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ARAZAFHEIMNEBRBRBZENRTH LA
(Mallinckrodt Institute of Radiology, MIR)i& 4T microPET
MEBEEZMERARBRTE HLREBLAEFTE 24
microPET = § & » F-18-Fluorothymidine (FLT) X 4mfg
% 4 (uptake) B 8 & 4 #2 F-18-Fluoroacetate (FAC) =
4@ 4% B (metabolism) B & 5 289 B8 547 L2 3 #148
R A B Z AR A% %’Eﬁﬁi\iﬁi@?ﬁﬁéﬁi— B KA A& £ B
7 % 2z microPET & A BN HAARS EZTRT
BARA B E R EZEIL - AR LRI T A AT
MBI ER RS YA LT3 E %% 4% (Animal PET)#
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— B-J B2 (Barnes-Jewish Hospital)

B= ER5TAEER

= ER#EARZE microPET & ETHRE(D)
v % K8 X2 microPET 1 #:£ % F 5 £ (1)
BA £HEARE Cutd ZHETRED

Bl o5 B AKRE Cu-64 BT R E ()

Bt #2A4EAZE Cu-64 BT R EAN)

B Z2REBARLEF-18EEETHE]

f EEREXRZF-1I8ZEEBTREAD

B+ %44 A L F-18 20 F % & (1)
B+— ZHR#EASFI1SEERTHREIV)
B+ ZHEEAZF-ISERTHE(V)
B+ = AR

Btw RSSBESE HEL

B47 —& ) gisuEal

Bl — & gk g A

B+ —& [ g2%

B+ RENREBESAEE

B+ & e gm0

B+ & aEBdI)



— - B
ARAMENEZ > TEBHAW !

(—) EFEHRENBERERZBLEZRERTH LA
(Mallinckrodt Institute of Radiology, MIR)#: %
microPET &) /7 £3148k > 7 A2 BT #F % A7 (MIR)
&) microPET ZE/EA X 41 B AT:E 84K DL > F 8RS
MBS EEEREERRGMERERZ
# Lo

(=) BB 4% microPET 2 & A T #2 & B microPET
BATERZIAINTEHMEZARBEB AN S
FEITHERBEIGHE XA RLEL B R EM
ZE Bt

(=) % F-18-Fluorothymidine (FLT) = 4= B %% ik
(uptake) & B o

() % #1 F-18-Fluoroacetate (FAC) == %m fig X %t
(metabolism) & & °
ARE E 245 > T microPET 4 B:E & 748

Z M BT e 0 A A LA
microPET & &> B3 A TRBIT Xy 6% F &
KA EBH -
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10/01-02 | =~ =|4£42,4 3t £ £ % § # (St.Louis,MO)

10/03 g 437 3% 3| F 4& Welch ~ Anderson $2 Oyama
Iz ek

10/04 R 1.2 Oyama ¥ +343% 10 £ 12 A 53t £
2.82 kim % 43135 microPET #4& 2 54
3.4/ Daniel Schuster #{# % “ Pulmonary
gene expression Imaging” micropET /& A 7%
RIRE

10/07 — 1 $#2 Tai # + 3 % microPET =]
Quantification calibration
2. 1 Lee % 4% 47 Cu-64 microPET ¢ %
W

10/08 = 1. #2 Oyama % 4 # 4T prostate cancer & &

10/09 = 1. %32 5 AR 5T B 70 AT 388 %) 38
2. # Jim 1§ 43} 3 autoimmune disease

micro PET 2 & &
10/10 jus} l. % 4 & F % & # B 38 8 (PET
Radiation Safety Test) % 433% &

2. #47 AsiPro B & 547

10/11 i 1. 2 4w #g B #1 B8 /8 %k (Radiation Safety

Test) 3% ZE - Bo& -~ 353%

2. 4T AsiPro #4& 5 #7

10/14 — |47 prostate cancer % i Bk

10/15 = $1 John, Lori, Lynne i# 47 FDG microPET
BEER

10/16 = $2 John %1% animal holder #8 Bf & ik

10/17 jus] 4T prostate cancer %= il F 5




10/18 # 4T prostate cancer %= fe E B
2.# 4T 11C -raclopride /s & microPET i %
B
10/21 1. % ju group meeting 313 microPET %1%
s
2. 33 octreotide 2 K& & &4 T i X,
Z I
3. 313 Analyze 4.0 SR8 2 E ¥ » B
B 8B H
10/22 1. #1 A Analyze 4.0 33 #4781 1%
oo EBEIEH AE B o ik
2. %12 % & % ¥ animal holder R <} & (D)
10/23 1. #1 A Analyze 4.0 #:5% i 4T autoimmune
disease microPET #4985 47 » L%
32 H A8 B o4 H ik
2. #3 2 Z % 4 animal holder R~ & #
D
10/24 LB BB A
10/25 S EBHE L
10/28 1 28 83540 #
2. ERHmXEN
10/29 1. %% 2 microPET i#47 #4958 /1 £ 2 P
el
2. EMBEMEH2HEH
3. #1 Oyama 1% +3343% FLT & FDG 2 9} 4m
Re % ik (uptake) B 5%
10/30 1. #2 Oyama {4 + £ 47 FLT & FDG %% 4 4=
B & W (uptake) B B
2. 313 %% % (static) #2 & A& (dynamic) %5 1%
DA
10/31 #1 Oyama 14 & 47 FLT & FDG £ 5} 4= 58y

% Y (uptake) & B




11/01

group meeting

microPET data analysis

3t 3% TUNEL assay & &

#47 DOTA-Antibody & &% &

11/04

# 47 DOTA-Antibody % &% %
#1 WP & Jim #}3 microPET & %%

11/05

64Cu-anti-CD4mAb = % &) F 5
64Cu-anti-CD4mAb = 4 ¥ 50- B B

11/06

64Cu-anti-CD4mAb 4 # 5% F 5
64Cu-anti-CD4mAb % microPET ¥ 5

11/07

microPET FLT /s & F &
£ 8 &) A& % %] 74 A (motion control)

11/08

hali o Ea e E el D el A el PN

microPET FDG /s & 5
FENMEXEE L HH

. %2 B ¥ & % 1% (Dynamic image) & &
(Reconstruction)

11/11

A % % J& % % (autoimmune disease)
microPET /s & dynamic ROl 235 5 #F

11/12

# 47 FDG & FLT microPET ROI analysis

11/13

B 3g reference

11/14

_ microPET FLT /- 8. % %
. FLT B FDG %% 4} ¢=m 2 9% 4 (uptake) B 5

11/15

DN =D =

. microPET FDG /s &, & %
. 11C-acetate %2 4} 4= i 4X, 3t (metabolism)
T
. Group meeting seminar,
“Bone metastasis imaging model study”

11/18

[\

. # 47 FDG & FLT microPET ROI
analysis
. Group meeting

11/19

Pk
.

% /v Dr. Brain 2 B 8 % 7% % &
(autoimmune disease) microPET % %

g 4




2. 47 Dr. Jim microPET ROI analysis

11/20

1. Dr. Sun microPET 64Cu- TATE X & & 5
#1 Dr. Anderson & Dr. Sunit35i¢ #5214 4

% R

11/21

1. #47 Dr. Sun microPET ROI analysis
F 2 A AT (liver) & & (kidney) = 4 & &
%1% 0 81 Dr. Kim & Jerrel 343

11/22

1. #47 FI18-fluoroacetate %% 7 4m A& 4X, 344
(metabolism) & 5&
2. #47 Dr. Sun microPET ROI analysis

11/25

1. 84T F18-fluoroacetate (FAC)%% 4| %m ffy
% Y& (uptake) § 5
2. # 4T Dr. Sun microPET ROI A datd

11/26

analysis > 3t 2# 31 & 4%
3£ reference

11/27

1. %% reference
2. # 47 F18-fluoroacetate & FDG £2 4 tm
B8, 4X, 34t (metabolism) &

11/28

EREEE £ 8 > 3E reference

11/29

% B FDG $1 microPET & A Z 3%

12/02

1. Group meeting
2. microPET dynamic ROI #4#7

12/03

microPET dynamic ROI A& data analysis °
b3 3 R A

12/04

1. FDG and FLT cellular uptake study
2. FDG A FLT /s & microPET %1% ROIL
oW

12/05

(98]

. FDG and FLT cellular uptake study
4. FDG A FLT /s & microPET %1% ROI

Cil]

12/06

1. FDG A FLT /s & microPET %1% ROI

A st
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2. A powerpoint £ 3}, microPET #% & %

12/09 —  EEETBZHEXH
12/10 = 1. $2 Lynnes 3%} # ”animal husbandry]
journal”Z A& £ 4| > 3t sk H A
8
2. #1 Oyama #§ +3t#% FAC 2 B % & % >
Eﬁi}i
12/11 = 1. micropET 351% 4 #7 » ¥ Lynnes 3135
AEFHWAT L AMME
12/12 us) # Oyama H+HSH 0 ERER B R R
?Sﬁz‘ﬂ’j
12/13 % |1 #47 DHT #mmik s K 2% — X4
B ST BOR B
2. FE T REE
3. =44 & tumor size
12/15 =! 1. 247 DHT @=Lt kB E » = X4
fa BT BUR B
2. HEBTHRHE
12/16 — LEZEAEmHKLEHA) > B8 5
“microPET data collection and data
analysis”
2. #2 Jerrel £ ROI
12/17 = |l. #47 DHT H@=pmk L k2 E L X%
8 3T 3R B
2. 3t ETREE
3. #47 FLT & FDG % microPET &1%&
il
12/18 = |# Oyama # 3@ oi TRERLER
P
12/19 @ |$2 Oyama ¥ L3R RS R EIER
%
12/20 2 |[|Z@EAE®m#BLEFEHI) A A




“ Study of FLT and FDG in Androgen
Ablation Therapy”

2. #1 Oyama 14 + 313

12/23 — 1. # John /I EFL > PRABHME
R

2. REMERE

12/24 = 1. B4 BT
2. MR EHL
12/25 = AR 3L & B E AR B
12/26 us| #1 Dr. Kim £ ¥ data analysis
12/27 E 1. $2 Dr. Welch & #8 Bl 2k 3% 38 3]

2. AR AN FEREIEAE
12/29-31 |8-— |m#2,%% 5 (St.Louis)Z 54t
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(—) BHREMNEBRBPREBEZRA

£ 2002 FEBEALELRLELERABLF
=z B 28 B-J 2% (Bamnes-Jewish Hospital)
R E® 5T R & %K (StLouis Children Hospital)
A —REFRMABEETR 2 4(8 — -
=) » BT % #r (Mallinckrodt Institute of
Radiology, MIR)Z b % & 4945 B 25 ot 70 42
4 E P — > X EZ 3% FH(Positron Emission
Tomography, PET) %47 %A - IR BI4T A A K
HHUBBEAMBERESZ Y BB RER S 5
RANBTREREM B2 > A D E R
o BATR A 69442 £ £5% C-11 ~ F-18 ~ Cu-64 ~
Cu-61 % > # 4 #1% 48 (Division of Radiological
Sciences) A AN B — F A B & BHATEME foik B
wEREGBEYMEE > A FABRKREAST
15 REHEAREMES > MRS m TR
THRMAROTRABRIT M EEHRERL
AP % B EE AT B 5 ~ ERJRE S 48 B B okHE
BERERE ShHIANEGE LA EHERWHBI4AE
MXtrE L FAMERMET AR HEE BT
R o B 4 % 3 £ B € (Food and Drug
Administration, FDA) 2 ##@ /542 > %@ T A8
SLFEE LA AR KRATEZ I ZHHH 2

8

45



AP QR L AGERAE MR 0 Saek
Welch #4277 2000 % & RAZ BT AR S fpo T Bl 42 £
At RAMT G RERFARER BT Y
A B=ATEE E 5k B 37 1999 £ AT4X B € 85 -
WEERATAZ B & B T3 Welch 3% 32
42 By I H 2000 £\ B SLRFFMIE S e A
# microPET 2 5% 38 43 91 8 A B R AT/ 3 A 48
REMABH " B3R ENTAGATEETE
ZMEAZFEET  # Welch 2R & > W43 %
BB ERMEERT » BN+ A E+ = BIEH A
AUREEZMEA S MRAHAHEREZAEBE
A8 i—%’r;ﬁ%%ﬁ%ﬂ EFALNERAT BERFHT

2R BERIFARFBEBEITMER —F 218

A% AT FOPT L AT A B R PR A AR ST 2 BB

& Z microPET R4 &% 2002 F N\ B KL # >
MicroPET * & 3% 4 JE /& A M (non-invasive) 7& 52
(in vivo)Th RE M55 #5 i B T A A AL M8 2 A 5t PE
B % B E 4T E NS48 > XA microPET #4T
R BF %5 1% $ BR (acquisition) » & & B4 F 4
(reconstruction) 2 4~ #7 (Image analysis)Z 14 * #£%9
A5 2 M BN 2 H E F 1% (Dynamic
Vlsuahzatlon) BRAR B ] AR R E A B
BRI S A BTN BE— S BELAMBEIHER

9



(Biodistribution) » LA #E 3R & 4 2 o B o
microPET X 2 X HFHEFHE LY EF I KD
EVRALEE > YRR BRI - 53R R B
EWREG  RE—FSHEEMB A LS £
MroE PR E R LB T AT M OB OBk OB
(High-Throughput screen) » B & &M 2 R E
MBEN - BEHRARNE - ZRBERELEELZHRRK
G145 48 2% 2000 4 12 A 22 SR B AT 48 B 2
microPET R4 #A » # A AF T — F 2 E/F &
5 ATAE AR B E microPET $1#4 2 T8 T
(B= BRI - REBEXATREE L
BBy B AR MR R microPET #4431 %
TR Z BT
(D) REBZEERPRERL > ABRESERZIAZ AT
A BB R L F A B 5L /A3E 848 B E K E AT
BEAARITER > BKAN+ A 48 Lindg
Iy #h B2 ] B (Radiation Safety Test)#E 4332 - At
TR LS A E TSR A &K CPET
Radiation Safety Test)f& 15 3& £ 1% + £ X 2 #1734 4
PR & R B X AR AE
) B B HIM £ 8 microPET #IEHABE 547 FA7
FEEBARABABEL G EREAAHME > W
o — R EANRITHY T 5 #2142 4F microPET
BHEH AERAIRBEA = a4 L

10
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microPET Manager™ #8%:d5 Concorde 7\ 3] & 4%
EiE o E A E RS & 49 microPET 2 i 348 1) -
MEBTHEHERAETE ) ARBERAE KT R
T ANB ME 0 &% Investigator Configuration » ik
B $E W) & 3% F (Acquisition Protocols) » 3242 & 5
HH R TBARRF R R LS8 E5
RABFRCARBHARETZHBEZRE
B > TR BB ERTFRENATHE 5%
BHRTZERBABH BTG EE - 254
#r 3% T :(1)Acquisition Mode : ZHRI#F# A X -

(2)Acquisition Time : FZEFH 85/ > Q) E &
(Isotope) #4932 B » E-F &M h$r4h 3 54
% > 3MIEAE microPET Hk > QB HARBEEEF
# List Mode - 7 45 35 (List Mode) ik 4 & %1% &
72 (Reconstruction) 1% » # 7 & % 1% & & # ¥
(Image File) - 2. ASIPro (Acquisition Sinogram and
Image Processing)#: ¢ » &5 Concorde 2 3] K5 1% 5
b FAHBRERZAE » F2:E File T H R
Sinogram A, % & Image #,% » 4 Image 78 % F 2
#% Display/Orthoviewer & 27 88 ;= Transverse »

Coronal ~ Sagittal = & % & - 25 &
Display/Tools/ROl % 3, > # A % & % &
Normalization ~ Quantification Correction ° £ $b48,
% T B iE ROI 7T %2 &, & & 5 #7 o B T 2 3.(Set-up)
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RELERB A BB E 22 REBGEE
Z %1488~ & #| A ROI (Region of Interesting) T
B 2D #13D R EoH  fEBIEZ St oo &
WEEERPEILGH T 2D HE S F Kbk
B — h B E v & (plane) X B IR F EH/ A LR
HA® #AeAI1E A Analyze 4.0 3282 - 3. Analyze 4.0
%A B BRI R R 0 4 EE 59 45 PR B
# 2D ROI 47 2| 9 BB R BB EE — B F
o fRAFE— @ (plane) By R46EE - H1EiL
B TR BT E B AT AL A Asipro /£ 4
FREBRRER  AERBE TR ESHAUIE
#8 > A% AG Analyze 4.0 3B 4T H#73HE o
% 90 £ 47 ROI B iE 6 > Asipro 2 g & 4T
Transverxial 7@ % B iE > M Analyze 4.0 7] 47
Transverxial ~ coronal ~ sarggital 7 & = B]:E -
g %4 & Transverxial 1@ ¢ FI80F > T —
W 4# B coronal 2, sarggital 47 & it 4T ROI = [E:&
Bt HE > hfgth Asipro % 0 B 3t B AT 14T IR
ER L BRAE BT AT o

(MFEENETEHHMEAT R — B FI18
-Fluorothymidine (FLT)& F # 4% 3 Az % 2 82 sM(In
vitro) 4a i8 K B #2182 W (In vivo) &y 40 & B4 X +H
% 0 B AT 4T 35 3% B % 274 % (Androgen Ablation
Therapy)f£ B& A b 4 $4&8 F %:
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1.4 A LH-RH 4& i #% (Luteinizing
Hormone-Releasing Hormone agonist) : #b 5% 454
aF 4 k& (Androgen) 2 437 ©

2. X %-(castration) : E AL BHBERAB LT EZ
— (2R — R AR KRB A S & -

3. st 81 & (Estrogen) - 4 A DES(diethylstilbestrol)
R IS ERE A K

4. L M B F % 4 (Anti-androgen drugs) @ 4o
flutamide > LA 8 B 28 M 3% & % B2 (Androgen
Receptor)Z /£ A -

HINRBZF DU L6 % B AT n & B 25

FZEIE > FbHHE e g s TS B

ERpEZ BN ki EdRA B KAe Oyama

(Nobuyuki Oyama)i§d-£7 X H > 4 & 3 5 48 K %

ZEBEBHIZ R TALEF R > EARE

RERABERBIMMBETFREDRMAE 2

A ZH RIS R FDG A#¥EmE 2 FHY

E I RiEA 0 B Welch A& £ 45 F #1 Ponde

W4 F #4TILIEH R > Ponde ¥4 & & A R

FLT > i Oyama ¥+ & &H FLT 2 A4+ E

B BRAISC—HIRCHEMFTER LT ED

2002 F EXBAAZBEFE -

Oyama # + 2 AT K5 L & A CWR22 k%

BE AR AB R BE 78 4o Bk (androgen dependent cell
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line)fEAENRE > EEapn RS LAk
#% > 4T microPET #% - 1F & T AT X g AZ
EXNEH 2HENAZE F-ahERER
Mo BRBITEY  EREFAZL EBEEFL
Ak F T AEBETRAE ) &skiT DES
(diethylstilbestrol) # t+ B # % #& 4 4 (Estrogen
Analog) ' b Z@1F L ERBA K F@BHRB
o RAFIETRE > FRBHEL R ZHAMA
NREBEHBTEY LR ERBADNRBITA
4y 8% 514 E Bx(Biodistribution) » A T AR H 3% % AR
FEZ MR XA A FLT & microPET 44
B A B X P FLT 95k At 5944 45 3 A
FEap IR o Bd Pt E B KA L&
Z R H FLT 2 % B # BB 4 K o

FDG 35 R 32 24 & & # % —Eexfx OH K&
261842 7 2 BU(F-18)BuAX, > 1% pik RE VR B AR A
A (Glycolysis)# 4 i M # E 8 % FDG > FDG #: &4
BRBr R AC R E RN m i P 0 LB R
BEHHR ELEBERBEBE L REE - FDG
FERAAFABmERFELEHFE - FLT & Thymidine
B s ea ke A FLT > &
UL AR B 2 B R e B BE B B AR 0 BAE
LR e T AER EE LN E B
Wt FLT & &80 > KM A REHERBELL

14



FDG4# R - Bt 10 AZ 12 BAEBRBERETE
MG XA AR AHHEI T & R EH
MBRMEREEERAEAREIHEN > LR
FDG A& FLT # 5335 B8 AR X 2 R B 854
A ta B8 B At 7 FLT 2 3% B T Fo i JE 4 e 38 1
7& M (Proliferative Activity) sy, iE b ©
10 A £ 12 A 2 5 4 AR 9MIn vitro) 4 fo 8
B2 9 (In vivo)Eh 4 B 5% 5 82 4M(In vitro) 4= j B
B 7y w0 AR PC-3 4 3% AR % 2B MR & IR KB A 4a
E@,H’:(Androgen independent cell line) & LNCap #&
Pk 2% F 4R 48 A 4m B8 Bk (androgen dependent cell
line) » & &5 £ K& AT > PC-3 Mt & IFRB A
o B AR R A L iF 3 R A R & i 32 & L (serum
free medium)2 & sbfm fL 24 /N 8F4% > su A FDG &
FLT » LA #F B fm 38 {4 8% > # 8 FDG & FLT =
@*%ﬁ‘?ﬁ A SR IR T 0 B e e AR
ZIE¥18 > B FDG & FLT 2 #%H{& > 12 FLT
fi 7 i%é%qﬂzi%ﬁm@iﬁﬂxir% > B4 FDG
Z FHEE Sutb & 0 THAAA B FLT tb FDG £
R BRm&EREZ > @B ER @B RESH R
(Flow cytometry) 747 2 4m BB #7 S 85 # 2 thfp] >
TURE—F THLE-ER > EFLE—KAFER
AxmBPR SR AN ELE L FIEEEZ o
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B, o
#4E A LNCap M3 F KB A itk £
— b FREAZL mE A HBa
Charcoal/Dextran g ¥ Z 3z & 2 ol ph &= 48 B &
steroid (-3 testasterone) » 4 F§ LNCap 4= fs #k1% 1k
4 & ° ¥ % Androgen Ablation Therapy 2 42 =, -
£ e NROFOROE X MR B R
DHT(Dihydrotestosterone) LA f ;4 4= L 32 14 > b Ao
N FDG B FLT » 55-#7 % 78 2 My $ 38 {4 tm R i BR 2
tb ) 0 BB E A £ KB A @ 8 kg A
Charcoal/Detran K32 % 32 & 3 k4% » 3 FLT =
BmIRA NG AR > £ AR R E 2 DHT 4 > FLT
I E I ho 0 f£82 FDG 2% B E bbb o 5T 83
%24 i FLT tb FDG £ R - B84 R4 e R E
RéaanBotimot LB S izt
Bl > TR o — AR A A tafin B S BRHA b
A H# 4 Charcoal/Detran & 32 2 3 % A3 & 2 tm
Fe o Bl LA S 4 e T B s A £ th & FDG #2
FLT #7 - #3# pe e 2 ¥ B b > FLT & FDG & & -
EEMEREA T @ ARFE{ER LAPC-4
BRI TR A m itk 0 bRk
/B4R > #4T microPET %% » AT %
MZEBEERNER X BFTR, A &
—EHEFETREVRETES T EEAX
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B EBerLAER F o AHRBE > RIEE
TR > EREBHE L Kk 2B/ R — BB
i % A #47 microPET # % LAtb# FDG # FLT
HPWHEERBREHWERXZHR - A RTHHE S
ik o sb— K E8AH AR FLT tb FDG £ R © {2
REB A ERBERLZEFHMAR  BETHRIF T8
4T -

() %RBEF BHM 44  F-18-Fluoroacetate (FAC)
Z_%a B AX Ht(metabolism) § By 7 B (acetate) 4E 4
St fe, X BERRAE R > T8 S 81 4 BB 2 RS B A AR,
(Lipid Synthesis) > fe 5 ta i 2 42 W 842 F 0 ém
B RINE » BNEEEITIEG AR AF] 4o i B
&P % 0 Bl sk FAC fE #9448 % e ie B 32 B 8 %
# & f£ Welch Fr& % 4% F »Oyama 18 4 ¥2 Ponde
4 X B #4547 FAC JE R A E R st ot
% > Ponde ¥ 4+ & & & 5t FAC > @ Oyama 1+ &
RHFAC Z AWM Eo BATb— AR 84
BER&ER > ROEEMN 2002 £E2BR 5 FHEE
T AT TR AR CWR22 M % E KR
7 B% % %= B #k(androgen dependent cell line)f& A&
PARR BRBeier RS L4k _B% o BAT
microPET %% > 2849 E 8 P83 FAC 54
A CWR22 EEtafth2 A2 8RR > £+ A
E+ AR ER AT FAC £ LS174 tm itk
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(-£)

ZARHER B FAC AL R P mpEit Bk
AR A% ta B 3T AR - B RS 5 M & (Lipid soluble
layer) & 7K 7t & (water soluble layer) » JE 4544
AR E SR E RS A - BeFR A Rk B
ERETEFETRINAET > HARFBRBEHR -
ZEAZEBERA NI REEENEAE
MEE > T A+ XNBE—XRIKSLE > HEEB A
“microPET data collection and data analysis” » & #
MIR &5 % TAF AR 5 F E AR 7 5l do 2232 -
1L~ A talie ~ BRARKRIE ~ SR3r oM. o XK
A1 A microPET # ¥ e9ta A RR S » 2 RR S
AR A B ¥ microPET #4384k X & B35 5 #7179
FETH  RIb—3ME Y B ¥ microPET &
A FLARE A B #3% microPET #4384k & #03%
S ABER—FTA - +—A=+8%F=RMKE >
%8 B A Study of FLT and FDG in Androgen
Ablation Therapy” > #& dy sbR & TR 3R 3% PR R
A B T #d Oyama 18 + & Ponde ## 4 472 FLT
B FDG 2 tafle B TR M XA E R °
BEERZ N ALEERTHARAEEETEH
EARHR L 0 AT AR B BRIBF EATIR - TH K
tmlad B AO8E B RRA FALT B
TAEMEREBRBERABLEET  —F KX EHZ
PR Z B 50 TAR AT IE F 1R - B B o F
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1. 3 &38R E B 2 BT #2474+ # microPET
Z 3E4E px 3L microPET/Animal Facility » #£ MIR
69 EAR AR X 4L B ATE 8K L A 3% E 10 %) National
Cancer Institute ¥ 353t Z > 3 H microPET/Animal
Facility s 3% Small Animal Imaging Resource
center » LA 4 4F microPET = 2 KiE4k » F] 85 L2
EALZ B A B B BN BAF  An AT ik
BMER > BALMST BRERBREH RN ZE
FHEBUANZHEEREEIH AT H

T BRBARERZMEME AERESEAR
WA BHEH RFHRAR  AAA
F bk AT H I BT AR -

2. £ microPET #8 %2 % & > & Richart Laforest 1% 4+
%A & & A > Yuan-Chuan Tai 1% 4 #1 Ananya
Rnangma #+% = /1 & & » MIR # Concorde %2
N B4 %4 B gk MIR 4% 4 — 3 detector .44
FEFZ % > Tai ¥+ & microPET x F#H A B 2
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Abstract

PET has been used to monitor changes in tumor metabolism in breast cancer following hormonal therapy. This study was undertaken
to determine whether PET imaging could evaluate early metabolic changes in prostate tumor following androgen ablation therapy. Studies
were performed comparing two positron-emitting tracers, '®F-FDG and ''C-acetate, in Sprague-Dawley male rats to monitor metabolic
changes in normal prostate tissue. Additional studies were performed in nude mice bearing the CWR22 androgen-dependent human prostate
tumor to evaluate metabolic changes in prostate tumor. In rats, for the androgen ablation pretreatment, 1 mg diethylstilbestrol (DES) was
injected subcutaneously 3 and 24 hours before tracer injection. For androgen pretreatment, 500 pg dihydrotestosterone (DHT) was injected
intraperitoneally 2 and 6 hours before tracer injection. The rats were divided into three groups, Group A (no-DES, no-DHT, n = 18), Group
B (DES, no-DHT, n = 18) and Group C (DES, DHT, n = 18). In each group, 10 animals received '*F-FDG, whereas the remaining eight
animals were administered ''C-acetate. Rats were sacrificed at 120 min post-injection of '*F-FDG or 30 min post-injection of ''C-acetate.
Pretreatment of the mouse model using DHT (200 pug of DHT in 0.1 mL of sunflower seed oil) or DES (200 pg of DES in 0.1 mL of
sunflower seed oil) was conducted every 2 days for one week. Mice were imaged with both tracers in the microPET scanner (Concorde
Microsystems Inc.). DES treatment caused a decrease in acetate and glucose metabolism in the rat prostate. Co-treatment with DHT
maintained the glucose metabolism levels at baseline values. In the tumor bearing mice, similar effects were seen in *8F-FDG study, while
there was no significant difference in '' C-acetate uptake. These results indicate that changes in serum testosterone levels influence '*F-FDG
uptake in the prostate gland, which is closely tied to glucose metabolism, within 24 hours of treatment and in the prostate tumor within 1
week. These early metabolic changes could enable monitoring metabolic changes in prostate tumor following treatment by imaging using
'F-FDG PET. Further studies are needed to clarify the reason for the insensitivity of !' C-acetate for measuring metabolic change in prostate
tumor. © 2002 Elsevier Science Inc. All rights reserved.

Keywords: Positron emission tomography; Prostate cancer; Androgen dependency; Tumor metabolism; MicroPET

1. Introduction therapy for extended periods. This varied response to the
therapy indicates that there are large differences in the
androgen dependency of prostate cancer patients. To

achieve a greater response rate for patients with less andro-

Prostate cancer is the most commonly diagnosed cancer
and is the second leading cause of cancer death in men over

the age of 40 years in the United States [2]. Most prostate
cancers show androgen dependency for growth at presenta-
tion [4], hence androgen ablation therapy is a major treat-
ment for patients with advanced disease. However, approx-
imately 50% of those patients receiving androgen ablation
therapy relapse within one year, while others respond to

* Corresponding author. Tel.: +1-314-362-2809; fax: +1-314-362-
2806.
E-mail address: welchm@mir.wustl.edu (M.J. Welch).

gen dependent cancer, combination therapies with radio-
therapy or chemotherapy are often explored. To select these
patients, serum prostate specific antigen (PSA) values or
prostate volume estimated by computed tomography (CT)
or ultrasonography (US) are employed to monitor the effect
of androgen ablation therapy. These methods often take 1 to
3 months after the initiation of treatment for the first accu-
rate assessment to be made. A more rapid evaluation
method would allow androgen ablation therapy to be used
only on patients who will respond to this treatment.

0969-8051/02/$ - see front matter © 2002 Elsevier Science Inc. All rights reserved.
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Evaluation of tumor metabolism by positron-emission
tomography (PET) is a relatively new procedure for assess-
ing the early effects for cancer therapy and has already been
applied to breast cancer [1]. This study showed that the
efficacy of tamoxifen therapy could be predicted by mea-
suring the agonist flare response using 2-['®F] fluoro-2-
deoxy-D-glucose ('®*F-FDG) in a short time period (7-10
days). Prostate cancer shows hormone dependency in a
manner similar to breast cancer, whereas tumor metabolism
of androgen dependent prostate cancer is thought to be
influenced by serum testosterone levels. Thus, this study
was designed to determine whether PET imaging could
detect early changes in tumor metabolism following andro-
gen ablation therapy.

2. Materials and methods
2.1. Radiochemical synthesis

'8F_fluoride is produced via the '30(p, n) '®F nuclear
reaction by irradiating isotopically enriched '*O-water with
15-16 MeV protons using either the Washington University
Cyclotron Corporation CS-15 or the Japan Steel Works
(JSW) BC-16/8 medical cyclotron located in the MIR Cy-
clotron Facility. '®F-FDG was prepared using the Coinci-
dence Technologies '®F-FDG synthesis module. This
method of preparation is based on the methods of Hamacher
etal. [3]. ''C-carbon dioxide will be produced via the "*N(p,
@) ''C reaction. Targets are installed on the beam lines of
both the Washington University JSW-16/8 Cyclotron,
CS-15 cyclotron and the RD 111 cyclotron. 'C-acetate was
prepared by the reaction of !'C-labeled carbon dioxide with
the appropriate Grignard reagent as described previously

[6].
2.2. Biodistribution studies

2.2.1. Normal rat prostate study

All animal handling was performed in accordance with
Washington University in St. Louis, Occupational Health
and Safety guidelines. Animal experiments were conducted
in compliance with the Guidelines for the Care and Use of
Research Animals established by the Animal Studies Com-
mittee at our institution. Mature male Sprague-Dawley rats
(160-200 g) were either untreated or pretreated with dieth-
ylstilbestrol (DES) to suppress endogenous androgen syn-
thesis. The treated animals were injected subcutaneously
with 1 mg DES in 0.2 mL of sunflower seed oil at 24 hr and
3 hr prior to the study, following methods of Symes [13].
Half of the DES treated animals were also treated with
dihydrotestosterone (DHT). They were injected intraperito-
neally with 500 g of DHT in 1.5 mL of 20% EtOH at 2 hr
and 6 hr prior to the experiment. The animals were fasted
overnight prior to '8F-FDG or ''C-acetate injection. The
animals were injected intravenously with 20 uCi of '®F-

FDG or 50 uCi of '"C-acetate via the tail vein under
isoflurane anesthesia. At the specified time points, the ani-
mals were sacrificed, samples of blood and tissue were
excised, weighed and the radioactivity determined in a
Beckman Gamma 8000 as previously reported [5]. The
injected dose was calculated from standards prepared from
the injection solution, and the data were expressed as per-
cent injected dose per gram of tissue (%ID/g).

2.2.2. Tumor model study

Four- to six-week-old athymic nw/nu male mice were
obtained from Charles River Laboratories. The CWR22
tumor line was a gift from Dr. Pretlow (Case Western
Reserve University, Cleveland, OH). The CWR22 tumor
was propagated in the animals by the implantation of
minced tumor tissue from a previously established tumor
into the subcutaneous tissue of the flanks of the mice. For
the maintenance of high serum androgen levels, mice were
implanted with 12.5 mg of 60-day-releasing testosterone
pellets (Innovative Research of America, Sarasota, FL) sub-
cutaneously. In mice, for the androgen ablation pretreat-
ment, testosterone pellets were removed and 200 pg of DES
in 0.1 mL of sunflower seed oil was injected subcutaneously
every two days for one week. For androgen treatment, 200
pg DHT in 0.1 mL of sunflower seed oil was injected
subcutaneously every two days for one week. For control
mice, 0.1 mL of sunflower seed oil was injected subcuta-
neously every two days for one week. After the treatment,
the mice were injected intravenously with 20 uCi of '*F-
FDG or 50 uCi of '!C-acetate via tail vein. At the specified
time points, 0.5 hr for !'C-acetate and 1 hr for '*F-FDG, the
animals were sacrificed, samples of blood and tissue were
excised, weighed and the activity concentration determined.
The injected dose was calculated from standards prepared
from the injection solution, and the data were expressed as
percent injected dose per gram of tissue (%ID/g).

2.3. MicroPET imaging

Approximately six weeks after tumor implantation, two
CWR22 tumor bearing-mice were imaged simultaneously in
the prone position in the microPET scanner (Concorde Mi-
crosystems, Knoxville, TN) for the baseline PET scans.
Mice were first anesthetized with 1-2% isoflurane and
placed in the prone position in a custom-designed holder
that allows simultaneous imaging of two mice. The entire
holder was placed near the center of field of view (CFOV)
of the microPET scanner where the highest image resolution
and sensitivity are available. Dynamic imaging was per-
formed for 60 minutes starting at the injection of 500 nCi of
'1C_acetate to each mouse via micro-catheter (Harvard Ap-
paratus, Inc) placed in their external jugular veins. The
frame durations were defined as followings: 5 sec/frame X
24 frames, followed by 10 sec/frame X 10 frames, followed
by 20 sec/frame X 10 frames, followed by 150 sec/frame X
2 frames, followed by 300 sec/frame X 4 frames. Following
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Table 1

Biodistribution of '®F-FDG in rats (n = 10) at 2 hour (%ID/g * SD)
Tissue Control DES DES+DHT
Blood 0.14 £ 0.03 0.13 £ 0.02 0.11 £0.02
Lung 0.46 * 0.06 0.47 £ 0.04 0.39 £ 0.03
Liver 0.19 £0.03 0.21 £0.02 0.18 £ 0.02
Muscle 0.10 £ 0.01 0.10 £ 0.01 0.11 £ 0.04
Prostate(v)* 0.94 = 0.26* 0.52 + 0.26* 1.02 £ 0.78
Prostate(d)” 0.88 + 0.24** 0.47 £ 0.19** 0.71 £ 0.46

® v = ventral, °d = dorsolateral, *: p = 0.003, **: p = 0.001 (Mann-
Whitney Test).

1 C-acetate-microPET, 500 uCi of '|F-FDG was injected
into the same mice. A 10-min static scan was obtained
one-hour post '®F-FDG injection. After these initial baseline
PET scans, the mice were treated with either DHT or DES
every two days for one week as described above. On day 7,
microPET imaging was repeated with the same protocol as
described for the baseline studies. All raw data were first
sorted into 3-dimensional (3D) sinograms, followed by Fou-
rier Rebinning and 2D Filtered Back-Projection (FBP) re-
construction using Ramp filter with one half of the Nyquist
frequency as the cut-off frequency. A region of interest
(ROI) was placed on the organ or tumor of interest in the
transaxial microPET images that include the entire tumor or
organ volume. The average radioactivity concentration
within a tumor or an organ was obtained from the average
pixel values within the multiple ROI volume. To eliminate
the dependency on the injected activity, an uptake index of
a tumor or an organ was defined as the average radioactivity
concentration divided by the total injected activity with the
following formula:

Uptake index = average radioactivity concentration in
ROI (uCi/uL)/injected dose (uCi)

The uptake index of ''C-acetate and '®F-FDG in each
tumor were compared before and after the treatment. From
the '!'C-acetate dynamic study, time activity curves (TAC)
were also calculated from the uptake index of the tumor. In
these microPET scans, the attenuation corrections were not
applied, because the accuracy of the measured attenuation
correction was poor with this scanner and also the amount
of attenuation from a mouse body was relatively small and
the shape of mouse body did not change significantly be-
tween different subjects. Instead, the attenuation correction

Table 3
Biodistribution of '*F-FDG in mice (n = 10) bearing CWR22 tumor
xenograft at 1 hour (%ID/g £ SD)

Tissue Control DES DHT

Blood 0.53 = 0.10 0.65 *0.10 0.68 +£0.17
Lung 2.36 048 2.74 £ 0.42 242+ 047
Liver 0.89 = 0.18 1.40 =032 1.06 +0.22
Muscle 1.70 £ 0.56 1.81 = 0.87 2.61 = 1.08
Prostate 1.75 £ 1.24 1.91 £ 0.42 1.41 £ 037
Tumor 2.35 £ 0.53* 1.40 = 0.10* 2.62 + 041

*:p = 0.015 (Mann-Whitney Test).

factors were incorporated into the system calibration. To be
briefly described, a small vial with similar volume (24 mL)
to a mouse body was used. The vial was filled with '®F-FDG
of known concentration and scanned for at least half an
hour. Images were reconstructed with standard protocol and
the ROI were drawn from the central ten image planes
enclosing at least 90% of the cross-section of the vial. These
ROI included regions close to the surface, as well as at the
center, of the vial. The average pixel value was then com-
pared to the known activity concentration to obtain the
system calibration factor. This approach was validated by
drawing additional ROlIs that were either near the surface of
the vial or at the very center. None of them deviated from
the average values by more than 10%, and most were within
the 5% range. With this approach, a mouse study had a
quantitative accuracy of less than 10% in error, regardless of
whether the ROI is superficial or deep within the mouse
body. The partial volume effect in estimating the ROl val-
ues from microPET images were small in these PET scans
because implanted tumors were more than 1 cm in diameter,
which was well above the resolution limit of this microPET
system [14].

2.4. Statistical evaluation

Biodistribution data are reported as the mean = the
sample standard deviation (SD) for %ID/g. The Mann-
Whitney U-test was used to compare tracer uptake before
and after the treatments. Statistical significance was estab-
lished at p < 0.05.

Table 4

Table 2 Biodistribution of ''C-Acetate in mice (n = 8) bearing CWR22 tumor
Biodistribution of ''C-Acetate in rats (n = 8) at 30 min (%ID/g + SD) xenograft at 30 min (%ID/g * SD)

Tissue Control DES DES+DHT Tissue Control DES DHT
Blood 0.20 = 0.04 0.21 *0.02 0.21 = 0.04 Blood 0.41 = 0.02 0.52 £ 0.05 0.39 + 0.10
Lung 0.49 £ 0.10 0.42 * 0.07 0.44 = 0.01 Heart 0.79 = 0.31 0.76 * 0.23 0.37 = 0.03
Liver 0.40 + 0.05 0.43 +0.03 0.43 = 0.05 Liver 0.98 = 0.08 122 £ 0.12 0.90 *+ 0.06
Muscle 0.17 £ 0.04 0.18 = 0.02 0.18 = 0.03 Muscle 0.57 £ 0.21 Q.70 + 0.05 041 = 0.16
Prostate(v) 0.32 = 0.07* 0.22 * 0.06* 0.25 £ 0.05 Prostate® 0.25 *0.15 0.28 = 0.11 0.39 =0.23
Prostate(d) 0.31 = 0.08** 0.22 £ 0.07** 0.24 = 0.05 Tumor** 0.88 £ 0.21 1.21 = 0.18 1.12£0.24

*:p = 0.008, **: p = 0.029 (Mann-Whitney Test).

*, **: N.S. (Mann-Whitney Test).
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Fig. 1. Time activity curves for kidney (. . . . . ), liver (~+—+) and tumor (—)
of CWR 22 tumor bearing mouse. Both kidney and liver show rapid
clearance of tracer, while prostate tumor shows relative retention of tracer.

3. Results

3.1. Normal rat prostate study

For in vivo uptake studies, in order to suppress in vivo
androgen biosynthesis, rats were treated with 1 mg of DES
in 0.2 mL sunflower oil per rat, at 3 hr and 24 hr prior to
injection of '®F-FDG and ''C-acetate. Biodistribution at 2
hr was performed with '®F-FDG (Table 1). Biodistribution
of 'C-acetate was performed at 30 min (Table 2). The
biodistribution results of '8F-FDG indicate that androgen
ablation (DES treatment) caused a decrease of '*F-FDG
uptake in prostate, with DHT recovering this change in
'8E_.FDG uptake. Biodistribution results of !'C-acetate
shown in Table 2 also indicate that the DES treatment
caused a decrease in ''C-acetate uptake in normal rat pros-
tate.

3.2. Tumor model study

Biodistribution at 1 hr was performed with '*F-FDG
(Table 3). Biodistribution of ''C-acetate was performed at
30 min (Table 4). '®F-FDG uptake into tumor of DES
treated mice was 1.40 * 0.10%ID/g, compared to 2.35 =
0.53%ID/g and 2.62 * 0.41%ID/g for no treatment and
DHT treatment mice, respectively (p = 0.015). The bio-
distribution study using '®F-FDG indicated that DES
treatment caused a decrease in '®F-FDG uptake in pros-
tate tumor, with DHT recovering this change in '*F-FDG
uptake (Table 3). On the other hand, biodistribution re-
sults of '!'C-acetate indicated that the change in acetate
uptake in the prostate tumor was not significant in the
androgen ablation mice (Table 4).

3.3. Micropet study

Dynamic imaging was performed 60 min after ''C-ace-
tate injection. A region of interest (ROI) was placed on each
tumor and other organs of interest in the transaxial micro-
PET images. A time activity curve (TAC) was generated
from each ROI (Fig. 1). In the liver, ''C-acetate uptake
reached its plateau within a few minutes after injection, with
40% of radioactivity remaining 30 min post injection. In the
kidney, '!C-acetate uptake reached its plateau within a few
minutes after injection, with only 20% of radioactivity re-
maining 30 min post injection. In tumor, ''C-acetate uptake
reached its plateau within 10 minutes after injection, with
70% of radioactivity remaining 30 min post injection. Fol-
lowing analysis of the data using ROI and TAC, it was
evident that a static scan 30—40 min post injection supplied
images of sufficient contrast for future studies. Coronal
images of microPET using both ''C-acetate and '8F-FDG
clearly indicated tumors implanted in the left flank (Fig. 2).
The microPET images demonstrated that there was no clear
change of '!C-acetate uptake into prostate tumor before and
after DHT or DES treatment (Fig. 3). Following ''C-ace-
tate-microPET, '®F-FDG was injected into the same mice. A
10-min static scan was obtained one-hour post '|F-FDG
injection. DES treatment caused a decrease in FDG uptake
in the CWR22 prostate cancer, while there were no large
differences in DHT treatment (Fig. 4). ROI analysis indi-
cated no significant change in ''C-acetate uptake in either
the tumors following DHT of DES treatment, or in the
control group (Fig. 5). In the '8F-FDG studies, tracer uptake
showed no significant differences after DHT treatment, but
tracer uptake did decrease from 15.72 to 6.60 (nCi/cc/uCi)
after DES treatment (p<<0.001), versus a decrease from
19.78 to 15.12 (nCi/cc/pCi) in the control group (p<<0.001)

(Fig. 6).

4. Discussion

There is a need to find better ways to distinguish between
patients with prostate cancers who show poor prognosis
from those who show better prognosis. In patients with
localized disease receiving prostatectomy, Gleason grade,
cancer volume, positive lymph node findings, and intrapros-
tatic vascular invasion were independently associated with
cancer progression [12]. Most patients receiving androgen
ablation therapy show advanced clinical stage at initiation
of therapy. In this patient group, it would be ideal to know
the differences in androgen dependency for each individual
patient in order to use additional therapies in patients with
cancers showing weak androgen dependency. For this pur-
pose, most urologists follow the change of serum PSA
values or total prostate volume every few months to monitor
the cancers response to therapy. The LH-RH (luteinizing
hormone-releasing hormone) agonist is one of the most
popular agents for androgen ablation therapy for advanced
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Fig. 2. (A) Coronal images of ''C-acetate microPET of the mouse before
treatment. (B) Coronal images of '*F-FDG microPET of the mice before
treatment.

prostate cancer disease. This LH-RH agonist leads to a
suppression of LH and of testosterone productions equiva-
lent to castration levels, leading to decline of positive stim-
ulation via androgen receptors (AR) for cancer growth,
followed by suppression of tumor growth. However, this
peptide stimulates LH release, causing an initial flare of
serum testosterone during the first 2 to 3 weeks associated
with rise in PSA. As a result, it takes a few months for the
first accurate assessment of androgen ablation therapy.

To assess the therapeutic effect of androgen ablation
therapy, other kinds of imaging modalities have been stud-
ied for diagnosis of prostate cancer. It was reported that
MRS (magnetic resonance spectroscopic) imaging com-
bined with MRI was used to study the therapeutic effects of

Pos=DiE Set

Fig. 3. (A, B) MicroPET images showing ''C-acetate uptake in the same
tumor-bearing mouse before and after DHT treatment. (A) MicroPET
showed !'C-acetate uptake in tumor before treatment. (B) After one week
DHT treatment, ''C-acetate uptake showed almost no change. (C, D)
MicroPET showing ''C-acetate uptake in the same tumor-bearing mouse
before and after DES treatment. (C) MicroPET showed ''C-acetate uptake
in tumor before treatment. (D) After one week DES treatment, ''C-acetate
uptake showed almost no change.

Pose-DH A -ireatiment

Fig. 4. (A, B) MicroPET images showing '*F-FDG uptake in the same
tumor-bearing mouse before and after DHT treatment. (A) MicroPET
showed '®F-FDG uptake in tumor before treatment. (B) After one week
DHT treatment, '®F-FDG uptake showed almost no change. (C, D) Micro-
PET showing '*F-FDGuptake in the same tumor-bearing mouse before and
after DES treatment. (C) MicroPET showed '|F-FDG uptake in tumor
before treatment. (D) After one week DES treatment, '*F-FDG uptake was
largely decreased.

therapy in 65 patients with prostate cancer to provide both
a measure of cancer and a time-course of metabolic re-
sponse following androgen ablation therapy [8]. }'C-choline
has also been proposed as a new radiopharmaceutical for the
imaging of prostate cancer with PET, not only for cancer
detection but also for estimating the effectiveness of cancer
therapy [7]. These are preliminary reports, and more data
will be needed to confirm the usefulness of these imaging
modalities for this purpose.

Recently, ®F-FDG PET has demonstrated its clinical
value in demonstrating tumor metabolism. Oyama, et al.
reported that '8F-FDG uptake in prostate cancers was sup-
pressed by androgen ablation after 1 to 3 months [10].
However, the early effects of androgen ablation within a
month from initial therapy to cancer metabolism of the
prostate is still unknown, and may be useful in evaluating
the early effects of cancer therapy. In this current study we
measured the early changes in the tissue metabolism of the
normal prostate gland and prostate cancer tissue caused by
androgen ablation treatment using an in vivo animal model.
In our recent study, we also reported that !'C-acetate PET
imaging shows high sensitivity for detection of primary as
well as distant metastatic prostate cancer lesions [9].

The biodistribution studies (Table 1, 2) showed that
androgen ablation caused a decrease of '*F-FDG uptake
in the prostate, with DHT administration returning its
uptake to that of the baseline level. This clearly indicates
that serum testosterone levels influence glucose metabo-
lism in the prostate. Moreover, the decline of BF_FDG
uptake was detected within 24 hr after initiation of an-
drogen ablation. '*F-FDG is a promising tracer to eval-
uate changes in prostate metabolism, and it will contrib-
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Fig. 5. (A) In ROI analysis, there was no significant difference in !C-acetate uptake in tumor in control mice after 1-week-growth (A), after DHT treatment
(B) and after DES treatment (C). (D) Average change of C.acetate uptake in tumor was +30.3% in DES group, -28.4% in DHT group. Data are the mean

and standard deviation of the mice in each group.

ute to predict androgen dependency of prostate cancer in
early phase of androgen ablation therapy. Additionally,
the decrease of ''C-acetate uptake in the prostate after
androgen ablation was also significant in this study. The
mechanism of high '!'C-acetate accumulation in tumor
cells is uncertain, however it is thought to be different
from that of the myocardium. Yoshimoto et al. studied
uptake of '*C-acetate in four tumor cell lines and a
fibroblast cell line to investigate the metabolic pathway
of !!C-acetate in tumor cells [15]. They showed that '*C
accumulation in the four tumor lines was higher than that
in fibroblast and this accumulation in tumor cells was due
to enhanced lipid synthesis. Given the highly active basal
lipid metabolism associated with the cell membrane be-
cause of tumor growth, 'C-acetate may be an important
proof of this anabolic pathway of metabolism in cancer
tissue.

In the biodistribution studies using tumor-bearing mice,
there were no significant changes in !'C-acetate and 8.
FDG uptake into prostate after DES or DHT treatment. The
differences in acetate and glucose metabolism between mice
and rats are unknown. The mice were injected with DHT or
DES every 2 days for 1 week, and the last treatment was
performed 1 day before sacrifice. The rats were treated with

DHT 2 hour before and with DES 3 hour before sacrifice.
The different administration times of DHT or DES might
have contributed to the differences between the rats and
mice studies.

In the current study we have also measured the early
changes in the tissue metabolism of prostate cancer
caused by androgen ablation treatment using an in vivo
tumor model. The microPET study demonstrated that
androgen ablation caused a decrease in '8F-FDG uptake
in prostate tumor, while additional DHT administration
kept '*F-FDG uptake in tumor to control levels. This
clearly showed that serum testosterone levels influence
glucose metabolism in androgen dependent prostate can-
cer. We also investigated the change of ''C-acetate up-
take into CWR22 tumor before and after DES or DHT
treatment, however, there was no significant difference
between them compared with normal rat prostate study.
The reason for the insensitivity of !'C-acetate for meta-
bolic change in prostate tumor is not clear. One week of
androgen ablation therapy might not be long enough to
see changes in lipid metabolism in tumor cells investi-
gated by biodistribution or microPET studies. Another
possible reason for this lack of sensitivity of ' C-acetate
might be due to some inherent differences in ''C-acetate
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Fig. 6. (A) In ROI analysis, '®F-FDG uptake in the tumor decreased in control group after 1-week-growth (p < 0.001). (B) There was no large difference

in '*F-FDG uptake in the tumor after DHT treatment. (C) There was large decrease of '*F-FDG uptake in the tumor after DES

With DES tr

18E.FDG uptake largely decreased (p < 0.001). (D) Average change of '®F-FDG uptake in the tumor was -58.2% in DES group, showing a greater decrease
in '®F-FDG than that of control group (—23.0%). Data are the mean and standard deviation of the mice in each group.

uptake in tumor at extended time points, although these
time points are inappropriate for '!C-acetate PET be-
cause of its short half-life.

In our microPET tumor model study, we did not observe
any differences in ''C-acetate and '8F-FDG uptake into
tumors between pre- and post-DHT treatment. We used
male nude mice for this study and implanted testosterone-
releasing pellets into mice prior to tumor implantation to
increase the speed of tumor growth. Therefore, serum tes-
tosterone levels might not be high enough to enhance tu-
mor-growing activity. In the results, additional DHT-treat-
ment did not affect prostate tumor enough to increase tumor
growth.

5. Conclusion

These findings confirm that *F-FDG is a promising
tracer to evaluate changes in tumor metabolism, and may be
able to predict the androgen dependency of prostate cancer
in the early phase of androgen ablation therapy. These
results indicate that changes in serum testosterone levels
influence glucose metabolism in the prostate cancer within
a week of treatment in mice and that it is possible to
measure these changes using '*F-FDG-microPET. These

encouraging results will likely lead to human trials in the
near future. This work is an example of how the microPET
can be useful in evaluating the effects of specific cancer
therapies on biodistribution and tumor function using spe-
cific radiopharmaceuticals.
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The goal of this study was to evaluate a somatostatin receptor ligand, DOTA—D-Tyr!-octreotate (DOTA-
DY1-TATE), that has the chelator 1,4,7,10-tetraazacyclotetradecane-N,N ,N’,N”-tetraacetic acid
(DOTA) attached to the D-Tyr! residue, allowing radiolabeling with both radiohalogens and radiometals.
A potential advantage of having a chelator attached to the Tyr! residue is that halogen radioclabels
may residualize or remain trapped in tumor cells rather than clear from the tumor. DOTA-DY1-
TATE was synthesized by solid-phase methods and radiolabeled with #'Cu, ®Cu, and '*I in high
radiochemical purity and specific activity. A competitive binding assay demonstrated that "*Cu-DOTA-
DY1-TATE and DOTA-"*I-DY1-TATE had comparable affinity to "*In-DTPA-OC in AR42] rat
pancreatic tumor cells membranes. 8Cu-DOTA-DY1-TATE had a dissociation constant (Ky) of 176.4
pM and a receptor concentration (Bna,) of 244.4 fmol/mg. A tumor uptake of 1.515 %ID/g was
determined for #Cu-DOTA-DY1-TATE and 0.814 %ID/g for DOTA-!#I-DY1-TATE in AR42J tumor
bearing Lewis rats at 1 h postinjection. DOTA-!?I-DY1-TATE remained in the tumor at a higher
concentration out to 4 h postinjection, suggesting that the iodine may have residualized in the tumor
cells. MicroPET imaging of %Cu-DOTA-DY1-TATE in AR42J tumor bearing rats and SCID mice at 2
h postinjection showed significant uptake and good contrast in the thigh tumors in the rat model and
in the neck and' thigh tumors of the mouse. This study demonstrates that DOTA-DY1-TATE is a
somatostatin analogue that can be labeled with both metal and halogen radionuclides, and its %Cu-
and !*I-radiclabeled compounds showed somatostatin receptor-mediated uptake in normal and tumor

tissues.

INTRODUCTION

Over the last 15 years, considerable progress has been
made in the investigation of radiolabeled somatostatin
analogues as radiotherapeutic agents for somatostatin
receptor-positive tumors. A number of studies have
focused on improving the target tissue uptake of radio-
labeled somatostatin analogues. It has been shown that
changing the C-terminus from an alcohol to a carboxylic
acid increases uptake of the peptide in somatostatin
subtype 2 receptor (SSTR2)-positive tissues (/—3). It has
further been shown that replacing the N-terminal b-Phe
in octreotide with D-Tyr allows iodination of the N-
terminus and subsequent residualization of the iodinated
p-amino acid (4). Therefore, in this current study we
synthesized DOTA—-D-Tyr!-octreotate (DOTA-DY1-TATE,
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! Abbreviations used: DTPA, diethylenetriaminepentaacetic
acid; DOTA, 1.4,7.10-tetraazacyclododecane-N,N ,N’,N"-tet-
raaceticacid; TETA, 1,4,8,11-tetraazacyclotetradecane-N,N . N’ N"-
tetraacetic acid; Y3, tyrosine-3; OC, octreotide; TATE, octreotate;
D-Tyr!, DY1; somatostatin subtype 2 receptor, SSTR2; positron
emission tomography. PET; confidence interval, CI.; region of
interest, ROL

10.1021/bc015590k CCC: $22.00

Figure 1) to allow both radiolabeling with halogens (e.g..
1241, 125] 131], 76Br, 77Br), as well as radiometals (e.g., %Y,
NY, 8Ga, ""Lu, !In, *Cu). One of our goals is to achieve
higher somatostatin receptor binding affinity and better
target tissue uptake as well as allow halogen radionu-
clides to residualize in target tissues.

The use of positron-emitting halogen radionuclides,
specifically '**I (i = 4.2 d) and "°Br (ti2 = 16 h), to label
radiopharmaceuticals for PET imaging has increased
greatly over the past decade. For example, 7®Br has been
labeled to octrectide (5) and "®Br-labeled bromodeoxyuri-
dine has been investigated as a tumor and brain imaging
agent (6, 7). Todine-124 is currently used to produce ['#]]-
5-iodo-2’-fluoro-1-3-p-arabinofuranesyl-uracil (FIAU) which
has been used to image gene expression (8). Copper-64
[tz = 12.8 h; 40% B~ (0.656 MeV); 19% B* (0.6 MeV);
38% EC] has diverse applications in radiopharmaceutical
chemistry for PET imaging as well as therapy (9, 10).
Copper-61 [ti2 = 3.35 h; 60% 8* (1.21 MeV); 40% EC] is
another cyclotron-produced positron-emitting radionu-
clide that is made at Washington University using the
same targetry system as is used for 8Cu (71). Moreover,
81Cu and **Cu can be produced on demand in high yield
and in high specific activity on a small biomedical
cyclotron (11, 12).

The AR42]J rat pancreatic carcinoma cell line is known
to express SSTR2 both in vitro and in vivo (I3, 14.
ARA42]J cells grown in culture were utilized to evaluate
the in vitro binding affinity and were implanted in
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Figure 1. Structure of DOTA—-D-Tyr!-octreotate (DOTA-DY1-
TATE).

immature, normal Lewis rats for in vivo biodistribution
and microPET imaging. In this study, we determined the
in vitro binding affinity of copper-labeled DOTA-DY1-
TATE to AR42J tumor cell membranes and investigated
the in vivo biodistribution of #Cu-DOTA-DY1-TATE and
DOTA-'#I-DY1-TATE in AR42J tumor bearing rats.
MicroPET imaging studies of $‘Cu-DOTA-DY1-TATE
were carried out in the AR42]J tumor-bearing SCID mice
and immature Lewis rats.

MATERIALS AND METHODS

Materials and Analyses. ®'Cu and %Cu were pro-
duced on a Cyclotron Corporation CS-15 biomedical
cyclotron at Washington University of School of Medicine,
using previously reported methods (17, 12). Sedium[!#]]-
iodide was purchased from NEN LifeScience (Boston,
MA). Indium-111-chloride (*''InCl;) was obtained from
Mallinckrodt, Inc. (St. Louis, MO). IODO-GEN precoated
iodination tubes were purchased from Pierce (Rockford,
IL). Reversed-phase extraction C-18 SepPak Light car-
tridges were obtained from Waters (Milford, MA). Am-
monium acetate (NH4OAc) was purchased from Fluka
Chemical Co. (Ronkonkoma, NY); Copper acetate (99.99%)
and indium acetate (99.95%) were purchased from Alfa
Morton Thiokol Inc. (Danvers, MA). Trifluoroacetic acid
(TFA) was obtained from J. T. Baker (Chicago, IL). All
other chemicals were purchased from Aldrich Chemical
Co., Inc. (Milwaukee, WI). All solutions were prepared
using ultrapure water (18 MQ-cm resistivity). Thin-layer
chromatography (TLC) was performed using Whatman
MKC;sF reversed phase plates with 10% ammonium
acetate:methanol (30:70) as the mobile phase. Radio-TLC
detection was accomplished using a BIOSCAN System
200 Imaging Scanner (Washington, DC). Analytical
reversed-phase HPLC was accomplished on a Waters
(Milford, MA) 600E chromatography system with a
Waters 991 photodiode array detector and an Ortec
Model 661 (EG&G Instruments, Oak Ridge, TN) radioac-
tive detector. Millenium 32 software (Waters, Milford,
MA) was used to quantify chromatograms by integration.
All HPLC samples were analyzed on a Vydac Protein &
Peptide C-18 column (2.2 x 25 cm). The mobile phase
was H,O (0.1% TFA) (solvent A) and 90% acetonitrile
(ACN) (0.1% TFA) (solvent B). The gradient consisted of
5% B to 75% B in 25 min (1.0 mL/min flow rate).
Radioactive samples were counted using a Beckman 8000
automated well-type counter (Fullerton, CA).

Preweaned (21-day old, 40—50 g) male Lewis rats were
purchased from Charles River Laboratories (Boston, MA)
and Female SCID-Fox Chase CB-17 mice (29—35 days
old, 25—30 g) were purchased from Taconic Farms Inc
(Germantown, NY). The AR42]J tumor line was obtained
from American Type Culture Collection (ATCC, Rockville,
MD).

Synthesis of DY1-TATE and DOTA-DY1-TATE.
The synthesis of DYI-TATE and DOTA-DY1-TATE were
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accomplished by using similar methods previously de-
scribed (3. Briefly, solid-phase peptide synthesis (SPPS)
was carried out on an Applied Biosystems model 432A
“Synergy” peptide synthesizer using the Fmoc (9-fluore-
nylmethoxy-carbonyl) methodology. Activated Fmoc-
protected amino acids (25 umol) were required by the
instrument protocol. Activation was performed by com-
bining 1-hydroxybenzotriazole (HOBt) and 2-(1 H-benzo-
triazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophos-
phate (HBTU). DOTA-tris(tert-butyl ester) (Macrocyclics,
Dallas, TX) was activated and coupled to Fmoc-protected
amino acid. Final purifications of the peptides were
accomplished by reversed-phase HPLC, employing a
Vydac Protein & Peptide C-18 column (2.2 x 25 cm).

Preparation of Radiolabeled Somatostatin Ana-
logues. DTPA-OC was labeled with !!''In as previously
described (/5). Radiolabeling with 8'Cu and %Cu was car-
ried out by addition of 1-5 mCi (37—185 MBq) of ¢'Cu
or %Cu in 0.1 M ammonium acetate (pH 6.5) to 1-5 ug
of the peptide in 0.1 M ammonium acetate followed by
30 min incubation at 65 °C as previously reported (/6).
The 8¥%!Cu-labeled DOTA-DY1-TATE was purified on a
C-18 SepPak Light cartridge, using 100% ethanol as the
elution solvent, and radiochemical purity was determined
by radio-TLC or radio-HPLC.

Radioiodinated DOTA-DY1-TATE was synthesized us-
ing the IODO-GEN method (/7, /8. Briefly, Na['?I]
[300—400 xCi (11.1—14.8 MBq)] was added to 10 ug of
DOTA-DY1-TATE diluted with 0.01 M PBS (100 xL) in
a glass vial coated with JODO-GEN (50 ug). The reaction
mixture was removed from the reaction vessel following
25 min of incubation at room temperature. The solution
was then diluted with 3 mL of water. The resulting
solution was eluted through a C-18 reversed-phase
extraction cartridge, which was preconditioned with 5 mL
of 70% ethanol and subsequently activated with 5 mL of
2-propanol. The cartridge was rinsed successively with
5 mL of distilled water and 5 mL of 0.5 M acetic acid.
The radiociodinated peptide was eluted in 5 mL of 96%
ethanol, and the solvent was evaporated at room tem-
perature under a gentle stream of nitrogen. The dry
residue was reconstituted in 1—3 mL of 0.9% NaCl.

The cold copper and indium agents ("™'Cu-DOTA-DY1-
TATE, "Cu-DOTA-Y3-TATE, "In-DTPA-OC) for the
receptor binding assays were prepared by the reaction
of copper and indium acetate using the same procedure
described above for radiolabeling of DOTA-DY1-TATE
with ®'Cu, %Cu, and '"'In. DOTA-"-DY1-TATE was
synthesized by following the same procedure as for
DOTA-'#I-DY1-TATE, and the reaction yield was con-
firmed by HPLC.

In Vitro Receptor Binding Assay. The binding
affinity of Cu-DOTA-DY1-TATE was measured in AR42]J
rat pancreatic tumor membranes using methods pre-
viously described with minor modifications (9). Briefly,
81Cu-DOTA-DY1-TATE was displaced with increasing
concentrations of "*'Cu-DOTA-DY1-TATE. A competitive
binding assay was performed by displacing '"'In-DTPA-
OC with the competing ligands "*Cu-DOTA-DY1-TATE,
1tCu-DOTA-Y3-TATE, ™In-DTPA-OC and DOTA-
"[.DY1-TATE. Assays were carried out using the Mil-
lipore Multiscreen system (Bedford, MA) (9). The best-
fit ICsp values, the dissociation constant (Ky), and the
number of SSTR2 binding sites (Bmax) for the AR42]J cells
were calculated using PRISM (Graphpad, San Diego.
CA).

Animal Models. All animal experiments were per-
formed in compliance with the Guidelines for the Care
and Use of Research Animals established by Washington
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University’s Animal Studies Committee. For AR42]J
tumor-bearing mice, AR42J cells were grown as xe-
nografts in female SCID mice. Briefly, AR42J cells (1 x
107), grown in F-12K Nutrient mixture medium contain-
ing 20% fetal calf serum (FCS) were injected subcutane-
ously, bilaterally, into flanks and necks of female SCID
mice (19). The tumors were allowed to grow 10—12 days
until 0.5—0.9 g in size. Male Lewis rats (21 d old) were
implanted with AR42J tumors in the necks or/and left
legs from tumor obtained from Mallinckrodt, Inc (St.
Louis, MO) (passage 36) and maintained by serial pas-
sage in animals. Tumor was excised from euthanized rats
and was rinsed with sterile saline and placed on ice in a
Petri dish containing Gibco Media 199 (Sigma Chemical
Co., St. Louis, MQ). Connective and necrotic tissue were
removed, and the material was diced into small pieces
(2 x 2 mm). The freshly dissected pieces were delivered
to the left flank of the animal via a 13-gauge trocar
inserted subcutaneously. AR42J tumor growth was ob-
served for 2 weeks after implantation, and tumors
achieved a solid, palpable mass of 1.0—1.5 g in size by
~14 days postimplantation.

Biodistribution of %Cu-DOTA-DY1-TATE and
DOTA-'?51-DY1-TATE. Biodistribution studies were car-
ried out using immature (~33 day old) male Lewis rats
bearing AR42]J tumors (12 days post-implant) in the left
flank. Anesthetized animals received a coinjection of
64Cu-DOTA-DY1-TATE and DOTA-'#I-DY1-TATE (32
uCi for $Cu, 5 uCi for ', 0.68 ug peptide for each
compound) via the tail vein. The animals were eutha-
nized at 1, 4, 24, and 72 h postinjection. A group of 5
rats were coinjected with a blocking dose of DY1-TATE
(150 ug) and sacrificed 1 h postinjection. Following
euthanization, the tissues and organs of interest were
removed and weighed, and the radioactivity was mea-
sured in a gamma counter. Standards (2 = 5) were
prepared to verify the counting efficiency of the gamma
counter for each radionuclide. Samples were first counted
for %Cu using a specific energy window that did not have
detectable crossover for 251, After allowing for complete
decay of the $Cu (> 12 half-lives), the samples were then
counted using the energy window specific for 'I. The
percent injected dose per gram (% ID/g) and percent
injected dose per organ (% ID/organ) were calculated by
comparison with standards representing the injected dose
per animal. A group of five rats that were sacrificed at
72 h postinjection were housed in individual metabolism
cages for the collection of urine and feces at various time
points from 1 to 72 h for determination of the %ID
excreted.

MicroPET Images. Positron emission tomography
(PET) imaging was performed on the first commercially
available microPET (Concorde Microsystems, Knoxville,
TN) which was based on the design of Cherry and
colleagues (20). Imaging studies were carried out on four
SCID mice and four male Lewis rats carrying AR42]J
tumors. Two mice bearing tumors on the neck and left
leg and four rats (two rats had tumors on neck and left
leg, the other two rats had tumors on left legs only) were
imaged on the microPET at selected times postinjection.
Two tumor-bearing mice were each injected with 1 mCi
64Cu-DOTA-DY1-TATE (1 mCi/ug for control, 1 mCi/50
ug for blocked) and imaged at 10 min, 1, 2, and 4 h
postinjection. The two mice were imaged side by side and
remained in the same bed position for all time points.
Four rats were each injected with 2.5 mCi ®Cu-DOTA-
DY!-TATE (2.5 mCi/ug for control, 2.5 mCi/150 ug for
blocked) and imaged at 10 min, 1, 2, and 4 h. Each rat
was imaged in two bed positions. Immediately after
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imaging, the %ID/g of tumor from the rats was deter-
mined by measuring the dissected tumors in a dose
calibrator (Capintec, Ramsey, NJ). Tumor, kidney, and
liver activities of %'Cu were generated by measuring
regions of interest (ROIs) that encompassed the entire
organ from the microPET images in AR42J tumor-
bearing SCID mice and Lewis rats after 2 and 4 h
postinjection.

Statistical Methods. To compare differences between
the data, a student's t-test was performed using Prism
(Graphpad, San Diego, CA). Differences at the 95%
confidence level (p < 0.05) were considered significant.

RESULTS

Chemistry and Radiochemistry. The DY1-TATE
and DOTA-DY1-TATE were analyzed by analytical re-
versed-phase HPLC (UV detection 214 nm) using condi-
tions described in the Methods section and by LC-MS.
DY1-TATE: HPLC retention time = 17.9 min; MS, m/z
calculated for C49HgsN10012S; (M + H)* == 1048.4, found
1049.3. DOTA-DY1-TATE: HPLC retention time = 20.4
min; MS, m/z calculated for CgsHgolN14019S; M + H)* =
1434.7, found 1435.6. '''In-DTPA-OC and ®#4Cu-DOTA-
DY1-TATE were prepared in =98% radiochemical purity.
Specific activities for both !'!In- and Y$4Cu-labeled
conjugates ranged from 1500 to 3500 Ci/mmol (56000 to
111000 GBg/mmol). The radiochemical purity of DOTA-
125].DY1-TATE was confirmed to be greater than 98% by
radio-HPLC. DOTA-DY1-TATE was typically labeled
with 121 to a specific activity of 300 Ci/mmol (11000 GBq/
mmol). The reaction yields for “cold” somatostatin ana-
logues were greater than 98% as confirmed by radio-TLC
of an exchange reaction between natural Cu?” or In3~
with ®Cu or 'In, respectively.

In Vitro Receptor Binding Assay. A homogeneous
competitive binding assay was performed using AR42J
tumor membranes, where 8'Cu-DOTA-DY1-TATE was
challenged with increasing concentrations of ™*Cu-DOTA-
DY1-TATE. The ICs value for "*Cu-DOTA-DY1-TATE
was determined to be 1.35 nM, with a 95% confidence
interval (CI) of 1.02 to 1.8 nM (Figure 2A). Scatchard
analysis of the data showed a Ky of 176.4 pM (95% CI
158.4 to 201.3 pM) and a somatostatin Bp., in the AR42]
membranes of 244.4 fmol/mg (95% CI 219.7 to 274.1 fmol/
mg) of membrane protein (Figure 2B).

A competitive binding assay was performed between
four somatostatin analogues vs '!In-DTPA-OC. The
concentration of the radioligand in the binding assays
was 0.05 nM. The ICs, values were 1.78 nM for Cu-
DOTA-Y3-TATE, 4.62 nM for Cu-DOTA-DY1-TATE, 4.8
nM for DOTA-I-DY1-TATE, and 4.87 nM for In-DTPA-
OC (Figure 3 and Table 1). These results suggest that
Cu-DOTA-DY1-TATE and DOTA-I-DY1-TATE have simi-
lar binding affinity to AR42]J cells as In-DTPA-OC, while
the analogue with Tyr in the 3-position has somewhat
higher binding affinity.

Biodistribution Studies. Summaries of the biodis-
tribution data are shown in Figure 4. Rapid clearance of
the radioactivity from the bloed circulation was observed
for both compounds. At all times of analysis the average
uptake of %*Cu activity in tumors was approximately
twice as high as '2] activity (p < 0.03). The highest tumor
uptake of %Cu-DOTA-DY1-TATE (1.515 =+ 0.154
%ID/g) was found after 1 h postinjection, and was 1.247
+ 0.250 %ID/g at 4 h postinjection, suggesting that the
%Cu was residualized in the tumor out to at least 4 h
postinjection. A similar trend was observed for DOTA-
1251.DY1-TATE (0.814 & 0.058%ID/g at 1 h, 0.543 £0.016
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Figure 2. The in vitro binding affinity of ®*Cu-DOTA-DY1-TATE to AR42] rat pancreatic tumor membranes blocked with increasing
concentrations of unlabeled Cu-DOTA-DY1-TATE (n = 6 for each data point).
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Figure 3. Competitive binding assay of Cu-DOTA-DY1-TATE,
DOTA-I-DY1-TATE, Cu-DOTA-Y3-TATE, and In-DTPA-OC
displacing '"'In-DTPA-OC in AR42]J tumor membranes (n =3
for each data point).

Table 1. ICso Values for Competitive Binding Assay of
natCy.DOTA-DY1-TATE, DOTA-"1-DY1-TATE,
natCu-DOTA-Y3-TATE, and "'In-DTPA-OC Displacing
1111n.DTPA-OC in AR42J Tumor Membranes (n = 3 for
each data point)

competing ligand ICs0 (nM) 95% CI (nM)
natCy-DOTA-Y3-TATE 1.78 1.29-2.46
natCy-DOTA-DY1-TATE 4.62 3.28-6.52
DOTA-"1-DY1-TATE 4.58 3.13-6.69
nat[n.DTPA-OC 4.87 3.98-5.96

%ID/g at 4 h) in the tumors. In the rats that received
the co-injected blocking dose, the uptake in the tumor of
84Cu-DOTA-DY1-TATE (0.468 + 0.046 %ID/g) and DOTA-
1251.DY1-TATE (0.323 + 0.016 %ID/g) was significantly
lower at 1 h postinjection (p < 0.02) (Table 2). The higher
uptake of *Cu-labeled conjugate in the tumor compared
to '%I-labeled conjugate may be due to a greater degree
of retention of ®*Cu-DOTA-DY1-TATE in the tumor
compared to DOTA-'%I-DY1-TATE. Since time points
earlier than 1 h were not evaluated for the biodistribution
studies, it is difficult to know whether the uptake of
DOTA-'?I-DY1-TATE in the tumor peaked prior to 1 h.

The uptake in the pituitary and the pancreas at 1 h
postinjection was significantly higher with Cu-DOTA-
DY1-TATE (1.985 + 0.334 %ID/g for pituitary, 1.490 +
0.337 %ID/g for pancreas) compared with DOTA-!25]-
DY1-TATE (1.246 £ 0.160 %ID/g for pituitary, 0.850 +
0.203 %ID/g for pancreas) (p < 0.05). Uptake in the
SSTR2-rich pituitary, adrenals, and pancreas was blocked

with unlabeled DY1-TATE for both the '#°I and %Cu-
labeled peptides, suggesting receptor-mediated uptake of
both compounds in these tissues (Table 2). No appreciable
differences were observed for non-somatostatin-receptor-
positive tissues between rats that received a coinjection
of blocking dose and unblocked rats.

Liver uptake for DOTA-1?5I-DY1-TATE at all times of
analysis was lower than for %Cu-DOTA-DY1-TATE.
However, the kidney uptake of DOTA-'?I-DY1-TATE
(9.761 + 1.036 %ID/g at 1 h, 9.450 = 0.255 %ID/g at 4 h,
8.190 * 0.646 %ID/g at 24 h, 5.921 + 0.880 %ID/g at 72
h) was 3-fold higher than that of #Cu-DOTA-DY1-TATE
(2.888 £ 0.187 %ID/gat 1 h, 2.389 £ 0.202 %ID/gat 4 h,
1.740 + 0.061 %ID/g at 24 h, 1.206 =+ 0.158 %ID/g at 72
h). The kidney clearance of DOTA-'?I-DY1-TATE main-
tained a level of 5.921 + 0.880 %ID/g even after 72 h
postinjection. This high kidney uptake and longer reten-
tion time of DOTA-'#I-DY1-TATE was similar to that of
1251.DY1-TATE and DTPA-'?*I-DY1-TATE (4). This is
most likely due to the longer residence time of the DOTA-
125].DY1 residue in the kidneys compared to '?°I-L-amino
acids. Except for '#°I activity in thyroid, normal tissue
uptake of DOTA-'#I-DY1-TATE decreased throughout
the period.

The highest tumor:blood ratios were found at 4 h
postinjection for both #Cu- and '?*I-labeled DOTA-DY1-
TATE in AR42]J tumor-bearing Lewis rats (7.8 & 1.5 and
8.8 + 0.9, respectively). For DOTA-'#I-DY1-TATE, the
tumor-to-blood ratio maintained at high levels out to 24
h postinjection (6.4 + 1.0), while for 54Cu-DOTA-DY1-
TATE the ratio dropped to 2.6 + 0.6. Tumor:muscle ratios
were similar for %Cu- and !%’I-labeled DOTA-DY1-TATE,
with the peak ratio occurring at 4 h (19.2 + 3.8 and 21.9
+ 2.5, respectively).

The excretion data demonstrated that 59.18 + 21.05
%ID for ®Cu and 64.22 + 19.93 %ID for '®I was
excreted from the urine by 4 h postinjection. By 24 h
postinjection, ~75 %ID of Cu-DOTA-DY1-TATE activity
was found in the urine and feces, and ~85 %ID of DOTA-
1251.DY1-TATE activity was excreted {Table 3).

MicroPET Images. Figure 5A shows the coronal
microPET images of AR42J tumor-bearing SCID mice, 2
h postadministration of %Cu-DOTA-DY1-TATE, with and
without a coinjected blocking dose of DY1-TATE. Uptake
in the neck and thigh tumors was visible at 2 h postin-
jection for the control mouse (left). Conversely, the other
mouse (right) that received a blocking dose showed
reduced uptake at both tumor sites. Prominent uptake
was observed in the liver and kidneys in both animals.
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Figure 4. Biodistribution data of #Cu-DOTA-DY1-TATE and DOTA-'#5[-DY1-TATE in normal and SSTR2 positive tissues (blood,
liver and kidneys, pancreas, adrenals, tumor). Data are presented as %ID/g + SD, n = 5 for each time point.

Table 2. Biodistribution of #Cu-DOTA-DY1-TATE and DOTA-!'#[.DY1-TATE in AR42J Tumor Bearing Lewis Rats at 1 h,

with and without a Coadministration of Blocking Agent?

tissue 84Cu, 1 h 64Cu, 1 h block 1251, 1 h 1251, 1 h block
blood 0.287 + 0.060 0.361 + 0.065 0.354 +£ 0.073 0.434 £+ 0.064
liver 0.705 £ 0.122 0.981 £ 0.199 0.342 £ 0.045 0.352 + 0.036
kidney 2.888 +0.187 3.626 + 0.176 9.761 + 1.036 10.895 + 0.863
pituitary 1.985 1 0.334 0.516 + 0.456 1.246 £ 0.160 0.325 £ 0.208
adrenals 1.369 + 0.291 0.234 + 0.066 1.534 + 0.351 0.212 + 0.036
pancreas 1.490 + 0.337 0.409 + 0.059 0.850 + 0.203 0.270 + 0.024
tumor 1.515 £ 0.154 0.468 £ 0.046 0.814 £+ 0.058 0.323 + 0.016
thyroid 0.307 £ 0.040 0.388 + 0.083 1.357 £ 0.131 1.234 +£0.023

2 Data are presented as % ID/g + SD (n=5).

Four hours after administration of %Cu-DOTA-DY1-
TATE, both tumor sites in the nonblocked animal could
still be easily identified, as well as showing higher uptake
than other normal organs.

Figure 5B shows the microPET images in Lewis rats
bearing AR42J tumors of #Cu-DOTA-DY1-TATE ob-
tained after 2 h postinjection with and without the
addition of DY1-TATE as a blocking agent. Imaging was
performed at 1, 2, and 4 h postinjection. Similar to the

AR42]J tumor-bearing mice images, tumor uptake was
also observed in the tumor-bearing rats. The most
prominent region of #Cu-DOTA-DY1-TATE uptake was
the bladder, due to the rapid excretion of this compound
into the urine. In addition, significant uptake in the
SSTR2-rich pituitary was observed.

Uptake of radioactivity in the tumor, kidney, and liver
measured from the microPET images in the AR42]
tumor-bearing SCID mice and Lewis rats after 2 and 4
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Table 3. Excretion of $Cu-DOTA-DY1-TATE and DOTA-!'?I-DY1-TATE in AR42J Tumor-Bearing Lewis Rats?
64Cu-DOTA-DY1-TATE DOTA-!'#5]-DY1-TATE
4h 24h 48 h 4h 24h 48 h
urine 59.18 £ 21.05 65.36 £ 19.88 66.29 + 20.35 64.22 £19.93 7493 £21.77 77.76 £ 20.34
feces <0.1 9.08 + 9.45 11.12 £ 9.87 <0.1 9.79 + 8.97 12.39 + 5.42

2 All data are reported as % ID + SD (n=5).
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Figure 5. (A) Coronal microPET images of AR42J tumor-
bearing SCID mice after 2 h postadministration of %Cu-DOTA-
DYI-TATE, with and without a coinjected blocking dose (2.5
mCi/ug, left; 2.5 mCi/ug coinjected with 50 ug of DY1-TATE,
right). (B) Coronal microPET images of AR42J tumor-bearing
Lewis rats (2 bed positions) after 2 h postadministration of
84Cu-DOTA-DY1-TATE, with and without a coinjected blocking
dose (2.5 mCi/ug, left; 2.5 mCi/ug coinjected with 150 ug of DY1-
TATE., right).

h postinjection are given in Figures 6A and 6B. In the
SCID mice, the results suggested tumor activity in the
control mice (0.02 xCi/uL at 2 h pi, 0.02 uCi/uL at 4 h pi)
was about 2-fold higher than in blocked mice (0.01 xCi/
uL for 2 h pi, 0.01 uCi/uL for 4 h pi). In SCID mice, the
tumor activity was similar at both 2 and 4 h postinjection.
In the ‘blocked’ Lewis rats, a similar reduction in activity
was observed compared to control Lewis rats. Tumor
activity in the control rats (0.03 xCi/uL for 2 h pi, 0.02
#Ci/uL for 4 h pi) was 2~3-fold higher than in ‘blocked’
rats (0.01 u#Ci/uL for 2 h pi, 0.01 uCi/uL for 4 h pi). These
results agreed with tumor uptake measurements that
were determined by measuring the activity of the dis-
sected tumor in a dose calibrator, where 4.14 + 0.01
%ID/g was found in the control tumor and 1.46 + 0.00

%ID/g was in the tumor of the rat coinjected with
blocking agent. These data confirmed that tumor uptake
was blocked with an excess of DY1-TATE. Moreover,
blocking of tumor activity in the rats appeared to be more
effective than in mice, which probably reflects the
crossover activity from liver/kidney in mice that obscures
the tumor, especially in the blocked mice when measur-
ing regions of interest (ROIs) that encompassed the entire
orgarn.

DISCUSSION

The utility of radiolabeled somatostatin analogues for
imaging and therapy of cancer is well described in the
literature. The majority of newly developed somatostatin
analogues were specifically designed for labeling radio-
metals (/—3). The goal of this research was to design a
somatostatin analogue for labeling both radiometals and
halogens, with the added feature of having the halogen
residualized in target tissue. Here we investigated DOTA-
DY1-TATE, where the C-terminal alcohol of octreotide
was replaced with a C-terminal acid (TATE). This
analogue was labeled with #Cu and '#I and compared
in in vitro receptor binding assays and in vivo soma-
tostatin-receptor-positive tumor-bearing animal models.
Having a somatostatin analogue that allows the ability
for labeling both metals and halogens will allow direct
comparisons of these analogues with the only modifica-
tion being the radionuclide used for labeling.

Receptor binding experiments using AR42]J rat pan-
creatic tumor membranes were performed to verify the
ICso values of the new somatostatin analogues compared
to '"'In-DTPA-OC. Scatchard analysis was performed
with 82Cu-DOTA-DY1-TATE to determine the Ky of
this analogue. The unlabeled iodinated and copper com-

- plexed DOTA-DY1-TATE analogues had binding affinity

that were comparable to In-DTPA-OC while the ICso for
Cu-DOTA-Y3-TATE was about 2—3-fold lower. These
data are encouraging, since it demonstrates that the
binding affinity was not compromised with the DY1-
TATE analogues compared to the DTPA-OC and DOTA-
Y3-TATE analogues. Another DY1 analogue (DTPA-1]-
DY1-0C) was described by Breeman et al. (4); however,
this analogue had an ICsg value vs 251-Y3-OC that was
200-fold higher than '#I-Y3-OC itself.

The biodistribution of %Cu- and '?5I-labeled DOTA-
DY1-TATE were performed in one coinjection experiment
in AR42J tumor-bearing Lewis rats. This model has
several advantages compared to the typically utilized
animal models, AR42J tumor-bearing nude/SCID mice,
and CA20948-tumor bearing rats. AR42J cells grow both
in cell culture and in animal meodels, which allows the
advantage of comparing in vitro receptor binding studies
and tumor-bearing animal studies using the same tumor
cell line. The use of young rats (21 d) also allows the
AR42]J tumor cells to be implanted into immunocompe-
tent rodents, rather than immunocompromised nude or
SCID mice.

Greater somatostatin-receptor-mediated uptake was
observed with Cu-DOTA-DY1-TATE than DOTA-'%I-
DY1-TATE in the pancreas as well as the AR42]J tumor
(p < 0.02), whereas the uptake was similar in the
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Figure 6. Tumor, kidney, and liver activity of ®Cu after 2 and
4 h postadministration of #Cu-DOTA-DY1-TATE generated by
measuring ROIs from microPET images in control and blocked
AR42] tumor-bearing SCID mice (A) and Lewis rats (B). Each
bar presents two animals.

adrenals. However, the liver and blood uptake of %Cu-
DOTA-DY1-TATE were significantly greater than for
DOTA-'#I-DY1-TATE (p < 0.01). The high uptake in the
blood at longer time points and the increasingly high
uptake in the liver was problematic for %Cu-DOTA-DY1-
TATE, suggesting that %Cu dissociated from the DOTA
chelator (21). Research is ongoing to develop more stable
chelators for copper radionuclides that have greater
kinetic stability, and these will eventually be conjugated
to somatostatin analogues (22). It is predicted that
conjugating a chelator to DY1-TATE that forms a more
stable Cu(II) complex than DOTA will significantly
decrease accumulation in the blood, liver and kidneys.

The uptake of %Cu- and !#I-labeled DOTA-DY1-TATE
was not as high in somatostatin-receptor positive tissues
as has been observed for other radiolabeled somatostatin
analogues. Comparisons between the AR42J tumor-
bearing rat model can only be made with CA20948
tumor-bearing rats, since to the best of our knowledge,
uptake of radiolabeled somatostatin analogues has not
yet been reported for the AR42]J tumor-bearing rat model.
Therefore, comparisons with other somatostatin-receptor
positive tissues are presented here. For example, the
uptake of ¥Cu-TETA-Y3-TATE in the rat pancreas was
9.35 + 1.66 %ID/g in Lewis rats (19) at 1 h postinjection,
compared to 1.49 + 0.34 %ID/g for 5Cu-DOTA-DY1-
TATE and 0.85 % 0.20 %ID/g for DOTA-'#[-DY1-TATE.
A biodistribution study of !""Lu-DOTA-Y3-TATE in Lewis
rats showed a pancreas uptake of 10.49 + 1.91 %ID/g
(23. However, the uptake of the DOTA-DY1-TATE
analogues in the pancreas was comparable or greater
than %*Cu-TETA-OC (0.86 + 0.14 %ID/g) and '''In-DTPA-
OC (0.42 + 0.09 %ID/g) (/5). Compared to DTPA-
1251-DY1—-0C (4), the pancreas and adrenal uptakes of
DOTA-'*I-DY1-TATE were somewhat higher (pan-
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creas: 0.85 vs ~0.5 %ID/g, respectively; adrenal: 1.5 vs
~1.0 %ID/g, respectively). This suggests that the octreo-
tate analogues may be superior to the octreotide ana-
logues, which has been previously been reported (2, 3.

Although the radiometal-labeled DOTA/TETA-Y3-
TATE analogues showed superior receptor-mediated
uptake, these analogues do not allow the ability to label
via a residualizing label with radiohalogens. Therefore,
the use of the DY1 analogues opens possibilities for the
radiotherapeutic application of radioiohalogened ligands
in patients with somatostatin receptor-positive tumors.

MicroPET imaging of #Cu-DOTA-DY1-TATE in AR42]J
tumor-bearing mice and rats at 2 h postinjection showed
higher amounts of activity in the liver and kidneys
compared to other normal tissues (Figure 6). The tumor
also had significant uptake and showed good contrast
compared with receptor-negative background tissue in
the neck and thigh tumors of the mouse, and the thigh
tumors in the rat model. In the AR42J-tumor bearing
Lewis rats, the somatostatin receptor-positive pituitary
was visualized, whereas it was not visualized in the rat
coinjected with a blocking dose. Quantification of the
activity in the rat tumor, liver, and kidney was compa-
rable to the relative amounts determined by traditional
biodistribution. The quantification of the microPET im-
ages also demonstrated that the activity in the tumor was
significantly blocked, and this decrease in uptake cor-
responded to the visual decrease in uptake delineated in
the images. These data suggest that microPET may be
used as an alternative to traditional multiple animal
biodistribution studies for screening new positron-emit-
ting radiopharmaceuticals.

CONCLUSIONS

The study presented here demonstrates that DOTA-
DY1-TATE is a peptide that can be labeled with both
metal and halogen radionuclides. The ICsp values for
84Cu- and !'2°I-1abeled DOTA-DY1-TATE were comparable
to 'MIn-DPTA-OC, and these analogues showed soma-
tostatin receptor-mediated uptake in normal and tumor
tissues in vivo. DOTA-'#I-DY1-TATE appeared to remain
in the tumor out to 4 h postinjection, suggesting that the
iodine was possibly residualized in the tumor cells.
Future studies include microPET imaging in the AR42]
tumor-bearing rat model with DOTA-DY1-TATE labeled
with other positron-emitting radionuclides such as "Br,
1241, and ®6Y.

ACKNOWLEDGMENT

The authors wish to thank Lynne Jones, Nicole Mercer,
Mu Wang, Virginia Richey, and John Engelbach for
technical assistance, and W. Barry Edwards, Ph.D.
(MetaPhore Pharmaceuticals) for helpful discussions.

' This research was supported by NIH Grant RO1 CA64475

(C.J.A). The production of copper radionuclides at Wash-
ington University is supported by a grant from the
National Cancer Institute (R24 CA86307 — M. J. Welch,
P. 1). MicroPET imaging is supported by NIH/NCI
SAIRP grant (1R24 CA83060). We would also like to
thank the Small Animal Imaging Core of the Alvin J.
Siteman Cancer Center at Washington University and
Barnes Jewish Hospital in St. Louis, MO for additional
support of the microPET imaging. The core is supported
by a NCI Cancer Center Support Grant (1P30 CA91842).

LITERATURE CITED

(1) de Jong, M., Bakker, W. H.. Breeman, W. A. P., Bernard.
B. F., Hofland, L. J., Visser. T. J., Srinivasan, A., Schmidt,
M., Behe, M., Maecke, H., and Krenning, E. P. (1998) Pre-



728 Bioconjugate Chem., Vol. 13, No. 4, 2002

Clinical Comparison of [DTPA%Octreotide, [DTPA®Tyr3-
Octreotide and {[DOTA®Tyr3]Octreotide as Carriers for So-
matostatin Receptor-Targeted Scintigraphy and Radionuclide
Therapy. Int. J. Cancer 75, 406—411.

(2) de Jong, M., Breeman, W. A. P., Bakker, W. H., Kooij, P. P.
M., Bernard, B. F., Hofland, L. J., Visser, T. J., Srinivasan,
A., Schmidt, M., Erion, J. L., Bugaj, J. E., Maecke, H. R., and
Krenning, E. P. (1998) Comparison of !!'In-Labeled Soma-
tostatin Analogues for Tumor Scintigraphy and Radionuclide
Therapy. Cancer Res. 58, 437—441.

(3) Lewis, J. S., Lewis, M. R., Srinivasan, A., Schmidt, M. A.,
Wang, J., and Anderson, C. J. (1999) Comparison of Four
#4Cu-labeled Somatostatin Analogues in vitro and in a Tumor-
bearing Rat Model: Evaluation of New Derivatives for PET
Imaging and Targeted Radiotherapy. J. Med. Chem. 42,
1341-1347.

(4) Breeman, W. A. P., de Jong, M., Bernard, B., Hofland. L.
J., Srinivasan, A., Vanderpluijm, M., Bakker, W. H., Visser,
T. J., and Krenning, E. P. (1998) Tissue Distribution and
Metabolism of Radioiodinated DTPA(0), D.-Tyr(l) and Tyr-
(3) Derivatives of Octreotide in Rats. Anticancer Res. 18(1A),
83-89.

(5) Yngve, U., Khan, T. S., Bergstrom, M., and Langstrom, B.
(2001) Labeling of Octreotide using Br-76-prosthetic Groups.
J. Lab. Compd. Radiopharm. 44, 561—573.

(6) Gardelle, O., Roelcke, U., Vontobel, P., Crompton, N. E. A.,
Guenther, L., Blauenstein, P., Schubiger, P. A,, Blattmann,
H., Ryser, J. E., Leenders, K. L., and Kaser-Hotz, B. (2001)
[Br-76]bromodeoxyuridine PET in Tumor-bearing Animals.
Nucl. Med. Biol. 28, 51-57.

(7) Ryser, J. E., Blauenstein, P., Remy, N., Weinreich, R..
Hasler, P. H., Novak-Hofer, 1., and Schubiger, P. A. (1999)
[Br-76]bromodeoxyuridine, a Potential Tracer for the Mea-
surement of Cell Proliferation by Positron Emission Tomog-
raphy, in vitro and in vive Studies in Mice. Nucl. Med. Biol.
26, 673—679.

(8) Bennett, J. J., Tjuvajev, J., Johnson, P., Doubrovin, M.,
Akhurst, T., Malholtra, S., Hackman, T., Balatoni, J., Finn,
R., Larson, S. M., Federoff, H., Blasberg, R., and Fong, Y. M.
(2001) Positron Emission Tomography Imaging for Herpes
Virus Infection: Implications for Oncolytic Viral Treatments
of Cancer. Nat. Med. 7, 861—865.

(9) Anderson, C. J., Jones, L. A., Bass, L. A., Sherman, E. L.
C., McCarthy, D. W, Cutler, P. D., Lanahan, M. V,, Cristel,
M. E., Lewis, J. S., and Schwarz, S. W. (1998) Radiotherapy,
Toxicity and Dosimetry of Copper-64-TETA-Octreotide in
Tumor-Bearing Rats. J. Nucl. Med. 39, 1944—1951.

(10) Anderson, C. J., Dehdashti, F., Cutler, P. D., Schwarz, S.
W., Laforest, R., Bass, L. A., Lewis, J. S., and McCarthy, D.
W. (2001) Copper-64-TETA-octreotide as a PET Imaging
Agent for Patients with Neuroendocrine Tumors. J. Nucl.
Med. 42, 213-221.

(11) McCarthy, D. W., Shefer, R. E., Klinkowstein, R. E., Bass,
L. A, Margenau, W. H., Cutler, C. S., Anderson, C. J., and
Welch, M. J. (1997) The Efficient Production of High Specific
Activity Cu-64 Using a Biomedical Cyclotron. Nucl. Med. Biol.
24, 35—43.

(12) McCarthy, D. W., Bass, L. A, Cutler, P. D., Shefer, R. E.,
Klinkowstein, R. E., Herrero, P., Lewis, J. S., Cutler, C. S.,

Li et al.

Anderson, C. J., and Welch, M. J. (1999) High Purity
Production and Potential Applications of Copper-60 and
Copper-61. Nucl. Med. Biol. 26, 351—358.

(13) Rosewicz, S., Vogt, D., Harth, N., Grund, C., Franke, W.
W., Ruppert, S., Schweitzer, E., Riecken, E.-O., and Wieden-
man, B. (1992) An Amphicrine Pancreatic Cell Line: AR42J
Cells Combine Exocrine and Neuroendocrine Properties. Eur.
J. Cell Biol. 59. 80—91.

(14) Christophe, J. (1994) Pancreatic Tumoral Cell Line
AR42J: An Ampbhicrine Model. Am. J. Physiol. (Gastrointest.
Liver Physiol) 266(29), G963-G971.

(15) Anderson, C. J., Pajeau, T. S., Edwards, W. B., Sherman,
E. L. C., Rogers, B. E., and Welch, M. J. (1995) In vitro and
in vivo Evaluation of Copper-64-Labeled Octreotide Conju-
gates. J. Nucl. Med. 36, 2315—2325.

(16) Lewis, J. S., Laforest, R., Lewis, M. R, and Anderson, C.
J. (2000) Comparative Dosimetry of Copper-64 and Yttrium-
90-labeled Somatostatin Analogues in a Tumor-bearing Rat
Model. Cancer Biother. Radiopharm. 15, 593—604.

(17) Breeman, W. A. P., Hofland, L. J., Bakker, W. H., van der
Pluijm, M., van Koetsveld. P. M., de Jong, M., Setyono-Han,
B.. Kwekkeboom, D. J., Visser, T. J., Lamberts, S. W. J., and
Krenning, E. P. (1993) Radioiodinated Somatostatin Analogue
RC-160: Preparation, Biological Activity, in vivo Application
in Rats and Comparison with ['23I-Tyr3joctreotide. Eur. J.
Nucl. Med. 20, 1089—1094.

(18) Foulen, C. F., Reist, C. J., Bigner, D. D., and Zalutsky, M.
R. (2000) Radioiodination via D-amino Acid Peptide En-
hances Cellular Retention and Tumor Xenograft Targeting
of an Internalizing Anti-epidermal Growth Factor Recep-
tor Variant 11T Monoclonal Antibody. Cancer Res. 60. 4453—
4460.

(19) Lewis, J. S., Srinivasan, A., Schmidt, M. A., and Anderson,
C. J. (1998) In vitro and in vivo Evaluation of 54Cu-TETA-
Tyr3-Octreotate. A New Somatostatin Analogues with Im-
proved Target Tissue Uptake. Nucl. Med. Biol. 26, 267—273.

(20) Cherry, S. R, Shao, Y., Silverman, R. W., Meadors, K.,
Siegel, S., Chatziioannou, A., Young, J. W., Jones, W. F.,
Moyers, J. C.. Newport, D., Boutenouchet, A., Farquhar, T.
H., Andreaco, M., Paulus. M. J., Binkley, D. M., Nutt, R., and
Phelps, M. E. (1997) MicroPET: a High-Resolution PET
Scanner for Imaging Small Animals. IEEE Trans. Nucl. Sci.
44, 1161-1166.

(21) Bass, L. A., Wang, M., Welch, M. J., and Anderson, C. J.
(2000) In vivo Transchelation of Copper-64 from TETA-
octreotide to Superoxide Dismutase in Rat Liver. Bioconjugate
Chem. 11, 527—532.

(22) Sun, X., Wuest, M., Weisman, G. R., Wong, E. H., Reed,
D. P, Boswell, C. A., Motekaitis, R., Marteli, A. E., Welch,
M. J., and Anderson, C. J. (2002) Radiolabeling and in vivo
Behavior of Copper-64-labeled Cross-Bridged Cyclam Ligands.
J. Med. Chem. 45, 469—477.

(23) Lewis, J. S., Wang, M., Laforest, R., Wang, F., Erion, J.
L., Bugaj, J. E., Srinivasan, A., and Anderson. C. J. (2001)
Toxicity and Dosimetry of 77Lu-DOTA-Y3-octreotate in a Rat
Model. Int. J. Cancer 94, 873—8717.

BC015590K



[CANCER RESEARCH 62, 445-449, January 15. 2002]

Copper-64-pyruvaldehyde-bis(V*-methylthiosemicarbazone) for the Prevention of

Tumor Growth at Wound Sites following Laparoscopic Surgery: Monitoring

Therapy Response with microPET and Magnetic Resonance Imaging’

Jason S. Lewis, Judith M. Connett, Joel R. Garbow, Thomas L. Buettner, Yasuhisa Fu}ibayashi, James W. Fleshman,

and Michael J. Welch?

Mallinckrodt Institute of Radiology [J. S. L., M. J. W.], and the Department of Surgery {J. M. C.. T. L. B., J. W. F.], Wushington University School of Medicine, Si. Louis, Missouri
63110; The Deparmment of Chemistry, Washington University, St. Louis. Missouri 63110 [J. R. GJ: and Biomedical Imaging Research Center. Fukui Medical University,

Matsuoka. Fukui 910-1193. Japan (Y. F.]

ABSTRACT

Laparoscopic colectomy for curable colon cancer may result in the
development of abdominal wall impl b of di d di
and the favorable environment of the wound site for cell implantation.
Injection of disaggregated human GW39 colon cancer cells into the ham-
ster peritoneum represents a model of tumor spillage that may occur
during dissection, manipulation, resection, and extraction of tumor during
surgery in the clinical setting. Using this well-established animal model,
we tested the efficacy of **Cu-pyruvaldehyde-bis(/V*-methylthiosemicar-
bazone) (**Cu-PTSM) in inhibiting tumor cell implantation in trocar
wound sites. Anesthetized hamsters had four 5-mm trocars inserted
through the anterior abdominal wall. GW39 cells (~3.2 x 10°* cells in 0.5
ml) were injected into the peri through a midline incision. Ten min
later, hamsters were randomized to receive 5, 3, or 1 mCi of *Cu-PTSM
through the same midline incisi High-resoluti tic e
imaging and microPET were used to monitor tumor velume and mor-
phology after surgery. After 7 weeks, animals were sacrificed, and trocar
and midline wounds were harvested for macroscopic and histological
analysis. No macroscopic tumor was found in any of the group treated
with 5 mCi of **Cu-PTSM, whereas 96% of the wound sites in the group
treated with saline had macroscopic tumor growth (P < 0.001). This study
d ates the therapeutic potential of “*Cu-PTSM in inhibiting cancer
cell implantation and growth at doses well below the maximum tolerated
dose, with no signs of toxicity to the hamsters.

INTRODUCTION

Copper-64 [¢,,, = 12.8 h; B~ = 0.655 MeV (19%); B~ = 0.573
MeV (40%)] is a cyclotron-produced positron-emitting isotope (1, 2)
that has utility in both diagnostic medicine (3, 4) and as a therapeutic
radionuclide (5—-8). The technology developed for the production of
54Cu (Newton Scientific, Inc., Cambridge, MA) has been obtained by
institutions in the United States, Europe, Japan, and Canada. %*Cu-
PTSM? belongs to a class of neutral, lipophilic complexes that have
demonstrated rapid diffusion into cells. In experiments using cultured
single-cell suspensions of EMT6 mammary carcinoma cells, 80% of
54Cu-PTSM added was retained within the cells after only 1 min (9).
Recently we showed that the hypoxia-selective **Cu-ATSM, an ana-
logue of Cu-PTSM, has promise as an agent for radiotherapy by
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significantly increasing the survival time of hamsters bearing solid
tumors without acute toxicity (8).

Laparoscopic colectomy is the process of resecting portions of the
colon, using trocars, video laparoscopy, and carbon dioxide pneumo-
peritoneum to minimize abdominal wall access. The use of laparo-
scopic colectomy for curable colon cancer remains controversial be-
cause of the documentation of metastasis at the incision sites (10, 11).
Since 1993, there have been a number of case reports of tumor
recurrence at trocar sites following laparoscopic colon resections (12,
13). The development of abdominal wall implants may be attributable
to bonafide disseminated disease or to tumor cells disseminated by
surgical manipulation and the favorable environment of the wound
site for cell implantation. At Washington University Medical School,
a hamster model of colorectal cancer has been developed that mimics
the implantation of cancer cells following invasive surgery (14, 15). In
this model, injection of disaggregated human GW39 colon cancer
cells into the hamster peritoneum represents a model of tumor spillage
that may occur during dissection, manipulation, resection, and extrac-
tion of tumor during an operation.

The present work is based on the hypothesis that therapeutic doses
of ®*Cu-PTSM could ablate any loose tumor cells within the abdomen.
This idea is based on the evidence obtained in vitro that uptake of
Cu-PTSM in single-cell suspensions is rapid and quantitative as
described above. The present investigation was performed to test this
hypothesis by measuring the ability of $4Cu-PTSM to inhibit the
implantation of loose cancer cells in wound sites following laparo-
scopic surgery.

MATERIALS AND METHODS

Materials. **Cu was produced on a CS-15 biomedical cyclotron at Wash-
ington University School of Medicine, using published methods (2). *Cu-
PTSM was synthesized as described previously (9, 16). Unless otherwise
stated, all chemicals were purchased from Aldrich Chemical Company, Inc.
(Milwaukee, WI). All solutions were prepared with distilled deionized water
(Milli-Q; >18 megaohm resistivity). Radiochemical purity of “Cu-PTSM in
all studies was >98% as determined by radio-TLC.

Animal Models. All animal experiments were conducted in compliance
with the Guidelines for the Care and Use of Research Animals established by
Washington University’s Animal Studies Committee. Biodistribution data in
nontumor-bearing hamsters were obtained by administering *Cu-PTSM (10
uCi) i.p. to 100-g golden Syrian hamsters (Sasco Inc., Omaha, NE). The
hamsters (n = 5 each group) were euthanized at 5, 30, 120, and 240 min
postinjection. Selected tissues and organs were harvested, and weighed, and
the activity was counted on a gamma counter. The percentage of injected dose
per gram and percentage of injected dose per organ for each tissue were
calculated. The laparoscopic model was performed according to previously
reported methods (14, 15). Briefly, anesthetized golden Syrian hamsters (100
g) had four 5-mm trocars inserted through the anterior abdominal wall: GW39
cells (~3.2 x 10* cells in 0.5 mi of PBS) were then injected into the
peritoneum through a 2-cm midline incision. Trocars were then removed, and
the trocar wounds were closed. Viability of cells was confirmed to be 98% at
the time of injection with Trypan vital blue staining.
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Radiotherapy Experiments. Following laparoscopic surgery as described
above, hamsters (n = 7 in each group) were randomized to receive saline or 1,
3, or 5 mCi of **Cu-PTSM. Radioactivity was given within 10 min of surgery
through the sutured midline incision. The hamsters were provided water and
hamster chow immediately after the operation and inspected daily for evidence
of complications. Seven weeks after surgery and radiotherapy, animals were
sacrificed, and trocar and midline wounds were examined for macroscopic
tumor. Wound sites without gross tumor were excised, fresh frozen, and
examined histologically for the presence of microscopic tumor implants. The
tumors were examined histologically ex vivo. using H&E and Mucin staining
techniques (15). The Diagnostic Services Laboratory in the Department of
Comparative Medicine at Washington University School of Medicine per-
formed toxicity analysis on select animals from the 5 mCi-treated animals. The
hematology analysis inctuded hemoglobin, WBC counts, RBC counts, platelet
counts, hematocrit, and differential WBCs. Liver and kidney analyses included
blood urea nitrogen, creatinine, alanine aminotransferase, and aspartate ami-
notransferase.

Imaging. High resolution MRI and microPET (Concorde Microsystems;
Knoxville, TN) were used to monitor tumor volume and morphology after
surgery. Hamsters were imaged weekly in an Oxford Instruments 200/330 (4.7
tesla; 33-cm clear bore) magnet equipped with a 16 cm (i.d.) actively shielded
gradient coil (maximum gradient, 18 G/cm; rise time; 400 ps). The magnet and
gradient coil were interfaced to a Varian UNITY-/NO¥4 console. Magnetic
resonance images were collected weekly following laparoscopic surgery, and
tumor growth was measured by manually segmenting individual slices in each
image and calculating volumes using Varian’s Image Browser software. To
confirm the presence of established GW39 tumors in control animals, 2 weeks
after the initial surgery, select animals were injected with tracer amounts of
$4Cyu-PTSM (200-250 uCi) and imaged on the microPET 2-h postinjection.
One week later, these same select hamsters were injected with tracer amounts
of “Cu-TETA-1A3 (Refs. 3, 7; 200-250 pCi) and imaged 2-h postinjection.
An additional group of control hamsters was also imaged with '*F-FDG on the
microPET at 3, 5, and 7 weeks post surgery. In each imaging session, fasted
hamsters received injections containing ~1 mCi of '*F-FDG and were imaged
at 1 h postinjection. A third group of hamsters that underwent the same
laparoscopic operation (trocar and midline incision), but did not receive GW39
cells, underwent both '*E-FDG-microPET and **Cu-PTSM-microPET as con-
trols. Tumor volume from the microPET images was determined using Ana-
lyzeAVW 3.0 (Biomedical Imaging Resource, Rochester, MN).

Statistical Analysis. To determine statistical significance, a Student’s # test
was performed and a 95% confidence level assumed, with P < 0.05 being
considered significantly different. x* or Fisher’s exact tests were used to
compare proportions and frequency data.

RESULTS

Biodistribution Studies. The data obtained from the biodistribu-
tion of **Cu-PTSM in nontumor-bearing hamsters are shown in Table
1. %*Cu-PTSM exits the peritoneum to enter the blood stream within
5 min to reach a maximum blood level at 120 min postinjection.
54Cu-PTSM is then seen to distribute to all of the organs harvested,
including the heart, brain, and lung, again reaching maximum uptake
values at 120 min postinjection. *Cu-PTSM is cleared through the

Table t Biodistribution (percentage of injected dose/g = SD. n = 4) ar 5. 30. 120,
and 240 min of **Cu-PTSM in nontumor-bearing hamsters

Organ 5 min 30 min 120 min 240 min
Blood 043 =0.22 0.77 = 0.06 081 =026 0.54 £ 0.06
Brain 0.26 = 0.08 0.25 * 0.04 0.85 = 0.32 032 +0.04
Hcant 092 £0.24 077z 0.11 1.83 = 0.57 1.31 2039
Lung 0.88 = 0.28 0.72 = 0.09 1.91 = 0.71 1.04 £ 035
Muscle 0.26 = 0.10 147 =083 0.94 = 0.16 0.66 = 0.18
Liver 0.24 £ 0.08 2742032 556 = 1.37 4.04 = 0.40
Kidney 0.92 £ 0.30 2.69 = 0.41 3.65 =092 2,16 = 0.15
Stomach 0.13 £ 0.04 1.29 = 0.86 250=x320 095 £ 0.15
Sm int” 042 = 0.32 256 = 0.85 3.06 = 0.71 177 = 0.14
Cecum 0.47 = 0.31 274 =107 352=158 3122034
Lyg int 0.27 £ 0.10 1.70 = 135 1.45 = 1.00 2.17 =052

“Sm int, small intestine; Lg int, large intestine.

Table 2 GW39 tumor implantation following therapy with 1, 3, or 5 mCi
of *Cu-PTSM

1 mCi 3 mCi 5 mCi Control
No. of hamsters 10 7 9 10
Total positive sites (n) 37 8 1 35
Total negative sites (n) 8 27 44 0
% Positive 82 23 2 100
Macro cvaluation
Total positive sites (1) 24 4 0 35
Total ncgative sites (1) 21 31 45 0
Tumor volume (g) 028 =022 0.14 =006 0.00* 000 1448 398
% Positive 53 11 0 100
Micro cvaluation
Total positive sites (n) 13 4 1
Total negative sites (1) 8 27 44
% Positive 62 13 2

liver and kidney. Liver uptake is followed by uptake in the intestines
prior to excretion. The uptake observed in the intestines, however,
could also be attributed to uptake by the intact serosa of the bowel and
intact peritoneum directly following the i.p. injection of radioactivity
and not from the normal excretory pathways. It is important to note
that the systemic administration of **Cu-PTSM results in a much
more rapid distribution of the tracer, with peak values being reached
more rapidly and larger amounts of radioactivity being taken up by the
organs examined (8, 9).

Radiotherapy Experiments. There were no premature deaths in
any of the experimental or control groups, and growth of tumors
occurred only at the port and midline incision sites. The results clearly
demonstrated the ability of **Cu-PTSM to inhibit the implantation of
tumors in wound sites in a dose-dependent manner (Table 2). After
treatment with 1 mCi of *Cu-PTSM, 17.8% inhibition of tumor
implantation inhibition was noted, compared with 66.8% inhibition
when 3 mCi was administered. In hamsters treated with 5 mCi of
$3Cu-PTSM, there was no evidence of macroscopic tumor in any
of the animals. Conversely, in the saline control animals (n = 10), all
of the wound sites (n = 35) had macroscopic tumor growth
(P < 0.001). When examined microscopically, the animals treated
with 5 mCi exhibited only 2% tumor implantation in the total possible
wound sites. The doses administered to achieve inhibition did not
produce any signs of toxicity in the animals: the mean weight of the
treated hamsters increased similarly to that of the control hamsters,
and they maintained a healthy physical appearance (with no sign of
scruffy coat or diarrhea) over the experimental period. There were no
significant changes in blood chemistry levels. Animals receiving
H,-PTSM or nonradioactive Cu-PTSM in amounts equivalent to those
in the radioactive studies had survival rate identical to that of the
vehicle controls (data not shown).

Imaging. Magnetic resonance images of hamster abdominal
cavities clearly showed tumor development and growth. The pres-
ence of tumors in the GW39-treated animals was clearly seen in
these images. The uptake of **Cu-PTSM and **Cu-TETA-1A3 in
the abdomen of hamsters as monitored by microPET is shown in
Fig. 14. The images demonstrate that the regional uptake of both
agents in the hamster’s abdomen are in very good agreement,
despite the different specificities of the agents. The size, number,
and location of tumors visualized in these microPET studies
matched well with subsequent histological analysis performed 7
weeks postsurgery (i.e., in each animal imaged, the regional uptake
of the “*Cu-labeled agents as visualized by microPET corre-
sponded to abnormal mass observed by MRI, which was subse-
quently confirmed by histology to be GW39 tumor). The uptake of
'8F.FDG in the abdomen of hamsters as monitored by microPET
was localized in tumors (Fig. 1B) as demonstrated by examining
the magnetic resonance images and, subsequently, the animals at
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Table 3 Tumor volume (g) deiermined by microPET, MRI, und subsequent histology

The valucs obtained by MRI reflect the more sccurate determination of tumor volume
obtained by imaging tcchniques.

Hamster microPET MRI1 Histology
i 0.12 0.15 0.167
2 0.08 0.07 0.074
3 4.2t 498 4.95
4 0.54 0.55 0.562

strated by **Cu-PTSM in cultured cell suspensions (9) make this an
ideal candidate for the studies described herein. In the present study,
$4Cu-PTSM was investigated as a potential radiotherapy agent for the
ablation of loose cells created by surgical manipulation or in dissem-
inated disease. Because of the nonspecific uptake mechanisms of the
agent, it is reasonable to assume that “*Cu-PTSM would not only
discriminate between injected viable cells but also between separated
tumor cells, viable cells such as i.p. macrophages, or cells that have
been liberated from a primary tumor.

The biodistribution data presented in this report demonstrate that
although **Cu-PTSM does exit from the intact peritoneum, it does so
at a much slower rate than that following systemic administration of
the agent (9). The levels of radioactivity in the tissues examined after
administration of **Cu-PTSM are relatively low, suggesting retention
of the radioactivity in the peritoneum, which allows easy accessibility
of the agent to the loose tumor cells introduced earlier into the cavity
in this animal model.

The therapy results clearly demonstrated the ability of **Cu-PTSM
to inhibit the implantation and formation of tumors. The delivery of
the radiotherapy agent was performed [0 min after the inoculation of
cells, a time point that may not be clinically realistic; thus, additional
studies may be required to determine the most efficient time of
administration postsurgery. Following the administration of 5 mCi of
$3Cu-PTSM, there was no macroscopic evidence of tumor at any
wound site after 7 weeks. Furthermore, only 2% of the possible sites
showed the presence of microscopic tumors. This inhibition was
achieved in a dose-dependent manner that did not produce overt signs
of toxicity in the animals. Therefore, the toxicity data indicate that the
MTD for this compound was not achieved and that larger quantities of
radioactivity could be administered safely. In the **Cu-ATSM study
with solid GW39 tumors, animals that received 10 mCi of ®*Cu-
ATSM i.v. displayed a transient depression in WBC counts, platelets,
and liver enzyme levels, but no significant changes in the total protein,
hemoglobin, RBC, and kidney enzyme levels (8). It is therefore not
surprising that the administration of 5 mCi of **Cu-PTSM i.p. pro-
duced significantly lower toxicity than the systemic administration of
10 mCi of **Cu-ATSM. Previous studies showed that targeted radio-
therapy with '*'I-labeled MAb 1A3 (1 mCi) was well tolerated in the
hamster and showed a 47% inhibition of tumor growth in the GW39
laparoscopic model.* ®*Cu compares well with the '*'I data: 5 mCi of
the nonspecific **Cu-PTSM produced 98% inhibition of tumor
growth. Prior to human use, we will determine the MTD of **Cu-
PTSM in an animal model in which peritoneal or retroperitoneal
dissection procedures may yield a more realistic MTD value.

The efficient therapeutic kill noted in this study can best be ex-
plained by the fact that in subcellular fractionation studies, a signifi-
cant portion of the **Cu-PTSM was delivered to the cell nucleus
following uptake (>20% after 24 h; Refs. 25, 26). *'Cu emits a
0.58-MeV B~ particle (40%). a 0.66-MeV B~ particle (19%), and a y
of 1.34 MeV (0.5%), giving a mean range of penetrating radiation of
<1 mm in tissue. During decay by electron capture. the copper

*J. M. Connett et al.. Radioimmunotherapy of colon cancer in a laparoscopic model
using [-131-MAb-1A3, manuscript in preparation.
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radionuclide emits highly radiotoxic Auger electrons with high linear
energy transfer that have a tissue penetration of 0.02-10 um, the
approximate cell nucleus diameter. Therefore, the Auger electrons
would be very toxic if the DNA of the cell is within range (27).
Because of their short range and relatively larger linear energy trans-
fer, low-energy Auger electrons potentially are more radiotoxic than
the higher energy positron or ™ particles. Additionally, **Cu has a
maximum recoil energy resulting from the nuclear transmutation of
the copper ion (from B~ = 7.6 eV; from B* = 9.15 eV; Ref. 28) to
its highly charged daughter nucleus, which may also increase the
cell-killing ability. Copper ions have also been implicated in the
maintenance of the nuclear matrix and in DNA folding (29). It is also
known that the treatment of isolated nuclei with low levels of Cu(Il)
causes nuclear matrix-associated DNA binding and DNA-protein
cross-linking as well as DNA double-strand breaks following irradi-
ation (30). The combination of these characteristics may help explain
4Cu toxicity. It is important to note that because low-energy Auger
electrons deposit their energy in a very small volume and the **Cu is
likely very close to DNA, conventional macroscopic dose calculations
would most likely underestimate the energy imparted and thus the
absorbed dose. A microdosimetric approach to future tumor/tumor
cell dose calculations that accounts for all Auger electrons could raise
estimates and relate more closely to the observed tumor cell kill.

The uptake of **Cu-PTSM and **Cu-TETA-MAb-1A3 in the ab-
domens of hamsters as monitored by microPET was latter confirmed
by histology to localize in established GW39 tumors. This is of
particular importance when attempting to monitor the biokinetics of
the ®*Cu agents and for calculating the absorbed doses delivered by a
therapeutic dose of ®*Cu-labeled radiopharmaceuticals, as were pre-
viously shown possible in studies with solid GW39 tumor (8). It is,
however, important to note that the biokinetics of **Cu-PTSM are
dependent on blood flow. Despite the fact the edges of the tumors are
likely to be well vascularized, areas of decreased blood perfusion in a
metastasis would have decreased tracer retention, perhaps leading to
inaccurate estimation of tumor volume with microPET. Moreover, for
imaging purposes in this particular study, the use of **Cu agents to
monitor tumor growth and response may not be appropriate: repeated
administration of small amounts of **Cu for microPET imaging may
lead to tumor regression, leading to an inaccurate assessment of
therapeutic efficacy of the drug under investigation. Therefore, in this
study, the use of the nontherapeutic '*F-FDG was explored to monitor
the biochemical responses of the tumors to treatment. Historically. the
assessment of tumor geometry and volume has been by the use of
caliper measurements. Not only is this mode of measurement limited
by the tumor’s irregular shape, it does not yield any physiological
information during radiotherapy experiments. In the present study,
MRI showed the presence GW39 tumors in trocar sites in the abdo-
men of animals and allowed for more accurate determination of tumor
volume compared with the microPET results (Table 3). The use of
microPET for volume determination, although accurate for small
tumor masses, displayed large discrepancies with larger tumor vol-
umes, presumably as a result of extensive tumor necrosis not visual-
ized by '®F-FDG-microPET (Table 3). The use of MRI for volume
determination allows for the inclusion of all tumor tissue, including
necrotic, that may not otherwise be visualized with the radiopharma-
ceuticals used in this study.

MRI and microPET experiments using '®F-FDG, demonstrated that
the abdominal tumor could be easily detected and that growth could
be monitored (Fig. 18). Furthermore, '*F-FDG imaging contirmed the
growth of tumors at the sites of trocar placement and midline incision
(Fig. 1C). The use of histology further confirmed the presence of
tumors, but most importantly identified the presence of microscopic
tumors that could not be delineated with the imaging techniques.
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MicroPET images in conjunction with MRI imaging yielded informa-
tion and data not normally available with the use of caliper measure-
ments. These resuits indicate that microPET and MRI can help deter-
mine overall treatment effectiveness and monitor therapeutic response
and, as such, form a powerful combination of imaging modalities that
will find broad application in the characterization of disease states and
the development of therapeutics.

Radiotherapeutic effectiveness depends on radioligand delivery to
and subsequent accumulation within the cell. Unlike many other
radiopharmaceuticals that rely on the high accessibility and up-regu-
lation of antigens, ®*Cu-PTSM is a nonreceptor-based agent. Thera-
peutic quantities of ®*Cu-PTSM inhibited GW39 implantation in
wound sites with no acute toxicity. In the laparoscopic study, the
administration of ®*Cu-PTSM into the abdomen produced rapid up-
take and ablation of loose tumor cells, resulting in significant reduc-
tion of tumor implantation at wound sites. Additional work is required
to study the effects of different levels of tumor burden, timing effects,
and the quantification of normal tissue dosimetry. This was a proof-
of-principle study to examine the use of **Cu-PTSM treatment as an
adjuvant therapy for the inhibition of tumor cell implantation follow-
ing surgery and not for the treatment of existing primary tumors.
Future work will include investigating whether the rapid uptake
kinetics of ®**Cu-PTSM could also allow this agent to be used for the
treatment of accessible tumors by direct intratumoral delivery or for
treatment of cancer in the peritoneum, e.g., ovarian tumors, ascites, or
carcinomatoses in colorectal cancer (e.g., as a means of reducing local
and pelvic recurrences).

In conclusion, addition of **Cu to the radiotherapy arsenal is both
useful and innovative because it allows accurate monitoring of drug
distribution and biokinetics through concurrent PET imaging. This
study has demonstrated the therapeutic potential of “*Cu-PTSM in
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