Energy Crystal e
01010101010 01010101010
101010101010 Energg

Heat Noise

1.1 Coupling

k

gﬂﬁ 2.7 ua@n93zuu digital photon counting 3@ digital PET Aowmneluladi Aoy ol G

Ly

WingiA3es PET azgnidnsianndsyaaddndin analog signal luddayayna digital viuiiviia

FeyeyradUulu SiPm

2.6 33UV analog SiPM

# crystal iy scintillator gnesnuuuliszneufuny block 1ufularegindy
Fr¥udnyanamndidnnsedind adu photon sensor 1An electron lofunaslutnandaay
fomngan uadhiAnduan crystal LLﬁﬁ%%ﬂﬁ]%Qﬂi’JUi’Jﬂﬂﬁl light guide lUnnnsznuwazan
Fulneunsves SIPM ndwantu melu SiPM asinnsasredaanaliiindy analog Tu uas
aiqm'mlﬂé’qqﬂﬂiaﬁﬁﬂmaﬁﬂéﬁﬁaﬂdw analog to digital converter (A/D converter) sl
wihilunsasudaaadnihdietuldduduana didtal wasiludmdendyayin wie
Usznanasely Fosiiavesszuuiiio lunsvuaunisiiuaeiiinannuday crystal azsauiu
L.Lasl‘dmﬂgjLLm SiPM a’ﬁ]ﬁm’iqzylﬁa spatial resolution, energy resolution ag timing
resolution  dssaliigaunmyesnmillianias LansTUINNsad T intumely
SiPM ﬁﬁﬁagﬂugmwu analog LﬁalﬂgiﬂismumiLLUM&’@@WIUL% digital 19NAANY

FouuardyarusunIuTY vilvidmasnsnunmANANTATEIN N

o
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2.7 33UV digital SiPM

U =

nsvUnsa ey Asinnuuananeiu syuU analog SiPM Tne crystal 1 74
avgnesnuuuliideudiadu SIPM 1 ¢ Benssuuiid 111 coupling uaznglu SIPM axgn
ponuuUIITBIENMseindliilamaunsaaisdyy i digital TusiuiiiiAanisgadunaadl
1i58n91 digital SPM Tufifi photon 2893 nsgnudy crystal awfinnisidauases
crystal Fuiiy uazilouaansznuify photon sensor (digital SiPM) az1inn1sas19d ey

digital %umﬂuﬁuﬁé’fmamlugﬂﬁ 2.8

detected

i = i First photon
Y asad |

5Ufl 2.8 uans photon sz dannnsznussudgalunaiisnsiu wazifinnisaine
doygyneu digital

UYoRAuesTEuU digital photon counting @@ madu 1:1 coupling vluliaesld
algorithm LilafuangannszUALYa3aYes photon $3d TumsAmpvimeumisiuiage
189 crystal Tuiinn135u$ed dealdt spatial resolution diannne wagnsSudeyaaning
wsosoidudyaa digtal suwsiduusni ldliindugasuniu waveudou vild
dindsgavnlunistuln vileifien spatial resolution, timing resolution wag energy
resolution ﬁﬁﬂ'j%ﬂ%aﬁagml,w%"u wiog1alsinu JULUUNIIARLUAY SIPM Iugmwuﬁafm
diudsgavBnliun - SIPM uslemdwmanssnuseanuaansavenaiesielunistiuia
Fryanas wu Tusvuu digital SIPM enafidesiaiiintuls Weswn nmsaviouveuadluin
melu crystal silaseddioldnanmdulunstuiaduge owdmaldldmnmstuTni

Horawiidwiliauamisalun1sueniiasiziiiail coincidence photon LAUNINNGY
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v v a

W In59d (timing resolution) ansi1as dwaliA1ta1 TOF getiu viieeadwatisrnninulives

LATDI8 (sensitivity) NianaIas

dSiPM (1:1 coupling) SIPM (slab coupling)

JUN 2.9 UAAINISIAUNINYBUASTIIATLIIN photon NSeNU crystal uazdun1alng photo
sensor; (a) NstAUNIsvRsuasiuszuy 1:1 coupling, (b) ATAUN VDU UTZUU slap

coupling

2.8 Time of Flight (TOF) PET
Wuweluladdaly nan Wudkenanuwanatavedlnneuasssiiinn
annihilation g (coincidence photon) Tun1sseysmuvusiuyueulunis

\Windsngn1sal annihilation weidusgavsnnlunisasanimueaaies PET igendnifi

conventional PET

3U# 2.10 syuunsaiiedyy

198949 conventional PET

e

[y

LUUNTASNAYYIUURY conventional PET Aa Welllneuassfifiinufisen

annihilation whgvirduialuiienumsaiutnalunaiiimun asianstuindyayauuasii

NsAIMLAIATEUaNYRvesdyay10438n Line of Response (LOR) lnefiadnvnanuulay
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Fyaauiuilonianinujisen annihilation vse aiulnvesdyaiavianun laeiialy

ausauenyankiLeuliveINIsindy i linmilaannis reconstruction e LOR

o

970 conventional PET 1 agdldyarauisuniugasnn sauanslugui 2.10

T o U

Time-of-flight PET

u|
I u|
s 3

gﬂﬁ 2.11 S3UUNIASNAYYI10U9s Time of Flight (TOF) PET

SYUUNTAT A Y 10dU99 Time of Flight (TOF) PET Lﬁaqmﬂmiﬂ’&umwwﬁmi’a@
imfuﬂﬁﬁfui’ml,azé’hwﬁﬂv‘f’ﬂ,ﬁﬂWiﬁfui’mﬁmmmm%LLasUizﬁw%quﬁuLﬁa coincidence
photon AUN19HN89H IR TOF PET 281U InssmieAuiInszega1nnuLana 9ol
mauﬂu’qaaaﬁaﬁ%wﬁwﬁﬁﬁm%aa'mumm;mﬁ’uluisﬁuﬁiﬂﬁmﬁaaﬂmLﬁaﬁmﬁa%’mmwmﬂ
TOR PET aznuinmdilafidyanasunmutesanduegiann iliseslsavios e iialad

ANuTALIYINNATUR AR lUgUN 2.11
i
12

Ad =cx Av2

g'ﬂﬁ 2.12 @UnSANUIUAILIALINISLAR annihilation

WIRAIUAILLANANNYBITEEZIIATM coincidence photon iaaedvIaingiiin
%98 munadlesldannts Ad = ¢ x At/2 Iaedi ¢ = AuLSIMas 30 centimeter/nanosecond,

At fia enuunneNevedssEzign way d fie ssesiianunsamaanlainganiliavesdyayio

msegluuTini dauuds Ard Nlessznnefshumriaanaindayauiudugungadu
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Tnewrdeailofin aasiien timing resolution ity LiiefivzaunsauenAUUANATELIAT
14lunsunaesi¥aves coincidence photon ¢egnsusiugranniu Tnsmsiamuniidnisyien
wellaglminnlidudmalinisdionmeneedos PET ﬁﬂ’)ﬂﬂLLﬁﬂﬁ’lﬂﬂﬂ%ﬂﬁﬂ’gﬂﬁ 2.13 ifl
nsWRNauslen coincidence window fiteeas iilefietiesas MsduunsAnUfATeNS

v & 1 o

Usyasnazhilue

OO0

conventional PET -=§ generation 1 -=p generation 2 -=f generation 3

MWUINGITU

no localization along 650 picosec TOF TOF accuracy TOF accuracy
the line of response fiming response improved to Wounin
575 picoseconds 500 picoseconds

JUN 2.13 sUnuunaiudayey10uves conventional PET uag TOF ilnsimuniielvien

coincidence window %agad

2.9 1A399 PET/MRI
ssstenmsdsruusenisuassindsseusiutunistonmsdrdundmantii
(Positron Emission Tormography with Megnetic Resonance Imaging : PET/MRI) 9 A3
PET fiflpSosonasdnduudmantyii ﬂizﬂauagimsﬂ,um%'aqLﬁmﬁ’mmﬂumum%q CT
Tngnm MRl aglideyanenieinmalas lnsanzedons 1y ﬂiz@ml,azﬂé"lmﬁa dade
aues lunszgn 1Judu defvesados PET/MRI fie fiheazlifimmudsdunssusunsean

$9AondL5e 199aneSad PET/MRI adendnnisastan nsgaunuiiman iy

2.10 gULmumiLﬁU%’agaLwﬂﬁﬂmid']ﬂmwmiLLﬁ’ﬁifmfliawaumq%’qﬁLLazmi
#5190 23-25]
2.10.1 m‘stﬁu%’agatmmﬂ‘m (frame mode)

ﬂ’l’iLﬁU%@%ﬁLLUULWﬁJWga WUULUIS NG (matrix mode) nMsanENNLUUTSIElU RO

v =

nHumheAndendyayia asgniuiinluuming Feduiusiuduvisvasiniea (pixel) 7

v A o

WU detector WA¥ADAN FINIEIALAD NITATUUATUIA Matrix VBIAIN ﬂ'l'ﬁﬁ'lﬂﬂﬂ'EULLUU

o

maivdeya lnsenvvzinuauiazduiasiuduginim (preset time) nsadumtiuin

(preset count) ApsasAmisfitmesluntsiiunmuazasisnmlineund s (predefined



protocols) slsianansaasuulasmevdminnisiiudeyauds Tagluvasdimanivteya

efimsuaninndoyaunduiinnisivteyaliudilinauandugui 2.14

[ Reconstruct Image Frame '

X/YMarker List Computer Image Frame

JUN 2.14 uansnsiiudea 1neld frame mode Tnedoyanld aggninundmiulu matrix 7

Tavinisaaaluunan NauvinnIsanenIn

2.10.2 MsiumMwiu list mode

Junmsiiudeyalaglidndusesimunvuanm (matrix size) MR UMY
Ao 1y static frame mode Tnedeyaazdudinlunhonudr iusensfivendumses
foyafAstulutianasine  q  detuiindeyadsuiosudninerdeyaildinuansamlng
fmuanawenm (frame  time) wazwwin  samds  wisilwmesaualunsadienin
(parameter in reconstruction) édean1snniigaaian 1 undl (frame time 1 wifl) Aagld
nweasaliios away 1 unil auasuafiiudoya (dufudeyarioma 30 wid Aagldnm
11 30 a1 Inefmsilnesinilousuiiaiel?) Jofvasnstiuteyanuy list mode fia Talu
mafudeyaitlinsesmnisdsudasiivuey  ililidesimuanalunsifutoya
Huuuy frame mode Toyafilddsandonnd Ao Wudeyann 9 event MAntuuaznszmy
ffush detector wonanil fanunsahdeyauiinseilnilaeasumsidines Taoilides
Audeyalvl vilisevdianan uidediiaves list mode Ao dmirgmnusunndniis
szyhnevhmaivdeyaazlilamnsaiuamla 9 9undiazyiing reconstruction Fauans

MANNNSYINUAIIUN 2.15 uag U7 2.16
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Mary
]y 100) :

New Event
to Record

| Camera Detectm:I
X/YMarker List

JUN 2.15 uamnaiudeyauuu list mode nedayaszgnimiulilumiievesian uas

o

FusAndYy1aUL detector

X/YMarker List [ Computer Image Frame

JUN 2.16 uansnisasanmaindeya list mode nedeyaiilanin matrix Mvinnsas1eadusn

v

AYNAINITAYNIN

2.10.3 naiudayaluguuuuaasdif uas auli

2-D uaz 3-D acquisition mode Wunsiiuteyalagligunsalfiunndneiu suuuy
nsifiudioyauuy 2D USiam detector agiinsld septum fulfseminauanvesiain Vil
\fies coincidence photon Tusywnuithy ﬁaqmimaumaﬁﬁﬁmié{ AlNRDUNTZIRRIN
svuvduantiovas ilhdanasunauanas amdl resolution ATU W sensitivity e
Lﬂ%"aaﬁa%amﬁaaaaLLazﬁlﬁt’fna']LﬁU%’amuamu%u

susuumaLiudeyauuy 30 axlifinisld septum fusswieiaiiuTausdazue vl
weafleagyinisiiutn coincidence photon ﬁaumﬁﬁm%ﬂuu‘%nmﬁﬁﬂﬂﬂiLﬁUGﬁazﬂa W

coincidence photon #AAlUSEUIUNATIAU detector #3pUANTEUNU VNN INADUNTZLAY
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[
LYY =<

dnditiuTanndu egnslsiinny dygrailafivsunamn sensitivity azauuazldiianty

Y

maiudeyaanas wingddnyausunuiingy WaWeudunisiiuwuy 2D Juases PET Tu
Uagtuegldnnsiiudeyauuu 30 1Wumdn uarannisindyayrasuniu nen1sld algorithm

Tunsiiunm iielildinmifianuandn  Fuwanwmdnnisanenmasslfuaraiuifnegui
2.17

2D Mode 3D Mode
PET crystals PET crystals
Septa between +44
crystals No septa

Septa between No septa
crystals
PET crystals PET crystals

JUN 2.17 wansnisiiudeyaluwuy 2D wag 3D mode e 2D mode agldaunsaliaiy fe

314 septum Fausie Tuaievinnisiiudeya 3D mode scan aglifin1sld septum Tunns

\Huteya

2.11 WATANISAEATNSIETZUTUANSURDEINTNTDUVDIEND[26-27]

2.11.1 N1SAYAIMNKUY static

Junsenenmdweseleniediladiumiessene  wdwinitansndvsadle
dlUavauuds Tnsaglidiunisdeuudada 9 Tuniw andilddnass 1 o vide 2 nm
(anterior/ posterior/ both oblique/ lateral views) ﬁﬂLLammmgUﬁ 2.18

2.11.2 NTA1AINLUU dynamic

LﬁumimamwLﬁa@mim?{aulmuwﬁaLﬁauﬁuﬁqm %wmﬁuﬁayjaiunmﬁﬁmum
Tnenmitldiinddnvaziduyn S5 umuvaroam Tnsudazam azdinsdmuainfuniwagd
wifivded count wwin1sfiudeya 60 Jundl Imaﬁqﬁﬂﬁmasmwi%’na'ﬂ,umiLﬁ*usﬁa;da1
Jundl azldnnstanun 60 A TedRovziunsUdsunamesansnduSdnelue Szt

9 denanfisvinisiudeya Wy nssenwaNes  nseenIwgvinfinisinuesie
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(renogram) NNIENEAMNTTUUVABAREA  LiTBN15NTEAUMIVDLTEALUUTINNADINTTDS

waAslAuAINgUR 2.19

r A

JUN 2.18 wamen1sLAUMUY static U8IN130TIRaU0WIY BF-FDOPA PET fen niilaan 2
Fluvaadaasindviadldnalunisaienn 30 Wil cmanaudlelransounasinnainy

WYF T5aneu1agnnTel S19IneaeRnnTel

JU# 2.19 2w dynamic 5 wii/frame Y8ININTIVANBWNIEY 18F-FDOPA PET lagldiian
g m 90 Wil amangudlulaansoulasinnARN UG TSMeUaNTl 519

WednTal

2.12 NSHAANAANDUNIGSIE[28]
Attenuation Correction  LHunisuAAINIsannaun1esed  suilesu1ainniseu
NaNUdINa1s lvatudanlaasuundasliainiiansazdu  vihlriinasannudnauyeg

ANLALATINANTIUSUI NTWNANBANDUSIE I 3 35
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1) Transmission imaging Jun1sn1slddusnuinsdneuensrsnedieviinisiiuen
nsaanouvessunelaeyinounIsanasndwsa wu n1sly ©Ge, %Ga wseo ¥Cs

2) Hybrid attenuation correction \Jun1sAmuiunisanneulngduinaInnsiaiie
transmission imaging Tugssverdu SIUfAUNTEUINNTASIATWLUL image segmentation

3) CT scan: PET/CT Wudsnisufeniildialos CT saufufuirdes PET Tasnisuden
2¢lsignsumulpelnineuainysingnisal annihilation 1ea7n detector gnosALUUILile
mMssuseindanudilutieddidads  viliaunsainsudendsandaasindvssiing
sumeld Tasanmnsausuliviinasedliimn (ow tube curent) othdeyauuiinig
anveufissediafen visliviinasedgs Wethdeyadldunldifiensudruazuansdoya
nemedmednefls Tnenszuiumst avldssovnadesunn  defivedisililoieuiuls
Transmission imaging Apszezarivesni Tnedataldandesni 10 Fudl luvaed

Transmission imaging TdaaUsganu 5-10 Wi

(Gl N
=

Non-Attenuation
correction image
Attenuation
correction image

@o 3

t&
Image

Registration

Attenuation
correction

CT-image

3U# 2.20 WasuAmldaTes CT saduiuaIes PET

2.13 Image processing[26]

AonsdoyadiAuld (raw data) uwihnslddndng o yeaunsadnenansiFondn
W151TMS (WU matrix size, reconstruction method, filter) Lﬁaﬁwmia%fwmwmaﬂai’mz
videmsavauvesasndusednuan Tnevlunmanesas reconstruction Tagld matrix size

YR 128 x 128 pixels Tulud axial vua pixel wogh 2-4 fadiuns YusgiuinTod PET ud
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avup309 Ine spatial resolution ﬁlﬁagﬁﬂismm 4-6 fadlums 989 FWHM (full width at
half maximurm) TngAnnnyasn witls warUSinaidyanassumuiiintuasiianusnyay
waziieanenon15INady 8191UWaLmes hanning #38 shepp-logan MUAMILMINZEL TIUES
19383 iterative reconstruction WU ordered-subset expectation maximization (OSEM)

ielsile target-to-background ratio MtnsaL

2.14 n1SUENINTNEUDI[26]

Mskannmyila 2 sUkuy

1) ¥nsdesnmanudusndafidiviun Wy intercommisural line wazuann iy
3 S¥UIU AB axial, sagittal Wag coronal m’mﬁuﬁmﬂugﬂﬁ 2.21

2) fin15a$190 MUY 3D VosaNDe 3D @519 MU surface projection Hiedaeidia
foyalunsitaduesndlsfimunislidoyaninms  reconstruction  gUuuuiimdsdiany
sefasrfeluiSeswesnnugnieslnsians luftiedeidaandasy (artifact) 91ngUnsal
Tane osnidlorinisadanin raw data 819VN1sTINTRYAUSIN artifact Felailddwile

aue9ase 9 Wrluswlunszuaunisadrenm sildnwilainluainanuduass

=1

SUM 2.21 Uans 3 S3UIUTDSALDY AD axial, sagittal Lag coronal wanuuUABAIW PET/CT wan

v

d19 Ao PET awangudlalranssuuasinvaunuuiannd lssmeuiagnnsel 519

WednTal
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JUN 2.22 N1983190MMLUU 3D VOIANDY N3 BAT 19NV surface projection Lagld
TUsunsu cortex ID AnAudlelAansouLazlnNAWAULYIYIA 15aNe1UIa3uIATel 519

WednTal

2.15 Lﬂ'%imLi'aaqmmmu‘lszﬂﬂamau (Cyclotron)[29-30]

iwseslelaanseu fio inseassoynn luedesdlelunisaissmfuiunsdiiloldnis
nsunnd lpefianuaunsalunisisemnusivesoyneusyauan lun Wsiiten (oH) Ane
Bou CoH) valen CoH) wazaynadan particle FsmuAuMIBAUILUSIMANLALAIANS
gl indsiusgiuunglied wagszandddsmidmneiiaios (target) iilonan
Tolalny i 11, 13N, 0 wag 1°F nonAmuesusiazansiudunded (radionuclides) Fuifuaa
[uveseymARivinsszauds anunremihdnvesuiiom target iviinsszands uaziianlu
QURREIHER

2.15.1 asdUsznauvaLATassayMalalaansau

1) whilangduilwihdaddnuundugueiaunay 2 §u Gonwiulavedmidnvaei
1 Dees wawsening Dees Haansaziivosiadn 4 dueg

2) wesaemusednglulin faFonin oscillator Ivthilduumasininanusis
fng u3e  voltage lawavairmnuandngluiaduluunsewing  Aduinuazdndaulu
SEMININTeYRAAIRseYNIA Dees ﬁqaaadauazgﬂv‘fﬂﬁtﬁmﬂﬁaé’ﬂﬂwuaqﬁﬂe‘TlWﬂw
ilo Dees hamilafidndlniinduuan Dees Bniafaziidndlniinduay

vonaniuudadedinsladusindnluin (magnetic field) Wnluusnasuuuuas

fMUA1NTDY Dees 119@9d LNDASNAULLIMAN I UAAN1IAIINTU Dees ddnalaessuUnl
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Manunazgnussaneluisaildugayania Tneuwdy Dees 1%d0segnusinszyined 2 usd

q U U Y

louA wssanawuudwiniii uay wsnawuwivandsgy

Oscillator

magnetic field

JUN 2.23 uansesAusenauaznIsviaIuTenAsadsteunawuUlelaanseu

o\

1. electric field

magnetic field

vacuum
chamber

2. magnetic field
JUN 2.24 uansesduszneuveesausteunalelransouussIneluesdaaINA  uae

Dees gnusenszvianawmwivaniniiuazusaninaunuusivin

2.15.2 ATEUAUNTIWDYNA
NITUIUNMTLTRUMAITLTUEIN SUanUdosounAliuseq WU lUSHaNANNUTLIN
flanNa19ves Dees MeapsRziinksaduiesnauuliindsouniaty Tiludtiaulagendy

Anusdndgnelndin uaginisiweteunieatl  aveglunurnnauduiliomnainusnseih
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YDIAUIULLIEN UazIBaYNIAINTwBU Dees Wiadnilaanuaadng azvinisaduding

[
a A

vl oynelaufsdnudesinesswing Dees wiouianuids iy uazseilindou
wnBetu Tnpendnsnaususindnsaiufimnauazanusedndfiadulusves Dees ¥ia
aosths apvildiAnusdansziveUrquan desaliszqiadeuiidusaihanauiinieenly
Foy 9 femmnisiuntusuiledamniumma ndsureseynArINTunN AN
tuaglussduungliad uasdleliwdonuiiuy Dees Tiadoufiludnués symeazgniuyda
fhe deflector wansanlUluidfiTissuoumatuegio smiwados Fonswdaiiud
target amﬁmﬂuﬁm’maﬁqL?Juiaiszﬂmﬂmﬁaﬁ LU N35EANBY target B0 melusneauazla

sgbdidu R Jlisedindnseuiluldusslondlunisnsiasmeinsos PET

Deflector
Target

JUN 2.25 uaninsisiouninveasensioumaLuulelaansou
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U 2.26 LA30a1399YNA 16.5 MeV GE Medical Systems §u PET trace 800 vasgutly

LAARTOUMAZINNARNUMYIAIR L5INeIU1aNNTal 1YINendensal
AMSWAR positron — emitting radionuclide dmsun1sanenw PET Alglunispddn

V67 1 gallium 68 (%Ga), rubidium 82 (2Rb) e copper 64 (“Cu) llgldip3oslalnan

FOULANAAINLATOINUUASIALUY generator

Plastic needles

Lead shielding Elvent
Bushing
i
“Ga eluate ‘e
Volume control
Generator 5
©
b **G0/**Ga sdsorbed on
Lead shielding MTO :

> |

JUAl 2.27 1AB0efTinaEUUY generator Ge68/Ga68 ($18) wioNgUnsal Theranostic

Synthesizer ¥BaU3¥M TG JU iQS-TS

Tun1suanansssd (radionuclide) UanUdessadindsseou dedwldlunisenonn
PET ehu‘l,myj%waamﬂLﬂ'%laaL'i'aaummwuiezﬂﬂamau ImamiLi'aaumﬂﬁﬁﬂizqmﬂiﬂﬁuu
Wlilganssddadisvnlusreuiusivuimseunnudonts wazdaunsondalay
wiowrilnSiduuy  cenerator  lneonfevidnnisaaneivesanseanesiluiduansded

positron — emitting radionuclide



29

loldansfusiunsadfina1nud Aazdlufinaain (labeling) Auansinnandaiis
Aosn1sAnwarasaingsunMeayedle Sendn ansindwssd (radiopharmaceutical) wwu
nsth 8 Tuduifueyiusuesiinafie 2-deoxy-2-fluoro-D-glucose (FDG) nanewfly 1°F-
FDG

2.16 99ATNTIVLAZAITISININAIN PET/CT [31-33]

1) nmsulananw PET/CT Tfanuusiugh fifomsmsiu wazdemssed duiolud
dilwgjnismsns PET/CT lailddnansfiuuadunisyih CT awm CT filsagldiflonsszysums
yiliauIdalun1sitdadenie CT ususenis (non diagnostic CT)

2) ilesannmsanenin PET luusazdranaivessimeldina 3-5 undl daunis
ﬂl’lEJﬂWWTJ@ﬂR]%i&Jﬁ’]&J’]SﬂIﬁE:Jﬂ’JEJﬂéjuwmﬂﬁllﬁ nmsanen . CT ﬁ%lﬂﬁ;iiﬂaaﬂégumﬂa
ety eavanunsathawandeuiuiuldwed (accurate fusion) fafunin CT Tudau
voaandildanedos PET/CT azduuuulindumels Faunndaninnisnsas CT n15a9en
auUn@vhly Sedesfianusesinsydilunisudana Wesnnealiviu nodule vunadnunn 9
I8ludennduans senmitldndumelaaziinsiadeulannludmilndnsysay

3) ilesanamglude 2 vilvinissmiuvesam PET wagnm CT ludinuveseTonsil
Inavsedntunsedsanenalinseiulauauysal Fatiunm coronal view TULNAAN PET iU
CT wawe dieUszneun1sitady lower lung nodule #3® liver nodule %ﬂﬂﬁ@mwsamaa
PET/CT fusion images w#liiggaeaifgiatavinlmiladeiianainle

4) A attenuation correction ®13RBMANANAUINGN (false positive) 1Tu
technical overcorrection artifact e vy fgfauﬁlﬁ calcification :J’lﬂﬁ/ﬁa?i?uﬁﬁa’liﬁU%\‘iﬁﬁa
dwdidu metallic instrument Lﬂéa\‘iL“Ell’ﬂﬁ]lﬂ’j’lquawfuﬁﬂ’l’m%WmLLﬂuﬂJ’lﬂﬁmi@ﬂ%JU%\‘i?i
110 Feiudulnseudaunduann ¥linin attenuation correction WiUNSIUENT
WNEYSFUNNIANNITMarewUanaLluun YilmiARauINaIs

5) Wudaiumepalude 2 way ¢ mngieiinisideulwiann e CT Auam PET
fanuaeuiuinn sawAulglined n1s attenuation correction vesfumInsufavin
U 1w am PET Wushumiswes cardiac wall winsefunim CT luduvesUan ieswinnim
CT mouseshladusamed Tuvasfinin PET Wuaedsvesvasnasiuaasiiiosiniiy
algiaiunu

ﬁqﬁlﬁﬁmsL,LammsLﬁﬂmwﬁlﬂﬁqmsmﬂ‘iugﬂﬁ 228 way 229 dilifinswy
Foudoadlothnmwenuisdaeufinpoiuas e ddssuussnisudos Indnsounnyi

Manauiy widlevih anmluwwiunudunduiinnswuwiuvdeulofoutiu
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JUN 2.28 fUqedlfoult hepatic dome N1 PET/CT fusion images lainu ®F-FDG uptake
uilann1m coronal agiiuininisimdeniuludiuves diaphragm seninaniw PET uag CT
Tnenm PET luduvesiounansbiiiuind BF-FDG uptake 3 nAudllnansauuaginnaunt

WYF T5aneu1agnnsel S19IneaeRnnTel

gﬂﬁ 2.29 Technical overcorrection artifact 910 tracheostomy mﬂ@uﬁlﬂﬂamauuazmw

AU 1sane1uagnnsal s19inendegnsel

2.17 @15undused

a19.ndv398 (radiopharmaceutical) Ao @13AuEuRSIE (radionuclide) NAnaaNAY

ansUsenaunaeinillasaseimungan (carrer molecule) Llawihgsnenieasinalnluds
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(Y A v

aYozithunefidesnis Wevhnmsddedeniesnuvilse lngansndvsdoraduastutunsed
\issegaiovdeiduamsiunsedfifaeaniuasszneudu 4 eanaudanunzaily
nsesITitadueaznse ssuumsvhaufiaule wu 24, ©mTc-MDP, 1F-FDG, 1'C-PIB 1Ty
i [34]

1311

L

18F

)

carrier molecule
3UN 2.30 ansfiuduneadnfnaaniuansuseneumaaiinilaseasiesimangay

N a

duUsEnauveIasINEYSIa ANSNUIUNTIANRARAINAUAITUTENDUNIALN

D

Y

Tassaseniwmunzay  Wawdndsrnieagludeteisidvanedaanis  vnliaunsaduinsed

Y

[

LazauNINLBYINNTSINNTsA uIsldvinanuiiaaiansSnunlsalau

U aaa °

131 9 =t sAUsaul 5 1 A\ 3 131
I i UASLAATIIENNANUILNIZNUABULNSTDEA  LAYAANUAVIINANYDY [

v

willouiulelefunegluguiafes  dwudeulvsesndaiinsyuiunisiinedvansndusadiing

saulnsasnte

JUN 2.31 ansindv3ad Y
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o

PTTe-MDP fleansindusadniianudungiunsegn lnvansindusdiliiosduszneay
gosdufe dwiluasiudunisdfe e Wieadenm uava1suseneu MDP Tnnaudh
ANIYNYATLLAYATALTINSZANHIUNTEUIUNN TN LA iaunsaasannnszania

anele

U 2.32 ansindusad *mTe-MDP

ansundusadutadu 2 Yszomnisldau sudnguszasdnisldau [35]

1) asndvisddmiunisinm ﬂmauﬁ’aﬁﬁﬁmaqmiLﬂé’ﬁﬁ%’ﬁﬂizme'f fio uile
avaufiusnautodeiiaula ashliAensvhaneidedoluinnty Tasasudessediud 3
fanautilunshaieidiode (beta emitting) 1y *!l dmfuinwlsnvasionlysens, “Ov-
microsphere @sUNSSNW LISy, *2Sm-EDTMP éfm%’u%’ﬂmmmiﬂmﬂis@ﬂLf‘iaqmﬂ
nMsanauvesussulusiu

2) ansndusaddnsunisnsiaiiiady $ingusyasd Ae Ju dueen wiawdluludw
vikwosszuueioisfiauls  leggusimiemsvhauiiiauniivesetenr  Tnsazudensed
WNLY (gamma emnitting) U *mTc Mdmsuiias SPECT, SPECT/CT dquansindusadd
Uaessadlndnsou (positron emitting) aglddmsuiasas PET, PET/CT wiu °F, 1C, %Ga 1Ju

U

AU

asundvSsaussanilisnnimsgneatguiiinauaudilunisvihaneiegaluuiinm

'
o

NazaudnasnduSd@niddmsunissny asindvsadnisinaaudmnei[34]
1) dnalnvmnandyaamansimunzauwazansiudunSdnldinas@induusiies
WozyN1INTIIUAT VALY

2) luifinamanszurun1sduadilusnenie
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3) WeudnlUlusanmeasliifinadessdusznouaessienie

4) fispecific activity g4 Az Uunauwesasindyisdnausunanesasusznaugs

5) ﬁmisauﬁﬂuaﬁ’mzﬁé{aqmsmaw%%’ﬂmqq

6) asTildnsITiteduanes @iy blood-brain barrier léuazduseasnain
51an18L57

7) fnnuandAnenzauiunsineainfuansiuiun e

8) danuvasndulunisuimsansnduisduaraiunsaltUsniusdos 9  luns
A5IaLe

2.17.1 nalnnsasauvasasindaussd [35]

nsavauvesEnsndvadvialafany LﬁaLﬁﬁwqji"mﬂw%ﬁﬂalﬂiumiﬁwgiai’mz
wANAAUMNTNGUILAIATDINITATIA UaL oenziideinisanwnisineu Tnsuddldiaue
9 dnwazdell

1) Active transport Msdsanssuingisadiiuberiuead (cell membrane) Tng
p1fBNTIINETTL N1sesiasenlinseunmiy 2 AR5IaNLST neuroendocrine Mg
BIMIBG %58 115nsiagdasng P TC-HMPAO %158 *™Tc-EDC

2) Simple diffusion AsuwsHUNTaaavesasIndvsEdlnglildnasnu orfeiies

ANHLANA1YRIANITNTUYBI T elulaz NMeuenas WU **Xe lunsunsaindenidng
NITUALADN

3) Compartment localization ﬂszmumﬁimsmé{’ﬁtﬁ%’aﬁLﬁﬁwgiﬁwaﬂwaLLﬁaLﬁﬁwlﬂiauﬁu
Auveurasolnanglus Ny Imamagjﬂuswwaw?&wLﬂ’mmalﬁmw,ﬁmwaﬁ%ﬁw
M3eEnNSed WU 99mTc-RBC Fsldnnsinaainansundasedtudadenuasiiorinisnsa
ﬂWSﬁUé]’aﬁuamﬁﬂmﬁamw@U%nmﬁﬁmsawmﬁwaaLﬁaﬂiuﬁwma

4) Phagocytosis msﬁﬂé’fuayﬂmimy}uaﬁqL.maﬂﬂaau 130 AvaaouAlat Kupffer
cell Tuszuu reticuloendothelial 19y astndvssafiidnuasiduoymannalng *mTc-
sulpher colloid AggnIuuarazasluusian fu dw uazlunsyen

5) Capillary blockade e nalafio1fonisgasureseynpIUIAEn (VURazoE
Uszanas 10-90 luaseu) uShiumaeadendes (capillary) FARLAIWAISUNSHILYDIENT
ndssdneluuinaiifidudensuindn Wy n1sesravendae 2 Te-MAA

6) Cell sequestration ﬂalﬂiumsﬁflmaL%aéLﬁﬂLﬁamma%qQmﬁﬂﬁﬁaamwmaqﬁm
Wionsrensyheuwesiy uazuneaSienanunalnd lbausaau

7) Physico-chemical absorption #58 Chemisorption #® nsguIun1sIfunalnnig

LAlEnInsaselluasiiivenisisid munedanunsaganisiumeufisenieail 1wy 113
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gainzvomyloainn wie WaﬁIWLumﬁUIﬂix‘iﬁ%l’l\‘i“UB\‘ia’lﬂiwﬂﬂ%ﬂL%‘Elﬂ’j’l hydroxyapatite
Lﬁaa%?mmwmq%’qﬁﬁuaﬂﬂis@ﬂﬁ?ﬁ'ﬁ"ﬁmsJ 299 P Tc-MDP 39 " Tc-HDP

8) Antigen-antbody reaction nalnflefuAnnusnnzsening monoclonal
antibody Tun1stmnansindwsedluinigds atigen vuRwadveseiegid vy fegraugu
Bl tositumomab dMuun1snTIaNeLsaanld

9) Receptor binding nalnflonfuausinizvesansindvs @i receptor vuaie
W @iy P-MIBG @1u15an59939U adrenergic receptor aatalalel

10) Metabolic trapping MSaEzEUUBIENSINEYSEIneoFInalnnT NG LT
wad 1y BF-FDG  dadllassaiandneiungleauazanunsagnividingwadldiniieunglaa
avauneluwaddsfiunueddu (metabolism) a9 LU lwadusise Wudu

2.17.2 NMSHARENSINFYIE

2.17.2.1 NISNANEISNUNUNSIA[36-37]

'
a

Hunszuunslumsseauds  (bombardment)  swimsnzasluinied
Ufnsallsuapiolumdonsseyma  laonszuaunisndsansiusiunsediieldlunisngie
Fedelsndeines PET/CT 1 2 uuy fio

1) Cyclotron bombardment flanssaudesdmang (target) AgeaunA

Nilszq Fdwlvgilulsneu usedaeiinisld fnseu wie sunawean asiuiunssd

q
[

ﬂﬁjﬂJﬁlﬁLLﬁ Carbon-11, Fluorine-18, Nitrogen-13, Oxygen-15 Judu eﬁaawsﬁuﬂum%’aﬁmmﬁ
Husmiugruveagadluitinie faazeglusuuuureanamieufa

2) Generator products LHuansiuiun$sdfiwSeuann parent radionuclide
fefiindiTinenniuaransiudunsdfieioulfedaddinfiduninun Atlutlagiiu
dmsunsnsitadelsedaeeios PET e cermanium-68/callium-68 generator (Ge-
68/Ga-68)

2.17.2.2 MsWanESINEYTIE[36-37]

Hunszurumsitiniulueiesdansigians (synthesis module) Tngnu
nszUIuMITaATag q fereluil

1) mswsenastutunssddmiufineatn  (Azotropic process) Liedns
fusunsadindaldanunasiuiagnasndaniesdaeszy  asgnviiliuidasenmgiiuas
naTngaumLsaEtinvesans ewSounieudmsunisinaain

2) nsfnaann (Radiolabeling process) lelalnufignvinliussudrazgavinler
Aananiuansuszneueilluszuudelasondeufiensunudivie nucleophilic

substitution %38 electrophilic substitution lagiin1saruauaamiiuaziafldlviangay
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3) nszuIunsielaslada (Hydrolysis process) NseUIUNNSANGR LATIESS
maedifvihiidesiunaiinUfisenseninans (deprotecting group) lnsnislingm vie
\ua

4) msvilsu3ams (Purification process) nszuaumshlwansundusededans
Tagnsien MeIsn1aadilesizs WU 35 solid phase extraction #se HPLC (high
performance liquid chromatography)

5) MswANgRsi3u (Reformulation process) 1unsifisansusausaun
msmé’i’%%’a&ﬁammmmzazﬂumsaﬂLﬁﬁﬂﬂuﬁai{ﬂaa Wu dnnde (saline) @nsazans
Unliled W citrate; ascorbate buffer thdmsuin (sterile water for injection) tJusiu

o

6) mavhlimmnidelutuneuaaig (Sterilizing filtration) ansundu¥ead
wanlsazgnnsesiuinsesiifioymain lUSsnussanfasiiusmnide
2.17.2.3 NMIAIUANAMNMWE NS YTIE[35-38]
asnduisEfuaald deuflazihludndrgsumelieifieiirsunisasiase
\A303 PET/CT Azdestnunismaasuiiioniugunanm tnsdnadanusmsgundiivaina
%aﬂﬁ;léﬂqiiﬂ, 29N WATANsIgaLINT (European Pharmacopeia, British Pharmacopeia wag
United State Pharmacopoeia) FalpeihlUrsdinismaaeu ﬁ\‘ﬁf
1) ANWALNIINILAN
1.1) dnvaeiivsnguasd 1wy nmaduansazanowi vie aeaased
UI0ETUVILADY
12) $nnumazvneya dedinasonsazaNveEnsnduaE i
Huansiitleymevunslvgjinmunsarasluinuiuie sy luvusfiansfitloyneruin
dnnienavazavlulunszgnuie ven
1.3) @1 pH Feasindussdusiasiined pH Auanzan dusunnsly
s sinazaglurig pH 4-8 snrfuthansdiiensasdesinaiulilu pH Mduvanionsa
1.4) poaluanan (osmolality) Aonnuiduduresansiiegluarsazans
fagfimawelifiiwinfureanailusiesnie 1Wuasfiendn isotonic iiedaatunisuan
RLNEVRRE
1.5) msifiudiatiesiesasanin ieteaiunisiin oxidation wie
dievliusemnidelse
2) AnaEavisuesansiusiun$sd (Radionuclidic purity)
fo Wosiuimueesmstisiuniadluaandvssdiuieonuilugy

ansnuiupssdauiinisimuaaiuinsgiuld lneausamleain
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2.1) MTI9AASITIN FeazidunTuHSElRnIzNUaosaanu191nNaNs

2.2) ARAMENIUSIERNIZTIUADYRNUIINFISAULUASIFLARLA?
TngllATesiuinnaseussd (multi-channel analyzer)

[y

MOUTTAIAUBINISNAEDY  1INBTInDINSUUUauvesan iU unSad

yiaduddlaldansiutunisdfidesns mawuiedildiAuinasguagyiilielasudsunm
S dunniulngldneusslenilunsidedelsa
3) Au3avsmaedised (Radiochernical purity)
Humsndndiuvesansiusiundsdinanluansindvisdlugumand
fifosnsanunsaneaeuiemaiansinsziiivainate Wy Tasulnnsiuuuread
(liquid chromatography) Tasuilnns fluuunseae (paper chromatography) lasuilnasai
WUUHIUN (thin-layer chromatography) lasunlnnsiuuuvesvaiuseansnmgs (hight
performance liquid chromatography; HPLC) tJusu '?mqﬂszaqﬁﬁuaqmsmaauﬁ Lﬁamizq
dnauvesansiadiiifosns fio bound form seanstusfumisdlunnsuuuuiedomn 1y
free form %58 hydrolyzed form Tagwnnuindnsiduaes bound form s Tuaausil form
Bu 9 vesanstutunfedienfigs oradudovsdinszuiunsvesnimdeililfinesgiuvie
ARAMNURANAIALUNTEUIUNISHER 6??@asﬁﬂﬁﬂuﬁlﬁ%’uﬁmm%’ﬁ@ﬁu Tnglilaneuseluyl
den1sitady  vielinasenisazauvesasndusidiideants  erwfianauinads  (false
positive) n3anaauaiN (false negative) 191
a) m’mu%?jﬁ/léwmﬂﬁ (Chemical purity)
mimaa’iméfﬂahuﬁmﬁaagiﬁuaqmiLﬂﬁ%ﬂﬁﬁumim%smmimé’fﬁa%’ﬁ
U Lovuea (ethanol) ax@lalulns (acetronitrile) Lavesdlau (acetone) WWudu mildan
Wnseseiay Tasuilnnsiwuusia (gas chromatography) lasunlnnsihuuRIUN
(thin-layer chromatography) usiu Tag manwuirdadiuvesansiniidandoogluansindy
Sdnnsninlataniunnunsguiitvunsyinlansndesedflitaunnmninnnsgu
laiwngauunnislaanuy
5) NINAFBUNNTININ (Biological test)
AsMAdBUNIEIY ATIasnite (sterility) nsrelsa wioasnold
Lazieeulanendy (bacterial endotoxin)
6) AuANY3IlYeiINgey (Filter intergrity)
Tnerhinsesazdemuseussiugagamudiszylilugadnuasians

YDIWINT D
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2.18 anndvaditldlunisnsaa PET
andesadiidlunsnsie PET fuaneiln seludeusdusioiner wigine uas
Ussavinen  nmadenidasindudidusassiinfiauuansiety  TufuusasnenSanm
annsasuuneunsldendls &l
1) Metabolism agent: *C-Methionine, ®F-FDG
2) Neurotrasmitter system: ®F-FDOPA
2.1) Dopaminergic neuron: *®F-FDOPA, ''C-DTBZ
2.2) Cholinergic neuron: 'C-Nicotine
2.3) Serotonergic neuron: ''C-DASB
2.4) GABA/benzodiazepine receptor: C-Flumazenil
3) Neuro-pathological process:
3.1) Amyloid plaques: *'C-PIB
3.2) Microglial activation: **C-PK11195
3.3) Tau radioligands: THK compounds, *C-PBB3, *®F-807
4) Perfusion agents: °O-H,0, °0-CO,, *N-NH;
5) Blood volume agents: *0-CO, *C-CO

6) Proliferation agents: *C-Thymidine, !'C-Choline, !C-tyrosine

2.19 Tau tracer

nalnnsiAn neurofibrillary tangles (NFTs)[39-41] wesifiilannzausaien lag
anmeaueaden iun AD fammddnanainanuinundlusedu micro environment @84
Usenshe 1A extracellular amyloidf plaques way intracellular neurofibrillary
tangles (NFTs) Fudmwes amyloid} plaques fsushfulazaesassmeuenwadUszay
weliiinAudengsealed LaraINNTaRTIAINUMILNITNTIA PET lagaisundusednay
amyloid tracer 9MNN15FUHFIUI amyloidP plaques @133EildUNTEAUNNTAN tangle g
faddaunas (cell signaling) dsludimeluwadusyam shliAnnalniiade tangle Tuan
TuanmeUnfwaduszamasidlnsadaeadmilowiludon  cytoskeleton @
dulsznouvdnie micotubule vhwthimileuioddesuazvyuiisuasemsiiiovas

[

AeIaad @9 microtubule TuREilUSAY Tau vihwthfireengsuazyinlyl microtubule

v o

Juiudulessasraduloudauss (microtubule binding protein) walliolusinuinAany

HaunfvunelugaaasinlminnszuIunIs8usenin  hyperphosphorylation  Tagi3uan
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nsnseduweuled kinase gluwadlignnseiulaeiiidmunaiiowiuny phosphate 4

TAs9a319v89lUsAY Tau YR microtubule

Neurofibrillary

tangles
N/
>~ -—
Microglia Q Tau f‘rlamen’rs/= Amyloid plaques
. \ 4 i — ’ a
IR = » D =g
; / AB-42 TS
i Oligomers
@7
"~

\[\ Ghost tangle

31]17; 2.33 u@na extracellular amyloidf plaques wag intracellular neurofibrillary tangles
(NFTs)

31]17; 2.34 LanInIzuIUNISNIA hyphosphorylation

Wielushiu Tau lasunisidums phosphate whluaggayideaiuanunsalunisazany

wagldaunsavimihilasely Sen Tau hyperphosphorylation uazagisuvgneanuIau
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nsguunsanvnevesnalnil indunguieuveslusiuiiionit neurofibrillary tangles

(NFTs), tufted astrocytes (TAs), coiled bodies Wag threads pathology

INSIDE THE NEURON

L microtubule

gﬂﬁ 2.35 LanIN1seAn neurofibrillary tangles
NANTENUABLNIARTUAY microtubule Llpsann1sagydelusiutadudiudAgylu

mssnwlassasneriliiAnnsunninuargadaduledudulasaiiwenvadUszamly

gadenisinenu wasdlugnsvuiunismeveseaduseam (apoptosis)[40-41]

INSIDE THE NEURON

nonfunctional

X X% .
L 00X

microtubule

3UN 2.36 uanin1svianelasainerngueas (cytoskeleton) Lilaiinn1sasna neurofibrillary

tangle

Wensyurunsiianfiusieluites @ aeluaues wadusvamdiwiuunazgniinaty
wiu TugfUag AD asnunsvianeiileiioUszaminuiuiinauianisievesauss (shrink) uag
naulsATlAnINN1TIFeNYRLYadUsEa ™ (neurodegenerative disorders) MIdn15aaNveq

Tshu Tau luauesiduannnnmyaueudou 92136031 Primary Taopathies[38-42]



SULCI
SULCI
avR - m'w\ﬂ A
ATROPHY %
———)
- ventricles ventricles

Uy Iy

JUN 2.37 ugnamsiUTeuiiisuanesuniiuazaues Weinnisle (atrophy)ninde auesund

AN @N9Ele WU gyri LAUAY sulci N119TU ventricles Tugjaiu

2.19.1 We3a35IMevedlusiu Tau luanzauesdounazlsadu q 7
\Awadasld0-43]

1) Hyperphosphorylation of Tau

1UsAU Tau # 6 isoforms Usenausie 3R (repeated) wag 4R (repeated) W
3R wag 4R isoforms @ansainlminn1sazauvedlUsiy Tau waza1u1se phosphorylated
Ielumanesumils wuinsiwasuutadly micotubules fananiagthlganudemeves
axon transport Tulwaauszann wagnsazanves hyperphosphorylated Tau 13U NFTs way
viliAnmuAaUnAvesszuUUsTamLazIeadn el uiign

2) Tauopathies

fio  naulseilArainnsidenvessadszuutszam  (neurodegenerative
disorders) #ifinmsazanvedlusiu Tau luanesiiduauvmanzanoaden léun. AD,
Progressive Supranuclear Palsy (PSP), Corticobasal Degeneration (CBD) Hudu Fawsaz
Isafavdanuunnsnaiulu Tau isoforms wag Tau conformations

Wsku Tau luawesusznauluieg 6 isoforms eguu exons 10 89
microtubule TiFURUSHU gene protein tau (MAPT) uulaslilenfil7 vilsdauuansieiu
Tuduwinwes c-terminal repeat sequences loin JULUU 3R Way 4R 18 4R Tau isoforms
wgnidnsvia exon 10 Tuvaigdl 3R Tau isoforms 9¢laifl exon 10 Tnedaduves 4R uaz 3R
sz 1:1 Tunniwdni §Uae AD wa chronic traumatic encephalopathy uagazumnsingly
aumeSann luvaizdl 3R isoforms auaulu Pick’s disease waz 4R isoforms iy CBD
waz PSP uananilulusiu Tau avoglugy paired helical filament (PHF) @y straight
filaments (SF) ns7ilUSAY Tau Sanuuanansia isoforms wag conformations Satiuans

1Y

LN&Y59E Tau tracers MnsnzaualsiiauaudRisil
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1) Lipophilicity 1#esanlusiu Tau egnnelutead Fehuansndusddoatn
Qi plasma cell membrane wag blood brain barrier 1§

2) High selectivity flosan Tau NFTs flasadsiindnendaiu amyloidf3
wifiaumunututiosnd faifu ansundv¥daedosinuaut high selectivity selusiiu Tau

111N amyloidP Useana 20-50 1

[
Y

3) W19991NlUSAU Tau 3 conformations 19 PHF wag SF 52184 6 isoforms

v v
= (% 3

wazdimnuuansnetiulustazlse  nsTuvesasndusiEasiutuedussneuwent  fady
iielitannsadyu pathology tau lélunnngulsa tauopathies ansindvisdassiosilnaand
Tunssuiisnumneii isoforms waz conformations tielinnsitadelseiiuslugn wWu PHF 14
Alu AD uagdunu SF 1aalu non AD tauopathies 1@ PSP, CBD[44-47]

8) ihgamesldiSumazduoonanuinaililmidmng (non-target) 16152

5) Metabolites azlsindaneawaglifuivusinantvung (specific target)

M13197 2.3 LanENYENeSINg1vae Tau isoforms waz Tau conformations luusiaeng

Tauopathies[29,35]

Type Tauopathy Tau isoform Histopathology
Electron microscope | Light microscope
Primary Progressive 4R SF (& TF) Tufted astrocytes;
tauopathies supranuclear Globose tangles
palsy
Corticobasal 4R SF (& TF) Astrocytic plaques
degeneration
Argyrophilic 4R SF Oligodendrosglial
grain disease coiled bodies;
Limbic
argyrophilic grains
Pick’s disease 3R TF (& SF) Pick’s bodies
Myotonic Short ON 3R N/A Neurofibrillary
dystrophy tangles
Secondary Alzheimer’s 3R & 4R PHF (& SF) Neurofibrillary
tauopathies disease tangles
Down 3R & 4R PHF (& SF) Neurofibrillary
Syndrome tangles
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Chronic 3R & 4R PHF (& SF) Neurofibrillary
traumatic tangles
encephalopathy

Niemann-Pick 3R & 4R PHF (& SF) Neurofibrillary
disease type C tangles

3R: 3 repeated form

4R: 4 repeated form

PHF: paired helical filaments
SF: straight filaments

TF: twisted filament

N/A: data not available

2.19.2 asndv3adlungy Taul48]

asndusadlungy Tau Usenausie 4 Ngu Ao Quinolone derivatives,

Benzothizole derivatives, Benzimidazole pyrimidines &g 3-pyrrolo [2,3} pyridine

M13197 2.4 anstndusedlungy Tau

Chemical Class

Radiotracer

Quinolone derivative #Mu1a1n Tohoku | ®F-THK523

University Uszinadiu BF-THK5117
18E.THK5105
1BF.THK5351

Benzothiazole derivative 1'C-PBB3

Benzimidazole pyrimidine \Judvansves
E Lilly

8F-AV1451 (18F-T807
8F-T808

3-pyrrolo [2,3} pyridine

BF-MK6240

T5189UnsANYINSUSsUMIBUSENING THK5117, THK5351, PBB3 way T807 Tu

auewaeUiy AD MFeTIn wuansn 3 nqu danumileudulunisdu (target bindings)

wisnefulupuannsalunsdu Tnefl THKS117 waz T807 il off target bindings

WilpuAUNUSII hippocampus Way putamen. kagdin15duse MAO-B LUuiuwatiasnin

THK5351

F-THK compound Hugndaasizviusnluvatelaseasiaienaaaunisnseangm

YOIANTAFYTIE AnuansalunsuingwadUszam Laraudnelazainigdued
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nelu subcortical white matter fanuielinsusuusalaseasneauls BF-THKS351 @il

ﬂ’J’]iJﬁ‘])’]LW’lzLﬁ]’]z‘«]\‘iéj\‘iiJ’]ﬂﬂ’j’] THK5105 wag THK5117

A15197 2.5 AnaudRv1anienw oF

Radionuclide Principal photon emissions
Mode of decay
(half-life) (keV)
8¢ Annihilation
Positron decay
(110 min) (511 keV)

2.19.3 1BF-THK5351 [39]

asndviadsmlnigailueyiusves arylquinoline 1fu  S-form  wes
THK5151 Ainansnanasaas Tosylate precursor (S)-2-(2_methylaminopyrid-5-yl)-6-[[2-
(tetrahydro-2H-pyran-2-yloxy)-3-tosyloxylpropoxy] quinoline (THK5352) @1u150081U
blood brain barrier l9f frudnnizazasgeiulusiu Tau Fdntuneluwadusyam
Taumse wazdudiu paired helical filaments (PHF) vilfanunsaifadelsafiintulalu
svezusnBuRusiinisiestuiisadntosvestsiu Tau luwadusvam wazseiunisaye

'
=

Wullanuduiusivennismeediin Genuaudinddgyues BF-THK5351 Usenausig

1) findvaamanifimiingieadleis

2) Juiiu subcortical white matter tog

3) il target to reference signal g

4) Juiiu NFTs laanan amyloid3

BETHK5351  Saduansindvfedimnzauuazgnisnldlunisnsnidedy
nsazauvedlUsiu tau Tufthennzausadousozusnbuuazyssidunuguussvodlsald
A

Audlalransounasinnawnuiend tsameiuaginsal ladeniauansundused

Tungy Quinolone derivatives 7 THK compound melétennasausuiley

UINe1ae Tohoku Usenegiuu

Foustlunisnsia 18F-THK5351

1. '3ﬁaéfamazauaqLﬁaudauﬁaWﬂmLamL,Lazﬁum;f{ﬂaaiuswzLéuLLSﬂ

2. N919919388UY AD tauopathies °Lu;§ﬂaaﬁawmaLLammmﬁﬁﬂ%’mw
3. NM5ITasKen AD tauopathies 291 non-AD tauopathies 11 PSP tHudu
a

. finidendUhenvzanunsalinissnwme anti-tau therapy
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5. Usgdiumnugulsevedlsn Laginmun1ssnw

TorulunInga
1. MIRIATIA
2. 113MIILIYAT 1INABINITINNSATIIAITIAlUNYATRE1taY 24 Talumwmanih

N13M399

ININTIALAATIERAN

1. NMSMSLUFINBUNTIA ﬁﬁayjaﬁﬁ'mﬁ’uﬁﬂw Fosinusy SRiedesfionainasens
asrnaznIsulana wu UseiRvedlsailiendestussuulszam Tsadnny eansivdulu
Uy Usedin1ssnucesed nsindn wavgifvnmeases

2. Usefiifieniunmsnsia CT we MRl U0s@uel NISMAeunIsyiaIuaesssul

USgamUazanoInudu ¢ 1 EEG, neuropsychology tusu

MCI

Preclinical AD AD

Aging

Severity

Neuro-
degeneration

AB pathology
(neocortex)

Tau pathology
(neocortex)

"

-
"‘
-

Tau pathology
(entorhinal cortex)

SUN 2.38 uansnsazan amyloid 1UsAY Tau wag neurodegeneration AILANDUNDINITIU

2

=]

UBINTLLAN

Off-target binding Ao N1sazauveslUsiu Tau Tuudnadu q Adunaunannisiuvedusiiu
Tau AU pigmented wag mineralized structures, MAO-A tiag MAO-B wua1 8F-THK5351
9l off-target binding fiustaas midbrain waz basal ganglia Faduusiom il MAO-B U3unay
wn agnuldlulssmnsuninienglissuarengan waragsuniunsiasesiamm shlinsld

U U ¥ o W

ansindvseddiiivednnlunisununldvisedtin WWesanilnsiud off-target binding
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W

basal ganglia “midbrain _°

g‘tﬁ?‘i 2.39 A off-target binding Fiduaia basal ganglia Way midbrain 31AA1IATIAENE

ANsLNAwS9d THK5351
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A5N1SALUUIUIAY

MnnmsinwdeyalummguiazanAdedig 4 ARsdesiumsmeamiadszuy
frenisudeslndnsouvesansindusedluauling Seinldnuddeiiuuneiiednwiasm
FraafimunzausenisaennsidszuuienisuaesIndnsoune s tr-THK5351 sy
aulne Wenluuniazedureieafuniesdle ssuumsiaiiedostutdsouasizlunis
neassiientrsafivinyanesmssen g dssunuredndnseuresanstutundan

soedmsuAUlng

3.1 \p3asdanazszuumsiaiieadesiuanuise
3.1.1 wasdnen ndedssunuvadindnsou
w3padnenmSedszuruvadlnd@nsou (Positron Emission Tomography :
PET) Wuedesdranmmiamsunnslaeiduneianianisunmddaadesfivaassninma
M5unnd (medical imaging) Fauannatfunnaudd ww3osdnenndadszuuvedndnsou
PET/CT scanners ﬁi%’luﬁuﬁﬁaﬁﬁ%ai‘:u’h Siemens Biograph Reveal 16 (Siemens

Healthineers, USA) %aa@uﬁlﬂmmauuazmeaLLﬂuLLmﬁma

biograph

5UT 3.1 3estnennddsyuruvedindnseu (PET/CT) JuSiemens Biograph 16 989

v

Audlalransounavinnaunuuriend lsameiuiagunnsal S1Yivedegnsal

q

e

3.1.2 15089598 (Radiopharmaceutical)

AN5LNFUTIEVID L5ALeLNSes (Radiotracer) ApdBLsanNNaLALULARYTVD

[y LYY o

lananfnduarsiudunSddduanatulsaesdanuanizsanzasioioulsdifenisay
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'
= IS

Anw LledasAlowsiwesidignanig maLsaa%%ﬂsmwalﬂgiaiaazw§adaumaaﬁwqmsm%nm

¢l

Aleulesidumsaste waluaiuvesansiuunsdnluadesazaanofmiingnsausanun

[
v v

duuanidelidumsiwesnldfe THK5351 Anaandu B Fuduarsundvssdilnigan

€

v v

ueyiusves arylquinoline 1iu S-form vas THK5151 findnsnainansnasiu Tosylate
precursor (S)-2-(2_methylaminopyrid-5-yl)-6-[[2-(tetrahydro-2H-pyran-2-yloxy)-3-
tosyloxy]propoxy] quinoline (THK5352) 53!\‘167\‘1Lﬂ'ﬁ’lzﬁﬁ]’mLﬂéa\‘iL’ﬁﬂaﬁgﬂ’lﬂLLUUIGﬂﬂamau
16.5 MeV (GE Medical Systems) 3u PET trace 800 vasfudlolaansounaginnawny

LASYR

THK-5105
OH
r_L_o “
5
N A

< -

THK-5351 N° N
H
Ul 3.2 lassadeifuszues THK5351

3.1.3 Wsunsuiildlumssndiuns

Wsunsuildlunisdndunisifiefnwinaznitinafivuizauionis
Mensidszuunen1sUanelndnseuvesasnutunssdnuseslawn TUsunsy P-Mod,
1Usunsu MRIcro TUsunsa MRI convert waglusunssd MATLAB muasiu

TUSUWASUPMOD  software  (PMOD  Technologies  Ltd,  Adliswil,
switzerlandWJulusunsuuszanananmnesadldlumsmusununisiasuansishlemsives
Lﬁaa%maé’ﬂwmzﬁuaqmsLﬁ‘;JuImwmwwizamL,Lazauaaﬁuaa;iﬂaaiuﬂ'ﬁﬁwamﬁmmmi
§5uanssilomsiesardliiiuinuinalavesauediviinansldsuasisalemsives
(uptake) “U@ﬂﬁ’]’iﬂ’]ﬂﬁ?jﬂLLﬁ%ﬁ’Hﬁ’lLmu'\‘m%L’Jmﬁfuwlﬁ’]mi’l’]ﬂﬁ’]Lmﬂ\‘iﬁlﬁuiﬁl(Draw region
of interest)ielusunsy MRicro ieaswisiuns xy,z waziiluasiensmilulusunsy
MATLABsinlU

lUsunsy  Matrix Laboratory MATLAB R2016 (MathWorks, Inc,,
Massachusetts, USA) wanlaeuishuumiisnd idulusunsudnfaguidingliluausy

ANSANUILAL NS ULUSENTUN NATUANAAIANS WAL INSIANEASIND LB UN1TAS
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wuvdaesendinmans, nsidyaturedsyuy,N13aeTEUUAIUAY, wavelet, MIaia
wesnd wazlaeianizisesimage processing

1Us1AS4 MRIcro vat8 (Lewis Center for Neuroimaging, University of
Oregon, USA) 18 ulusunsufildnisdnunnndSadsneiioldlunsasmzinindienisdn
$diuldlunsiteannnilinsdueddndudulusunsuiianunsaldldlngluideaildsne
aeldluoygn BsD Fadulusunsulidmiunisnanmluvinaaussiiaula (Region of
interest : ROI) Lﬁaﬁué’uuazﬁ&aﬂumﬁmﬁwLLmﬁiaﬁanU%LamfuiugﬂLLUU xy,z Wieldlunsms
auNIUnAMasNeanIMANFuRUSTEniUsIIanslasUassRlawmsiwesiumsues
awdmsuldlunsmansafivnzganvesnisaenmemaianisinenmdssuiusie
nsUaselndnsouvesarsiudunsidniuses

TUSunIU MRI convert (Lewis Center for Neuroimaging, University of
Oregon, UsALulUsunsumssunsunndiieldusuusslnadoyavesnememansumme

Tegluguuuuianunsaiiluussendldiulysunsudniagudu q 1a

3.2 nguenEnalns
3.2.1 Fn1sARRNNGUREHIAT

Tumsmdennguenanasinsaziizaseny 41-80 U nguenanainsiiiiundnu
tudeanduditlbinefulsniefussuulramuasanssnieu wavagldsumavagoudie
Montreal Cognitive Assessment (MoCA) Iﬂ&JLLUUWﬂaaUﬁ?u%ﬁﬂzLLuuLﬁu 30 AZLLUU
dwduliiiunisdadendesiinzuuuainnisnagaey MoCA sanimiewitiu 25 Aziuy
uay 9ntu thnguenanalinsuymsnienin MR uag PET Hiaglasiainauardnuuzves
aupsiiievinstusuingusedidlifirnuiiaunivieflsaiiAeafussuuUszamuazanes

[

Iﬂﬁqmiﬂ'ﬂé’%’uﬂWiaqﬁa«11'1ﬂmuzﬂﬁumi?ﬁaﬁiiuﬂ'13’35&11%1@5%@amﬁ’u'ﬁé’l’sﬁ;mmm
LAl 046/2560
3.2.2 330153N¥IANUAUVRIDIEHIAT
ndaannlideyaveangumeesiviinmsideazyimsasuielndaindeves
ngusegafiviinsideiliu F 01THK, FM_01THKie ldlWusuenddlasaulaauniedsas
dsnansenusenguitenefivinnisidelumslanamieazfunisinvanuduyengs
frognadelaedl F unumame FM unuends 01 unuauiinis THK unudaisilewmsises
Aldlunisanenm
3.2.3 MIUIMTELNFVIIE
1) nquenanadaslifesntinneimsdeunisdeninuarlifosmsiazd

Pranaludeniiiosannsesuiigaluwadausdlidinananisnsia
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2) dransndvIsdiunaasaldenn1Uszaal 5 mGi (185 MBQ)
3) TwmAaTiAn15a18A1M dynamic list mode scan faws 0-90 U9 laainns

Anansundvisdidngiangluraginguetanainsueusguuiienases PET/CT

5UM 3.3 Anansundvisdinuniwmaaniiend1uszann 5 mCi (185 MBg)

3.3 M3uFuuganwinaihunlglun1side
PAIDINYNNITAIYAINSIFTEUIUMIENTUABEINTNTOUVBIENS 8F-THK5351 910

1 Y 1

\Sesmenmiedszurusenisudeslndnseu (PET) Aungusiogiarnlvedilinuaiia
AnUnfvnsauemselsafiisafussuulszamuazatonduiiouses azldlndnmDigital
Imaging and Communications in Medicine (DICOM file : .DCM) d%§uanenInsIdszuIu
mumsUaeslndnsoureasans BF-THK5351 agiinsusudganmililiunsndlyd 168 x 168
X 81 YUIAYAVBININEUAF (Voxel size) (AU 4.06 x 4.06 x 2 Hadluns 31wy 4
wisu wisuag 20 uni Fadunsfunmuuulauniin ameldiedeadienim ndsa1nsiinisg
USuUgenmudazimsuuasindmelusunsa MRI Convert titouvaslnd Dem Tuifu
image file (img) iilel4lutumeusioly

3.3.1 JunaunsUFUUTA N

1) msUuUssmmiielAldnma Iy 4 wisu wisuay 20 udi sy 1BF-THK5351
Fearl#0u DICOM file

2) vhinsuadlald DICOM Wy .img, Aaelusunsy MRI Convert

3.4 A15ANTNUSIUNEUTD (Draw ROI)
Turastiginuildnnannnisanen nsadszunusenisuasslndnsay (DICOM
file) vaenguiteg 1uYINITUTIIUMsIIsuansisAlamsges Tuawesusuniany

aulaveanslidusilomsiges BF-THK535Lleginanesdulaliusutunslasuaisisile
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wawesunfiaauarliuinaududuuinamdnlunismanin RO Tumsnisunndamede
Usnuauesfiauladleld THK5351 flusimvesanesfiaulal0 du deFrontal, Parietal,
Posterior cingulate, Occipital, Parahippocampus, Fusiform, Middle temporal, Inferior
temporal, Lingual gyrus, Precuneus mﬂfu%ﬁ’]miammwﬁLmﬁaﬂaﬁuaamjmﬁaaé’m
%ﬂﬁawﬁwﬁ'%ﬁwmiammﬂuﬁnmﬁaﬂm‘hLﬁuﬁ%ﬁaqﬁwmﬁuﬂmw PET funndi MR
dlosnaniildann MRI agdanudnauvediasedsimesauesdruinsqrilimsiuinnmn
Uinauduediulavesanes a1nturinisanmusaiiauls (Draw RO wilalildunds
funtsvasusnatududi xy,z d19:ldlusunsy PMOD Tne PMOD azidunismanin
U%nmﬁaﬂaé’mhﬂaﬁwgﬂLLUUé’WL%agULLaz MRICrovat 83ztdun151ngUsieiie Farenq
Tavieugiuly

3.4.1 JumpuNsINUSINaINsIaTuansIsilamsiwaduaznsanwusadiaula

1) Teldunsy PMOD Tunsmian SUVE meluuanislaanu Neuro

2) Tun15mA1 SUVr agaeavinnisuidndeyarednin PET wagnin MR Tuguuuy
9ld DICOM

3) Tsunsuazvinsdalidnn PET scan uaznm MRI Tusnuaylusunsuayyinnis
Fouriunmiaaaitewar SUVr

8) Wsunsuazsiins normalization nwiiaades niulusunsuaslfidon Segment
Brain ﬁaﬂmﬁa@ﬂ"] SUvr

5) TUIUATHAEYINNITLENEIUTDILARTUT LI VDIAUDIEIUAN pgedauaniiy
Iﬂ'ﬁLm'ﬁmzﬁwmsmeﬁnmamaﬂﬁw%fauﬁgaa%ﬁagﬂLLUUﬁuaqL,m'azdaué’aaiﬂmmwé’m‘iuﬂa
Lﬁ@iﬁw%faméfm%’umsamgﬂu%nmﬁ TsunsuRazynsnanmlsaluid Seazldmumud
Qﬂé]la\‘ﬁ]’mﬂ’l'ﬁ’)’lﬂﬁ’lﬂiﬂ’iLLﬂiiJﬁ’lL%ﬁ]'gﬂLLazﬁ’llﬂL‘d%EJULﬁ&JUﬁJ‘Uﬂ’li’l’lﬂﬂ’lwﬁﬁﬂﬁ]ﬁ’lﬁlﬁaﬁ]’m
1Usunsu MRIcro vat 8

6) anntuaziiudsinanisladuasindeddvesaussusayaiulutesieilgu
IATITIHE

7) wdnanildlusunsy MRicro wievinnisanmuesauesludiuiiaulaiion
Fumdsus iy

8) ¥1nN15119M8LA389l8219v8lUSKASL MRICrovzl@munis xy,z sanudie

v v

P lulglunsasans AN udu LS se1INaUS USRS UANS AU AN ULNSUVDININ

3.5 N38319N 3NN TEYBTILIAMNULENADNTAWAN
78931111115 Draw RO LﬁuﬁL%&U%fas;m3151’@?’1L,mﬂwaw%nmamaaﬁaﬂagﬂ Xy,Z

1ntuazinsiinm 4 wsudulvia img unSesmenumelusinsy ana75 2mat.m &9
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szsniunsuulusunsy MATLAB witeadnslwdlusl@e frridata.mat Sunilwdtesdulngd
Yo 4 wisuunBestedunarsandulndifion arnduinnisld s X,Y,Z flsdie
#5719 9ANNELTUETENINUS I NS IS UENSIES SN U SHYe I a8 S sT UM
nsUaeslnansou

3.5.1 Gﬁy'umaumsa%"lensqmﬁaszqmmmﬁmmzawiam'id'mmw

1) 14lUsunsy MATLAB ievinisdniunisiSesiidaméig ana75 2matm

2) ¥1n15 set path veslusunsudlUluTuswnsy MATLAB islfausasifiunig
TUsunsu ana75 2mat.m 1¢1

3) ndnarndurnisdalnamesfiilndaonn 4 wisuiioas14ldsunsy
ana75_2mat.m 11nw 4 wsuuisssdeiulazasadulidifen Ineldumsndladaosnin
168 x168x8luay intl6tfoliuanstduiavamuiuLdy

8) ey E g ATiFodn fmridata.mat dmsuldlunsadansal

5) n&sa &g fmridata udwvihnsinaalng fmridata Jusnly MATLAB witeld
Iwdihdundnlunsatresns

6) T ts=zeros(1,); ilovoniieynsunaniliudaudingadl 1 &s isudl 4

7) 9nuldrds ts() = fmridataly,z,); ieaynsuianiifansfia waslissy
FunUa xyz aslululng frridata luynda9na1dsvendagiaiosmute () nas
ALY Z

8) anntuldmds plot (ts) TUsunsy MATLAB Aazadransimannuduiusszning
USurunislasuansisilomsigasiuinsuunsninansssdssuiunltonisuase

Wn@nseusanun wardansmilduiiasieilagddang ginarundisduaiunseasiidu

v vy X
WU laeall
PET image MRI image
(DICOM file) (DICOM file)
MRI Convert Co-registration by PMOD
PET image .
(Image file) PET/CT + MRI image
Ana75_2mat.m Draw ROIs by PMOD

R

Position of ROIs

Fmridata.mat X,Y,Z)

A

Graphs representing

5UN 3.4 uansdruduneuisnisaiinauidy
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NAN1SIAYLAZN1SDAUSI19NE

AINNTANYAINSIFTEUIUAIENSUREINTNTOUVDIETLNADTIE 1BF-THK5351 Tuau

INDMITINIA AU ALVDINITANTNNTIFTLUNUAENTUa B INDATDUVDIENT LNAYSIE

Tunguaulneund waeanldnmaienanisunndveseranadasduniseuiealainmidng

e

N30 IS UUTINMNUAZTBman153de Faagesunemuritediselull
4.1 M3fn¥Inguaagisvaaulng

neunaglinguetaadasuvinisiduluasedl ladnmaaeumeuuuasuniuiie

Uszifiunmezauasdey (Montreal Cognitive Assessment) Tneflazuuifiuivingu 30 ;:Jdlw"m
ﬂfliﬁflLLUUaaUﬂflﬂJﬁaﬂlﬁﬂgLLUUIUﬂ'ﬁVT']LLUUﬁ@Uﬂ’]@J@J']ﬂﬂ'jfﬁ/i%aLﬁ/hfoﬁ.l 25 AZLLUU %Qﬁﬁ:\fﬁ\jflu
ﬂfﬁﬁf]LLUUaaUﬂflﬂJ 25 AU ‘%!\‘1LLaﬂﬂNaﬂfliﬁflLLUUV}ﬂaa‘ULLaﬂ\‘iﬁ\‘imfﬁflx‘iﬁ 4.1
A5197 4.1 HaALLULINUUUABUNLUSEuaN Iz aNDadoNvRINgNf e g
il 91gYBINgUaNEEdiAT | ATuuULUUsBUMaUsEliuan I sue ey

1 79 25

2 a4 27

3 46 28

4 49 26

5 50 29

6 42 28

7 54 26

8 51 30

9 53 29

10 41 30

11 51 29

12 67 29

13 64 25

14 61 27

15 67 27

16 61 27
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17 77 25
18 73 29
19 70 30
20 60 26
21 61 26
22 58 26
23 51 28
24 67 26
25 76 30
\ady 58.92 + 11.18 27.52 + 1.71

waIINNgNveseaaliagne 25 aulavinisanenmSsdssuumenisUdesasinde

§98 (THK5351) AemAlANISaN8AINLUY head first supine brain dynamic list mode

scan AauA 0-90 UAFMSUNINANESIATEUNIUMIENISUABINTNTDUYRIES THK5351 AN

mslasuansindyTidvasngueraainsilasunisdnansveusazuiiinuiloeausfiaula

\WiauAuauedau cerebellum Tugas 40 - 60 Wil wazihuwWsesuisuiungusegeniu

Tsadaluweslamfemnsad 4.2 dwsuans THK5351

A15199 4.2 A1 Standardized Uptake Value ratio (SUVY) 984d15 THK5351 Tuusazdiu

YoauoufieuiuanesdIn cerebellum vesnguaaadaslunuidouasnquinvedu

Y

lsndalawes

ROI AD mean[49] PP mean p value
Anterior cingulate 1.89 1.76 < 0.001°
Brainstem 1.95 1.85 < 0.001°
Caudate nucleus 2.44 1.68 < 0.001°
Eroded white matter 1.82 1.73 < 0.001°
Entorhinal cortex 2.06 2.00 < 0.001°
Frontal cortex 1.48 1.45 < 0.001°
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Fusiform gyrus 1.89 1.67 < 0.001°
Hippocampus 2.48 2.37 < 0.001°
Inferior temporal 1.95 1.53 < 0.001°
Lingual gyrus 1.51 1.30 < 0.001°
Middle temporal 1.91 1.57 < 0.001°
Occipital cortex 1.41 1.32 < 0.001°
Pallidum 3.66 3.31 < 0.001°
Parahippocampal 1.9 1.65 < 0.001°
Parietal cortex 1.65 1.35 < 0.001°
Posterior cingulate 1.93 1.61 < 0.001°
Putamen 2.96 2.65 < 0.001°
Thalamus 2.83 2.40 < 0.001°

Key: AD, Hthelsadaluwes; PP, nquenanadaslunuide
¢ ﬂl’]ﬂ'J’]iJL%E]JJﬁuV\’NﬁaaIﬂEJﬂ’ﬁV\ﬂﬁB‘ULL‘U‘U‘V\’NLaEI'J

NN3AIANAT Standardized Uptake Value ratio (SUVr) tunisAunadneiues
maganduasinduidluilodeovesaeioanesdiu cerebellum Tnsazindionsgandu
asndussiluanesgean duvis neocotical fiiisnvnAn SUVr Idudasesdu inferior
temporal lobe Tngms@nuiues Lockhart wazAmz[49] wuhuSnadimiugigalunis
Wadowendtie AD enanAuUndAmenulifesar 100 fe ULl inferior temporal
lobe fiFn SUVF 1nnh 1.68 daann1sindn SUVr sesnguenanasiaslusmidfed der suvr

)

fiusian inferior temporal lobe 1.53 Fatfpaninegnafitiudday (p < 0.001)
4.2 NTLUIUMTAZTINN

nasannsravunisulasinanmilaannnisanenindsdszunuaienisuase
Indnseuresansndussd@inunyiing co-registration AuananaLslawLuguLwan (MRI) e

TUsn58 PMOD Tunssuiunisiatudluiaulaveaiaiaauss vinllaswndsvasauadly
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dyuaulalusyuuuvesszuuunuy 3 9@ (X,Y,2) lngdunisvesaueanaulanvua 10

ﬁ?LL%ﬂﬂQﬂLLﬁﬂﬂiUG\’]i’]\‘iﬁ 4.3

M19197 4.3 uansiunbusiuiaulavesateslusuwuuinuszuiu 3 16

Regions Position of brain (x, y, z)
Frontal cortex (85, 92, 48)
Fusiform gyrus (97, 74, 30)
Inferior temporal cortex (80, 67, 16)
Lingual gyrus (82, 88, 33)
Middle temporal gyrus (70, 76, 35)
Occipital cortex (82, 81, 21)
Parahippocampal gyrus (92, 78, 30)
Parietal cortex (82, 65, 58)
Posterior cingulate (85, 93, 47)

Precuneus (82, 88, 59)
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4.3 NSINAIMUFUNUS VDI IANNNILEY

NNTLUIUNTNIMUAGNNINETINTMANUFITUTTENIUTIRT VI LN FUSIEN
Usunaulaveaidsdoausadusiaialnyinnisatenn (Interval time) e lgluni1smn
FrnANEaLYeIM s mTEszuUmgasndysadtauandlusy 4.1 uag 4.2 uazly

YUTLALINY

Quantity of radiopharmaceutical (mm“)
Quantity of radiopharmaceutical (mma)

35 4 1 15 2 25 3 35 4

1 15 2 25 3
Interval time (min) Interval time (min)
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Quantity of radiopharmaceutical (mm")
Quantity of radiopharmaceutical (mm")

2 25 3
Interval time (min)

2 25 3
Interval time (min)

Ml 4.1 @) - () wandliiutslSumsvosansundusdntasureanguiiegns wiens 10

. <) v v 6 ! . . . LY
region VoENDY  LUUATINANMUFUNUSIENINN  Quantity of radiopharmaceutical nuU
Interval time ( Interval time 1 = 0-20 w1¥, Interval time 2 = 20-40 W, Interval time

3 = 40-60 W9, Interval time 4 = 60-80 W17)

nasantensmauduRusyeie 10 usnafauladuniseusesndd leuhaAlaaunun
MMNsmAademIaunish (1) aelusunsy MATLAB JslansnniAedesening Quantity

of radiopharmaceutical AU Interval time ﬁ\‘iLLaﬂﬂu'gUﬁ 4.2

fmridata, + fmridata, + fmridata, +...+ fmridata,, (1)

10

5500

&

4500 — —

4000 — —

g

3000

1 15 2 25 3 35 4
Interval time (min)

JUN 4.2 ns1luansrnuduiusiafesening Quantity of radiopharmaceutical fiu Interval

time Y9913 10 regions

'
v aa 1 =

NFUTN 4.2 nundTnamesnsinduiadiamnniiand Interval time 1 3 A1U3uIRTV0IENS

LNdvTdNAge BasuilA1aeand Interval time 91 2 g@3@adl Interval time 1 3 uaziSuanaq
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7 Interval time 1 4 R]’]ﬂﬂi’]Wg‘U‘ﬁl 4.2 Usumsvesansndesidinde 10 usnafiaule veq
nauoranatasAulng g Interval time 7 3 FaUiumsvesanndusadiviinnsiesiign
Interval time 71 3 fetraaINITENEAMTIAY 40-60 UT LW’i’]%Q%ﬁ?‘wﬁayjamﬂﬂi’lwsl,ug‘ﬂ‘ﬁl
4.2 Fhduntrnaivuduveinsaomnddssuumensldesindnseuresansinda
$98 (THK5351) Aevaaiandi 40-60 W Feaunsasusesasanfivungaudienmain

1Usunsu Syngo-via (Siemens Healthcare) 1‘14’31J‘17i 4.3

JUN 4.3 gUuanan1sgandulsinaansindvisdvesaueaiieuandiiufiaginiadne q lu

2

nsganauasindusadluayes (a) Interval time 1 (0-20 W), (b) Interval time 2 (20-40

=

Y19), Interval time 3 (40-60 w19), kag Interval time 4 (60-80 w19)

Tunstudurasariviunzanazldnmi 4.3 Wunrstudutiaafimunzauvesnisanenin
$edszuumenisUaeindnsounesasndvsed BFTHK5351 9namil 4.3 uandlifiuds
JSusnsganfuvesansindyiidvesaueddis  Thalamus  vaanguenanadasgnanens
WnduSedingnsvuaden n13nTEANUAINRIESINAYSIE 1OF-THK5351 aefinnsinnzilaues
a1 Thalamus (éi’mmﬁqﬂm?imﬁaq, i, LLazﬁL%mﬁqgﬂﬁ 4.3) Lﬁanaﬂums@ﬂﬂﬁums

wnTunaziinsnzdvesasndssidninty Judlanudaauiudubes 91 Interval time
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2 i 4 Faasdindudl Interval time 7 2 LLazmﬂqﬂﬁ Interval time 7 3 (mﬂ'gﬂﬁ 4.3 b hay
o) wazanasly Interval time 71 4 (ﬁnﬂ'gﬂﬁ 4.3 o) Nl 4.3 a Wunmvdneinnsdnans
ndusddlunssuadeonduna 20 Wil Teefiugiuresauesiifiaruunfity  aedinng
aanduasundysdlutissniduduinnuasazaes anasmuadu Bendsngniseli
Perfusion imaging fetuiieliAnnsitasuodramnrausadonnmudinuniii 20 1
fuly mszavtiuanmamEuiulaznsmlaudutuSsErinee Quantity of
radiopharmaceutical #U Interval time @13M903EYTNATIVINZANVINTEEN WA
sruufensUdesTndnseuvesans BF-THK5351 Tuauesvesaulneunife aanandl 40
f9 60 udi AnnsMANETUSTuSUT 4.2 Wesandudeyaanauazqaludiuesaussus

Hszuznlnalfssiuuin Faldaadsavadinduanisadflunismiaivednsviade

PNMIFNIVOY Hsiao  WAzAMEWUITIIaImNzauvens it ndused
THK5351 waziinsgandugeigaegfina 60 unfil50] TuvaiziinisAnwives Lockhart way
AzNUTIATIauenisldasLndusE THK5351 ag/luY393a1 40-60 W9I[49] R
iR Tinzausensanennsdssuusenisudesndnsouvetans o

THK5351 AlndiAeaty



unii 5
asUnan1sidpuazdoiauauus

5.1 #5UNan15AY

NIRBUlPANEINITAENNTIFTTUIUMEN1TUAR U INTNTOUVIASLNTYS IA L UAND
asrulnedslufinnuinuniniauesseilsaNneniussuuUssanshasauad Lieyinn1sive
LDV IIAN TN FUADNNITONEAINSIFTLUNUMENISUAREINTNTOUVDIASNFVSIE 1BF-

<

THK5351  Tupulne %ﬂ%lﬁﬁwmmugﬂLLUUﬁuaqmnﬁammwﬁlﬁmﬂmﬁmamw%’ﬁiw’m

MEUNISUARUINTATOUVDIASLNAYSIA  AINAIALANUAZAINAUIEADNITUININAIENIINT

wnndalglunsifadegaesely

SestnennidszuumenisUdesindasey  WHuedesiomunnmenisunmed
Anwinszuaunsgandu wwaymeluwadvosyed ndueraainsia 17 eu Hiunts
vedeUfsLUUadeUUsIiuanzaLeLdoL St 17 HIUNQU9ININTEIU YEIINUAILA
Mnsanansndused  THK5351  ignseuaidenuayyinn1saennssdssuiunienisudes

) 1 =Y

Ind@nseuresansindvssd dinmganduasindvsiduseuiisuiunguauiidudalowesna

Y

1Y

Ao fiAtsunitegsiveddny asulainguenaiaing luianuiaung waglufilsanessuy
Ussamuazanes wé’ﬂmﬂfuﬁwmwmaﬁuaamjuawmaﬂﬂﬁmWLﬁﬁwqjﬂizmumiﬂ%’Uﬂa;qmw
LLﬁ%ﬁWlWéﬁa%aﬁlﬁM’]ﬁ’]mi Draw ROl Tudhuvesauesiiaula 10 dw wowsunives
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of radiopharmaceuticals AU Interval time 210 fmridata.mat ﬁlmuﬂ’izmumiﬂ%ﬂqﬂ
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35n1514lUsunsx MRICro Vat 8
1. WalUsunsy MRICro Vat 8 MIfnf10gULATRIABNNIADS
2. seaulUsunsuusIngrThasuannasnagy
€| MRicro — o *®

File Edit Import Header View ROl Overlay Etc
er

o =

1E-bit int
Offset =l

_.J..i‘...

-*-|00000 _,3()00000 _,:'

I-Yk Black & White Eu

Hg of Interest—————————————

M_Iaj_l

B3x207x1

3. @onsiden File Wdoneds Open image..[Analyzer of VoxBol



') MRicro - x
File Edit Import Header View ROl Overlay Etc
~ Openimage. [Analyze or Vafio] Tl

Open image using header information values [Raw]

Open picture.

Open single slice from several images... [MRI]

Open template >
Save as picture.. CtrleS.
Save as... [rotate/clip/format/4D->3D]

Convert 3D files to 4D..

Set multislice mask...

Print Cirl+P
Bxit

D:APETdata(old)\PET2Data\volume_0070.hdr
C:\Users\Pacha\ Desktop\ANURAK_THANANAN\THK\ANURAK_THANANAN_20161115_001_005_F18_THKS351_Brain_LM_ANURAK4_THK_(AC)_2993686.hdr
C\Users\Pacha\ Desktop\ANURAK_THANANANATT\ANURAK_THANANAN_20161115_001_004_F18_THK5351_Brain_LM_ANURAK_THK_(AC)_4949605.hdr
D:\PETdata\ PET3Datalvelume_0076.hdr

C\Users\Pacha\ Desktop\ ANURAK_THANANANNTHK\ANURAK_THANANAN_20161115_001_005_F18_THK5351_Brain_LM_ANURAK4_THK_(AC)_4193686.hdr

452411

4. WsunsuazdarulndanludnnAadulug IMG Alsvinnisulaslndiduniseusesudn

M| MRicro _ =
File Edit Impot Header View ROl Overlay FEtc
“Headet Information ImgSz: 013 Mb

Dimension Size(mm] _Origin{vxl)
@ ><|255 =t oo =

VES =
t 2|1 —Iftoo =I[oo0

Deta__16hitint | litle-endian Intel
Offset [0 =] Volumes [1 =
El 100001 = Inercept [0.00000 =

Slice ievwer

faptbos
——— [ =

YE! Open a header of an image X

Lock in: | | |, PET2Data ~| « @& B~

Name . Date modified A

(7] volume 0050.hdr 05/26/17 3:49 PM
(7] volume_0051.hdr 05/26/17 3:49 PM

volume_0052.hdr 05/26/17 3:49 PM
00000 = [0,0000 volume_0053.hdr 05/26/17 3:49 PM
@ =P volume_D054.hdr 05/26/173:49PM o

W ‘Yoke Black &'whie| Square| x2
DR e —

Region of Intsrest ———————————— Files of type: [ NFT1/Analyze Header (" hdr"ni) ~| =l

I™ Open as read-only

< >

5. AMNANNAITANEAINAIYLATOY PET 92ANITUNILAIVIINITINAAIYLATDILUDIIA

pufignasdannd wazimdalululuranaudisiniewmiuignasdund 1s1nagle
funis x,y,z eenuietnluldlunsasisnsmanuduiiussyrinesuunsiasuaisisile
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Data  1Ehbitint
Offset |0 =

3Bnslelusunsy MATLAB
1. 1WAlUsuNsU MATLAB ﬁ&mé&agjwm‘%‘lamamﬁumﬁ

2. s9aulUsunsuusIngrThasuannasegy

& MATLAB Window Help @ = wnr [ Tueis:sa Q @ =

ece MATLAB R20160
HowE T
E gL g E i, New Variable & Analyze Code ") E @) Preferences & (7 €3 Community
af I (Jrndries \cl &
rin - > Open Varable v 42 Runana Time | sevpan 2 Request support
Compare 1mport | seve = Simulink  Layout Add-oms Help
vanaE

4 o 3 51 B/ v Users b pacharathonglim » Documents » MATLAB » s
Current Foider T 5

Biknea New to MATLAB? See resources for Geiting Started. | Hame s vt
» B spmo9

) ana?5_2mat.m fe=> |

HH fmridata mat

+ spm_2017Nov22.ps

EH type.mat
Details v

Select a file to view details

- Ready

3. 41075 SET PATH 03lUsunsa ana75_2mat.m lnensidendds Set path TUsuwnsuae

nslidenliaiidesnisaziiuasly a1ntuden Open



76

& MATLAB Window Help @ = s> @ Tuelsse Q @

pLOT AP

L’-‘l ﬁ (3 CJrndres & G L New Variable L Analyze Code "a E {8 Preferences. & @ 5 Community
New New Open | |Compare Import  Save Wam’" femmm stk oot P o suerort

L

4 = (5 & M/ Users » pacharathonglim » Documents » . = - = P
Current Folder ® Com @ | Workspace ®
a e | =m W W MATLAS = - e — v
M Hame New Al changes take effect immediate, a Q X [Namea Value
» B spmag - |

) ana75_2mat.m Lt | Favoritas icloud starage is full. Upgrade._ | [ Leam More.

1E fmridata,ma Add Folder. & Recents
s som 2017Nev22es o4 g e . s =
2] ‘fp(ma, o Add with Subfolders... # Applications -
© Downloads m —_—
1 Creative Cloud. ana75_2mat.m fmridata.mat Spm_2017Nov22. Spmag type.mat
pe
cloud
M to T
L €0 icioud Drive
Mave Up {0 Deskiop
Move Down [® Documents
Move 1o Bottom Lo
() Remote Disc
shared
18 desktop-lvnee]
Remove user-pc
® New Foider Cancel

Details v

Select a file to view details

4. Wsunsuagyihmafinlusunsuilisndon 91ntuden save TUsunsu ana75_2mat.m Aay

anunsalganulauuluswnsy MATLAB

& MATLAB Window Help @ = 1ex> @ Tue1559 Q @

Gl 0T e [ e s Analvze Code Py [ @rewecs B (3) 5 communey
- ew [ setPath

Simulink  Layout Ado-ms pap ot Supoert
- Y Ml e n

4 % [© § W/ » Users » pacharathonglim » Documents » @ = g Set Path -
Current Folder ® Com ™ ®  Workspace ®
. !!':m"‘;; New Al changes take effect immediately. L D ]
£ ana75_2mat.m 5> ST s arc et
LE fmridata mat Add Folder... M / Users/ pacharathonglim/Documents/MATLAB
 spm_2017Nov22.ps § B /Us T PET o 12
H type.mat Add with Subfolders... 9 /Users /pacharathonglim fDesktop/PET data
1 (Users/ pacharathonglim/Desktop/ PET data /PET20ata
B Jusers/ STLAB/ 5pm9
+ LAB_R2016b
M MATLAB_R2016b
Move to Top 4 LAB_R2016b
4 MATLAB_R2016b.
Mave Up - LAB_R2016b
4 MATLAB_R2016b
Move Down - MATLAB_R2016b
+ LAB_R2016b
Move to Bottom - MATLAB_R2016b
- LAB_R2016b
+ MATLAB_R2016b
+ MATLAB_R2016b.
+ 16b
Remove i =
(O] Save Close Revert Default
T ——
Details v

Select a file to view details

sl

5. vdnanduvinsialnanesnillwaniw PET teazldlusinsy ana75 2mat.m 15890

Ao Woeldusndlosivoanin 168 x 168 x 81 way int 16 e lkanadusilavsiuiudy



7

oy ] New e Code = veferences ommuni
2 92 O Qreame & [ e LE Alyem o (a) | ] o & @ be "
[ Open Varable = %> Run and Time. 3 SecFath % Request Support
New  New  Open ./ Compare. Import Save Simulink  Layout Add-Ons  Help
Scrpt v v Data Workspace | Clear Workspace ~ ) Clear Commands = e~ - ~
FILE VARIABLE €00E SIMULINE ENVIROSMENT |
<5 = [ 5 B/ » Users » pacharathonglim » Deskrop » PET data + PET2Data -0
Current Folder [Elll Cormmand v Waorkspace )
Narme Name & Value

S volume_000L hd New to MATLAB? See resources for Getting Started. x|

« volume_0002.hdr »>» cd('/Users/pacharathonglim/Desktop/PET data/PET2Data’)

 volume_0003.hdr = 1s

« volume_0004.hr volune_0001.hdr voluse_0918.hdr volune_0035.hdr volume_0852.hdr volume_8069.hdr volune_0086. hdr

« valume_000S.hdr volune_0001. ing voluse_0018.ing volune_0035.img volume_0052.ing valume_8B69. ing valune_0086. ing

« valume_0006.hdr volune_8902.hdr volume_8918.hdr volune_8036.hdr volume_8053.hdr volune_0070.hdr volune_ 8067, hdr

« volume_0007.hdr volume_8002. ing volume_0019.ing volume_8036.1mg volume_0053.img volume_BB79.img volume_0087.ing

 volume_0008.hdr volune_8003.hdr volume_0020.hdr volune_8037.hdr volume_0054.hdr volume_0871.hdr volune_8088. hdr

« volume_0009,hdr volume_B@03.img volume_802@.ing volume_8037.img volume @@54.img volume 8871.img volume_@@88.img

« volume_0010.hdr volune_0004.hdr voluse_0021.hdr volune_0038.hdr volume_0@55.hdr valume_0972.hdr volune_0089. hdr

« volume_0011.hdr wolume_8004. ing volume_0821.img volume_B838.img volume_0855.img volume_BB72.img volume_8@89. img

- volume_0012.hdr volume_8005.hdr volume_0922.hdr volune 0039.hdr volume 0056.hdr volune 8073.hdr volume 0699, hdr

« volume_0013.hdr wolume_005. ing volume_022.ing volume_0039.1mg volume_0056.img volume_BB73.img volume_@@98.ing

 volume_0014.hdr volune_8006.hdr volume_0023.hdr volune_0040.hdr volume_0057.hdr volume_0874.hdr volune_8091.hdr

« volume_0015.hdr volume_0096. ing volume_0923.ing volune 0040.img volume 0857.img valume BB74.img volume 9L.img

« volume_0016.hdr velune_g007.hdr voluse_8024.hdr volune_0B41.hdr volume_0@s8.hdr valume_8B75.hdr volune 8092, hdr

 volume_0017.hdr volume_8807. ing volume_0824.ing volune_dd41.img volume_9@58.img volume_BB75.ing volume_8@92. ing

-« volume_0018.hdr volume_@008.hdr volume_925.hdr volune 0042.hdr volume 0059.hdr volune 8976.hdr volune 0093.hdr

« volume_0019.hdr volune_0008. ing voluse_0025. ing volune_d042. img volume_0059.ing valume_0076.ing volune_0093.ing

« volume_0020.hdr volune_0009.hdr volume_0026.hdr volune_0043.hdr volume_0060.hdr volume_0877.hdr volune 8094, hdr

+ volume 0021 har volume_0009. ing voluse_8926.ing volune 0043.img volume 0860, ing volune B877.ing volume 0094 ing

« volume_0022.hdr volune_g918.hdr voluse_8027.hdr volune_oB4s.hdr volume_0@61.hdr volume_pB78.hdr volune_8095.hdr

- vummg:m)z} hdr volume_@0818. ing volume_0827.img volume_8044.img volume_@@61.img volume_B0878.img volume_9@95.img

 volume_0024.hdr volume_€011.hdr volume_@028.hdr volune 0045.hdr volume 0062.hdr volune 0079.hdr volune 0096 hdr

« volume_0025. hdr volune_0811. ing volume_0028.ing volune_B045. img volume_0062.ing valume_0879. ing volune_0096. ing

« volume_0026.hdr volune_0912.hdr volume_0029.hdr volune_0046.hdr volume_0063.hdr volume_0880.hdr volune_8097.hdr

« volume_0027.hdr volume_0012. ing volume_80929.ing volune_B046, img volume_0063.img valume 8089, ing volune 8097, img

« volume_0028.hdr volune_g913.hdr voluse_8038.hdr volune_oB47.hdr volume_0@6d.hdr volume_pP81.hdr volune_ 8098, hdr

- vpmmg:oozg hdr volume_@@813. ing volume_0@3@.ing volume_8047.img volume_@@64.img volume_8B881.img volume_9@98.img

« volume_0030.hdr wvolume_B@14.hdr volume_0031.hdr volume_8048.hdr volume_@@65.hdr volume_BB82.hdr volume_0@99.hdr

« volume_0031.hdr volune_0914.ing volume_0031.ing volune_0048, img volume_0065.ing valume_ 0882, ing valune_0099. ing

« volume_0032.hdr volune_0915.hdr volume_0932.hdr volune_8949.hdr volume_0066.hdr volume_0B83.hdr volune_0100. hdr

« volume_0033.hdr volume_0015. ing volume 9932, ing volume 0949, img volume_0866.ing valume 0983, ing volume 0100, ing

o volume_0034.hdr volume_B@16.hdr volume_8033.hdr volume_8058.hdr volume_@8@67.hdr volume_08884.hdr

= velume_0035. hdr volume_@@16. ing volume_8@33.img volume 0050.img volume @@67.img volume_8884.img

& volume_0036.hdr volume_BB817.hdr volume_0034.hdr volume_8051.hdr volume_@@68.hdr volume_B8885.hdr

« volume_0037.hdr volune_0917. ing volume_0034.ing volune_0951.img volume_0068. ing volume_008S5. ing

 volume_0038.hdr
Details «  |fe>> ana7s_zmat(168,168,81, 'intis' )|

Select a file to view details

3 1

6. INUUALIAWANTDIN fmirdata.mat d@nsulalunisasiansin

4 i, New Variable Analyze Cade - m™ Preferences Community
G2z O geane & 0 & o G @& & @we
(17 Open Variable = &7 Run and Time. [ set Path 5 Request Support
New New Open | |Compare Import  Save Simulink  Layout Add-Ons  Help
seript v v Data Workspace (- ClearWorkspace ~ ) Clear Commands = = il paratier ~ = ~ [ Leam MATLAR
FILE VARIARLE CO0E SIMULINE. ENVIRONMENT RESOURCES i
<= = (& & B/ » Users » pacharathonglim » Deskop » PET data » PET2Data -8
Current Folder = = 1 v Workspace ®
B New to MATLAB? See resources for Geiting Started, x| | Name & vl
« volume_000L hdr [Hans -0 dou|

volume_0002 hdr
volume_0003 hdr
valume_0004.hdr
volume_00D5.hdr
volume_0006 hdr
volume_0007.hdr
volume_0008 hdr
volume_0009 hdr
valume_0010.hdr
volume_0011 hdr
volume_0012 hdr
volume_0013 hdr
volume_0014 har
volume_0015 hdr
volume_0016.hdr
volume_0017.hdr
volume_0018 hdr
volume_0019.hdr
volume_0020 har
volume_0021 hdr

file_nane_r =

volume_097. ing

file_nane_r =

volume_8098. ing

file_nane_r =

volume_0099, ing

file_name_r =

volune_0100. ing

> s
o furidata.nat  voluse_0913.hdr volume_B026.hdr volume_0839.hdr volune_BBS2.hdr volune_0065.hdr valume_BR78.hdr volune_0091.hdr
s type.mat wolume_0013. ing volune_0026.img volume_0839.img volume 885, ing volune_0065.img volume_B678. ing volune_0991. img

volume_0024 hdr
volume_0025.hdr
volume_0026 hdr
volume_0027.hdr
volume_0028 hdr
volume_0029.hdr
volume_0030.hdr
volume_0031.hdr
volume_0032 hdr
volume_0033 hdr
volume_0034 hdr
volume_0035 hdr
volume_0036.hdr
volume_0037.hdr
volume_0038 hdr

volune_g001.hdr voluse_801d.hdr volune_aB27.hdr volume_0@40.hdr valume_g@53.hdr volune_8066. hdr valume_8979.hdr volume_8992.hdr
wolume_g@01. ing volume_0014.ing volume_d927.img volume_0@48.ing volume_8853.ing volume_8@66.ing volume_8879.ing volume_0992.img
volune_0902.hdr volume_0015.hdr volune 0028.hdr volume_0041.hdr volume 0054, hdr volune_0067.hdr volume_0080.hdr volume 0093.hdr
volune_0802. ing voluse_0015.ing volune_0028. img volume_0041.ing valune_0054. ing volune_0067.ing volume_0080. ing volune_0093. ing
volune_0903.hdr volume_0016.hdr volune_0929.hdr volume_0042.hdr valune_8855.hdr volune_0068.hdr volume_0081.hdr volume_0094.hdr
volume_003. ing volume_0016.ing volune_0029,1mg volume_0043.ing valume_BBSS. ing volune_0068.ing volume_BOB1.ing wolume_0094. img
volume_B@dd.hdr volume_8017.hdr volume_8838.hdr volume_08@43.hdr volume_8856.hdr volume_8863.hdr volume_B882.hdr volume_8895.hdr
volune_8994. ing velume_0917.ing volune_d030.img volume 9943.ing volune BB5G.ing volune 005Y.ing volume_BBE2.ing welume_0895.img
wolume_8005.hdr voluse_8018.hdr volume_0031.hdr volume_0044.hdr volume_BB57.hdr volume_B@70.hdr volume_BBB3.hdr volume_0096.hdr
volune_0005. ing volume_0018.ing volune_0831.img volume_0@44.ing valune_0057.ing volune_0070.ing volume_0083.ing volune_8096. ing
volune_0006.hdr volume_0919.hdr volune_8932.hdr volume_0045.hdr valune_0056.hdr volune_0071.hdr volume_0084,hdr volume_0097.hdr
volume_0006. ing volume_0919.ing volume_0932.img volume 0845, ing valume 0056, ing volume 0071.img volume 0084, ing wolume 0097, img
volume_B@07.hdr volume_002@.hdr volume_8833.hdr volume_@8@46.hdr volume_8859.hdr volume_8872.hdr volume_B885.hdr volume_8898.hdr
volume_0907. ing veluse_0020.ing volune_9933.img volume 0046.ing volune BBS0.ing volune 0972.ing volume BO85.ing wolume Q9. isg
volune_0008.hdr voluse_0021.hdr volune_0034.hdr volume_0047.hdr valume_0060.hdr volune_0073.hdr volume_0086.hdr volune_0099.hdr
Details v volune_0008. ing volume_0021.ing volune_0034.img volume_0@47.ing volume_0060. ing volune_0073.ing volume_0086. ing volune_8099. ing
volume_8009.hdr volume_0922.hdr volune_0035.hdr volume 0048.hdr valune_BB61.hdr volune 0074.hdr volume_0987.hdr volume_0100.hdr
volune_0009. ing volume 0022, ing volume 0035, img volume 0048, ing valume 8061, ing volume_0074.ing volume 0087, ing volume 0108, ing
volume_B@18.hdr volume_8023.hdr volume_8836.hdr volume_8@49.hdr volume_08862.hdr volume_8875.hdr volume_8888.hdr

volune @910, ing voluse_0023.ing volune_8036.isg volume 0049, ing volune_0862.ing volune 0075.ing volume BO8E. ing

volune_0011.hdr voluse_0024.hdr volune_0037.hdr volume_0056.hdr valume_0063.hdr volune_0076.hdr volume_0989. hdr

volune_8911. ing volume_0024.ing volune_dB37.img volume_0056.ing valune_0063.ing volune_0076.ing volume_0089. ing

volune_ 8012, hdr volume_0025.hdr volune_8038.hdr volume_0051.hdr valune 0064, hdr volune_0077.hdr volume_ 0099, hdr

volune_0@12. ing voluse_0025.ing volume_0038.1mg volume_0051.ing valume_0064. ing volune_0077.ing volume_0090. ing

e e e P e R P e P e R P

Select a file ta view details

s> |

[

7. nénanlalng fmridata ud vnsanlndiadumlulusunsy MATLAB Wisldlngidy

Indunanlunisasiansin
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T 1 L Newvariable Analyze Code b P @ Preerences F—
2 92 O Qreame & @ = e WONN== & @wo
(17 Openvarble = £ Run and Time 5 sechath % Reauest Support
New New Open | jcompare Import  Sae Simulink Layout Add-Os Help
Serpt v v Data. Workspace. | Clear Workspace ~ | Clear Commands. = A T T R
hie A oot TS OuRoAMENT '

<@ % [ 1 [0/ + Users » pacharathonglim » Desktop » PET data » PET2Data

Current Folder ®  Command Window
Narme
« volume_0001 hdr
volume_0002 hdr
volume 0003 hdr
volume_0004.hdr
valume_0005.hdr
volume_0006.hdr
volume_0067 hdr

> pud

ans =

volume_0008.hdr > 1s
volume_0009.hdr fmridata.mat
volume_0010.hdr type.mat

volume_8001. hdr
volume_8001. ing
volume_@0z.hdr
volune_8602. ing
wolume_0093. hdr
volume_003. ing
volume_8004.hdr
volume_0004. ing
volume_0d5. hdr
volune_8005. ing
volume_006. hdr
volume_ees. ing
volume_8807.hdr
volume_007. ing
volune_0d8. hdr
volume_8008. ing
volume_0009. hdr
volume_e0s. ing
volume_8e18.hdr
volume_010. ing
volume_@11.hdr
volune_8011. ing
volume_012. hdr
volume_p012. ing

volume_0011.hdr
volume_0012 hdr
volume_0013 hdr
volume_0014 hdr
volume_0015 hdr
volume_0016 hdr
wvalume_0017.hdr
volume_0018 hdr
volume_0019 hdr
volume_0020.hdr
volume_002L hdr
volume_0022 hdr
wvalume_0023.hdr
volume_0024 hdr
volume_0025 hdr
volume_0026 hdr
volume_0027.hdr
volume_0023 hdr
wvalume_0029.hdr
volume_0030.hdr
volume_0031.hdr
volume_0032 hdr
volume_0033 hdr
volume_0034 hdr
volume_0035 hdr
volume_0036.hdr
volume_0037.hdr
volume_0038 hdr

Details ~

L P P e P P S P PSSP

Select a file to view details

'
[

8. ldAnda ts=zeros(1,4);

voluse_8013.hdr
voluse_0013. ing
voluse_0014. hdr
valume_0014. ing
volume_0015.hdr
volume_o015. ing
voluse_0016.hdr
voluse_g016. ing
voluse_0017. hdr
valume_0017. ing
volume_0018.hdr
volume_0018. ing
volume_0019.hdr
voluse_g019. ing
valuse_0020. hdr
valume_0020. ing
volume_po21. hdr
volume_0021. ing
volume_9022.hdr
voluse_8022. ing
voluse_0023. hdr
voluse_0023. ing
volume_0024. hdr
volume_0024. ing
volume_9025.hdr
voluse_8025. ing

New to MATLAB? See resources for Getting Started.

users/pacharathonglin/Desktop/FET data/PET20ata

volume_8026.hdr
volume_0026. 1mq
volume_a027 . hdr
volume_8027. img
volume_0028.hdr
volume_pi28. img
volume_8029. hdr
volume_a029. 1mq
volume_8030. hdr
volume_8030. ing
volume_8031.hdr
volume_8d31.img
volume_8032. hdr
volume_au3z. img
volume_8033.hdr
volume_0033. ing
volume_8034.hdr
volume_8034. img
volume_8035. hdr
volume_ao3s. 1mg
volume_8036.hdr
volume_a036. 1mq
volume_8037.hdr
volume_8037. img
volume_8038. hdr
volume_ad38. img

LauaNIneUNTULIATTSY

volume_039. hdr
volume_0e39. ing
volume_0840. hdr
volume_040. ing
volume_0ea1.har
volume_0ed1. ing
volume_0042. hdr
volume_0ea2. ing
volume_0@43. hdr
volume_043. ing
volume_004d. hdr
volume_0@4d. ing
volume_0045. hr
volume_0eas. ing
volume_0@46. hdr
volume_046. ing
volume_0047. hdr
volume_047. ing
volume_0048. hdr
volume_0e4s. ing
volume_0@49. hdr
volume_0e49. ing
volume_0050. hdr
volume_0€50. ing
volume_0051. har
volume_0@s1. ing

¥
a

volune_0B52.hdr
valume_052. img
volume_0B53. hdr
volume 8053, ing
volune_pp54. hdr
valune_0954. ing
volume 8955, hdr
valume S5, img
volune_00S6. hdr
volume 0056 ing
volune_0857 . hdr
valune_0957. img
volume 8958, hdr
valume_BS58. img
volune_0059. hdr
volune 0959, ing
volune_0060. hdr
valune_0860. ing
valume 0961, hdr
valume_B61. img
volune_0062.hdr
valume_B062. img
volune_0963. hdr
valune_8063. ing
volume_0964, hdr
volune_B64. img

(%
o |

FINLLR

volune_8065. hdr
volume_peos. ing
volume_8066. hdr
volune_8066. ing
volume_067. hdr
volue_8067. ing
volume_B068. hdr
volume_pe6s. ing
volune_8069. hdr
volune_8069. ing
volune_6070. hdr
volune_8070. ing
volune_8071. hdr
volume_pe71. ing
volune_8072. hdr
volune_0072. ing
volume_6073. hdr
volune_8073. ing
volune_8074. hdr
volume_pe74. ing
valune_8075. hdr
volune_075. ing
volume_6076. hdr
volune_8076. ing
volume_8077. har
volume_8877. ing

volume_B8078.hdr
volue_B078. ing
volune_B8879. hdr
volune 8079, ing
volune_B080. har
volume_B080. ing
volume_BO81. hdr
volume_B081. ing
volume_B082, hdr
volune 0082, ing
volune_B83. hdr
volume_B083. ing
wvolume_B084. hdr
volume_Be8d. ing
volume_8085. hdr
volune_B085. ing
volume_B86. hdr
volume_B86. ing
volume_B0B7.hdr
volume_Be87. ing
volume_0088. hdr
volune_B8B. ing
volume_B089. hdr
volume_B089. ing
volune_8090. hdr
volume_8890. ing

vali
vali
voli
vali
voli
vali
voli
vali
voli
vall
voli
vali
voli
vali
vali
vall
voli
vali
voli
vali

L fmidata

Value
*fUsers/pacharat...
4-D doubie

WASUA 1 D9 SN 4
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 volume_0002.hdr >> pud L1 fmridata 4-D double
« volume_0003 hdr s 1x100 double
& velume_0004.hdr ans =
« volume_0005 hdr
& volume_0006.hdr JUsers/pacharathonglim/Desktop/PET data/PET20ata
« volume_0007.hdr
+ volume_0008 hdr > 1s
« volume_0009.hdr fmridata.nat  volume_0913.hdr volume_0026.hdr volume_0@39.hdr valume_BB52.hdr volume_0065.hdr voluse_BO78,hdr vol
« volume_0010.hdr type.mat volume_8813. ing volume_@026.img volume_8039.img volume_8852.img volume_8@65.ing volume_B878.img wol
« volume_0011 hdr volume_001.hdr volume_80814.hdr volume 0027.hdr volume_2@40.hdr volume_B8853.hdr volume_0@66.hdr volume B879.hdr wal|
« volume_0012.hdr volume_001. ing volume_0014.ing volune_g027.imq volume_0049.img valune_8953.ing volune_0066.img volune_0879.ing vol
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« volume_0018. hdr volume_0004. ing volume_0017.ing volune 0030, imy volume_0043.img valume_09S6. ing volume_0069.img volume_0082.ing vol
+ valume_0018.hdr volune_8005.hdr volume_0018.hdr volune_dB31.hdr volume_0844.hdr volune_BBS7.hdr volune_0870.hdr volume_B083.hdr vol
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« volume_0022.hdr wolume_8806. ing volume_0019.ing volume_B032.img volume_0@45.img volume_BB58.img valume_@@871.img volume_B@84.img vol|
+ volume_0023 hdr wolume_8007.hdr voluse_8920.hdr volune_8033.hdr volume_0046.hdr volume_BB59.hdr volume_@@72.hdr velume_B8BS.hdr ol
« volume_0024.hdr volume_007. ing volume_0020.ing volune_d033.imy volume_0¢46.ing volune_0059.ing volune_0072.img volume_0085.ing vol
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« volume_0026.hdr volume_008, ing volume_0921.ing volune_0034,imq volume 0047.img volune 8960, img volume 0873.img volume_B985.ing vol
« volume_0027.hdr volune_0009.hdr voluse_0022.hdr volume_0035.hdr volume_0848.hdr valume_0061.hdr volune_8074.hdr volume_0087.hdr vol|
« volume_0028.hdr wolume_8809. ing volume_08022.ing volume_B035.img volume_0@48.img volume_BB61.img valume_8@74.img volume_B@87.img vol|
- volume_0029.hdr volume_0010.hdr voluse_0023.hdr volume_0B36.hdr volume_@@49.hdr volume_BB62.hdr volume_B075.hdr volume_888S.hdr
« valume_0030.hdr volume_010. ing volume_0023.ing volune_d036.img volume_0049.ing volume_9B62.ing volune_0075.ing volume_0088. ing
« volume_ 0031 hdr volume_8011.hdr volume_0924.hdr volune_0937.hdr volume_005¢.hdr volune_863.hdr volune_0076.hdr volume_8089.hdr
« volume_0032 hdr volume_0011,ing volume_0024,ing volune_0937,imq volume_0050.img volune_B863.ing volune 0076.ing volune_8089. ing
« volume_0033 hdr volune_8812.hdr volume_0025.hdr volune_8038.hdr volume_0051.hdr valune_006d.hdr volune_0077.hdr volume_8090. hdr
« volume_0034,hdr wolune_012, ing volume_08025.ing volune_BO38.img volume_0@51.ing volume_BB64.ing volume_@877.img volume_BBOR.img
« volume_0035. hdr
« volume_0036.hdr >> load fnridata
« volume_0037 hdr >> ts=zeros(1,100);
« volume_0038 hdr £
etails v
Select a file to view details
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ABSTRACT

In this paper, we investigated "“F-THK5351 PET/CT image of normal Thai population for the optimized time of
radioactive tracer PET/CT. Twenty-five volunteers without neurological or psychiatric illnesses and all of them have no
abnormalities detected on neurologic examination. All subject were underdiagnosed on *F-THK5351 PET/CT and 3.0
Tesla MR imaging. THK5351 PET/CT were operated on the co-registered MRI comprised for drawing an ROI. The
DICOM file was converted to .img file, .hdr file and then merge with each other for obtaining an finridata.mat. Position
of ROI and fmridata.mat were used to plot graph showing the relationship between quantitative uptake with the frame of
image. The optimized time of "*F-THK5351 PET/CT in normal Thai population is founded 50 to 70 minutes.

Keywords: "*F-THK5351, Positron Emission Tomography-Computed Tomography (PET/CT), Optimized time, Tau

1. INTRODUCTION

In 2008, the World Health Organization (WHO) announced through the Mental Health Gap Action Program that the
dementia has been in a serious condition because it is expected that the world population would have much higher to this
condition and probably continued to increase. Especially, elderly people in the countries with crowded populations could
reach to the dementia condition easily.

Alzheimer disease (AD) is the syndrome characteristics to demonstrate the decreasing of commemoration,
contemplation, language and learning capacity continuously. Normally, the symptoms of Alzheimer patients begin with
the mild indication and end in a severe condition of brain [2], by comparing to the normal people. Besides, the symptoms
usually have been presented much heavily with the people age over 65 years old. The cause of the AD is occurred by the
abnormal operation, procedure, or mechanism of the cells in hippocampus region, which is relevant to the remembrances
and learning of the human [3]. AD is the most unique form of dementia and has worldwide assumption [4].

There is no mainly-accepted recovery for far-progressed AD in the present, hence the early detection in the disease is
important. For the detection method of the disease, there are many machines such as the positron emission tomography
(PET) [5], The Single Photon Emission Tomography (SPECT) [6], and The Magnetic Resonance Imaging (MRI) [7] by
tracking the medical imaging. In Alzheimer patients, the tau proteins will be formed in their brains, which can be
detected by used '"*F-THK5351 PET/CT [8]. In addition to AD, effect from hyperphosphorylation of the tau protein can
result in the pathogenesis frontotemporal dementia, progressive supranuclear palsy and other tauopathies depend on the
tau protein which was built in each region of brain [9]
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Positron Emission Tomography (PET) is the best optical physics instrument for reliable diagnosing the disease. The
diagnosis of the disease with PET used for observed metabolism process in vivo is different when comparing with the
other techniques just used for observing the cross section of the body (Magnetic Resonance Imaging, Computerized
Tomography). In the order to diagnosis of patient with PET the radioactive tracers are needed for attach protein in brain
and emission photon to PET image. However, when using PET method we need to have the optimized time of PET
acquired suitable image for properly diagnose. The purpose of this study is to find the optimized time of radioactive
tracer PET/CT in normal Thai brain.

2. MATERIALS AND METHODS

In this article, it has to be allowed from the Human Research Ethics Committee Chulabhorn Research Institute (Project
code: 049/2560), which there is no financial conflict of the interest. In this section, subjects, PET/CT image, image
processing and ROI and graphs represent the optimized time of PET/CT are detailed below.

2.1 Subjects

Demography of total 25 people composed of 11 men and 14 women in the age range of 41 to 80 years. Demography
have to be the volunteers with no neurological or psychiatric illnesses and all of 25 subject also have no abnormalities
detected on neurologic examination. They must be passed the Montreal Cognitive Assessment (MoCA) Thai version test,
which has the 30 full scores. To pass the MoCA test the representative samples have been obtained the score more than
25 points up. After getting the PET scan, their real names of each sample were replaced with the new one to avoid an
effect on demography in the future.

Table 1. The details of representative samples’ characteristics

Characteristics Number (%)
Sex
Male 11(44%)
Female 14(56%)
Age (years)
Mean 58.92
Range 41-80

2.2 PET imaging

The results of THK5351-PET/CT images were provided by the National Cyclotron and PET Centre. For THK5351-PET
the following parameter used are from a Siemens Biograph 16 PET/CT system in 3D scanning mode. PET/CT images
were reconstructed in a 168 x 168 x 81 matrix with voxel size 4.06 x 4.06 x 2 millimeter.

Thai cohort of 25 subject underwent cognitive testing and 90 min dynamic[10] (0-90 min) PET/CT of the brain was
acquired. '"F-THK5351 was intravenous injected with total activity 6.6 + 0.3 mCi[11] and '*F-THK5351 data were
acquired from 41-60 min after injection. All subject were also imaged of T1-weighed MRI (3 Tesla Philips scanner) for
subsequent screening co-registration with PET image at National Cyclotron and PET Centre Chulabhorn Hospital, from
October 2017 to January 2018. ""F-THK5351 was synthesized radiotracer at National Cyclotron and PET Centre
Chulaborn Hospital as well.

MR imaging-based correction of PET data for partial quantitative uptake was carried out using the PMOD (PMOD
Technologies Ltd., Adliswil, Switzerland). In general quantitative analysis standardized uptake value ratio (SUVR) of
THKS5351 were operated on the co-registered MRI comprised of following 22 cortical regions : Frontal, Parietal,
Posterior cingulate, Occipital, Parahippocampus, Lingual. Fusiform, Middle temporal, Inferior temporal, Medulla
midbrain, Pons, Caudate, Putamen, Pallidum, Talamus, Anterior cingulate, Temporal. Hippocampus. White matter,

Proc. of SPIE Vol. 10685 106852A-2

wnloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 5/17/2018 Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



84

Entorhinal, Brainstem and SUVR relative to SUVR of cerebellum. The region with highest value of SUVR will be used

to draw region of interest (ROI).

Figure 1. THK5351 image PET/CT after injection 4 frame per 20 min.

(c)

2.3 Image processing and ROIs

Reconstruction process of THK5351 PET/CT image were done after acquired image of PET/CT in form Digital Imaging
and Communications in Medicine file (DICOM file: .DCM). With total 4 frame Image, here, was reconstructed 20 min
per each frame. After this possess, then 4 frame of DICOM file were converted to image file (.img) and high dynamic
range file (-hdr) using a program MRI convert. The DICOM file has been converted to .img file, .hdr file and then merge
together with ana75_2.mat run on MATLAB_R2016b. In this step, fmridata.mat was obtained.

Meanwhile, regions of interest were automatically template drawn on the co-registered MRI in PMOD for getting the
position of observation brain area in the Cartesian co-ordinate (x.y,z). The position drawing region of interest which had
highest SUVR was the Pallidum region based on Figure 2.

© Maximum Probability Atlas Brain Parcellation Mapping Ccmpar.e to K

Figure 2. SUVR ""F-THK 5351 relative of cerebellum in region of interested.
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Figure 3. Automatically template drawn PET image on the co-registered MRI in PMOD software.

unction ret = ana75_2mat(imgsize,imgsize2,ns1,type)

ret = ana75_2mat(imgsize, imgsize2,nsl,type)
€.g.,
ana75_2mat (157,189,136, 'float');
ana75_2mat(168,168,81, 'intl6');
imgsize = side of the square, e.g. 64, 128
nsl = # of slices
prefix = the float map file name 'string' without ssk%x,img, e.g. 'beta_’
istart = the float map file # start
iend = the float map file # end
only for data created by fmridata2spm2

SPM float file ==> x.mat of Wit's standard
will be named f_'prefix'.mat and f_'prefix'l.mat, f_'prefix'2.mat, ...

e.g. beta_@0@1.img spmT_@@e3.img

float2mat(64,10, 'beta_',1,5)
return matrix as an output

%sprefix = input('>> Type the float map file name without *xik,img: ','s');
%istart = input('>> Type the float map file # start: ');
%iend = input('>> Type the float map file # end: ');

fnames = dir('x.img');
nimg = size(fnames,1);

fmridata = zeros(imgsize,imgsize2,nsl,nimg);
imgsizeS = imgsizeximgsize2;
icount = @;

for i = 1:nimg

icount = icount+l;
file_name_r = fnames(i).name
fid_r = fopen(file_name_r,'r');

if nsl == 1
%%floatmap = zeros(imgsize,imgsize2);
[I Count]= fread(fid_r, [imgsize imgsize2],type);

%I2 = fliplr(flipud{(I));
12 = fliplr(I);
fmridata(:,:,1,icount) = I2;
%%floatmap(:,:) = 12;
else
%%floatmap = zeros(imgsize, imgsize2,nsl);
[IA Count]= fread(fid_r,type)
for k = 1:insl
lstart = (k - 1)*imgsizeS + 1
lend = lstart + imgsizeS - 1;
Ik = IA(lstart:lend);
I = reshape(Ik,imgsize,imgsize2);
%12 = fliplr(flipud(I));
12 = fliplr(I);
fmridata(:,:,k,icount) = I2;
%% floatmap(:,:,k) = 12;
end
end % if

fclose(fid_r);

end

if nimg == 1
old = fmridata;
fmridata = zeros(imgsize,imgsize2,nsl);
fmridata(:,:,:) = old(:,:,:,1);

end % if

ret = fmridata;
save fmridata.mat fmridata
save type.mat type

Figure 4. Format of ana75_2.mat run on MATLAB.
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2.4 Graphs represent the optimized time of PET/CT

After ROI were drown in PMOD, the chosen position in the Cartesian co-ordinateformat ( x,y,z) was used to plot graph
showing the relationship between quantitative uptake with frame of image using MATLAB_R2016b. This graph was
shown impulse response’s quantitative uptake of "*F-THK5351 relative to time series for finding the optimized time of

radioactivetracer PET/CT. In this process, position of ROI (x.y,z) and fmridata.mat was taken to plot graph which was
run on MATLAB.

] File from merge 4 file .img

>> Tload fmridaFa
>> ts=zeros(1,4);
>> ts(:)=fmridata(85.0,70.0,45.0,:);
plot (ts)

Frame [ to 4

\"

>

\Y

Position of ROI every time

‘ Plot graph

Figure 5. Code for Graphs represent the optimized time of PET/CT.

PET scanner

Image

! reconstruction

-
100 Frame
1 Frame =42 sec

n— 75 3 .DCM to .img, .hdr
atch processing by ana75 2mat
processing by |ml . DEM

— —_— frimdata Draw ROI by PMOD

Find position

XYZ o
Load fmridata n.pmod

— ts=zeros(1,100);
ts(:)=fmridata(x,y,z,t);
plot(ts)

Lrrap el 4\

Figure 6. Experimental process.
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3. RESULTS AND DISCUSSION

A graph of the relationship between quantitative uptake with frame of image was gotten from the result of ROI position
with fmridat as shown in Figure 7. Position of Pallidum region in form of Cartesian coordinate is at (85, 70, 45) whose
graph relationship between quantitative uptake with frame of image was shown in Figure 7.

RO—— s S—

3000 1

2800

2600 1

2400

Quantitative uptake .SUV
b~
8

2000

woob— 1 F—" -
1 1.5 2 25 3 a5 4
Frame of image (1 Frame = 20 min)

Figure 7. Graph relationship between quantitative uptake with frame of image.

The graph shown in Figure 7 shows the optimized time of "*F-THK5351 PET/CT in normal Thai population in the period
of frame 2.5 to frame 3.5. The optimized time is written as

y = 20x 3.1)

Here y is the optimized time (min) and x is frame of image. Therefore, the optimized time of this radioactive tracer

PET/CT is 50 to 70 min. Using this optimize time, the data can be confirmed with images from Syngo-via program as
shown in Figure 8

(a)

Figure 8. Showing quantitative uptake in brain for confirming the optimized time which (a) is Frame 3 at 60 minutes and (b) is Frame
4 at 80 minutes
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4. CONCLUSION

In this work, the optimized time of "*F-THK3351 PET/CT in normal Thai population was investigated by using the
process as following. First, Digital Imaging and Communications in Medicine file of normal Thai brain (DICOM file)
was converted to image file (.img) and high dynamic range file (.hdr). Then we merged them together with ana75_2.mat
getting fmridata. Meanwhile, ROI were automatically template drawn on PMOD for getting the position of observation
brain area is Pallidum region. Position of ROI and fimridata were used to plot graph of relationship between quantitative
uptake and frame of image. Resulting. graphs was shown the optimized time at 2.5 frame to 3.5 frame or 50 to 70 min
which was confirmed by using image from Syngo-via program.
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ABSTRACT

The objective of this study was to the created surface of quantitative uptake value with radioactive tracer PET/CT in
normal Thai brain. The surface was generated from the matrix of quantitative uptake value by MATLAB software. Data
of PET/CT image was modified to High dynamic range imaging file format by MRI convert and merge together with
ana75_2.mat, in this step surfacedata.mat was obtained. The surface data was taken to create a surface of quantitative
uptake value to observing the distribution of radiopharmaceuticals in the region of interest.

Keywords: Positron emission tomography, Quantitative Uptake Value, Standardized uptake value, Surface, ''C-PIB
1. INTRODUCTION

The standardized uptake value (SUV) is a nuclear medicine term, used in positron emission tomography (PET) [1]. SUV
is defined as the ratio of activity in tissue per millimeter to the activity in the injected dose per body weight. The SUV
has also been referred to as the distribution absorption ratio [2] or the differential uptake ratio [3]. The basic expression
for SUV is

SUVzﬂ (N

o

Where R is the radiopharmaceuticals activity concentration [kBg/ml] measured by the PET scanner within a region of

interest (ROI), « is the decay-corrected amount of injected radioactive tracer [kBq], and /¥ is the weight of the
participants.

Radiopharmaceuticals, along with molecular imaging instrumentation, are the pillars that support the edifice of clinical
nuclear medicine and the major driver enabling investigations of molecular phenomena for better understanding of
human disease and developing effective treatments [4]. The growth of nuclear medicine has been intimately linked to
availability of new radioisotopes and the discovery of novel radiopharmaceuticals. The field of radiopharmaceuticals has
witnessed continuous evaluation thanks to the immense contributions of scientists from diverse disciplines such as
radiochemistry, radiopharmacy, inorganic chemistry, organic chemistry, biochemistry, physiology, pharmacology and so
on.

Positron emission tomography (PET). a nuclear medicine technology, has become a powerful scientific and clinical tool
for probing biochemical processes in the human body [5]. This know-how technology can bring about clinical data in
both molecular and cellular levels of living organism by using non-invasive technique. The clinical application of PET
has mushroom in the last decade and it has proven to be a vital in the evaluation and diagnosis of disease.

*prathan.bu@kmitl.ac.th
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edited by Anita Mahadevan-Jansen, Warren S. Grundfest, Proc. of SPIE Vol. 10868
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Measurement of altered biochemical pathways and metabolic levels in vivo in a non- invasive and often quantitative
manner is done routinely. This study aims to investigate the surface of quantitative uptake value of
radiopharmaceutical for observing the distribution of radiopharmaceuticals in the region of interest in normal
Thai people.

2. MATERIALS AND METHODS
2.1 Subjects

The 6 participants were recruited from National Cyclotron and PET Centre Thailand. All were aged 41-50 years and
underwent neurological and neuropsychological assessment. Global cognitive status was measured using Montreal
Cognitive Assessment (MoCA) Test [6,7]. The MoCA score is derived in a ranging 0-30[8]. All of participants are
healthy control subjects (HC), HC had normal cognitive function and no history of neurological or psychiatric diseases.
The normal cognitive status of HC subjects was required as a MoCA score of 25 or higher [9]. All HC written informed
consent for participations. The study protocol was approved by the Human Research Ethics Committee of the
Chulabhorn Research Institute (Bangkok, Thailand, Project code 049/2560).

2.2 Radiopharmaceutical

Regarding the necessary initial materials, production of ''C-PIB was produce in The National Cyclotron and PET Centre
Thailand. Radiopharmaceutical purity of the tracer was more than 99% and using one-step ''C methyl triflate approach
[10].

2.3 PET imaging

"'C-PIB scanning was performed on the same day as the cognitive testing. All of subject brain PET imaging was
accomplished using the radioactive tracer ''C-PIB. PET imaging was conducted using a Siemens biograph 16 PET/CT
scanner (Seimens Healthineers, USA), all subjects underwent a 70-minute emission scan starting after 15+ 1.5 mCi
(555 MBq) of ''C-PIB was injected intravenously (0-70). According to standard protocols, emission data were acquired
in a 3D dynamic mode for a fixed time 10 min per bed position from head first supine. The PIB PET/CT images of the
skull were acquire, and the image were reconstructed in a 168 x 168 x 81 matrix, with a voxel size of 4.06 x 4.06 x 2
millimeter, zoom = 1, Gaussian filter with FWHM = 2.0, 42 sec per frame (100 frame).

All of subject underwent T-1 weighed MR imaging (3 Tesla Seimen scanner) for screening and subsequent co-
registration with the PET/CT images. MR imaging — based correction of PET data for draw region of interest (ROI) was
carried out using the PMOD software (PMOD Technologies Ltd., Adliswil, Switzerland). ROI were automatically drawn
on co-registered MR image and included the following 4 cortical region: Posterior cingulated, Parahippocampal,
Occipital cortex, Parietal cortex. All of ROI was used generation surface of quantitative uptake value of
radiopharmaceutical.

2.4 Surface of quantitative uptake value

Image from PET scanner informed Digital Imaging and Communications in Medicine (DICOM file) was converted to
High dynamic range imaging (HDR file; .hdr) by MRI convert (Lewis Center for Neuroimaging, University of Oregon,
USA) . HDR file rendered from 1 to 100 frames by ana75_mat.m[11] run on MATLAB R2016b (Math Works, Inc.,
Massachusetts, United States.). After that, surfacedata.mat was obtained. The matrix of surfacedata was used to generate
surface plot by MATLAB program.
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Surface of Quantitative
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Figure 1. The flow chart of algorithm of process.

3. RESULTS AND DISCUSSION

3.1 Study participants

All of the participants pass MoCA Thai version test. Which, participant have obtained a MoCA score of 25 or higher as
shown in the graph the relationship between the age of participants and score of the MoCA test (Fig. 2). The graph was
shown that all of the participants had normal cognitive function and no history of neurological or psychiatric diseases. A
score of 26 or over is considered to be normal. In a study of Andrew Rosenzweig, MD, normal people scored an average
of 27.4, people with mild cognitive impairment (MCI) scored an average of 22.1, people with Alzheimer's disease
scored an average of 16.2.[8] '

60

50 ¢ ¢

L 2
L 2
40 AR

Mean = 28

Age of participants
(5]
o

0 5 10 15 20 25 30
Score of MoCA test

Figure 2. Graphs showing the relationship between age of participants and score of MoCA test.
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3.2 Surface of quantitative uptake value

The matrix data of participants was used to plot the surface of quantitative uptake value in each region (Posterior
cingulated, Parahippocampal, Occipital cortex, Parietal cortex). The surface of quantitative uptake value was shown in
Figures 3.

(a) | (b)

© ()

Figure 3. The surface of quantitative uptake value of radiopharmaceuticals in each region

Figure 3 displays the surface of quantitative uptake value of ''C-PIB obtained after the matrix data of PET/CT image are
extracted by MATLAB software. Which Figure 3(a)-3(d) are each region of interest in brain, 3(a) - Posterior cingulated,
3(b) - Occipital cortex, 3(c) - Parietal cortex and 3(b) — Parahippocampal region. The surfaces of quantitative uptake
value of 11C-PIB were shown the distribution of radiopharmaceuticals in the region of interest informed cartesian
coordinate (x, y, z).

4. CONCLUSION

The surface of quantitative uptake value of radiopharmaceuticals PET/CT in the general Thai brain population was
investigated by using the following process. First, PET image informed the Digital Imaging and Communications in
Medicine file (DICOM file) was converted to the High dynamic range imaging (HDR file; .hdr) Then, HDR file was
rendered by using ana75_mat.m run on MATLAB_R2016b, the surfacedata.mat was obtained. Meanwhile, ROI was
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automatically template drawn on PMOD to obtain the position of the observation brain area, which is the 4 regions. The
position of ROIs and surfacedata.mat were used to plot the surface of the matrix data of surfacedata.mat in ROI. As a
result, the surface of quantitative uptake value showed the distribution of radiopharmaceuticals in the region of interest.
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Abstract

This study investigated '*F-THK5351 positron emission tomography-computed tomography (PET/
CT) images to determine the optimized imaging time of radiopharmaceutical PET/CT in normal Thai
population. Seventeen volunteers without any neurological or psychiatric illnesses, who showed no
abnormalities upon neurological examination and the standardized uptake value ratio, were included.
All subjects were diagnosed using '*F-THK5351 PET/CT and 3.0 Tesla magnetic resonance imaging
(MRI). THK5351 PET/CT was operated on the co-registered MRI to draw a region of interest (ROI).
A digital imaging and communications in a medical file were converted to a .img file. Next, the image
file was rendered from discrete time to continuous time for plotting graphs. The ROI positions and
rendered file were then used to plot a graph showing the relationship between the radiopharmaceutical
uptake quantity and the interval time to determine the optimized uptake time of THK5351 PET/CT
for the brains of normal Thai population, which was consequently 40-60 min.

1. Introduction

Tau proteins are associated with cognitive impairment [1]. The hyperphosphorylation of tau proteins results in
pathogenesis frontotemporal dementia, progressive supranuclear palsy (PSP), corticobasal degeneration (CBD),
and chronic traumatic encephalopathy [2-7]. The combination of neurological conditions caused by the
accumulation of tau proteins are called tauopathies.

Positron emission tomography-computed tomography (PET-CT) is a potential nuclear medicine
technology for tau protein aggregation in the brain. Initially, PET has become a powerful scientific and clinical
tool for investigating biochemical processes in vivo, with its clinically effectiveness to detect cancers and
neurological diseases, in particular the accurate diagnosis of the pre-clinical stage of Alzheimer’s disease (AD).
Previous studies that focused on designing of tau imaging PET radiotracers have led to the development of
several types of radiopharmaceuticals for use in humans, such as '*E-FDDNP [8], '*F-T808 [9], and
'*E-THK5351 [10].

"*F-THKS5351 can be used to accurately differentiate between patients with AD and normal individuals. A
positron-emitting radionuclide is inserted via a radioactive tracer, with the emitted positrons to createa PET
image. However, PET requires a considerable amount of time to acquire a suitable image. Thus, this study aimed
to determine an optimized uptake time of '*F-THK5351 PET/CT for a database of proper diagnosis with
radiopharmaceutical PET/CT in normal Thai population.

2. Materials and methods

2.1. Radiosynthesis of "*F-THK5351
'®F-THK5351 was prepared from its tosylate precursor (5)-2-(2-methylaminopyrid-5-yl)—6-[[2-(tetrahydro-
2H-pyran-2-yloxy)-3-tosyloxy]propoxy] quinoline (THK5352) and purified using semipreparative

© 2019 The Author(s). Published by TOP Publishing Ltd
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Figure 1. Structure of "*F-THK5351,

high-performance liquid chromatography (column: Inertsil ODS-4 [GL Sciences, Inc.], mobile phase:

20 mmol 17! NaH,PO, /acetonitrile [75/25 for THK5351], flow rate: 5.0 mL min~ "). Whilst, the radiolabelled
product was dissolved in ethanol, dimethylsulfoxide, or saline with polysobate-80 (0.1%) for biologic evaluation.
1R THKS5351 was then obtained with a radiochemical yield of 46% 6 13% (decay-corrected), radiochemical
purity of greater than 95%, and specific activity of 254 6 47 GBq mmol ' [11]. The radiopharmaceutical
systematic name was 2-propanol, 1-(fluoro-' E’13)»3~((2-(6-(methylamino)—3-pyridinyl)—6-quinolinyl)oxy)—,
(25)-. The common names were THK-5351 F-18, ('*F)(s)-THK-5351, or (18 F)THK-5351. The code name was
J3.349.112 C. In figure 1, the structure of '*F-THK5351 was shown wth a single S-enantiomer to improve the
pharmacokinetics of aryl-quinoline derivatives [12]. THK5351 was used as a tracer for attaching to tau proteins
in the brain [13].

2.2. Clinical PET study subjects

Aretrospective analysis was conducted in 17 subjects (male, n = 7; female, n = 10; mean age: 58.92 years;
range: 41-80 years) to diagnose whether the brain was relatively constant. No neurological and psychiatric
illnesses and abnormalities were observed upon the study criteria. The Montreal cognitive assessment (MoCA)
and the cut point of quantitative uptake value by PMOD software (PMOD Technologies Ltd, Adliswil,
Switzerland) were applied as criteria to distinguish normal and abnormal samples. To pass the MoCA test, a
score of more than 25 points had to be achieved from representative samples. Those with AD dementia met the
probable AD criteria proposed by the Helen Wills Neuroscience Institute, University of California Berkeley [14],
with a standardized uptake value ratio (SUVR) of 40-60 min. Without fasting, all subjects underwent the
assessment of true brain region THK5351 PET/CT between October 2017 and January 2018. Prior the
acquisition of brain data, each subject was injected with 5 mCi (185 MBq) THK5351. Following the standard
protocols, emission data were acquired from the brain region in the 3D dynamic scanning list mode for a fixed
time of 20 min in the head first supine position. The obtained PET/CT scans were then anonymized to avoid
demographic bias. This study received approval from Human Research Ethics Committee of Chulabhorn
Research Institute (Project code: 050/2560).

2.3. PET and MR image acquisition

2.3.1. PET imaging

AlI PET scans were acquired using Siemens Biograph 16 True-point PET/computed tomography scanner
(Siemens Healthineers, USA) with the list mode emission acquisition. Whereas, '*F-THK5351 was synthesized
and radiolabelled at National Cyclotron and PET Centre, Chulabhorn Hospital. All subjects underwent the
90-min emission scan after the 5 mCi (185 MBq) of E_THK5351 was injected intravenously (0-90 min), with
the 3D scanning mode of Siemens Biograph 16 PET/CT system. Then, the THK5351 PET/CT images of the skull
were acquired and reconstructed in the 168 x 168 x 81 matrix with the voxel size of 4.06 x 4.06 x 2 mm,
zoom = 1, Gaussian filter with FWHM = 2.0,and THK5351 PET/CT, as shown in figure 2. After intravenous
injection, the radioactive '*F-THK5351 decayed to produce positrons [15]. Meanwhile, the positron-electron
annihilation in vivo produced positronium [16, 17]. The decayed positronium finally generated a pair of gammas
rays (%), each with the energy of 0.551 MeV [18], which travelled in opposite directions and detected by the
gamma ray detector of PET/CT (figure 3).

2.3.2. MR imaging acquisition

The 3D T1-magnetization-prepared rapid gradient echo (repetition time: 1900 ms, echo time: 2.93 ms, flip
angle: 8°, pixel bandwidth: 170 Hz/pixel, matrix size: 256 x 208, field of view: 256 mm, number of excitations:
1, total acquisition time: 4 min 10 s, and voxel size: 0.5 x 0.5 x 1.0 mm>) was acquired with 3.0 T MRI
(MAGNETOM Verio, Siemens Healthineers). Those images were used for the subsequent screening of

2



I0P Publishing ~ J. Phys. Commun. 3 (2019) 075011 P Thonglim et al

98

(a) (b) (c)

Figure 2. Image of the brain: (a) T1-weight MRI, (b) THK5351 PET imaging, and (c) MR imaging from subsequent screening of co-
registration with PET image by PMOD software.

"F-THKS5351

|
Figure 3. Positron—electron annihilation.

co-registration with the PET images by PMOD software (see figure 2). The PMOD software consisted of a
comprehensive set of user-friendly and powerful tools, each corresponding to major tasks such as kinetic
modelling, parametric mapping, image registration, 3D rendering, and pattern analysis. Due to their smooth
interactions, a flexible workbench was formed for all types of research data from humans and other species.
Every PET image study was complemented with T1- weighted brain MRIs which precisely represented the
subjects’ anatomy. Knowledge-based technology was employed to accurately segment the cortex and the basal
ganglia from human T1-MRIs. These segments were then projected onto the PET images and calculated, after
which the quantitative analysis could be performed.

2.4.Image analysis

2.4.1. Image reconstruction

The THK5351 PET/CT image was reconstructed after the acquisition of PET/CT image in the form of digital
imaging and communications in medicine (DICOM) .DCM file. Whilst, the 4-frame image reconstruction was
done with 20 min for each frame (0-20, 20-40, 40-60, and 6080 min). Subsequently, the four frames of
DICOM file were converted into an image file (.img) by MRI conversion (Lewis Center for Neuroimaging,
University of Oregon, USA). Then, the four frames in the image file were rendered from discrete time to
continuous time using ana75_2m.mat (see Figure 4) [19], which was written in a computer language to run on
MATLAB_R2016b program (MathWorks, Inc., Massachusetts, USA). Following the main form of PET image
reconstruction with 4 separated frames (0-20, 20-40, 40-60, and 60-80 min), ana75_2m.mat (shown as
supplementary material is available online at stacks.iop.org/JPCO/3 /075011 /mmedia) was constructed to
render all PET images in the continuous time form of imaging (0-90 min) as MATLAB file (fmridata.mat). The

3
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Figure 4. Rendering of image file from discrete time to continuous time.

fmridata.mat contained data of radiopharmaceutical quantity and interval time, but none of the observed brain
position.

2.4.2. ROIs

The regions of interest (ROIs) should be required for the observation of brain position to specify any correlations
among them by manual or automatic methods. In this study, the ROIs were specified by an automatic method to
propagate them from a predefined atlas onto the standard space. A previous study provided a well-known atlas
with 10 labelled ROIs [14]. THK5351 PET /CT images were applied for the subsequent screening of co-
registration with MRI images using PMOD software to draw ROIs. The obtained results of ROIs were
represented in Cartesian coordinates (x, y, z). Also, the Anterior commissure was used to set the origin of brain
abservation (0, 0, 0). The brain positions (10 regions: frontal cortex, fusiform gyrus, inferior temporal cortex,
lingual gyrus, middle temporal gyrus, occipital cortex, parahippocampal gyrus, parietal cortex, posterior
cingulate, and precuneus) were employed to plot graphs using fmridata.

2.4.3. Graphs representing optimized uptake time of THK5351 PET/CT
After the ROIs were drawn, the selected position in the Cartesian coordinates (x, y, z) was used to plot graphs
showing the relationship between the quantitative uptake and the interval time by MATLAB_R2016b. The
graphs demonstrated the quantitative uptake of the impulse response of '*F-THK5351 relative to the time series
for the optimized uptake time of the radioactive tracer PET/CT. In this process, the position of ROIs (x, y, z) and
fmridata.mat were considered to plot graphs using MATLAB code.

load fmridata.mat — file of quantitative uptake from four frames of images

ts = zeros(1, 4); — indication of data from frame 1 to frame 4

ts(:) = fmridata(X, Y, Z, t); — indication of data of quantitative uptake in area of interest for the entire time

plot (ts) — plotting graphs

Graphs representing the optimized uptake time for PET/CT were obtained. Figure 5 showed the
experimental process.

2.5. Statistical analysis
Bonferroni correction coefficients were used to understand the relationship between the subject groups and AD
dementia. Whereas, 95% confidence intervals were reported where appropriate, with p-values less than 0.05

considered as statistical significance. All statistical analyses were conducted using PASW statistics 23 software
(SPSSInc., Chicago, IL, USA).

3. Results and discussion

3.1. Clinical PET study subjects
All subjects passed the MoCA Thai version test with the average score of 28. After the head first supine THK5351
PET/CT, SUVR was obtained as sumarized in table 1. The MoCA was used as a criterion to distinguish abnormal
and normal samples. Table | demonstrated the values of ROIs for group differences in SUVR 40-60 min
between the AD groups in Lockhart’s research [14] and the subject groups (Thai population).

Table 1 listed the values for all investigated ROIs. A significant (p < 0.05) group difference was generally
observed in temporoparietal regions. The accumulated tau protein in large amount reference position was

4
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Figure 5. Experimental process.

Table 1. Values of ROIs for group differences in SUVR 40-60 min.

ROI AD mean [14] PP mean pvalue
Anterior cingulate 1.89 1.76 =0.005"
Brainstem 1.95 1.85 =0.006"
Caudate nucleus 2.44 1.68 <0.001"
Eroded white matter 1.82 1.73 =0.007"
Entorhinal cortex 2.06 2.00 =0.92

Frontal cortex 1.48 1.45 =0.68"
Fusiform gyrus 1.89 1.67 <0.001"
Hippocampus 2.48 2.37 =0.20"
Inferior temporal cortex 1.95 1.53 <0.001"
Lingual gyrus 1.51 1.30 <0.001"
Middle temporal gyrus 1.91 1.57 <0.001"
Occipital cortex 1.41 1.32 <0.001"
Pallidum 3.66 331 <0.001"
Parahippocampal gyrus 1.9 1.65 <0.001"
Parietal cortex 1.65 1.35 <0.001"
Posterior cingulate 1.93 1.61 <0.001"
Putamen 2.96 2,65 <0.001"
Thalamus 2.83 2.40 <0.001"

Key: AD, Alzheimer’s disease; PP, Participants.

" p < 0.05
®p < 0.001

changed to pons or thalamus regions. SUVR was used for quantitative analysis and calculated as the uptake ratio
of the radioactive tracer between the cortical region and the cerebellum. Lockhart et al [ 14] showed that the most
precise diagnosis area to distinguish AD patients from normal population was the inferior temporal lobe of

SUVR > 1.68 (100%).

3.2.Image processing

The MR images were used in the subsequent screening of co-registration with PET images by PMOD software
for the drawn ROISs. The position of ROIs in the Cartesian coordinates was (X, Y, Z). The brain positions
(10 regions) observed in the Cartesian coordinates were listed in table 2.

3.3. Graphs representing imaging time
A graph of the relationship between the radiopharmaceutical uptake quantity in the brain and the interval time
for 10 regions was obtained from the results of ROI positions using fmridata.mat. As shown in figures 6(a)—(j),
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Table 2. Position of brain observation in Cartesian
coordinates .
Region Brain position (x, y, z)
Anterior commissure (set origin) (0,0,0)
Frontal cortex (85,92,48)
Fusiform gyrus (97,74, 30)
Inferior temporal cortex (80,67,16)
Lingual gyrus (82,88,33)
Middle temporal gyrus (70,76, 35)
Occipital cortex (82,81,21)
Parahippocampal gyrus (92,78, 30)
Parietal cortex (82,65,58)
Posterior cingulate (85,93,47)
Precuneus (82,88, 59)

the radiopharmaceutical uptake quantities were demonstrated for different brain regions. The optimized uptake
time was measured after averaging all graphs.

The impulse response of 10 regions from the graphs was used to obtain the average information. Equation (1)
was employed to determine the average graphs. This was implemented as MATLAB code, as shown in
figure 7.

fmridatay + fmridata, + fmridatay + ... fmridatay,
10

(1)

The main peak corresponding to the radiopharmaceutical uptake quantity was approximately located at an
interval time of 3. Whereas, a shoulder indicating an increase and a decrease in the radiopharmaceutical uptake
quantity was observed at interval times of 2 and 4, respectively. This increasing and decreasing trend was
attributed to the fact that the uptake of the minute amounts of the radioactive tracer still occurred in the brain.
Figure 7 illustrated the average impulse response of '*E-THK5351PET/CT in normal Thai population. During
the interval times of 2 and 4, the radiopharmaceutical uptake quantity in the brain increased from the interval
time of 2 to the interval time of 3 (main peak) before a decrease at an interval time of 4. This main peak was
applied as the optimized uptake time for the radiopharmaceutical. Consequently, the optimized uptake time for
'®F-THK5351 PET/CT was between 40 and 60 min. Following this optimized uptake time, data could be
confirmed with images from the Syngo-via program (Siemens Healthcare GmbH) (figure 8).

To confirm, we further verified the quantitative uptake in the thalamus region [20, 21]. Figure
demonstrated the quantitative uptake of "*F-THK5351 in the thalamus region after the radioactive tracer was
injected intravenously. The distribution of "*F-THK5351 looked uniform in the thalamus region (denoted by
yellow, blue, and green arrows in figure 8). The additional time in the thalamus region resulted in the uniformity
of this region. A comparison from frames 2 to 4 showed the quantitative uptake clusters. A size-dependent effect
was noted in the Thalamus region. The additional amount of "*F-THK5351 seemed to increase the cluster
aggregation from frames 2 to 3 (figures 8(b) and (c)), then gradually decreased to the same in frame 4
(figure 8(d)).

Figure 8(a) iluustrated the frames of images after THK5351 was injected for 20 min (frame 1), with a perfusion-
like distubution of the radiopaharmaceutical following the cortical and the subcertical uptake. As for the brain, the
SUV at 20 min after the injection was highest in the striatum. The 18F-labeled radiopahrmaceutical washed out
quickly from most of the brain regions, or 20 min after injection. The principle of tracer kinetic modelling was
used to assess the cerebral microvasculature, so called perfusion imaging. This quantitative uptake was higher than
the normal brain tissue and tended to be at lower volume. The degradation and remodelling of extracellular matrix
macromolecules led to the loss of blood-brain barrier (BBB) integrity [22]. In the late phase (after 60 min), no
definite uptake or retention of radioactive tracer activity was noted in the brain, except for blood-pool activity in
the internal carotid artery. Thus, the contrast enhancement was suitable for diagnosis (figures 8(b)—(d)).

The optimized uptake time data were compared to those by Hsiao et al, of which a prominent uptake
occurred at 60 min after injection [23]. Whilst, Lockhart et al confirmed 40-60 min to be an optimal time
window for SUVR analysis of THK5351 PET data [14]. These results indicated that the optimized uptake time
was 40-60 min could be the optimal uptake time for the normal brain and close to the results by Hsiao et al
and Lockhart. However, the data were varied due to the differences of brain characteristics among population
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Figure 6. Graphs showing impulse response of '*F-THK5351for 10 regions obtained by MATLAR processing. Interval times 1, 2, 3,
and 4 denote 0-20, 20-40, 40-60, and 60-80 min, respectively.

in each region of the world. The criteria to select the optimal uptake time of '"*E-THK5351 was the amount of
radiopharmaceuticals in an average impulse response of 10 regions in a macro-area related to the target
binding of the brain. The data could be confirmed by the contrast enhancement in figure 8.




P Thon gl;n ctal
103

I0P Publishing J. Phys. Commun. 3(2019)075011

5500

5000 /"-\\ |

4500 o ~

_— /

3500 /

Quantity of radiopharmaceutical (mm’?)
\

3000
1.5 2 25 3 3.5 4

Interval time (min)

Figure 7. Graphs indicating the average impulse response of 10 regions for the optimized uptake time of *F-THK5351 PET/CT in
normal Thai population.

(d)

Figure 8. Radiopharmaceutical uptake quantity in the brain to confirm optimized uptake time: (a) frame 1: 0-20 min, (b) frame 2:
20—40 min, (c) frame 3: 40-60 min, and (d) frame 4: 60-80 min

4, Conclusion

The optimized uptake time of '*F-THK5351 PET/CT in the brain of normal Thai population can be investigated
by the graphs of relationship between the radiopharmaceutical uptake quantity and the interval time. The graphs
yields the optimized uptake time at an interval time of 3, i.e., 40—-60 min.
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