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Abstract

The aim of business travel by Dr. Haw-Jan Chen and Dr. Chih-hsien
Chang was to attend the 2008 World Molecular Imaging Congress in Nice,
France. The conference this year was hold by many societies and associations in
the world, including Society for Molecular Imaging (SMI), Academy of
Molecular Imaging (AMI), European Society of Molecular Imaging (ESMI),
International Society for Magnetic Resonance in Medicine (ISMRM),
Radiological Society of North America (RSNA), Society of Nuclear Medicine
(SNM), European Institute for Biomedical Imaging Research (EIBIR) and
Federation of Asian Societies of Molecular Imaging (FASMI). The contents of
the conference include molecular imaging of cells and tumors, synthesis and
labeling of new radiopharmaceuticals, molecular imaging in animal models.
There are many benefits for research and developing projects in Institute of
Nuclear Energy Research after attending the symposium.
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8. Evaluation of image restoration methods for '**Re quantitative micro-SPECT imaging °
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11. Feasibility Study of a novel POI Imaging Detector for Dedicated Positron Breast

Camera °

o PRSP o F LRI 1Y A A ﬁ'wﬂi ZhE St )
# A w%w Voo Tat g P B AY P E | e - F rﬁwu%
ﬁlij“%:siﬁ M= FIPURLE-18-AV-45[fEF Z4E R > F-18-AV-454sk il RLE g A 200
P AR S o phE IR f9Avid Radiopharmaceuticals, Inc. 2781 Fifh 24E% -
F-18-AV-45= EILL=2 Amyloid plaquen?“ » [l EL R 2 ¥rAlzheimer’s disease (AD)p‘JijL
Sk o Umwﬁi—Jﬁ[&ﬁ%%WBAmWMﬁH VE = SUBE S BT R
E%’Ebﬁkw?mFDAFiﬁﬁﬁ%jfy(waDmgApmwmmn);¢ﬁ£%%wquﬁfADﬁ]k
OFF IR * 32 S F-18-AV-45 12519051 SFIEERY » SUVRAEA B * i 8 Lt (front
Cm%x)EpmmmmmGXD%TJ&AV4&P%M%@@$5}ﬁ?koﬁwngAV4ﬁé?§§‘%’
2 [UADR IR BA MM - H 7 R 6 50~6053 SIE E] A (radioactivity

plateau ) °

AL SR S S R B ) TR i S
~ WHFEE| @*F‘fi%‘%l?’: I R RS R R TR R R
= o VAT R 4 RPN (vascular endothelial growth factor » VEGF)RLE =/ #s £ 35 5 4
gﬁj B[S T ORI~ I ORI B 0 e
prag=d SRl »\[[a R AR f’h’rf‘vﬁ TQFJ?*;;JEJ.&%U{)FEIF{ T E gD
EJ”’F{' F20 a:ﬁj*ﬁﬁ&ﬁﬁ' o B Tk U TR el Y&Q'F[‘JH?E'%EJ[F{ TR

JRER T ﬁ = o PRI g ) MR P L T T ijﬂlfidm@fﬁ“l 7]
f:'%' o FIALTALEE oo T SRR T BRI R P WG PR



T S o JF*%IET_LiEf[{C’ i AR TP (angiogenesis )

TR W ETE (neurogenesis ) [ ?{f{ﬂﬁ‘ﬁ (PHEE o T R s AT S SR

= R s T RS (vascular endothelial growth factor » VEGF) ?J’NFWTI%;EJ%

TERYE <t o VEGE 8 FOgRpe o ik o HAHRRFVEH R EE =58 - ST 4 VEGE

F $Elﬂ§\:—?w‘4lﬁ JEE I o (7% stroke » motor neuron diseases <5 AR RN £ e
» VEGF ¥ sl {H ’rt ilﬁ;lﬂé;;ﬁ g gﬂ__ﬁp JiF T AZIAY o

SRR AP S TR O R L R
(VEGF)rf“Iﬁ}iliiﬁl(overexpressmn) Pjrjﬂﬁﬁ%if[@f o FIVEN B E ) 25t 3 T
TS » AP TR B AL ~ L SR VEGE SRt o o sepir e
(eI EA R 71C s STy e A IR
PP P 4 Sk (Bombesin, BBN) SRV 145k 2 fRi(BN/GRPR)

R AR CRTER] TS T B g (prostate cancer) ~ J AT
('small-cell lung cancers ) 5"% (breast cancer ) JEVE o | ’H P53 "ﬂ K iﬁ’irﬁ’ﬁﬂlﬂ\
Fy RAFI G [Pk O H R i A - k@G Dr. Mansi 52501 R In-111
Bombesin Receptor antaganist > 75 || % ”In-111-RM25” % "In-111-RM27” » £l [ IFE 3B+
PC-3 FARUE P L1 - Tt 4 ] [ E 0T 10 % ID/g VA - In-111-RM27 7 Ui e | i
39.4% ID/g VR o = L4 PO ABEPr L REH I 1R R e

“ Multimodality Molecular Imaging =57 e 5 o [ » & 5 o~ S 7
"TLu-LS308 (RGDfK) peptide-DTPA *35x 9t A TR A TR ISR
AR VAR e E) 4 tue EPEREOT B BT PSRRI L R
3 S L 0 B P55 A > TTLu-LS308 fI[fi B PR AP o) gt
(i =200 = B 154 kLA ek e e E S ()

T E’vE}q‘iF"[@t Y BNPSEP IR MY AR B (The University of Texas Health Science
Center at San Antonio) i % Re-186-PEG-liposomal doxorubicin (PLD){H45 fil > ::’Vflﬂ 15572

) u[j

feepl 15 DF 5 T 2 Al Concorde microPET » Gamma-medica microSPECT/PET/CT - ** Al



Optical imaging 271 [l o Sk ifiil 393 1 21 (Phillips, William)74 5 Frf {4
[l o AR BT SE 2 Ak R R oSl — AT ') BMEDA
N~

(N,N-bis(2-mercaptoethyl)-N’,N’-diethylethylenediamine) [icl =" &% K /7 & /=
Tc-99/Re-188-liposome A& i&5fk 5~ I 1 FVEH‘[\gE[ﬁJ P 3 Re-188 —ﬂ:»}af Jﬁ'réljif;lﬁé‘f%'(qﬁ?g
H o 205 & P o RS ) ﬂAll;J R PR o 7 Te-99m-BMEDA-liposome [/

?% RPEAH > Bl Te-99m-BMEDA-liposome P iiﬁ“ﬁﬂﬁﬂj = Tc-99m-BMEDA %

PRI £ Goins F4%(Beth A. Goinsy & [l (7% + PR R 7 2003 = g F
Re-186-BMEDA-liposome #8285 5> 1 €1 Gaggrf] 'Hlfé—%ilﬂr Al oA & fF’JJ’%g'N
ik 1 SPECT SEHY » AdHN )35 £ Re-186-liposome T 3= AR 3“”5% ;=

= PRI '*%TEPIEWFI?E‘I":EZFVH?F B VAR N Ei’ﬁﬁﬁf
Fl> o g e E P Rl o (qpin ke L ekl 9 (P50 TSR~ B R
s SRR AT I R (= ) F 1) Gamma-medica microSPECT/PET/CT
BRI 1 e PR R = [ B 22 5 A 1456 Y (Functional Imaging) ™ T 1955 1Y
(Anatomical Imaging) - §-Re-186-PEG-liposomal doxorubicin (PLD)’F'JIUI ey R 2]
=g 5 ?Fl’ﬁ“ LRE A [*?Fl’ﬁﬁj[ 22 l*ﬁ‘?%ﬂf%%?

Molecular Imaging and Translational Research Program 7 fl. 74 % fAA @sf]’ i El %T )

(CF i) Fj w&ﬁ‘ phase I ~ IT ~ TIT#[5 > 5= lfdj&a%’r“qé@% BAE Wk
v ’5'* BRI ABR T R B o SR 0 DRI S E HR|  TRFAI S
FilTE I o SRy e 1= > ] 4#@%@%%@# g OB REIQRTE ) < Philips YT <15
T WA 2 PR BS  S A BRSSO R
o) EPIEE U R A [ 00 R R F[IEE‘J?T%'J EIJFA'I A OA
HI ~ fliE—g0 ‘Wﬁﬁﬁg‘?%ﬁ%ﬂw A F[F/; i riﬁﬁ’ﬁ‘]?’g‘??f“]ﬁg?&@%ﬁ? [y
PR = BEPIRH AL » pIORF(H] S il IEEEY ] o s T Y R R i IR
KA Y R “ﬁ}{j’?&tﬁ'ﬁ:i PP L F A (R ) -



SN

M A F A iﬁ‘ﬁ%ﬁ;’?i'?@ §(in-vivo molecular imaging) ==l [ HGH 5L =y
M RGIRTI HEB LS $16 biology system) ) & EE IR T
LA (cell process).l REEEY - E|FPE R R CER R L N (R RS
R TR AR BT R e BT S IR R SR
e By %%ﬁ#m%wk@&ﬁww@?w@m%km%%ﬂv;yﬁ i
&l F‘*Hﬁ@ﬁéﬁi R Lty G R E S U e 2 iy e e

—q@ﬁw~ﬁmu4%$m%§@%%8ﬁawm@oﬁﬁi’f¢%%@@
T R RPN 2 AE ﬁﬁjfﬁjﬁiﬂﬁx J = ‘*Jfﬁpuﬁ“xﬁ? ARPEST > HRE g
1535 (Ligand) 1% %fﬁ{Wa%wxmwm>@%@ww’m%w;%@wﬁﬁ
AORTIS s PR o b0 PSRBT B R )

B3 PR PR e

Aufg }u

YR B SRR N 2 P YRR SRS R 2002 F -
£155”European Journal of Nuclear Medicine and Molecular Imaging” - 5 [ 2002 = 57 49
T R lﬁl}jﬁ il SNM  #rig g1 ”SNM & Advancing Molecular Imaging” » S_[Bfl EFIE"?TI
B 53 HIFT 2002 & 553 3155 <75 {5155 @3 (Society for Molecular Imaging) =3 /5] E“J/
['%’dff'ﬂr[ﬁ(Academy of Molecular Imaging) = [0 2007 & £} " fE& 1 Zf Jgjl S [FE
Y BRSBTS RS TR 05 B w
= MYl e ST R I PRSP R Bt 5 T 2008 F RiE- H‘ﬁ'ﬁf[
ST BRI EID S W OV R mwrfgaff J=5
BT ]+ SIS WO BB T IR A S N
FRPVER G VR il ) Ry i Tﬁ (SRS 70 i o s - R B3

_|'r|

_|'r|

{“dl‘l JF' ) riiﬂ TR 5T %ﬁaqza:gﬂjf 10~12 & T“.Lg{b 8~17 fE3 7 > F’,Jﬁ[ﬁgﬁj
B Tl SRS R E 9 B R gusﬁjg. T A i 10-30 B
7o AR ORISR i 8-105 o TR 12 S8 -

_'—'U



18 5 B R B RBE RS 5 8 5 5 24 S0 53 Ry e S
SIS S D gzw([fw ).

Re-188 ~ Re-186 Luhbfelt p-4fas » [i* MtAR AN A A1 ] 0 S PR [Pl
M1 155 KeV 2 139 KeV 7 -ray » [Tl = i SRR 8 pe » CpoPrEl e et -

#. 55188 Z24K-186 PURIIEET

Radionuclide | Physical | Mode y-ray B-ray
half-life of . Abundanc Energy Range in
ner
(Ti) decay = e (MeV) tissue(mm)
(MeV)
(%) Max. Ave. | Max. | Ave.
%¥Re 16.98h | p(100) | 0.155 14.9 212 | 0765 | 11 | 3.5
(92)
186Re 3.8d P 0.139 9 1.075 | 0323 | 36 | 1.8
EC (8)

Re-188 = Rel86 .0 ffi™] Q“E * @E—H{%ﬁ’ INE" fﬁﬁfif}ﬁl'ﬁlg'ﬁfgéﬁ%lf » Re-188
[ F1518-188 31 % HETE O [0) Re- 186 SR VBT R P SR SV Re-188
L RSE 5 IRhy Re-188 B-ray T I9FEI 765 keV o T INASAI ALY 3.5 mm o FE
Re-186 B-ray 1 I9fcEl 323 keV o T IS8 A ALY 1.8 mm > B[ qE.JgpFJF; ; piﬁﬁ
Vo =A% PR - F) Re-186 [t #! (specificy BRI » S HIBIFVL- ﬁ JEHE'?“‘JI%”H
WL o SR U] Re-188/ Re-186 SR LbI i MEAY BEER > fE 47 U AAL T S
EIECNG%

F -3 4 Re-188-Liposome Doxorubicin (Re-Lipo-DOX) B85 i b Vi 13
[ w e (P > R | BB R T E:HME o
> o3 A B AR PR AR R o b o B VPR S AL I
Re-188-Liposome ¥ ;i34 Re-188-DOX-Liposome 3 [ Bl i » 461
BET0 225 b SERAPRIENE - R RS A S PORGPR R (mGy/MBg) -
IFL[ Flis ™ FL TRV SPAEL o B #5598 Cancer Biotherapy and Radiopharmaceuticals ]

_ﬂl




AR ST MBIT (oY gt S 2

VR P SRR SRR ™ S U o S~ R B P » W iy
ﬁmjlm"::&@ SV o R [ O AR T R (Re- 186-liposome)f = 38 | AU [HE1

[f' Ef?ﬁ@l%”?‘ﬂ%ﬂ/j’ﬂﬁ'—r[ﬁ[ i+ Re-186-BMEDA-liposome V*HAH Yl
LT FF i 7 TR Fe 3 /1?%' » w["] Re-186-BMEDA-liposome [=7| | PR
] e F VR AT S 2 o i Bhhee W*ITF EIJ EEapti ﬁ%ﬁ#,ﬁﬁiﬂi el
BEREES EE}TWJE'I:WF‘@(?%{W@’ hjf?zi‘ > [Filf “Y@F ﬂfl GLP | g5 FIH
KB ST ERE RGBT R ] CRO 2l » “le[§7?E‘ﬁﬁ%ﬁg'ﬁéﬁﬁi%%ﬁ?%@?
o o

= Goins FHLSRE RIS W P2 R RL ORI SR
SIS (T S 7T PP » ) BRSPS g s e
BEES - =2 F VEgHFEE S Re-186-BMEDA-liposome 7t 3% szgq[f;\ﬂﬁ”ﬁﬁ‘/g&,g@ﬁ
f J*E&@E&Eﬁﬁﬂﬁ,“i R ﬁ;l%‘ﬁ VhLE ’ﬁ‘fﬁ” lp‘ﬁﬁ El(Ear= ?H?E',uﬂ
By (53 P s> F[®] FDG-microPET ; wﬁgﬁiﬁa@',yér =oTHT o RERFE ST AR
FDG-microPET /S5 347 + [ bt ¢ FDG VB 1mets » 7 | | gL
O PRSP p (P S SN RS R T 38 | DR R 9 RE LD
HHELE Pzt

o3 10 L BBN)Y P i ST e PR
(Lu-177, In-111, Te-99m, Re-lSS)@P‘E&% ek 67 0 - B GIBAOT [k 7 PO O
ElfJF_TJF ‘[‘ft%f, Fo =5 L e b FFI » 3 ﬁlf_pa S /ﬁm‘/ﬁﬁ@ﬁwﬁip@ I/ B o = [ Bracco
SRR | Lu-177 1698 BBN first Pos i Eatpudip o » | IR v By 7 i 2468 - 7
2012 & S si| R E - |7 R EEE WIHEE{ES«‘K%F? e[| I IFr o 3%
1 Bombesin EZFV«H#[’%’% [/f:l%lﬁb N

EER R R AF PP (R T ~ T (SR SRR A
KB KSR (8 I | B R - S W B



RIS PRy S A A SRR P ) B R RS
NS R R P > SR R RSl B (0 PRSI B B A, VR [
phizt g o287 2| 7Lu-LS308 (RGDfk) peptide-DTPA 55t f K B3 = W«E}ﬂfﬁt )
SRR N 7R S i%ﬁ%‘ﬁ* (AR A S 6 A A PR 1
R~ MRI > CT 25857+ B 5 VP SERThLA 53 Y [ Pl [ 2 Pogi S
KYERI R -

GRS @ﬁmﬂpw%%@mﬁﬁﬂﬁ TR SR 9 5
PP Pl Y o R 3 PSR 10 £ 1 25T SRR T TR IR E T S fel B TP ReRY
mlcroPET/CT, microSPECT/CT, microPET/microSPECT/CT * microPET/MRI . E i

&Jﬁ T%KTFIJ’E VIR I 0 SRR ST J;'@Ef, microPETé’?é;zﬁvzﬁf[\;yﬁ?ggwugg
[ J’?‘/ [t -%# (Bio-luminescence and Fluorescence, In vivo optical Imaging system) /4 »
b LS TP v’ﬁ%ﬂ*ﬁ’ﬁ%ﬁﬂ Wi
LE] R R Y el B TR E [ SP F  (
(Bio-luminescence and Fluorescence, In vivo optical Imaging) ‘{s sy Eﬁgﬁi’ﬂﬁg[ | & P
T AR TR R 2 P Y0 'F'E‘ﬁfflli 2 fﬁ*ﬁ%?ﬁ%‘%‘%ﬁwf@ TN EERIREN
L AT INERE SO SO Y EIY SR e B
[ aS A ~ B ARG B e e L i 58 RS AR S <

IIL“

=9t > i#EF5§A(Magnetic Resonance Imaging, MRI) | 2! R » <4577 f i 2 iy
P R BSTRERE T, bl (AR o S RRHEEAT TS MRI S RCE
RLFHYRESFRLY SR RCRD ARG P BRARSARIT | SR BB ) - PR
Ky RSO R > bl i e PR B F RS 1 %mﬁ“”%#@’ﬁ
b= HEE E[FYMRI jY i o NP> MRI i'*EﬁJ*”;H SYRE]S ~ R EE] S mr{[ ok (S
feglis i gt T T U I NTRUE 77 s I T T A A gl NG B
PR Tl HRE A o pI P MRI 7 S BURSRE R B A (0 1ol s i
B< [0 MRI SBERYAHIFY IR [ pap ] fEdsma SR - iR st f U
SRR TR ROV AVISRL o PIFMRT el gt - i Fﬂ’ﬁllﬁ%’éﬁ%ffﬁju/“&?]z

10



Hgh o b T ol 3 [ ATRAGTRY AL BRI < F Vet R P (58 5 (magnetic
susceptibility) 1/ "FIR [ B WUB 15" (gadolinium) 45 & (™ F"I#’J » J[IGd-DTPA &
Gd-BOPTA (MultiHance) MulnHancei%E' PR R Y, AT A bl
T E S > [UBRE 2 RURLBUSIBE R T AR B R R R

2008 7 F {11 B Bi(quantum dot) # F % KR 0 B gfi % s
(quasi-zero-dimensional )95 K #1R] » flIpEIFVEL F’??ﬁé Ay o FEIREYE Bl STRIT [ERES
(X, v, S NS HEE 100 %5 (nm) )+ /f@'l‘r[l iy ORI H Iﬂ g rif‘ﬁj[ﬁj
Fp JJ\EEEI*J?B“TUIFHW,{’ Al 1 [ E(quantum confinement effect)’#fj HIIEEF o e E
-~ lEdﬁiif%ﬁﬂgwﬁ VRO sl e ey - PRI RS AL TR R
(artificial atom) o Z[SF5 8GR PR 2 IS TR o adi Bl R EIEFLFJ@?%\ T
2 A = AP E A R Rl "Z(nanoelectronics) F¢ @ipﬂéﬂjjf?ﬁ J1o kI Eﬁu“ fﬁlrf{ J—g[
INARIES & 0 A b | Qﬁ'e@:ﬂ@y? [FIAEl =~ RS £ RS Y B PR P T
R lﬂi—_g‘[%”?*%ﬁ[ P PRRVEAEVR] > R FF[E' Jf—f (EINRS PR
Hiy ?@P:'\E‘F'EJ?&'@T@JT’Q?&H Bl SR e 2 2 PR AR

Biomarker Imaging o FrE&HH Sl DIFT Y b /L fol o e o o RO Y IR A 2 S
M1 ﬁé@ﬁflﬁwﬁ%ﬂﬁ“ﬁ WIIf% Biomarker » ||| Biomarker 3 @#WJBQ FI' L EE R 2 <
P BERIPURLE T RIS T’?ﬁlg?iﬁféﬁ\i«’ﬁtﬁﬁ’— [ﬁ, , E[*'Jﬁ MY Imaging Biomarker £
-18-FDG, F-18-FLT, F-18-FMAU 575 FIJ" [ig == I 5L I P31 Biomarker sy -
W53 R s - =R e P (58] = ICERL RIS AR R p%:”&e.
P R T OERL WA ARV R I T S S R R R Y =

{HIE " 4(Translational Research)y/T# < =a% B IR RSF VR 1V — - JEGEEPIAL
MR B AuRS N  SEPNR SR i o QRS R PV | RSPV A
TERLAIFT > ([Pl E i e 3= ek - (P g e ) ﬁé@ﬁ”ﬂiﬁﬁf
PSR PAC  A5 A R GRS > R P SRR D PR A RS

11



F RV RASE I o PV R - AV YIS 5) S PaSE ) S Y R e
I sfgﬁ—flffi 2020 & @:lfﬁ[ MRI/PET 1?;?&4/ - il &0 “‘FI?JEJ%?EI” ~ AP g TR S S0 E
FEYE R S (RSP N N ORI iR -

12



P~

1.

HFEACH

PR e 1= S BRI R T T R R [P
I (0 HUFIE AP IEY o R ] = v o s R S0
ﬁiEJilfﬁJéﬁ?wEJ‘ﬂJ TP 35 £ g E%’@ﬁﬁ Tl ERE ) o

RIS B A B F U RIS T AR Y
FYPF S T IS PRI 1657 By R S Bt
WoRAEIY Y PR L AR TR R REIEOE LR
CHCH S T SIS (G S O PR B R
SEABSICER [T o e SRR R 53 By iy -

AP RS [ 9 T R 5 R

WS RTEI SRR A = T AR R FlAg 55— JJI%J/EJ*‘# WE A
SPRVRSEI > P FE - RS A RSP IR 1 o2 GLP B hE A R A ok
GEML G

R T RSB YR Y P o A o

PP LA R S T R G Y
stV o 0 o R A A [ AR

13



Self-sufficiency in
growth signals

Evading Insensitivity to
apoptosis anti-growth signals

Sustained Tissue invasion
angiogenesis & metastasis

Limitless replicative
potential

14



Egﬂ[: Multimodality Molecular Imaging /"] » # gpoE~28#"| ""Lu-LS308 (RGDfk)
peptide-DTPA 57 91 o7 WS 25 I O353R 208 oS s
A o (A) e 9f 5k %’xﬂﬂiﬁ% ; (B)‘{ﬁ%’ lﬁ% ; (C)Gamma camera - | llﬁ?{/; ; (D)microSPECT

saggital view ; (E)microSPECT coronal view °

15



x e Rl
E ~— Lipzzoman
] PLD
E‘ - AL
E S P p———
= | | —a—FAPLD
f ==yl o nmas
E’ L
s T T R e ——
(4] 2 — ! - et el S B el
o ® m W 4 &
Thrmes |Oay i
c € vange iy FDG U lake i Tumos
1400 -
1200 ———
= 1800 P e -
=1 -
T B T
: o HF L0 18 AR RS
E L 'L — i RePLD
= 40w B —
o — R PLD
F 200 —— AP AR L G ETE
5 = d . e
an ¥ " ] 3 an 50

Thwe [Bays)

Fig 1. ¥FOG microPET Imaoges of the samer 1*.:|r'|||m1 before and aftar REA in
cambl "I-I'I with a-FLD v therapy .'1"- h
ok (white amoaw) i sean ovar tme afte
dus to RFA therapy. The % changs in tumor volume and SLIV e ru_rr' TI'E-r F.-
groups are shown in graphs B and C respectively

[ﬁ[ = BRANAERERA B Y RAL B 55 A Re-186-PEG-liposomal doxorubicin (PLD)’P'JI
EOe O el 1 U A S T IR BV == e B iR e e "?fﬂ‘ﬁf[’?fmﬁﬂ =
7)‘[3-' o

16



: cdicated to R R&D programs
fexible i ﬁ?ﬁffﬁpd (Eindnoven. the © Netherlands)

Unique > 52000 m*
Molecular Medicin® @ High

« Chemical synthesis laboratory
. Radiochemistry |aboratories
. Molecular and cell biology laboratories
- Microbiology laboratories
. Preclinical imaging |aboratornes

wiies Smmeapch, S

[l D R 2 T 5 Y e T
IR 2 B ] PR -

17



= TR SRR B TR P T 1

18



Assessment of target Clinical Phases LIl

Lead compound optimization Pre-Phase | studies

expression b ; . : « Effi f o

i Tzrr:et localization . Chgracrerlzatlon of disease phenotypes . Mlcrodosm_g _ . Ph:r?ncngZkiﬁC:r?ffun FDA approval

« Target quantification » Efficacy of compound * Pharmacokinetics et s

10,000 compounds 5 compounds 1 compound
38 years 8.6 years 18 years

[+ SRS -

19



Table 2 | Therapeutic radionuclides

Radionuclide Type

El:"\r-’ ﬁ

131' B!Y
L B,y
1EGSm ﬁ!T
1BBHe BT
13&He ﬁ!T
“Cu By

Half-life

2.7d
8.0d
6.7d
2.0d
3.8d
17.0h
2.6d

E__(MeV)

2.3
0.81
0.50
0.80
1.1
il
0.57

Mean range
(mmj

2.76
0.40
0.28
0.53
0.92
2.43
06

B BRI F o PP
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Imageable

No

Yes
Yes
Yes
Yes
Yes
Yes
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Comparative Dosimetry and micro-SPECT/CT imaging of Nanotargeted

188Re-(DXR)-Liposome in a C26 colon carcinoma mouse model. Chih-Hsien

Chang', Michael G. Stabin®, Ya-Jen Chang', Liang-Cheng Chen', Min-Hua Chen®, Tsui-Jung
Chang', Te-Wei Lee', and Gann Ting’. 'Institute of Nuclear Energy Research, Taoyuan,
Taiwan, R.O.C.; >Vanderbilt University, Nashville, Tennessee, USA; ’National Health

Research Institutes, Miaoli, Taiwan, R.O.C.

A dosimetric analysis and micro-SPECT/CT imaging were performed to evaluate
nanoliposomes as carriers of radionuclides (‘**Re-liposomes) and radio-chemotherapeutic
drugs (‘**Re-Doxorubicin (DXR)-liposomes) in internal radiotherapy for colon carcinoma, as
evaluated in mice. Methods: Pharmacokinetic data for '®®Re-N, N-bis
(2-mercaptoethyl)-N’,N’-diethylethylenediamine (BMEDA), 18R e-liposome and
'88Re-DXR-liposome were obtained for estimation of absorbed doses in tumors and normal
organs. Two colon carcinoma mouse models were employed: subcutaneous growing solid
tumor and malignant ascites pervading tumor models. Radiation dose estimates for normal
tissues and tumors were calculated using the OLINDA/EXM program. An evaluation of a
recommended maximum administered activity (MAA) for the nanotargeted drugs was also
made. Results: The tumor target and localization of the passive nanoliposome delivery
radiochemo-therapeutics was demonstrated by micro-SPECT/CT imaging in mice. Mean
absorbed doses derived from '**Re-liposome and "**Re-DXR-liposome in normal tissues were
generally similar to those from '®Re-BMEDA in intraperitoneal (i.p.) and intravenous (i.v.)
administarion. Tissue absorbed dose in liver was 0.24 to 0.40 and 0.17 to 0.26 (mGy/MBq),
and in red marrow was 0.033 to 0.050 and 0.038 to 0.046 (mGy/MBq), respectively for
'8Re-liposome and '**Re-DXR-liposome. Tumor absorbed doses for the nanotargeted
%R e-liposome and '**Re-DXR-liposome were higher than those of '**Re-BMEDA for both
routes of administration (4 to 26-fold). Dose to red marrow defined the recommended MAA.
Conclusion: Our results suggest that radionuclide and chemoradio-therapeutics passive
targeting delivery using nanoliposomes as carrier is feasible and promising in
systemic-targeted radionuclide therapy.

Key words: dosimetry; doxorubicin; internal radiotherapy; micro-SPECT/CT, pegylated

nano-liposomes; rhenium-188
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Biological Evaluation and microSPECT/CT imaging of **In-DTPA-Bombesin in PC-3
bearing SCID mice

Chung-Li Ho, Chih-Hsien Chang, Wan-Chi Lee, Shu-Pei Chiu, Liang-Cheng Chen,
Yu-Hsien Wu, Chung-Hsin Yeh, Wei-Chuan Hsu, Te-Wei Lee

Institute of Nuclear Energy Research, LongTan, Taiwan.

Purpose: Bombesin (BBN) is a 14 amino acid peptide with high affinity for the
gastrin-releasing hormone receptor (GRPr). We synthesized
DTPA-Q-K-Y-G-N-Q-W-A-V-G-H-L-M (DTPA-BBN), a 13 amino acids peptides chelated
with diethylenetriaminepentaacetic acid (DTPA), and radiolabeled this BBN analog with
""InCl;. Bioactivity of '''In-DTPA-BBN was evaluated in PC-3 tumor-bearing SCID mice.
Methods: A solid phase approach was used to synthesize DTPA-BBN. The affinity of
DTPA-BBN to BBN type 2 receptor was determined by a competitive displacement
cell-binding assay using '“’I-Tyr*-BBN. The hot saturation was using '''In-DTPA-BBN and
PC-3 prostate cancer cells. The PC-3 tumor-bearing SCID mice were imaged by
microSPECT/CT and sacrificed for biodistribution at 1, 4, 8, 24 and 48 hr after iv injection of
"n-DTPA-BBN. Results: The purity of DTPA-BBN was greater than 95%. The labeling
efficiency of '''In-DTPA-Bombesin was 98.0 = 0.43%. The ICs; and Ki of DTPA-BBN were
1.05 + 0.46 nM and 0.83 = 0.36 nM, respectively. The Kd and Bmax of '''In-DTPA-BBN
were 22.9 + 6.81 nM and 880 + 420 fmole/10"6 cells, respectively. In microSPECT/CT
imaging, the PC-3 tumor became prominent at 8 —24 hours after injection. For the
biodistribution, the higest uptake of DTPA-BBN in PC-3 tumor was 2.48 £+ 0.48 %ID/g at 8 h
after injection. Conclusions: Our result revealed '''In-DTPA-BBN has high affinity with
BBN type 2 receptor. The biodistribution and microSPECT/CT images demonstrated that
""In-DTPA-BBN showed a good uptake in the GRPr-over expression PC-3 tumor-bearing
SCID mice.

[DTPAY(*®*™Tc(CO)s3), Lys®, Tyr‘]Bombesin Biodistribution and SPECT/CT Imaging in
SCID Mice with/without Receptor Blockade

Pan-Fu Kao*, Chung-Li Ho, Chi-Hao K. Kao*, Wan-Chi Lee, Liang-Cheng Chen,
Chung-Hsin Yeh, Yu-Hsien Wu, Meei-Ling Jan, Chih-Hsien Chang, Te-Wei Lee,
Ying-Kai Fu.

*Buddhist Tzu Chi General Hospital, Xindian City, Taipei, and Institute of Nuclear
Energy Research, Lung-Tan, Taiwan.

[Background/Purpose] Bombesin is a neuropeptide which over expressed on variety of
cancers. We had performed serial [DTPAY(**™Tc(CO)s3), Lys®, Tyr*]bombesin ([Tc-99m]BN)
animal SPECT/CT in SCID mice model in the last year. In this study, the authors used both
bombesin and non-bombesin receptor expression cancers in SCID mice model for

[Tc-99m]BN biodistribution and image studies with/without unlabeled BN pretreatment. The
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purpose of this study was to establish the biodistribution data for radiation dose estimation
and to test the specific binding of [Tc-99m]BN. [Method] For SICD mice tumor model, 10°
cell of bombensin receptor expression PC-3 tumor and 10° cell of non-bombensin receptor
expression CC7T tumor were implanted in the right and left thigh of SCID mice, respectively.
Four SCID mice were sacrificed respectively at 1, 2, 4, 7, and 24 hours after [Tc-99m]|BN
intravenous injection for whole body biodistribution study. Two mice were sacrificed for
autoradiography at 18 hours after [Tc-99m]BN injection. There were 6 mice for pretreatment
biodistribution study with unlabeled bombesin, 2 had serial SPECT/CT images upto 18 hours
after [Tc-99m]BN injection and then sacrificed for whole body autoradiography, 4 were
sacrificed at 7 hours after [Tc-99m]BN injection for biodistribution. [Results] As compared
with the previous serial study, the pretreatment [Tc-99m]BN animal SPECT/CT imaging
revealed significantly decreased PC-3 tumor uptake. The biodistribution study showed that
the PC-3 tumor [Tc-99m|BN activities at 2 and 7 hours after injection were about 3.5 and 2.6
times of the activity in CC7T tumor respectively. After blockade, the PC-3 to CC7T ratio
decreased to 1.5. The pretreatment autoradiography also revealed decreased [Tc-99m]|BN
binding to the PC-3 tumor. [Conclusion] This preliminary study demonstrated the specific
binding of [Tc-99m]BN in pre-clinical evaluation by SCID with PC-3 tumor model. The

pharmacokinetic study results could provide data for radiation dose estimation in the future.
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Auto-Synthesis and Research Study in Alzheimer’s disease with
[*F]-FDDNP

KW Chang, YH Tu, SH Lee, CC Chen, HJ Chen

Division of Isotope Application, Institute of Nuclear Energy Research Atomic Energy Council, Taiwan

Objective(s) Alzheimer’s disease (AD) is one of the epidemic neurodegeneration disease in
older. Senile plaques (SPs) and neurofibrillay tangles (NFTs) are hallmarks in AD.
Fluorescent molecular imaging probe, ['"*F]JFDDNP
(2-(1-{6-[(2-["*F]fluoroethyl)(methyl)amino]-2-naphthyl} ethylidene)malononitrile), showed
the superiority characteristics in binding with SPs and NFTs. In the article, we modified the
protocol in auto-synthesizer and used the radiopharmaceutics in vitro, in vivo and ex vivo
study with transgenic mice (Tg2576).Wished complete a platform in diagnosis of AD.
Material & Method(s) In-house-labeling ["*FJFDDNP by an auto-synthesizer. Partition
coefficient was measure the ratio between the aqueous buffer (PBS) and organic buffer
(octanol). In vitro, in vivo and ex vivo study used Tg2576 brain section for the assay.
Competitive assay used radio-free pharmeuticals co-incubation with brain section.

Result(s) High quality of ["*F] FDDNP (Radiochemical purity >90%) was synthesized by
auto-synthesis. Partition coefficient value was 1.93 + 0.10, means lipophilic ability to
penetrate the blood brain barrier (BBB). In vitro competitive assay showed that high
selectivity and specificity in Tg2576 brain region (selectivity between hippocampus and
frontal cortex were 2.10 + 0.34 and 1.90 + 0.17, respectively, specificity between
hippocampus and frontal cortex were 4.62 + 1.58 and 7.27 + 5.53, respectively.) In vivo
bio-distribution assay, control mice showed faster washout from brain at 30 min, in Tg2576
mice the accumulation is still sustainable in the brain. In ex vivo assay, whatever from 5 min
to 60 min, Tg2576 mice brain accumulation is higher than control mice about 2 to 3 fold.
Conclusion(s) Auto-synthesizer had success applied the synthesis protocols in [ *FJFDDNP.
In the report, we made the higher quality product and in those experiments were showed the
superiority results. Our future plan were using transgenic mice in vivo imaging by microPET.

Wish to exploitative the platform for diagnosis AD.
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Evaluate the effect of X-911 on LL2 lung tumor bearing nude mice by small animal PET
Imaging

Li-Chung Hwang ~ Jun-Ming Shih ~ Yu-Lung Wu + Chia-Chieh Chen » Haw-Jan Chen

Purpose:
The aim of this study was try to evaluate the effect of X-911, an herb extract sterols

complex, on the LL2 tumor bearing nude mice animal model by small animal PET imaging.

Material and method:

Male nude mice (20-25 grams) were used in this study. Twenty LL2 tumor-bearing nude
mice were set into four groups: control, high dosage (125mg/day), low dosage (62.5mg/day)
and pre-treated (125mg/day). Pre-treated group was administrated 125mg of X-911 two
weeks before LL2 lung tumor implanted. In high and low dosage groups, X-911 was given 5
days a week after 10 days tumor implanted. '*F-FDG PET imaging was performed and tumor

volumes were measured in each group.

Result:

'"SF-FDG PET imaging showed tumor sizes in high dosage, low dosage and pre-treated
groups were obviously diminished compared with control group at 28 days after tumor
implanted. And above all, low dosage group had greatest tumor growth inhibition about 50%
(p < 0.05) than high dosage (82%) and pre-treated (56%, p < 0.05). Tumor volume ratios
(compared with control) in both high and low dosage group were reduced with time.
However, it’s slight increase in pre-treated group. At 35 days after tumor implanted, the
tumor sizes in high and low dosage groups were further decreased to 80% and 47%,

respectively but increased to 69% in pre-treated group.

Conclusion:

In conclusion, the tumor growth inhibitive ability of X-911 showed no dose-dependent
manner. Pretreatment of X-911 could initially inhibit tumor growth but the effect would
decay with time. The inhibition effect on tumor growth of X-911 was found to have the order

of: low dosage > pre-treated > high dosage.
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Tc-99m-ECD Brain Image on B6 Stroke Mice Animal Model by Small Animal
Multi-pinhole SPECT

Jun-Ming Shih, Li-Chung Huang, Kuo-Hung-Wu, Hsiu-Ru Shen, Bi-Fang Lee,
Chia-Chien Chen, Haw-Jan Chen

Purpose :

We used technetium-99m-ethylcysteinate dimer (Tc-99m -ECD) brain imaging to
monitor blood flow in B6 stroke mice animal model by multi-pinhole SPECT. This study
attempts to determine the usefulness of 99mTc-ECD SPECT in evaluating in vivo regional

blood flow in cerebral infarct area on mice.

Material& method:

Male C57BL/6J mice (20-25 grams) were used in this study. Permanent focal ischemia
was induced by occlusion of the right middle cerebral artery (MCA) in mice. We prepared
Tc-99m -ECD using a two-vial kit, the concentration of radioactivity was about 20 mCi/mL.
The multi-pinhole collimater we used is five pinholes, 1.0 mm aperture. After the onset of
MCA occlusion and SPECT imaging, the brain was sliced coronally at 2-mm intervals,
stained with TTC and the infracted area was defined. Then ex vivo autoradiography was
performed to acquire radioactivity distribution.

Result:

Regions unstained with TTC, were observed in mice that underwent occlusion of the
right MCA. Interestingly, Tc-99m —ECD SPECT imaging demonstrated that higher
radioactivity was detected on the same side of ischemia compared with left hemisphere,
revealed that blood flow was more active at infracted regions in our animal model. Besides,
brain without ischemia had equal radioactivity distribution in right and left hemisphere. In
addition, ex vivo autoradiography results also showed that more radioactivity on right side
identically to SPECT imaging.

Conclusion:

Our results showed that obviously higher Tc-99m-ECD radioactivity could be detected
and displayed parallel to occlusive side than non-occluded side. In conclusion, multi-pinhole
SPECT imaging has excellent senstivity and high resolution to estimate infracted areas in B6
stroke animal model by Tc-99m-ECD

36



This study was supported by grant awarded by the department of industrial technology,
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3D Automatic Quantitative Technique Apply to Osteoporosis Mice Study using

Micro-CT Image
Yu-Ting Fang, Meei-Ling Jan *, Hung-Chin Lu, Yu-Ching Ni, Shao-Yu Peng, Teng-Kui
Cheng, Lie-Hang Shen

(* Meei-Ling Jan: mljan@iner.gov.tw)

Purpose : With the development of osteoporosis diagnosis, most of the current bone
mineral density (BMD) examinations adopt ordinary X-ray, ultrasound, computer
tomography (CT) scan, or dual-energy X-ray absorptiometry (DEXA) inspection. A 3D
automatic method to quantify the extent of bone loss using micro-CT is presented. It is
expected the objective method can help the analysis of pre-clinical animal study on using
xenogenic mesenchymal stem cells to strengthen osteoporotic bone.

Materials and method : The study of monitoring osteoporosis animal model is
performed by using a home-made cone-beam micro-CT. 15-weeks-old, 6 normal mice and 15
mice (C57/BL6) by ovariectomy (OVX) were scanned by micro-CT at 2, 4, 6 months after
surgery. X-ray source operating at 45 kV and 0.6 mA were performed for each scan. The
voxel volume and image size are 100x100x100 um® and 512x512x512, respectively. All the
reconstructed images were processed to trace the boundary of femur head through volumetric
seed growing combined with edge-following scheme. An iterative step was used to improve
the accuracy of femur head segmentation. Then a special discontinuous point was chosen
automatically as a threshold to distinguish the volume histogram inside the cortical bone. The
volumetric ratios of threshold below to threshold above were calculated as an index for extent
of osteoporosis.

Results: The results indicate that trabecular bone loss reduce average 15% to 26% for 2,
4, 6 months after OVX operation. The data was consisted with histopathology.

Conclusions: It is concluded the objective and invasive 3D imaging method for the
osteoporosis evaluation of small animal is promising. The technique will apply to pre-clinical

stem cell therapy studies for monitoring bone growth and repair in the future.
Keywords: Osteoporosis, Micro-CT, stem cell therapy
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Study of maximum-acceptance-angle effects in positron emission mammography system
Yu-Ching Ni, Meei-Ling Jan, Hsuan-Yu Lai, Zhi-Kun Lin, Li-Ting Huang, Lie-Hang Shen
Institute of Nuclear Energy Research 325 No.1000, Wunhua Rd., Longtan Township,
Taoyuan County 325, Taiwan (R.O.C.)

Dual-head positron emission mammography (PEM) system, compare to conventional PET,
doesn’t have data with complete angle. Therefore spatial resolution, image noise and parallax
error of PEM are affected by the maximum acceptance angle. In this work, we used
simulation tool to study the maximum-acceptance-angle effects on image qualities of PEM

system.

The PEM system, which has two opposing detector heads with 115.2 x 192mm* FOV, was
simulated using GATE. 3D images were implemented by the planar tomography
reconstruction. Since detector-to-detector distance influence the maximum acceptance angle,
to realize the effects on spatial resolution and parallax error, a 0.4mm-diameter point source
was scanned with various detector-to-detector distance setups (60mm, 120mm, 200mm and
300mm). The FWHMSs of PSF in 3D directions were calculated. For understanding the effect
of image noise and the image blurring in practice, three 3mm-diameter lesions in digital
breast phantom was scanned with previously described distance setups. One of the lesions
was placed at the center of breast. The others were placed at 1.3mm left, and 4mm up from
the central lesion, respectively. The activity ratio of lesion to breast tissue is all 20:1. The
standard deviation of the breast tissue and the image profiles of three lesions in 3D directions

will be shown.

The results show that the spatial resolutions are 1.36-1.48mm (parallel to detector plane), and
4.42-3.74mm (perpendicular to detector plane) with various detector-to-detector distance
setups. Enlarge the maximum acceptance angle by closing detector heads, the blurring along
direction perpendicular to detector plane is improved, however, the parallax error is increased
also. The phantom results reveal the influence of acceptance angle on image quality is
obvious. The scatter factor of the PEM affected by acceptance angle will be considered for
further study.
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Evaluation of image restoration methods for '"*Re quantitative

micro-SPECT imaging

Shiang-Lin, Hsu, Meei-Ling, Jan, Fan-Pin, Tseng, Chung-Hsin, Yeh, Zhi-Kun, Lin, Lie-Hang,
Shen

Institute of Nuclear Energy Research 325 No.1000, Wunhua Rd., Longtan Township,
Taoyuan County 325, Taiwan (R.O.C.)

This study is to evaluate the effects of image restoration methods on '**Re
micro-SPECT images and to find the optimized parameters of these methods. Using proper
restoration methods to improve the accuracy of quantitation is expected to help the analysis

of pre-clinical animal experiments for '**

Re-(DXR)-liposome drug development.

Three restoration methods, Wiener Filter, CLS Filter and Lucy Richardson, were
selected to de-blur the simulated and experimental images. The Shepp-Logan digital phantom
with noise (signal-noise ratio: 2dB, 20dB, 200dB) was used to evaluate their ability of noise
resistance. The images of digital phantom with noise were convoluted by degraded function
of X-SPECT system to simulate the measured images. Then, restoration methods were
applied on the simulated images. The results show Lucy Richardson has the best ability of
noise resistance, and Wiener Filter the worst.

Various concentrations of '**Re-solution (114.3, 57.2, 28.6, 14.3, 7.1 and 3.6 uCi/cc) in
well plate were scanned by X-SPECT/CT (Gamma-Medica-Ideas)  with
high-resolution-parallel-hole collimator at time points of 0, 12, and 70 h. Reconstructed
images were restored by the methods described above. The optimized parameters of Wiener
Filter and CLS Filter were determined by the linearity of correlation between real activity
concentration and average voxel value. Furthermore, the quantitation effect from iterative
number of Lucy Richardson method was evaluated also.

It is concluded that restoration methods with proper parameters can benefit the
accuracy of '®*Re quantitative micro-SPECT imaging.

Keywords: quantitation, image restoration, '**Re-SPECT.
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Quantitative 3D Micro-SPECT Imaging of '**Re-BMEDA-Liposome

in a C26 murine colon carcinoma solid tumor animal model

Fan-Pin, Tseng, Meei-Ling, Jan, Ya-Jane, Chang, Zhi-Kun, Lin, Shiang-Lin, Hsu, Yu-Ching
Ni, Chih-Hsien Chang, Te-Wei, Lee

Institute of Nuclear Energy Research 325 No.1000, Wunhua Rd., Longtan Township,
Taoyuan County 325, Taiwan (R.O.C.)

The spatial resolution of micro-SPECT with parallel-hole collimation doesn’t satisfy the
requirement of small animal imaging. In this study, a 3D iterative Lucy Richardson method
was used to improve the accuracy of quantitative tumor-bearing mice images. The improved
quantitation results were compared with biodistribution.

A Derenzo phantom (with hot regions of 0.8, 1.6, 2.4, 3.2, 4.0 and 4.8mm diameter inside)
scanned by X-SPECT (Gamma Medica, USA) was used to evaluate the Lucy Richardson
algorithm. The 6-section regions of interest (ROIs) and profiles were drawn on the recovered
and the original images. A range of suitable iterative number was determined by comparing
the full widths of half maximum and noise standard deviations.

Twenty-seven C26 mice were subcutaneously inoculated with 2x10° tumor cells in the
right hind flank. The animals developed tumors of about 750 mm’® in size after tumor cell
inoculation, and then the '"*Re-BMEDA-labelled pegylated liposomes (~0.5mCi/0.2cc) was
administered to each mouse by intravenous injection. Micro-SPECT images were acquired at
1, 4, 24, 48 and 72 h after injection. Standard uptake values (SUVs) of tumor were estimated
from recovered and original images. Biodistribution (5 mice for each time point) were studied
for comparison.

The preliminary results reveal that the SUVs from recovered image are closer to the
biodistribution studies. It is expected that image deblurring can improve the quantitation of

!%¥Re-labeled nanoliposomes images and might help to pre-clinical treatment evaluation.
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