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VISUALIZATION OF PROSTATE CANCER WITH "'C-CHOLINE
POSITRON EMISSION TOMOGRAPHY (PET):
LOCALIZATION OF PRIMARY AND
RECURRENT PROSTATE CANCER

Toshihiro Kanpa', Kazuaki Nakacowmr', Syuichi Goro' and Tatsuo Torizuka”
YThe Department of Urology, Hamamatsu Medical Center
2Hamamatsu Positron Medical Center

A total of 33 ''C-choline positron emission tomography scans for 23 patients with prostate cancer
were performed to elucidate the localization of primary site within the prostate gland (primary group)
and of recurrent site after radical treatment(recurrent group) from 2000 to 2005.
one scan for benign prostate hyperplasia and 3 scans for bladder cancer were also studied. Mean PSA
values of 14 scans in the primary group and 19 scans in the recurrent group were 39.8 ng/ml (range 1.6-
150) and 5.0 ng/ml (range <0.2-11), respectively. The primary cancer could be visualized as a hot

As a control group,

spot within the prostate gland in 10 out of 14 scans and histopathological analysis of biopsy and
prostatectomy specimens verified the correct laterality. Positive scans were demonstrated in 2 out of 4
local recurrent sites, 4 out of 4 lymph node recurrent sites and 4 out of 4 bone recurrent sites with a
mean PSA value of 6.22 ng/ml(range 2.3-11).
positive spot was demonstrated. These 4 scans consisted of 2 false negative and 2 true negative
studies. ''C-choline PET seems to be useful to detect primary prostate cancer and could play a
complementary role for conventional imaging methods in recurrent site staging.

(Hinyokika Kiyo 54 : 325-332, 2008)

Four scans with a PSA value of 2.3 ng/ml or less, no
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Table 1. Characteristics of 23 patients
N/scan n/scan  Age (mean) PSA (median) (ng/ml)
) PBx: 1 time 7/ 7 69.4 16.7
Primary group 13/14 .
PBx: 2-6 times 6/ 7 64.5 38.0
Post RRP 6/14 67.7 4.6
Recurrent group 10/19
Post EBRT 4/ 5 67.5 5.7

PBx : prostate biopsy ; RRP: radical retropubic prostatectomy ; EBRT : external radiation therapy

Table 2. Characteristics of primary group and control group

* Primary group

PtNo Age (Yr) PSA (ng/ml) Clinical stage Tumor grade ~ atcrality nggﬁlg;/og{alggt PET (SUV) ~ Frimary
1 65 39 c¢T3NOMO Poor Bilateral Right 2.99 HT
2 55 38 ¢T1cNOMO Mod Left Left 7.64 HT
3 7 28 cT1cNOMO — — Right 10.34
42 Right 12.13 HT
4 64 150 c¢T4NIMO — — Bilateral 7.44 HT
5 63 23.8 pT3NOMO Mod Left Left 4.02 Neoadj+RRP
6 64 92 cT1cNOM1 — — — 3.27 HT
7 76 6.9 cT1cNOMO Well Left Left 6.2 HT
8 75 1.6 c¢T3NOMO Mod Bilateral Central HT
9 54 4.4 c¢T1cNOMO Mod Left Left EBRT+ Brach
10 74 54 cT1cNOMO Poor Bilateral Left 3.97 HT
11 83 16.7 c¢T3NOMO Well Right — 3.8 HT
12 59 51 ¢T1cNOMO Mod Right — 4.08 HT
13 70 10.3 pT3NOMO Mod Bilateral Right Neoadj+RRP
¢ Control group
Control No Age (Yr) PSA (ng/ml) Histology of prostate Laterality of hot spot : prostate PET (SUV)
14 74 0.9 Benign hyperplasia Right 3.46
15 63 1.3 Benign hyperplasia — 2.27
16 69 11.3 Benign hyperplasia — 3.79
17 69 1.4 Benign hyperplasia — 3.02

Neoadj : neoadjuvant hormonal therapy ; RRP : radical retropubic prostatectomy ; EBRT : external beam radiation therapy ; HT :

hormonal therapy ; Brach : Brachytherapy.
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Table 3. Result of ''C-choline PET for primary group and control group

N/scan SUV (prostate) SUV >3.8 (%) Hot spot (%) PSA (ng/ml) Scan SUV (mean) Hot spot (%)
0-10 3 6.2 3 (100)
. 10-30 4 6.1 3(75)
Primary group  13/14 578 (2.99-12.13) 9 (64) 10 (71) s050 5 e 5 100
50< 4 4.7 1(25)

Control group 4/ 4 3.19 (2.27- 3.79) 0(0)

1(25)
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Fig. 1. ''C-choline PET image of patient No 7
with newly diagnosed prostate can-
cer. ''C-choline PET showed hot spot in
the left lobe of the prostate gland which
was proved to contain cancer nests by
biopsy.
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Table 4. Characteristics and results of local recurrence group
. . Nadir S
PSA1 Primary PSA2 Bone MRI ~ PSA3
1{? é;e) (ng/ treat-  TNM stage Grade ?Sé (ng/  PET SUV DRE scinti- (pel- Biopsy ?ecotndari (ng/
0 r m%) ment rrr11 m% graphy vis) reatmen m%)
, 33 Posi-ogg9 No o wel  EBRT 20
18 71 44 Neeadi o proNoMo  well 2.0 v -
+RR P ' Posi- Nor-
6.5 Con 407 00 Neg  —  — HT 0.5
57 Posigpr NONeg  Neg  —
81 Posi- 1.94 Nor- o Posi- o
' tive mal tive
19 61 — RRP pT3NOMO  Mod <0.6 Posi Posi
osi- _ _ osi-
80 Ty I8 tive HT
<02 Neg — — — Posbo <0.2
Neoad: 49 Neg — — Neg — —
20 73 21 TRRP pTNOMO  Poor 06 o1 N Posi-  Posi- HT+ ol
- 8 tive tive EBRT :
Neoadj - Posi- _
21 39 15 +RR pT3NOMO  Poor <0.2 1.32  Neg tive 2.0

PSAT1: Serum PSA before primary treatment; PSA2: serum PSA at entry study; PSA3: serum PSA at follow-up after study;
Neoadj : neoadjuvant hormonal therapy ; RRP : radical retropubic prostatectomy ; EBRT : external beam radiation therapy ; LNs:
Lymph nodes ; HT : hormonal therapy.

Table 5. Characteristics and results of lymph node recurrence group and bone recurrence group

Pt Age PSAI Primary Nadir psay See PSA3
N (\gc) (ng/ treat-" TNM stage Grade () (ng/ PET  SUV DRE Bonescinti MRI/CT 7% (ng/
0 m%) ment m mlg) ca m%)
: 2.9 Rtiliac LNs 3.24 N N —
22 60 43 NSO cT3BNOMO Mod 03 A LA % % B
5.7 Rtiliac LNs 6.23 — — Rt iliac LNs 0
1 7% b 248  — 7% b Bililiac LNs HT
23 70 14 +§BTRT ¢T3NOMO  Poor 0.7 Rt iliac LNs 7.84
Lt iliac LNs 4.27
. 8.7 Ltiliac LNs 845 — VLCL;?;E;‘}‘; Ltiliac LNs HT <0.2
24 66 25 NSO (T3BNOMO Mod 0.4
Lumbar 976
vertebra :
: 2.3 Thé 334 N Neg N HT
25 70 103 YA pTINOMO Mod 0.2 8 8 8
<0.2 Neg - — — — <0.2

PSAT: Serum PSA before primary treatment ; PSA2: serum PSA at entry study ; PSA3 : serum PSA at follow-up after study ; Bone

schinti : Bone schintigraphy ; sec.

treat : secondary treatment ; Neoad] : neoadjuvant hormonal therapy ; RRP : radical retropubic

prostatectomy ; EBRT : external beam radiation therapy ; HT : hormonal therapy ; Rt: Right; Lt: Left; Bil : Bilateral.

Table 6. Characteristics of biochemical recurrence group

. Nadir
PSAL Primary e ,

o é;e) (ng/ treat- TNM stage Grade f S (PS/AQI) PET DRE Bone  scinti- \py - piopsy  Secondary (PS/A?’D
o r m%) ment rl;%) ng/m graphy reatment (ng/m
) 1.3 Neg Neg — — —

26 72 18 N pTINOMO  Mod <06 43 Neg — — - =
6.2 Neg Neg Neg Neg — HT <0.2
27 74 36 il cT3NOMO  Mod 076 463 Neg — — - HT 0.4

PSAL: Serum PSA before primary treatment; PSA2: serum PSA at entry study; PSA3: serum PSA at follow-up after study;
Neoadj : neoadjuvant hormonal therapy ; RRP : radical retropubic prostatectomy ; EBRT : external beam radiation therapy; HT :
hormonal therapy.
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Fig. 2. ''C-choline PET images of patient No 19
after radical prostatectomy with a local
recurrence (A : PSA value of 5.7 ng/ml, B
PSA value of 8.1ng/ml). Following
hormonal therapy, the uptake of ''C-

choline diminished to the background
level (C).

Fig. 3. ''C-choline PET images of patient No 22
after external radiation therapy with a
recurrence of right iliac lymph nodes (A :
PSA value of 2.9 ng/ml, B: PSA value of
5.7ng/ml). A: The physiologic bowel
uptake was confusing on evaluating
recurrent site.
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Fig. 4. ''C-choline PET image of patient No 25
after radical prostatectomy with a
recurrence of 6 thoracic vertebrae.

Table 7. Result of ''C-choline PET for recurrent

group

N TR sy
Local 200 i) 38 6
LNs 4 4 (100) (3.29;'98.45) (2.9—7i11 )
Bone 3 3 (100) (2.4%'???.34) (2.37151 )
L

LNs : lymph nodes.

hot spot (37K L Tz,

F3EHEI2R 2 C-choline PET 0RO F &%
Table 7 1Z7R3. ) ¥ SHITRSE 4 @A, B33 &
139X C "C-choline PET |2 & Y M T HETdH - 722°
JRATESE 4 Bl 9 B, ''C-choline PET 12 THiH &
72013 2BIDHTH - 72, 'C-choline PET [k /EHT
56 2 fE o PET #4514 PSA fiE i 5. 14 ng/ml
(1.32~9.1) <, Zhix PET MGRATFS 2 6 o
SE¥ PSA fi 6. 32 ng/ml (3.3~8.1) LAEIFIEL &
Mo 7z FEEEICHY 5 C-choline PET 13 255 14
10/19 scan, 1%B51% 0/19 scan, ELF&EME 2/19 scan, %5
4 7/19 scan CTR&JES8. 8%, JFEE100% TH > 7.
PET 1% 9 scan O Hxf§H: PSA fEI3°F¥ 3. 53 ng/ml
(<0.2~9.1), PET B¥% 10 scan OHx{%HF PSA fli
6. 22ng/ml (2. 3~11) THo 7z, HfEE: PSA
2.3 ng/ml DUFTlid PET FatE6lid % <, PSA 2.3 ng/
ml LU Cld AR 2 scan (PSA 1.3, 1.32ng/ml), EH
Fatk 2 scan LW ) FERTH o 72,

PIFERE, WG, BHENEA DY TRPHRINE 12/37
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T %. ''C-choline [Z/RHHEIEA FDG & 5% ) 1312
BoOzVERESRTEYY, LRE T b Ro Pk
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BT SZ BRI O B A % B & L 72 ' C-choline
PET OFHAMICHE L TR FZHERORMI D 5.
Hara 5%, Sutinen 5% 123737 BARAHE 2 & 0 B ESG
2512 'C-choline YT 2 7200, R RRAEKIE &
B 37598 o ' C-choline PET @ SUV 2SE#H L, 57
DEEL WEHE L TWA, L2L, Y, Hara
5%, Jong 5%, Scher 57 O # % Table 8 I2F &
WAL, SUV 2SEHET A0 13 H 5 050 BAZHI LR
FEIZBWT SUV B EWEER A, YETIcBWTid
SUV >3. 812 TaBIRISZIERESI T dH - 7245, Mok
HIZBWT3H SUV >3.812C, Table 8 IZ/RT X912
J&JE59. 5~84%, FFEFEE6. 7T~100% &) FERT
Ho 7. F 7z, Jong 5Y ) Scher &7 13 B 37 B A A
JiE, FUAZPRIE 7 &0 BIERZEIZ BT hot spot &R
FTHESFIET 525, BRI B W THIZIRA IS
hot spot % 528 % H &1 <, hot spot Z 78D % {5
MEVH)EWNZIE SUV ICX 288z es 2
LCBMAESEE S EHME LTV A, Jong 5V i3
25111244112 hot spot % 7%, Scher 5713 SUV 3.3
% cut off &9 % &JKEET0.3%, SFEE 57. 1% THo
7273, hot spot |2 & 5 B IFZ W % Bk 5 & & £ 86.
5%, FEHEE 61.9% T THRMRIEMS M L Lz L HE L
TWb. K CIRIESB D% <, FI5EIEEEN
EEToAE L ELLVWIRY 25 2 75,
SUV 3.8% cutoff & L, hot spot D #: & P THES

T2 L. 9%, FEREETS% F TR AN L
TBY, FE Il L -mnEREL RO 7.

HISZBRAI @ hot spot & T SIS D J TE D BIFRIZBY L
T Jong 5V I3 YA & MR R R A, HEICH
TR L, 25811244112 hot spot & Rl 2> & ¥ % 1
WMLz #HmE L Twa, LiRECd 86l 8 F R X
DIEDHH E 7z, Hot spot DJRTE & Bl HE O JRTE
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D7 OVNTFF 2 BIEO DT L D E F L, FT4ERK
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DRIIEMIZ BT % BFE% sextant biopsy 2177 6
AR5 MeET L 7235 454 5 5. Farsad 5% 1336
B, 35617 Ed 1 DOBDORIEIZ—F L2
hot spotZ # i L, Reske 5 1E 2641411 BV THIT
PdE DO RAE & PET/CT 12X 2REIZ—F L Twiz &
WL Twb. Testa 5213 PET/CT & MRI, MRS
(magnetic resonance spectroscopy) * [L#Z L 72354,
JEEEIZ MRS 1245 5 D3R EE X MRS L D) o Tz
LS L7

FR S PR 7 B O RGO B SR AL O I B
L T ""C-choline PET 1213 —E D LIEIHLET 5
Picchio &'V 13100/ o> B 32 B3 433 & 72 13 4F R A
FFSREBIIC AT LY PSA 6.57 ng/ml 12T ''C-choline
PET %#47-7:. MRI, CT, B> > F 7574 —%&
D WG W CH I AL TTRE T & - 7249610 9
% C-choline PET 125\ T4 B AL O W (51T & 7
FROFSEHALCER 2RO, T o 8 R
36T, '""C-choline PET 1351 TH 72 LA L 2
Bl MRI 7% & CTHRIEE N2 o 2R E C-
choline PET (&M i L 2 72 & #iti5 L CTwv A, Jong
5121322150 > B HT S MR AR VG R\ S & & 7
L 7256125k L "'C-choline PET %#17-72& 2%, 12
BICHIEMM ZMETEETH- 728 LT w5, e
choline PET F&: o fiE Bl 4Bk As < & FEISHRAL %
R T & R WAL BEFIERN TH - 72 LB L Tw»
L. FHEFIIBWTORAHE4FIOH L 26, B&
UM % & O CTHEIM 2 B C & e d o 72 2 JEH)
12T "'C-choline PET |2 TR Z M T & 2%

Table 8. Reported articles of visualization of primary prostate cancer by ''C-choline PET

Present study (n=18)

Hara, et al. (n=14)

Jong, et al. (n=30) Scher, et al. (n=>58)

SUV PCa 5.8 (2.9 -12.1) (n=14) 3.9 (2.9-4.8) (n=10) 5.0 (2.4-9.5) (n=25) 4.3 (2.2-9.8) (n=37)
BPH 3.2 (2.27- 38) (n=4) 28(1.9-3.3) (n=4) 23 (1.3-3.2) (n=5) 3.3 (1.4-4.7) (n=21)
P 0.022 0.007 0.001
PCa 9/14 (64.3) 6/10 (60) 21/25 (84) 22/37 (59.5)
BPH 0/4(0 0/4(0 0/5(0 7/21 (33.3
SUV (>3.8) . /(0 /4(0) /5 (0) /21 (33.3)
Sensitivity 64.3 60 84 59.5
Specificity 100 100 100 66.7

PCa: prostate cancer ; BPH=benign prostate hyperplasia.
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Mo zhs, ) YoNHE, B TSSERAIE EE P TTRE T
Hotz. FO%DITIE MR &b BHNHHE 2B L
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H¥nr#Ez5Mn, %72 "C-choline PET OHIZ L -
THE EN-BEREDHAIET S Z EH 5, Picchio
5T 5 £ 512, ' C-choline PET 12 MRI,
CT, B> F7 7 74— EOMEZW T 5
BERHDHEEZLND.

"'C-choline PET 1252 % vw—HE L T,
Kotzerke 5'3 13 PET camera @ ZERIf#{£1EAY 5 mm
BT, lem LFO/NS 2 EREREZHRIBTE 20
FEBIDSEAES 5 2 &, Husarik 5" 384 88 E A58
BT 2 EBNICB VT PET O A TIIHZE DM A
LWIEBIDSHFEAET A2 & ZHE L Tw b, Krause
519 Wachter 5'%12 ""C-choline PET/CT 1= X ) 1%
BPIEB 2S5 L LTwb. Krause 513634
DAL DO FIEREHNIZ BT, "C-choline PET
HCT ORI MINIKE1Z44% TH 5 25 PET/CT
W2EN56%FChELAE L, ZOEKIZERNZ /N
WOHEFRE L) I~ OIFIER 2 EITTRETH - 72
720 L HE LT A, Wachter 5 ' 1350% 0w G
HEEROFIEGNIH L 'C-Acetate PET/CT & L < I
PET/MRI % 17Vvy, "'C-Acetate PET Hijh T3 12f#
DR EP AR LER L, 2O »SEHIS)»
R 7 £ REH L L 724, §XT PET/CT, PET/
MRIIZX W ERTRETH /2 HiE L T b, Kk
o BWTHBEM L % 5 72 "'C-choline PET scan 1%
PET/CT THITHIFESHIL S T2 REMER,
No 22 OV ¥ /SEiFF58 28 %% PET/CT 12 & 0 A3 Y
T /NG DERE L IR ICHE T E 2 TREMEDSH B L E R
S5,

A TIE PSA 2.3 ng/ml LLF, Jong 5213 PSA
5.0 ng/ml LTI THIEME B S h o 720§
SR A R O R T SS9 4 salvage radiation
therapy (& PSA 1.5 ng/ml LLFCf79 & L AR S L
B, ZoMIZB VT 'C-choline PET o4 itk
ZRE TV v, 3T4E ' C-choline PET/CT T,
o PSAfEICBWTH WA MITTEETH S &
T B HENHEAET S, Husarik 513 PSA <2 ng/ml

Table 9. Reported articles of re-staging prostate
cancer by PET/CT in low PSA level

Husarik, et al. Krause, et al. Vees, et al.

N 14 22 29V
PSA (ng/ml) <2.0 <1.0 <0.8
Sensitivity (%) 71 36 50

1) Patients with local recurrence after radical prostatectomy.
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