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BEBREBEAFUTAEE  BNASGETAATRAS
A BFR—ARFINETFRYBERELTTHER
& &R % & 4 : "F-FDG ~ ""F-NaF ~ ""C-acetate ~
"'C-choline /"*F-choline ~ ®*Ga-PSMA ~ "F-fluciclovine ¥ °

WA K G BRI G 69 ) F RS AR B
Bk E T4 PF-FDG #H4 ER R AL 69 48 A 2 B IR
#] > 12 FDG 7T R 2 845 b X R iR B A 44
RE7H4E P2 AEER » 4 B AR 4542 © "C-acetate XA
Bk B E T EREF RN R LT R ERE
ik B R A E o "C-choline #2 "*F-choline ¥ 1& 74 & %
#% % PSA R E A7 % PSA 3§ 69 F AR B 4 £ B2 A2
Fo & AL A 09 AR Bl SO M Ao 4 B4 R 4T o “F-Fluciclovine
AR ABRBMY o £ ARG HELT M -FED
"'C-choline » & ¥ 4% FDA k. F 754 RIAL 2 b4
5% ° $2 "C-choline ## "*F-choline 48 ¥ » ®Ga-PSMA # #&
& F TR PSA IR EAK B A 8 A AR F A SO o s Ih
*Ga-PSMA T A%t ""Lu & Y 1232 PSMA i & 1% ¥
By ARG Rl AL RS R RBEAR 5] -

Wit % B R G B R 44 > "F-NaF PET/CT $2
“"Te-MDP B #iF#mi » ARBFTRBS T RLAE
AT ETERE - {2 L PET 38 55 R 6945 R Atk » &
HEEAHRTL  BEARKAKER -

BEIREE - E TP - WAME ~ A HMRAE ~ "F-FDG ~
"E_NaF ~ ""C-acetate ~ ""C-choline /"*F-choline ~ ®*Ga-
PSMA ~ "F-fluciclovine
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T
REENR SRR SR - A VLRI Ay —{E &5
B BN - AIRYE AR RS T T o S

Bdee 2 1k RURE » RIR AT AEEAER A AT 108 1K
FRRETETCZR > Hh e e B+ KIE S /% » SR AR
AT B AIET 13.1 A [1] o 5 D 15 S8 B2 e fE A
BASE T 26 — KB RIAL » 2020 4t 31 50 8 # 1iE 9 141
191,930 f4l » fHEFETC A8 33,330 f4 [2] - FEZEBEERHL
e > fEALFIHEE (digital rectal examination, DRE) F| &
RS ER & ~ #81E 15 85 I (transrectal ultrasound, TRUS) ~
% 2 W fi 4R 3& % (multiparametric magnetic resonance
imaging) B BRI S R B R R AR B2 E A 4
AE MR R GRS T B AR -

AR B BTER i e e A FSE A0t PET/
CT % 1 5 7 P A 25 7 9 8 Mo e P 22 0 s R 9 I FH (R
fE -

HREEMR

BRI — B NI RREE o (LA R R
BEERER L TT - ERGHT7T BAEREE T 77 - RS RE
R 3 2 300 308 PR TS YR s R < ) 8 TR S o B IR 17
F Y RE R REEE I o FETR RS 0T LU AE ~ SR
ELOER NG o 58 A S A5 (0 12 L ) 38 2 ' el —
Fii7R o

i 36 R E R AL P B Y b 2 IR (epithelial
acini) AHAYE o #°T-AT A BB IR s (91140 2 FR R R A
ReL 7 A O R o A A A ~ RIS b B2 R ~ R N
Fo ~ RS AR RS ) 23 WA RS (WHO 4348 2016) §%
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B— : SRS

BRI ENR (PSA) B ERED

A AR R S PR (Prostatic Specific Antigen, PSA)
BT 2 a5 S S BRI B e G IR 8L -
PSA 72 Hif a8 b R AR ey Rk s - ERRH
BIRS R AL A0 o SH b R R - (S mdkose E YRS
BIEFEAFH - PSAREEE LBZHMETEH%
VEMYOT (ng/mL) BN > REGEIEN RATAEVIFEEE -
PSA B - bt i mps st ok o (H3IE A
RE TG PSA BUE BT - R SRR EE R Y]
NLFIFEEZ2 VA FTREERL PSA IRFE BT [4-6] ©

T $ik 74 I I8 10 o0 e 5 T - R BE D S B AR EF o)
(Gleason score) MR o MR AREIE R FEERAKE R TR
1 (hematoxylin and eosin stain) Y] H AR RS R AH A
R 7y SR (grade) » Hoop B FLIEZEAR  HESITT i
BORIEH » U RCEAE B 1 (grade 1) » THES )T
A ERL » LR BAE B 5 (grade 5) © %
RELEE — KIEFE W AR S B AR 7T B (Gleason
score) © MBS » U Fr S B AR 70 BT B RS P bt
PRIETER o A% HLAR 7 B 7 DL 8 i PRI B R LA
BB 6 LT A o {EEBEERGZE® (American
Joint Committee on Cancer, AJCC) Ff#l| € BEAE 57 HAR #1
TI¥r AsCC 25 /Ui (7] Hral A T AR B EE (Gleason
grade group) A& BLARIF /At 755 5 B ©
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&”—  FREAG BT

Grade Group Gleason Score Gleason Pattern
1 <6 <343
2 7 3+4
3 7 443
4 8 4+4, 345, 5+3
5 9or10 445,544, or 545
imREERREHY 0 HY

FEEAE 73 H S A0 8 R 5 8 ] o 5 S e i 08 52
HIREHE T 1 o MRIG SEBIEIE & & B & (American Joint
Committee on Cancer, AICC) H) TNM 7 HA% 4% [7] » #H#E
IR AR « MR K NBER DR L A& (T) » 7 vk (L
LN - A EEEmEE M) - DUk i IR R YU PSA
TREE R > A& BRI EIT 0 o T BB 2 A
— o 2 MR AR 55 45 R A o 2 R U7) P LR P 1 T 4T
AR R AR RS R FRESERIR T 2 (A o) « F—H
FFMTYIBR B R AR & OB T BRI (555 pT) ©

WREFARIE (N) 72 850 F © NX L HE DA Ik 2
5% ~ NO R RS AL N1 Ak iER - 5 8EiniEs
M) 77157 £ MO T g i A% A ML s i RS - M1 X
ALY £S5 Mla SR ERKELERS ~ M1b B 88 ~ Mlc H AR
B R T E EREER -

FH S TNM EEPR 70 A IR & {5 AR (understaging) »
1M EL PSA BfiEl 5o 4% B 7R o5 8 A th o 52 B 4 o e 7
% o R AJCC 565 /\ Wt il & 1 PR I 9 TNM 73 11 ~ s
(1] PSA Bl e iR U g AR 0 8 0 g e
VYA (stage group) » ANFEPYAT/R o

HERENEREEEE

1 48 IR ) A W B 3 BRI IR PR i R A (L AROK
R8P 1 G T o 5 5 1) v 5 12 B M 2 BRI T 12 o 228
(castration-resistant prostate cancer, CRPC)%H AJfE °
— M LE 1R P i B I A R MR U (PSA)
BEF SR &% &R &E 5 & K (transrectal
ultrasonography, TRUS)A [ &Y 7 Uk ta 2 » #HEH%0
RRASY) v R FH S AR AT A o 38 b A HUER O AR AN
MAR - WA EREER ITRE - 5 A FsehE H R E
HokE 5 R YY) P BB B 40 % ) eta 2R - 38 mlHE
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K HFIR T 778 (cT)

T Category T Criteria
TX VAR AR e
TO R[5 28 1 e A
Tl HLFA+E32 Bl 5 G B o S DA RE N e

Tla TR A A AR IR - 1 5% LI
Tlb TR A A AR S IR IR - 15 5% LLE
Tlc SRR 2 IR AR T — (R 3 o {1 25 i e
T2 REseR ) FRAE S AR 1Y
T2a MR 1 Sl i e —ZERY 12 DI
T2b FEEE T R R L —2ERY 12 DL - {H{ERR—3E
T2¢ TR 2 A 9 A o e
T3 fER U 2 A AR
T3s AR IR P Y (BRI SCEE )
T3b MR 1= LN
T4 BRI AUGERE T LI AT AERE » IATSMREERINL » 05 - BEE s a7 he

]/=RET 7 (pT)
T Category T Criteria
T2 {ERR R A
T3 WML
T3a TSRS MEIR (B ) B T RIUBE
T3b T JRR (=D ks
T4 FEIRR AU NS FE IO AS A » BIA0OMERIERINL - e - el alig 2 e

_M0 - FEEENE

T N M PSA Grade Group Stage Group
cTla-c,cT2a NO MO <10 1 1
pT2 NO MO <10 1 I
cTla-c,cT2a, pT2 NO MO >10<20 1 A
cT2b-c NO MO <20 1 A
T1-2 NO MO <20 2 1B
T1-2 NO MO <20 3 IIC
T1-2 NO MO <20 4 IIC
T1-2 NO MO =20 1-4 IIA
T3-4 NO MO Any 1-4 1B
Any T NO MO Any 5 IIc
Any T N1 MO Any Any IVA
Any T Any N M1 Any Any IVB
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EEEEMEY R » RS EET0% (8, 9] ° FHIS i
IR ERAHFE IR (prostatic fossa) /NLIEIH) % 28 MRI 2
FEIEREEE T2 NIMERCRAIDIRERAAR - ALIE AR A 5
(diffusion-weighted imaging, DWI) FlIE)HEE%S LI 585 Bk {5
(dynamic contrast-enhanced imaging, DCE) [10] °

TERESEWIARS B - 2 2R Giba &2 IER 77
T v ) BV EER - R E T RERU R g IR I
e BIELRSESL 8 ARG FER0E » SR EAF A e e
FHEREST [11, 12] » MR G IT R [RIBR °T LAERS U)X
PRI B8 5] [13] © 1E 2015 4F Ivo G Schoots 5 A HFF
FerhfEH MRI a1 Y] F U AR HE TRUS 51389] F b
fERE R e tell P A R 2 52 > (R MRILH
BRI 5y 28 B TR BRAY T1 8¢ T2 HAR - S AR ek
FEZEREERY T3 ] » AT RESH R A G0 5 B ) P A
HEPE 14] - BISEE (CT) R LR LRIREE |-
SO o (H R R I P B R T R A B L R
BB R AR > CT MU IR o (e i
T 75 1 CT B2 MRI AR AKRE RS K/ MEYE » (HH 2
/NG G th T RE R NSRS - (ERISC RN EEAE [15] -
{ERERRIFE AR A > TB Jia 5 ARYIFZE4E 82 MRI H
k> T BAABIRRBUREE AR SRR R [16] ©

AREEREE BN T BRI ERE

A& IR 0 B R G A AL I~ AELE R R
oy AR RERT 6 75 T AL R IR E » & B IR B SE
PR 388 P 32 B R S ) 8 T b 5 38 5 SR 1) 70 U7 B
Al REE AT o K% B EAIE B e R (PET) 1%
A] DABT S P9 e R 12 (it AN (Rl A= BRACEHTE A - HRTET S
PET ;B ERFI W] A S MR fo e & - iR ] A8
¥% | A #E : "F-FDG ~ ""F-NaF ~ ""C-acetate ~ "'C-choline
/"*F-choline ~ ®*Ga-PSMA ~ "F-fluciclovine & °

'*F-fluorodeoxyglucose

TG 1 PR R AT 38 AR BE Y & AL A R HE (P -
fluorodeoxyglucose, "*F-FDG) & H il i i FIY 1 1B fdE
ERF o "F-FDGE i & SRR YY) - i e e sen ) #i
W 5 1 IR > W STRHERUE  (hexokinase) fof
LA S FDG-6-phosphate HEFETEMIMEAT[17] » FEATIEE
FAETRE B A PETE K > & f e (50 AR AR 1E T IR — A% LE
HAHRE A SEER - (o A R A (B R IS LB S
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Fl 85% » WA 5% /B @ hARREI A fIEEEK - 2
TS SRR VE LA (Warburg effect) » 328 18 % Hi
AR » B TAFAER P TR AR 18] o SRTI A 2 Btk
A8 R 72 (o FH 1 0 7 W AR A1 AT AT AR 191K
FHE201M A2 @ ENE - EEKA A RECH o K HRE
IR FDG o8& 25 rpom 2 Mg )W (KIS EFDG 5
0 o EBERUR S BRSNS FDG PET/CT TEAHI 37
L7 T ) A R B IR SR R [ 21, 22] © fEIEH B
AR~ RUERGEIRIE A ~ SRR R AR I R
FDG WEHUGE AR E KRS > KMk o] 52095 5y
REME22] o BAHRS FDG BEFREHE DU B AR B
WSCRT RE & FE S I IR - TR ENE Mt T e & T
G ek B A HE RS

Nobuyuki Oyama %% A % 3l FDG (1] 4 U2 & BE &
Gleason #F77 ~ Wi IR 4> HAFIIMYE PSA BUIEIOmE o » 3£
/I FDG PET/CT WIRESIR E R BIA H [23] © 2010 f—F
Wtgef & 4511 FDG PET/CT #1152 PSA ¥R B s H
KRS B i BLAREE 0 55 7 WO R o AR A R e ) 2
RS 80% » P PETEIIEES 87% [24] ° TE PSA R H(H
R BT FEEME R E v > PF-FDG ftilic A iR E

{E— 1y H RS FDG IF 3 e i & 2 il & 1
AR AE 504 EREI0 - 165 FlHLEEE BH RERE
FDG B B Pl fa I 2] 61 9] » MHEHBUREE S 37.0% » 15
PEFE I (PPV) 55 32.8% » #5 #ll /7 FDG PET/ CT 7 #if
(1 BBURR B2 T 15 2 BE 1l FDG PET (44.0% vs. 20.4%) ° $&
Ifi » FDG PET WYRUEMEXH PSA (92.2%) FlIE2HE MRI
(66.5%) (P < 0.001) [25] © i 4 #% B I & & 1 5 » FDG
PET FRIKRFRIBLAE -

TERE IR AR T T - —JHE T 9 AREE R/
BRI SRS b o BESR FDG 1E 35 1) I 58 995 58 7 1) 23 B
1 33% (3/9) WK - {H FDG ffifi (Ml 6 4B E
(bR E0 5 B 1 S HE RS S A [26] © 35 BRI 5% A 1 M 2 6%
Ji& (The National Oncologic PET Registry, NOPR) 7E 2008
TEHRETE o #F] FDG PET/CT 17T N 0 M2 1
32% FRFENIRGIREH [27] - WFFEHE R 2 FDG 1EA IR
A RIS 0 A ) 8 R B AR R A B 5 > S8 T RE
FH MRS ok 14 A ) B2 A L T 28 W AR IR 2

T FE AR U O R AT LIGE R R Ve ~ ARG MR
A& R ) BR T BB ARG IR RN 5 FEIRH 20% 0 10
FENA 32% 1B E F# A ELIEFE (biochemical relapse)
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hARES PSA 1855 (28] » RIS SERI U IERZEE (American
Society for Radiation Oncology, ASTRO) HJE % » tRiATE
ik 88 o U Bl 12 1 2 L AE 38 € RS NS PSA R =2
0.2 ng/mL » i FR LR PSA Rl KR>3 (HEE - ik
SRR AL 1E 58 ZKEIG % PSA I {REGR AL
2 ng/mL FHERSUE (29, 30] » TE(HMEIA LB S )51 » —H
o1 BIFEIY [l BEPERFSERDAS S - fF9E A B -
RGP A AR D) PR 1 FR A AR HH AR 31% > PSA IRE
2.4 ng/mL #7* FDG PET HIRUESE 80% FEE1E 73% »
PSA H5# £ 1.3 ng/mL/y 1&1 T FDG PET BURE 71% FF
B 779% [31] © SR —H 24 B4 L1E 5% B & 11 B ek
ECL 45 75 7 7 BT 3£ 1T FDG PET @ iU R A k&5 oh » FDG
PET £tk EEAS IR AL OB ~ FREE1E ~ HEREME ~ 51T
S A TR TR E 53 A1 5 75.0% ~ 100% ~ 83.3% ~ 100%
1 67.7% [32] = — H Hij B 7% #F 5% & > FDG PET/CT #I
"F-NaF PET/CT Al 37 44 b1E 58 H & B (558 4
548 R e M R R A BB B 14 82 (occult metastasis) * fi
H "F-NaF {56 9 B 251 > H FDG B H A 3 fl2
Bt » FDG PET/CT # el Z2{E 5 8.1% [33] © WFEhS
R3] FDG PET/CT {E{EHIAE (LI B SCER AR » (HEF#
W ES SR AL ISR B o

B R B 9 5% B 7E HE TR B AR S5 0 4 G IR
(androgen-sensitive prostate tumors) 1 FDG B IE 14 &
BEE L E SRR AL —EE N - 28— IR FDG 1E/R
JEEFAE T EBHTME IRSE (castration-resistant prostate
cancer) - HARSHI (R (34, 35] < FDG PET/CT H]
REAE B B8 IR I S FERT A s A E 02 B BMEHT
T 4 7% R SE 2 FDG = WG MY © Oyama 558 AR
i SRk & s > MG PR A PR DR A M UTRR iy 502 9 9 3
16 » fliAT FDG PET/CT s & g A fE R ik SUV
B > THE S [36] © Meirelles 552 A E SR P11 15 4
AR FERIAS Fh » FDG PET/CT $2189% i K SUV
B AZAHRBRA (371 SRS — P S e B B AL 1 g 3
BE A FDG WIS B A A7 A A LB A TE s B - it
WA E FDG W SRS A= (725 AHH [38] ©

15 Beauregard ST > 97 Al 70 HAST H -h e B A
FEHY FDG i B B 4 R VT BR Alg o i B AR AT 00 ~ #HABm
PEER T 4y A2 [ 2 HEESE 09 IEAH B [39] o BLAMELR —T
FER RS R ER > 5 R AR AR A BB I B
8 I A 485 HY (intraprostatic FDG uptake) 883 fHBH » H b

EEF EASE  2021;18:1-20
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A BREIR PRI 5 IR AR AF AR RS 70.2% 0 TA B
RENR PRI 5 I A (AR 26.9% (P = .0097) [39] °
FDG 52158 THHIREE A AE ARSI TE /) - 38 K
SO R G o R TS R T RREIRR P 7 2 W CRA R
1K > FDG fEfmE MR G R TE A BR » {H3EE] (National
Comprehensive Cancer Network, NCCN) ERIKIES 7R
TEE BRIV RGN 5 B Y SRR FDG WREA
[40] °

FH 7 K 25 B 4k 388 A I e 1) ) 7 M C 330 A S KK
FDG G ARMIRE T 52 2IBRT] - {H FDG A REAE HFHEHT
Vbl A N B RS B T LY SRR v B SR P - S
RATRMRIEE -

*F-NaF

TRCGT 1 7 18 (R AL 38 A GE 1Y AL AR PF-NaF /2 #%
FLU R B i R RSB BRI o B AL RS AR A
{f F ™ Te A28 30 (9 0 F 3% — 3% % B8 (" Te—methylene
diphosphonate, *"Tc-MDP) %] {E FI & il XE{L » ""F-NaF [
1'F FH % Tl 2 0B 4 sl 1 A L BRI B B R - S
F B8 KA (hydroxyapatite) 8 {L 5 78 B )X 1 (fluorapatite)
FIFEEE (hydroxyl group) » F B ER A B A& T -

FHETS " Tc-MDP ‘B A&7 » "F-NaF I MR IHER
AR > SRR BRGS0 B BB AF [41] © F-NaF H'E
B KT R (R A FE A 0 il A Ky > M EERZ
N 7K DUAE S T W I STk DR AR R B (42, 43] » BT THRHS
i > ZhE AT EA ' v DUIRA M5 i &EY) - 3%
B A% - 8 B oy BAL RO A% 1 B B2 B L AS AT F-NaF 1Y
Gt eI = RN AN SR VS AN A TR =AY
[Ffi% T 18 mikihy 25 1FE FEEiy « Z2REER
ff5 26075B » R (T B8 15713 B > IRBEFERIT 2 S
B 7 VL HUS P Te-MDP I HHER o FHS "F-NaF Y
B UG 14 2 M R AR Y5 1 > B R R Y PF-NaF /2
BRI A R IR R A Y - o] BESE AR TR T MR
5 RGeS R AR IR R R -

1E Even-Sapir 5 ARIF5Ek e 1 "“F-NaF PET/CT HY
R 5 R M R " Te-MIDP B 8% i » LUK " Te-
MDP SPECT [44] ° "F-NaF PET/CT ] §¢ & B & e 8
HIERRE B E A @I58 o £ Even-Sapir 55 A LU
KB R2E R > FI " Te-MDP 4 [0 fi%
i T R P RO 52 1% 9 1 5 70% FIT 57% 3 " Te-MDP
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SPECT #t (1 U FE FIF; 2214 75 92% Fl1 82% 5 *F-NaF
PET 5% 2 FIRF 5214 5% 100% Fl1 62% © L9+ F-NaF
AT Bl e RS A e R b PR RS ok > 35 W] DU
BEEE 15 #8ES [45] © Apolo ¢ ARYIFFEHE HT "F-NaF PET/
CT 7£:8 b7 B EL AR TR SUV o it Bl AR 17 AR B
FHER 5 ""F-NaF PET/CT Lt *™Tc-MDP 7 [ 5 #% f7 i 5
iR £ 58 25 () B RS S k1 0 T S R AT R
I kL B9 A3 3 [46] © 2010 — {7 LUK "*F-NaF PET/CT £
P"Tc-MDP 7 T ‘B & fiit 16 1 5% & 0 48 R B > *F-NaF
PET/CT #7 & B B FR? 22 M 96% F1198% » i " Te-
MDP 7 [ B & 7 i 53 3 5% 57% 1 98% [24] ° H EEE
AR SUV R 53 BN - 38 BTE R A A 2 fH]
() SUV B 77 AEAR R A8 - (H g s 22 B HH R
F Y SUV [47, 48] o # A HRE IV B 1) 3 85 i
HI > "F-NaF PET/CT & — i @ BUR I 52 (e & - nTH
15 BRE2 IR > {H 2 R ek ARG iR Aol AR 22 A R
NCCN [ RFE5 1 A HER "F-NaF PET/CT E5H Milg 2
[10] °

MEAAESNZEERIE ST GMNE  H2
“F-NaF PET/CT ZE|HBEH ~ A AR 2 > Hil
FR AT LL " Te-MDP ‘BB S £ -

""C-acetate

TR PR 11 R AL ARSI EE (' C-acetate) i F
A E U ) A3 DB e IR (53 © LB EE (acetate) 437
BE IR » & ZWRREE T (CH,COO ™) » 25 5w Al AL I
W o AT AR B ARRRL S i LR EHEE A SR8 (acetyl-
CoA synthetase) {51t 5 ZIRHEG A (acetyl-CoA) o Z [kl
filf A (acetyl-CoA) s&— M RLAU U FR RS » RS & K
WEEBE FIRERGER - ARTRAS & BIFHAUAR  [49] » Z Wi
A TERRRLAE S — FRIB IR (tricarboxylic acid cycle)
MR IEER (citric acid cycle) EAbE — S ALARAIK » —
L R e R R I o MR A S A T 1 R
(fatty acid synthetase) /5 KH8 7T ZIREAC R NEIAE B
HE B 1 25 W 7 3 22 B (overexpression) » [ Jeg #H Y 1)
""C-acetate #%2 & EIHHAAEARE (Membrane lipid) H1 » ]
FA L S I R RE (507 o M PRl = 228 A HH IR A e g
A R ANTERS AR B LN B i i S A (517 © Seltzer 55 A
AT TS AT E2 A 52 MIRDOSES3. 1 #K#E
BRI PR & o 3B " C-acetate ;B ERFITE O ~ BB ~ PR
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R~ BB AL RS PRI o R ' C-acetate TET H/NE
HR E B R o ERETE E HLEC R EARE - BB RE
AR —EES - 252N "C-acetate 731l » 5%
X = O Y 25 B R BER (0.017 mGy/MBq) ~ #5 (0.011
mGy/MBq) ~ & I (0.0092 mGy/MBq) fll I i (0.0092
mGy/MBq) » &= & A & & it 31 E £% 0.0049 mSv/MBq
[52] °

Kato 5 A\ £t 30 %2 AHRENRIET 6 4 B A &
MG R ' C-acetate firfifi » $EI 50 5% B LA 1F 7 i
R~ Bk 8 R 00 A B A R e SR 2 FETRY SUV (R AR
ATE I MEHHEEAZ B (53] © 7E Mena 5 ARURESEH - 38 &
SEUR BRI SR IR B E #2527 "' C-acetate PET/CT FlI%
28 MRI fidfl - A BB R RRIIEE T IR YRR
flir o IM{E PSA B8 70 + 8.9 ng/mL » HES 1.1-
54 ng/mL ° 15 % A F WY ME PSA IR K2 4 ng/mL ©
TEAA SRR BE 22 R RE T 167 (B RE R kL > o 80 fIE K
125 mm o ELFAAHABR PR E2 EUAR AT KRS S mm RO REEE
7T ''C-acetate PET/CT HURBUEMEFIRF 2214573 B 61.6% F
80.0% * MRI I BBUI 1 AT 521 0 A1 5 82.3% 11 95.1%
Lt PET/CT 52 B © {# % 8 K52 0.9 cm HY il 97 IFF
""C-acetate fYHERFE LB MRI O HEREVEA & > PET AU
RE TR 88K NI B IS PSA R [54] © Schoder
% NIRFFEERE] " C-acetate € FH A 5 46 B A 44 JE Y 5%
AR PERRAN SRR A [55] ¢

TE Wk B2 48 15 U A8 ) 77 18] > Daouacher & A HY T 52
26 % FEE A A AR B2 G Ak 2 AS B 0 V' C-acetate
PET/CT &SR 5 38% » i L IE RS 96% » HEHEZR
68% > ''C-acetate PET/CT ¥ Hlibk i 45 AR RUR AR -
B4 B [56] ° Haseebuddin 22 AFIIH ""C-acetate $1%f
RRE T A IR U B 7 R b L6 43 AL 8 2K BSCPE g
Ferh > PET/CT Ak EEAS TR ORBURME ~ FRE214E ~ Bl
AR FE I 7 51 S 68.0% ~ 78.1% ~ 48.6% Fl1 88.9%
M ER S A A FITHT ' C-acetate fHf HHIE S FEZAVE [57] ©
Sara Strandberg [V 525 B ''C-acetate PET/CT By 1% SR
B 7 IR bR EEL S RS B 2 T v FEE R A S SR L
PREGAE I FHBH T LB B RS R4 > f H "' C-acetate PET/
CT WA AG RAUE T 11-43% BE RGNS - BHRER
B WG IR B A E R (58]

B3 4 2 A 1R S AR U7 18D > Vees 55 A B1H¥HAR
BRUESRFEARUIER 1T 1% PSA YRR 1 ng/mL FEFH T RE 8¢
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183 IRt & > "®F-choline Bl ''C-acetate PET/CT {8
RE 38 A1 R #Y 50% R Ja) B 5% B8 AR 38 PE R A [59] » F-4F
Nobuyuki Oyama {5 Fl {5#f PET {5 &%} 46 (1 E(L1E
% EFHTFeE > 7R PSA ¥R K 3 ng/mL 19 22 %
BEH 13 4 (59%) 1] ""C-acetate PET it RS »
ifi PSA /NF2 3 ng/mL ) 24 4 & h HUH 1 4 (4%) 5
B [60] o —JEALIE 120 4 FR 3 R (B gE A 73 A7 38 31
"'C-acetate {5 I 52 MR A8 1E 8 115 L AR TS PSA ¥R
LUK PSA S i H3 00 » 58 FH 1.32 ng/mL/y B PSA H3#
B RRERY - "' C-acetate 1B 28 U FIRF 2215 74% FlI
75% » LL PSA IBFE K 1.24 ng/mL 5 BB R T EUE FI
R 53 1) 15 86.6% Fl1 65.8% [61] © "'C-acetate {EHI##E
IR S BE T B TP PSA TR FE ~PSA HEHAHRBR o

AR E IR RS (T —IHEHE 8 R
(/N 52 45 SR BE TS "' C-acetate L "*F-FDG g il £ 5 %
SE R k0 1 H ' C-acetate LA 5 i 1 ISR / 1F A%
$EELLL [62] © Spick S A LL#E T &4 f i 8 ' C-acetate
PET 1£ 90 &iRIGMEIA# % PSA IRE T B & 1Y B
S 5 o Horh Y C-acetate PET HORBURE ~ B 51k ~ b5
P TEHIME AR M FEHE 7Y I FS 89.7% ~ 96.1% ~ 94.6% H1
92.2% » 7B "C-acetate PET 7] LLA] SE ke 2 R {1 & 3511
BREZILIEUL [63] o £ —HEW J 123 A LERERED
fftger » "'C-acetate FUREHIE 1438 BA B G & B ARG 7 4
B - BA T PSA HTH) B E (L IE R A th BA 5 Sy
""C-acetate #EHY [64] °

"'C- Choline [ "*F- Choline

I (Choline) 2 AH A fk i 1) 2 SE4H BX B 43 - o
SE NS (choline kinase) {6 AL BT A - fEfis
TRl — e S e e vt P O (B e A A
[65] ° & W NEE BT @ & ""C-choline, "*F-choline » il
"F-fluoroethylcholine » FHFA MR 11 [N RAPR =
{# 20 7 - ML Rl - 75 S0 & e NE AR s (o
R o AR PRPERE g 1k v] RS R ~ URIR ~ R - R
FIUE N 1E RIS : RUERRE IR A A AR 28
AT LU 2 21 M2 i 4 OO 0 [66]  "'C-choline & iV A3
5 ""C-betaine » 3B H /D W@EE fgHEM > {H "F-choline E
GEETR 5 4B it HrE BR G RE PRYGHE Y o R IRFfE]
HIHERS » B lEHEM F-choline & ELE AR hy K EFER
i3 M RE S T B IR I A o [RIJ3ER "F-choline
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ST I P B 0 T 8 F-choline [ 0-15 47§ 1% %
B R BIIR S — R AT » 30-200 43 $8 N ESELT R )R
$5 o LR A PR T R HERRR £ PR BCEE (67] - SR
BERTIHEM A S FE A2 52 > (HAF5E45 R 2B ""C-choline,
"F-choline Z [H1HY#E F7% H BHEA 7= 72 5 {H & B 5 5% 7t
1 FDG § {5 A0 LU » 2 PET/CT F 75 43 BA 04 51 5 4
[68] °

1E— T 20 & R E (ERIA TS A IR VI B i BT E1T
WEliE PET/CT FIRFSEAS SR » "'C-choline PET/CT {E# 1
ANE 50% HHARERZE B 5 RS R RS [69] © Kaiyumars
Contractor #1 %1 28 %4 F & A iff 52 B/~ MRI ~ "C-choline
PET Fll ""C-choline PET/CT ik B 1= 40 Y B 14 43 7]
75 18.5% ~ 40.7% F151.9% > i 5 M 47 Al £ 98.7% ~
98.4% LAz 98.4% [70] ° TEWREEASFIE BRI 7 i
""C-choline PET/CT fZ&HH L MRI B¢ CT 5 ELRBURFE FIIEF
B o fE—IHLUIRIEEE 2 CT FIE B8 iFHH L "F-choline
PET/CT $1%F 48 44 Hh i JE\ b i 588 e S0 2 (VO opk EZ A B
BEARAEAT W5 53 AR 5245 S > F-choline PET/CT
P14y FE0 R P B R SR £ 69.2% 1 92.3% » CT Ry REUR T Bl
FRELVERS 46.2% Fl 92.3% » B4 5 B S U 90% i
B B 77.2% 5 MLAE "F-choline PET/CT (4% 5 e s 1
33.3% B A EAE R 77 1A [71] o 1F W R REAE 73 BT ifF 52
o BEUTS g8 BRI PET/CT A 25 350 15 45 268 AU ) 40 1A
ZEA SRR H R BURE H5E (68, 72] © H AT
{ IR PET/CT F T He g M sary o Rmk LA 70 A o

— JHETl 50 4 a8 N e i A S RS i M 1k
FeLLER T B B&FR A ~ *F-choline PET/CT #l1 "®F-NaF PET/
CT W5 SHE/R » ""F-NaF 1 "*F-choline PET/CT 18>
PO 7 i > {H "F-choline Lt ""F-NaF 8 EL 47 5% [73] -
1E 2014 5 — {53 [ #& 55 B 1 e & 7 LL 8% T choline PET/
CT ~ MRI ~ ”"Tc-MDP SPECT Fl1 "Tc-MDP ‘& & fifi 1
BN B2 BE o DU L 5 S R A
U (pooled sensitivities) choline PET/CT : 84% ~ *™Tc-
MDP SPECT : 90% ~ *™Tc-MDP ‘& & ff i 59% » choline
PET/CT [ [ #8 Ff 2 M (pooled specificities) % 93% °
#"Tc-MDP SPECT £ 85% » “"Tc-MDP ‘& & f fifi 15 75%
[74] © FEHBEN S 75 @7 S A FIE R > 568 P8
R IR S b R R B B R i R RS G -

H IR IE 2 AW 77 > —7 "C-choline PET/
CT 7 A TS » BE/R 2126 4 BB & A RE #EAG HI AR
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62% » LISHERERY 1270 % BEIBUREL RS 89% » HEARET
HVERS 89% [75] ° 5 —JR Evangelista 5 A\ WJ#E & 7 HTiit
ge ks RALFA/R "' C-choline PET/CT 1£4:{L.18 %5 i & rp 58
B AS i B ZETES [76] < (HiE Vees T AINFSE
i TERRIA MR AR VIBR 1% PSA < 1 ng/mL HYJH AR
"'C-choline PET/CT {E/ail 1€ # i HZS 55 55% » 1 MRI
WA £ 83% » BLAEIH UL T "C-choline PET/CT 2K H{ A4l
MRI [76]  TE—YE%f 358 %A LIR 58 B E HE1T " C-choline
Fa AR B R BURFE Se s b dm RS TR 2R BE S PSA IR Y
WA > PSA SR EETE 02 FII 1 ng/mL > PSA EETE
1 & 3 ng/mL ZEIFEE HE 46% » PSA JEFEHH 3 ng/
mL BB FE TS 82% » "'C-choline PET/CT f£/E{L{E#Erh
RIS SR B SRS PSA TR 524 [77] © Treglia G > 5%
NHIEEE TR 22 Fh AR 35 PSA Bh ) 2238 G TR 2R o

Btk AR 1S 58% » & PSA {5 IR FHT S 6 {18 H 8 K
IR A AR M 2] 65% » & PSA HISHE# 1 ng/mL/y FIHE
i 2 ng/mL/y Riks HIZR 53 HI1E 71% F1177% (78] o RIBLAE
% [& 50 FH IZ s PET/CT IR} > FE 5 & PSA IR & ~ PSA
IR R PSA 933 © Ceci 5 A2 ERE HH "' C-choline
PET/CT 851 46.7% (1R N A8 P g i 2 AR 881 [79] -

1t NCCN B R $E 5 | H 42 B a8 M VB il ARG M iR
) A AL 1E 3 =5 18 (50 FH iR PET/CT A 75 [10] ° EAU
BRI FE A FRBE R S48 HIENE PET/CT fa & ORI &
RS T E M UIRR T BUARIG TR I iR R (80] - 2%
BE PRAFF 52 TR > 98 FEARE 1k A R VBRIl 1% - {0 I B
PET/CT I fx £ PSA YR KHIES 1-2 ng/mL [81, 82] ©

K I BEAU i PR 45 5 | AR B2 210 AR 1 1 8% 38 R O1) B il 1% 40
R PSA IRIEFS 1 ng/mL B 5 & 15 > HEEEIENR choline BX
PSMA ;B FE7| PET/CT #a & o fEMRIGTERSHIGEE R » H
TR 55 BR O S AR R A & 7 2 AR LR R PSA > [RIBLET T 52
G AN A E: PSA R MEEHERE o MUAMERGNE R A
{LE R RREE S - B IEES B E s
J& (local salvage therapy) FJE & » EAU BIR TS 5| 2Lig
F125 228 MRI 55 5K 7E (07 52 5 [ I8 E 5 [ U] 7o #rk » 2R
% H choline PET/CT 2K HFFf bk (2 fifi SO BE #1% [80] © 1
HABFFEHS Rrb > WFFTE (8 FHIEER PET/CT Bl iEis 4
EBIR YU R IR % (castration-resistant prostate cancer)
FEE S BA] EL R BE (abiraterone) B8 2% B 1% (enzalutamide)
TGRS HE - 3l 22 A5 2 i PET/CT W] BE 55 4 3t Ji AE 1
(progression-free survival) HIFE4:1F (overall survival) #H%
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FHER » AT LAPR L PHIZFEIE (83, 84] ©

e 2R B AR 38 5 A R S A AR AR A Y
""C-choline FlI "*F-choline 1B b T S 45 38 i Jee 1) 2 (R b 25
HRtBhaE » Rl EA LR 7 - KL 4% FDA #LdE
FRE 3L R B © EAU RUBRERE 5] 2 i 0 HAE
PSA IR 12 1 ng/mL 3@ F 12 J5) 548 RO i it 9 2B
Fi "C-choline F1 "*F-choline PET/CT #& %% ° "'C-choline F/I
"F-choline PET/CT £ 7% ¥} PSA ¥ & Fll PSA HJH 1Y
FEE BIRR IR 7 BRRIAR A YR R 12 A2 AL AR S8 Y 5 i 2
A BRI BUREEFIR 2 o

"®F-Fluciclovine

A5 B % F-Fluciclovine 1t £ % 4 trans-1-
Amino-3-("*F)fluorocyclobutanecarboxylic acid 1 #% #f =
“F-FACBC * 1 i % 4 Axumin (Blue Earth Diagnostics
Ltd.; Oxford, UK, and Burlington, MA) » 3% [& FDA € /i
2016 4 5 H 27 H #% #E £ F [85] » "F-Fluciclovine & —
TN T & R 2208 (leucine) 2ELLY) o & s 2 B 3T
LRGN - WIEEOE S o S ER A
SR CHIIIN > BUH AR EC Y 2 BRI A R R 5 (5 ()
HAZR - "F-fluciclovine ¥l /£ fig 7& 2% (L-leucine) —
£ 0 AHE LA S B R AT 2 - thE R -
2Pt Z i SE 8 1 R4 (alanine-serine-cysteine transporter
system) # WIS o FHBHAF ST R BEOR 0 "F-fluciclovine 7E i
e T i L e e 71 » e o RO RS T B b PP =52 - 155
ERAOEVEE R > BRI S OE PEARAR > JEAT A
ARE VR /DN AR D B BRI RS e s v - R i
e 5 OB R T B2 2 B (86, 87] TR EFHANE BN 2
“F-fluciclovine & A &Y% ~ 58 LA RV HRE IR 2L tHRH
P FEHE B BRI o BLAF “F-fluciclovine AT 7F H {41145 15
FEVERERE ~ R CCRE ~ IR A 2 8 1k 1 R < T M R
LIB B R 5 (osteoid osteomas) H1A & i -4 Y [88] °
RIS AT FE 8 BT MY PF-fluciclovine {431
B &8 & % 14.1 uSv/MBq £ 22.1 uSv/MBq mSv [86,
87] °

TE—IE$E 21 A ERENRUIBR T A 252 “F-fluciclovine
PET/CT H1% 28 MR & 0 8 E AR 5e b B - T
MR K SUV (15-20 73§ ) BEZE S5 1R #REIR 4.5
+05vs27 £ 053 P<.001): RiMFHHEA SUV BLE
PEREEIRIE L (4.3 £ 0.6) MRHE T (89] © 7E%f 596 %
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BER— IR L U DFFERIAS S > PF-fluciclovine #
i AR 67.7% » W] DIAEAR KT PSA # & P I 4 3
BRI R B A BR AR 58 - FiAiE PSA RS 0.79 ng/mL
SRR R B 2R RS 41.4% [90] ©

£ Schuster & A\ BYHF5EH - 93 Z 18 5E BB 15 3 14
1% 7 R 1 R TE 90 RN Jll 252 T “F-fluciclovine
PET/CT #lI "'In-capromab pendetide SPECT/CT & % °
"F-fluciclovine PET/CT TER &R ~ $RZNRVIER KA
TBURRFE 90.2% ~ 5 Bk 40% ~ 1EREZR 73.6% » BT IR
SV I U 55% ~ FFEETE 96.7% ~ IEHEZR 72.9% »
2 B T 68 18 7 "'In-capromab pendetide [91] ° 50 % 1%
SERRAERMEEEN RN R EE AR ES T
"F-fluciclovine Fll "'C-choline PET/CT #& 7 » #% & 7% A
"F-fluciclovine TEJEJR 4L ~ WhESAS ~ B 9 58 F1 2 0 18 3¢
FIAE I BE S 18 12 "' C-choline (P < 0.0001) ° £ ""C-choline
1 ""F-fluciclovine 1€ P& P 9 4 0 B A28 / 15 5 LU (8 /5
WHBE AR - B’ EE D BAE PSA KPR HE »
"E-fluciclovine ¥ ~ tHA1E PSA /K {y ks Hi 28 1% 5
[92] ° [RI{E & % @RI 5% 4 "“F-fluciclovine PET/CT 1)
AR RBURLEE ~ FRERVE ~ B VR TEIIE ~ B2 FE I {0 e i
& 53 Bl £ 37% ~ 67% ~ 97% ~ 4% #11 38% FI1 "'C-choline
PET/CT 77 Al £ 32% ~ 40% ~ 90% ~ 3% %l 32% [93] °
Odewole FITFFELER H “F-fluciclovine TE1R M Hf7E AR
TERIE UL N 2B REE A 84K CT » “F-fluciclovine PET/
CT Y B 88.6% » FF 52 M 56.3% > E ffE 25 78.4% »
B 1 TERI A 81.6% » B2 1 FHIMIE £ 69.2% 5 CT HIAHE
5 B £S5 11.4% ~ 87.5% ~ 353% ~ 66.7% Fl1 31.1% °
"F-fluciclovine ¥ fifl & GE % (£ FT 5 PSA IR & ~ PSA 51
IRF TR BLAR AT 0 G001 B A i 1 308 1P o o R e B
TR IMR L [94] o 1E—BE A HREE AR UIBR T 1210 38 /8
B ESRCE R # (Salvage radiation therapy, SRT) <2 Hil
HETT ""F-fluciclovine PET/CT f 75 /& 75 B BHA s B0t
ger > 7 42 L REH 17 #4 (40.5%) W B S FLE 4
TEME > 2 BIEE REBE B HR I IR E 15 1 0w
i BAE 15 %EE T - BOREREEA: 78L [95] -

48 “F-fluciclovine W 72T £ Fefe - (AR $5 H #il
WK - BOBIFEI{E A LS 58 B E S " C-choline
it B BA B4 A0 o0 (i FOAH S /D iy PREEE - H Al
"E-fluciclovine E.#; FDA St R A58 E -
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**Ga—-PSMA

% 7% R R B R BT R (Prostate-Specific Membrane
Antigen, PSMA) e B A MM IS & D Re SR ey
ZIREH - FE)IT B @R E FIEERR I R - gt
PERFEERY) PSMA (F i A% i - i) 368 i e 3002 H AR A
100-1000 f% » {H PSMA th 7% M 1% iR FIUR AR ~ B Wk ~
TR ~ + IR IR R A TG R [96-98] © H e
fe i “Ga - PSMA AE IS AR AT AIAR AR - 20 REIE AT
B ~ S AR A AR BRI (99, 100] © KA AT “Ga-
PSMA B B 7 B B B » A B VERE G M nT RE i 2
Sk AR BRI AR LA o B R A SR FE 14 PSMA B B
1% psmahbed-cc [101] ~ psma-617 [102] FII PSMA 1&T-A
[103] %% > FE M “Ga il » “Ga WP = A 68 7
5 FHZEE S (®Ge/®Ga generator) 2E 7 o 3T AR A
S 7l A A g s 2 AR A F [RI0 B AEEERY PSMA B
BER - HRS AT LUGE M #s K & AR DU R P =
AR IR FRER - (EER IR HE AR 600 E 7 A 1
oo H AL 758 22 Bl L BB o FRo B2 e
TR “Ga-PSMA PET/CT Myl & EGIRER FE51 [104] ©
**Ga-PSMA PET/CT W] [ FI A5 PSA 55 A= {18 58 LUK
T iy BCE VE HE re JEB RE o3 A R o (R TR AR
HAIRIEST 1.8-2.2 MBq/kg G TEREERR] - H SR
150 MBq I » S EEIRICEI& 5 S mSv [105] ©

BATE “Ga-PSMA W]k 73 FAH AR 52 » 21 A TEAR
U6 P AR R TR il AT s ) B OO G8  A ee F
/N “Ga-PSMA {1 32 B 4 38 e 75 T A SRR B
B 67% » FPERME 92% : RTMAH 10% W EAE PET 1K
G “Ga-PSMA ZR&ME [106] © HEIEET 82 488 HHY
Bk 58 B A8 e R BT OS2 BE 0 1 Gleason #1497
B 6 30 7 77 LK PSA IR EE KA 10 ng/mL 8+ Y B BRT
TR BRI A HBLE PSA K2 10 ng/mL Fll Gleason #F43k
7 HIEE (P < 0.001) © WFFEHE R K “Ga-PSMA 1145
BUE MR L B Gleason a47 LAK PSA R FEEAR [105] ©
£ Giesel % A2 » ®Ga-PSMA PET/CT R 5 6
% 2B MRI 145 R EA R MHBE (107] - 7E—HEET
¥ 130 A E G SR R E AR FE R L T “Ga-
PSMA PET/CT 82 CT ~ MRI 7E B2 52 iR G 14 SR E AR UIBR i
FIZR e ST BR i F AR 2R3 » IR AGTHE > “Ga-
PSMA PET/CT HBURIEE 66% FiFE 1S 99% » 1M CT ~
MRI HYRBUB N 5 44% ~ Fr B 85% » #is R “Ga-
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PSMA PET/CT 177 HARE A IS S5 1A 1520 1 R0 B A A
1K (HERREME A - BB CT ~ MRI [108] © #1448 1
AR AL 58 R AR A 68 {FHERS bk R R AL
{5 F K/ MEEHERY T REEZE2 i HH vtk B - 22 B SR
26.9% (18/69) » “*Ga-PSMA PET/CT HIl& 77.9% (53/68)
R 17 e 180 A e A A U1 5% RESE A Wk EC RS 75 1T Ga-
PSMA 5 {Guh 25 LU REE2 5 (5uba s B MERFE [109] o BL{ELAR
1% B ER " Tc-MDP ‘B % i 15 1 i 0 458 8 i e A8 25 5
RS ELFZ2H > ®Ga-PSMA PET/CT A8 A% 15 A& i
T A ISR B R 22 M1 59 7l B 98.8%-99.0% F11 98.9%-
100% > B A& i BB AR S IE FS 82.4%-86.6% Fll
91.6%-97.9% *» “*Ga-PSMA PET/CT & i *"Tc-MDP ‘& fi&
firdi [110] e

Afshar-Oromieh % A P52 » TEAELIE S B E
i1 ®Ga-PSMA Lt ""C-choline 28 Hi 5 & AU BE AT / 25 506
PEECFTSE S A 2R > R AR (K PSA RS
[111] » H—REHEE 5 MR E B E 1 “Ga-PSMA HJf
FeH  AE 82.8% W 9 FH AR 2 28 /D — (g » FEA 0
SERRBURE ~ FFEEVE ~ B PRI ARG 1 TR ) 1 2
76.6% ~ 100% ~ 91.4% #1100% > PEfR g HAE /1B PSA I
J&E ~ fEME SR K| BEHRTE (androgen-deprivation therapy, ADT)
SIEMHRE [112] - B 248 FlEERERIG TR A1
1B 5 BERIIFFeh AR 3 - “Ga-PSMA FE#S R
HZ8% 89.5% » 1£ PSA % > 2 ng/mL ~ 1-2 ng/mL ~ 0.5-
1 ng/mL AR < 0.5 BRI 25 3 71 £ 96.8% ~ 93.0% ~
72.7% F1157.9% > PSA IR - A [113] -

Perera 55 A [ [ #8 43 #7 0F 5% 8 HH > ®Ga-PSMA
PET/CT A AW1E 58 & ARSI 25 15 75% » e 4 /8
HI oA o RS BB R R RS 15 86%  TE (R
kL 53 B H o RS BB R 220 0 RIS 80% 11 97%
[114] o FH¥} Fanti % A5 1#) "'C-choline PET/CT FUHEHE
i 2R 62% [115] » “Ga-PSMA PET/CT g HiRE ) 5 & -
*Ga-PSMA PET/CT 7E PSA IR/ % 0.2-1 ng/mL FI 1-2 ng/
mL HIHE 2553 RIS 58% F176% - 1fii 'C-choline PET/CT
) PSA /N2 1 ng/mL Fll 1-2 ng/mL BYKR 2853 Bl 26%
1 36% » “Ga-PSMA PET/CT 1E1K PSA {2 £ T ¥ &
iR [116]
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Abstract

Prostate cancer is a common cancer in men and is currently the sixth leading cause of death in Taiwan. A series of
positron emission tomography tracers have been used in prostate cancer application research, including: '°F-FDG,
'®F-NaF, "'C-acetate, 'C-choline /'®F-choline, ®*Ga-PSMA, "®F-fluciclovine, etc.

Due to the relatively low glucose metabolism of most prostate tumors and the interference of urine activity, the
detection ability of prostate carcinoma by *F-FDG is limited, but FDG may have a role in response assessment of
osseous disease in metastatic castration-resistant prostate cancer and as a prognostic indicator. ''C-acetate does
not interfere with urine activity, but "'C is a short half-life isotope which need to be produced with in-site cyclotron.
""C-choline and "°F-choline are sensitive and specific for disease detection in high-risk staging and biochemical
relapse after radical therapy in patients with high PSA levels and high PSA velocities. "*F-Fluciclovine is an amino
acid analog, which, in initial studies, appears to be superior to choline in the setting of biochemical relapse and has
recently been approved by the FDA for the detection of recurrent prostate cancer. Compared with ''C-choline and
'®F-choline, ®*Ga-PSMA is highly sensitive for biochemical relapse after radical therapy in patients with lower PSA
levels. In addition, ®*Ga-PSMA can also provide guidance for radioisotope therapy with "’Lu or *°Y labeled PSMA
ligands as targets.

Most prostate cancers progress with bone invasion, '*F-NaF PET/CT has superior diagnostic performance in the
detection of bone metastases, compared with *"Tc-MDP bone scintigraphy, but is limited by a relative lack of
specificity, compared with the specificity of other PET tracers, and does not allow assessment of soft tissue.

Key words: positron emission tomography, prostate cancer, '®F-FDG, '°F-NaF, ""C-acetate, "'C-choline, '®F-choline,
*Ga-PSMA, "F-fluciclovine
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Table 1. Demographics and clinical characteristics of study participants

Prostate cancer BPH Others p values
Number of case (%) 43 (38.4) 28 (25.0) 41 (36.6) -
Age (years) 736 + 6.6 71.1 £ 10.8 68.6 + 10.6 0.057
Dose of " Tc-MDP (mCi) 236 £27° 233 £ 2.7° 247 £20° 0.043°

Values are mean % standard deviations; BPH: Benign prostate hyperplasia;

*Means with different superscripts indicate a significant difference at p < 0.05 level, evaluated by independent sample -test.
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Table 2. Clinical diagnosis of others groups (n = 112)

Number of case

Prostate cancer 43
Benign prostate hyperplasia 28
Others
Bone pain
Buccal cancer
Cholangiocarcinoma
Colon cancer
Esophageal cancer
Gastric cancer
Gingiva cancer
Hepatocellular carcinoma
Hypopharynx cancer

_— N R = = NN = = =

Larynx cancer

—_
o

Lung cancer

Oral cancer

Oral tumor
Oropharynx cancer
Palate cancer
Pancreatic cancer
R/O Bone metastases
R/O Cholangiocarcinoma
R/O Colon cancer
R/O Lung cancer
R/O Osteomyelitis
Rectal cancer

R/O malignancy

— o m N = e e = e e = = N

Unknown neck squamous cell carcinoma

R/O: Rule out.

ng/ml) > B N E2MEEIR 2 BUETF55 252.6 £ 1083.2
ng/ mL ( #E[# 0.04-7668 ng/ml) » HH T 1 L 155 e 75 I o
W8 2 BUE T8 6.3 £ 104 ng/mL ( #ilE 0.12-24.5 ng/
ml) * p=0.795 > NEAHGFIESR » HERZH Table 4
FIT 91 P A B B T 91 R 3 2B e 7 U B 5%
G~ HRIGHE ~ FEPRIERT IR UIER T (Transurethral
resection of prostate; TURP) ~ Hij 51| i U] [ iy 71158 47 72 il
S o RTINS A 6 (1R A KR MRS T R
FVERTFIRRE A AR IR 13 (0 DRI 22 B e sl A 15 9 T
TEMHRAERL o FEREET » i ARG HROERE R Table 5 ©
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Figure 1. Whole body bone scintigraphy was performed on
a 84-year-old male for staging of rectosigmoid cancer. The
bone scan study showed a radioactive focus to the frontal
bone of the skull. A cold area was found in the center of the
bladder, in the shape of a doughnut (arrow, A, B). Firstly it
was considered as a foreign body artifact, but this cause was
ruled out after examination. After further comparison with
computed tomography, the cause was found to be bladder
indentation as a result of prostate hypertrophy.
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Figure 2. Whole body bone scintigraphy was performed
on a 70-year-old male for the staging of lung cancer. The
bone scan study showed no definite skeletal abnormality
associated with the underlying disease. However, a cold spot
was found near the bladder neck, which was suspiciously
squeezed up due to prostatic hypertrophy (B, arrow). The
ultrasound diagnosis was benign prostatic hypertrophy with a
prostate volume of 46.9 gm. The clinical blood test reported
a serum prostate specific antigen value of 7.55 ng/mL.

JESRRE (BEhtEs I EE iR ) i "R (13-
14] FRI—A{ o M5 ~ BaRE ~ GRE ~ (ERsRiEth
HHOE [15-17] ° FH9F » W. J. Pilbrow & U 5edhE =
B4 5 BRI IR B S« Horh— {0 K LA RS 2
HAE MR EREDE + £S5/ > W. . Pilbrow
BE Bt BN E R AR R AR R
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Figure 3. Whole body bone scintigraphy was performed on
a 47-year-old male for the staging of lower lip tumor. The
bone scan study showed a focus of radiotracer accumulation
to the lower mandible. In addition, a cold spot was found
in the bladder, showing a shape that squeezed the bladder
into two sides from bottom to top (A, B, arrow). Suspected
benign prostatic hyperplasia caused bladder squeeze, andwas
confirmed by digital rectal examination, with a prostate
volume of 4 X 4 cm. His serum prostate specific antigen
value was 0.99 ng/mL.
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Table 3. List of different of bladder shapes and diseases (n =112)

Prostate cance, n =43 BPH, n =28 Others,n =41
Donut-like shape (6) 2 4
Bladder indentation (94) 24 30
Split bladder (12) 2 7

BPH: Benign prostate hyperplasia.

s - (HEE AV IERIIE MR IME B IBAIT =) T %
[12]

IRIB AT FCHR H > 25& 33.8% UM TEEEY & 1E
4 /NRE N EEREE 1121 0 Bt LATEE 52 ATHY AR IR th 2 AH &
HHEE > ANERBEDEPE R A 5 2 HI o 52 BB DERR 2T i PR
2l o IR IR R R - G E e PR E S =0T
whEh - (BAE TSI E & m LSRR 2IRTIERE b o Bt
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H’Enﬁﬂiﬁﬁlﬁﬁﬁx [4] ° EIEERBE 5 B hia 2 B
il ﬁé‘%%ﬁﬂﬁu%ﬁlﬁﬂﬂ%i@ijﬁuﬁ'JH%%.E o RN »
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L EWGHBAIEE - NRE TRE R A RRERE -

Table 5. Final choice of therapeutic method (n = 71)

Prostate
PH,
cancer,
n =28
n=43
Hormone therapy 15 0
Radiation therapy 12 0
Transurethral resection of prostate 8 1
Prostatectomy 2 0
Drug control 0 14
Figure 4. Receiver operating characteristic (ROC) curve Not available 6 13
analysis of prostate specific antigen and bladder indentation - -
three type in whole body bone scan (n = 78). BPH: Benign prostate hyperplasia.
Table 4. List of prostate specific antigen and different of bladder shapes (n = 78)
Donut-like shape Bladder indentation Split bladder p value
Number of case (%) 4(5.1) 69 (88.5) 5(64) -
PSA (ng/mL) 26 +22 252.6 = 1083.2 63+ 104 0.795

PSA: Prostate specific antigen

Means with different superscripts indicate a significant difference at p > 0.05 level, evaluated using one-way analysis of variance

(one-way ANOVA).

J Nucl Med Tech 2021;18:21-30
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The Manifestation of Bladder Indentation
in Whole Body Bone Scan
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Pao-Liang Chen'?, Tzyy-Ling Chuang'*

IDepartmem‘ of Nuclear Medicine, Dalin Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation, Chiayi, Taiwan
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Abstract
Background: Prostate cancer is among the most common malignant tumors in men worldwide. It usually develops

to an advanced stage before diagnosis and bone metastasis is considered the main cause of death in approximately
80% of prostate cancer patients. Therefore, the follow-up of prostate cancer by bone scan is a very important part,
so that patients can be treated appropriately. This study will analyze subjects with bladder indentation near the
bladder neck in bone scan images and its relation to prostate cancer.

Methods: Data for this study was collected from male patients undergoing whole body bone scans at outpatient and
inpatient departments in a regional teaching hospital in the south Taiwan from January 2010 to December 2018. Tc-
99m MDP was injected intravenously 3-5 hours before the whole body bone scan was performed. The injected dose
ranged from 20 to 28 mCi (740-1036 MBq). Of all patients undergoing whole-body bone scan, bladder indentation
was found in 112 patients.

Results: The 112 patients with bladder indentation had an average age of 71.1 £ 9.5 years and an average
injected dose of 23.91 = 2.52 mCi. Of these, 43 patients (38.4%) had prostate cancer; 28 patients had benign
prostate hyperplasia (25.0%); the other 41 patients (36.6%) had other diseases. The three groups differed in
average age (73.6 = 6.6 years in the prostate cancer group, 71.1 = 10.8 years in the benign prostate hyperplasia,
and 68.6 = 10.6 years in the other disease group, p = 0.057). Average dose: 23.6 £ 2.7 mCi in the prostate cancer
group; 23.3 = 2.7 mCi in the benign prostate hyperplasia; 24.7 = 2.0 mCi in the others groups, p = 0.043. There
are significant differences in the dose between the groups of benign prostate hyperplasia and others.

The bladder activity uptake was divided into three groups according to the shape. There were 6 people (5.4%) with
a donut-like shape (Figure 2), and 94 people (83.9%) with a bladder indentation. (Figure 3), while 12 people (10.7%)
with a split bladder (Figure 4). Among them, there were 0 people with prostate cancer with the donut-like shape, 40
people (42.6%) with a bladder indentation, and 3 people (25.0%) with a split bladder. There are 32/43 (74.4%) cases
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of prostate cancer with benign prostatic hyperplasia. The largest total number of benign prostatic hyperplasia had
bladder indentation, which was 24 (25.5%).

Conclusions: The data shows a correlation between “bladder indentation” and clinical prostate enlargement, which
may indicate benign prostatic hyperplasia, prostate cancer, or chronic prostatitis. However, the differential diagnosis
and the estimated prostate size cannot be confirmed by imaging; clinical assistance is needed for a definitive
diagnosis. This study finds that bladder compression seen in whole-body bone scans has clinical significance,
especially in cases with prostate cancer.

Key words: Benign Prostate Hyperplasia, Bladder indentation, Prostate cancer
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Quantitative analysis of secondary parathyroid
hyperplasia tissue size with Q.Metrix software

En-Shih Chen'”", Cheng-Yi Cheng', Chuang-Hsien Chiu',
Li-Fan Lin', Ing-Jou Chen'?, Ta-Wei Tzengl’2

'Department of Nuclear Medicine & PET Center of Tri-Service General Hospital,
National Defense Medical Center, Taipei, Taiwan

“Chinese Association of Radiological Technologists & Taipei Association of Radiological Technologists

Purpose: The examination of secondary hyperparathyroidism is performed with 99mTc-Sestamibi biphasic method
of parathyroid scintigraphy. The new generation of single-photon computed tomography models can provide SPECT/
CT fusion images for quantitative analysis. In addition to lesion image location, the metabolic intensity and lesion
volume of individual lesions are further analyzed, providing an important basis for clinical decision-making before
surgery. However, the Nuclear medicine threshold (NM threshold) for preoperative parathyroid hyperplasia tissue
volume of interest (VOI) does not have the exact recommended value from the original manufacturer, and the
difference in absorption of parathyroid hyperplasia tissue between different patients is very large, resulting in a big
difference between the preoperative VOI and the actual postoperative volume of the parathyroid hyperplasia tissue.
In the end, the surgeons lack confidence in the preoperative analysis results of nuclear medicine imaging. The
purpose of this study is to use the Q.Metrix software to analyze the retrospective cases. Using the postoperative
parathyroid hyperplasia tissue volume as the golden standard to find the optimal NM threshold so that the analyzed
preoperative VOI can indeed reply the postoperative parathyroid volume.

Methods: The retrospective method was used to find the secondary hyperparathyroidism scan cases with
parathyroidectomy later in our hospital. About 58 cases of parathyroid hyperplasia were screened. SPECT/CT
images can be roughly divided into three groups according to the lesions ingestion distribution: 1. Dispersion,
2. Single uptake and 3. Few and Scatter. Use GE Xeleris 3.1 workstation application “Q.Metrix” for image post-
processing and analysis. Taking the pathological report of parathyroid hyperplasia volume as the golden standard,
comparing the three groups of lesions VOI, establish the optimal NM threshold of preoperative parathyroid
hyperplasia tissue. Then use GraphPad Prism statistical software to analyze the hyperplastic parathyroid SUV value,
blood iPTH, and postoperative lesion volume for Pearson correlation coefficient analysis.

Results: According to the parathyroid hyperplasia volume, three groups of recommended optimal NM thresholds
were found: 1. Dispersion type (77%, Range: 70-84%), 2. Single uptake type (60%, Range: 54-66%), and 3. Few
and Scatter type (84%, Range: 75-91%). The three groups were analyzed by One-way ANOVA. P value less than
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0.0001 is statistically significant. Statistical analysis shows a positive correlation between postoperative parathyroid
hyperplasia volume and preoperative blood iPTH concentration (P = 0.0197). The VOI's SUV value is positively
correlated with the blood iPTH concentration (P = 0.0134), but the SUV value does not correlate with postoperative
parathyroid hyperplasia volume (P = 0.24).

Conclusion: The Q.Metrix software is used to analyze the optimal NM threshold of secondary hyperparathyroidism
volume which can provide surgeons surgery planning in the future. There are more accurate lesion locations and
lesion volume values, which improves the purpose of precision medicine.

Key words: Hyperparathyroidism, Quantitative analysis of SPECT/CT images, parathyroid hyperplasia, Q.Metrix,
NM threshold
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Angular dependence of Lead shielding:
A Monte Carlo simulation

Fa-Shun Tsai', Tai-Lin Jiang, Ling-Chun Ou, Cheng-Hui Lee

Division of PET Center, Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan

Introduction:
atomic-number metal with a soft texture that can be

Lead is a high-density and high-

easily process into various shapes. Lead plates are
widely used for ionizing radiation protection. In this
experiment, the Monte Carlo simulation experiments
were used to test the shielding efficiency of lead plates
under different placement angles. The experimental
results can be used to optimize the radiation protection
of medical staffs.

Materials and Methods: GATE software was used
for each simulation. The surface of the 300 x 300 x
300 mm cubic water phantom is 100 cm away from the
point-shaped radioactive source. The lead plate is set
at the midpoint between the radioactive source and the
water phantom. We define the angle 6 = 0° when lead
plate is perpendicular to the source-phantom line. The
size of the lead plate is 1000 x 1000 x 2 mm and 10°
511 keV photons are irradiated to the water phantom
when the angle of rotation of the lead plate is place on
6=0°, 15, 30°, 45" and 60°. The absorbed dose in the
water phantom was recorded.

Results: When the lead plate is perpendicular to the
radioactive source-water phantom line (8 = 0°), the
absorbed dose of the water phantom is 1.31 x 10°Gy;,
which is 73.05% of the case not using lead plates.
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When the angle 6 = 15°, 30°, 45°, 60°, the absorbed
dose of water phantom is 1.30 x 10°, 1.25 x 10°°, 1.15
x 107° and 9.59 x 10°Gy, which is 72.25%, 69.57%,
64.11% and 53.3% of the case without lead plates
protection.

Conclusion: When the angle 6 increases, the actual
penetration distance of photons in the lead plate
increases, making the effective attenuation thickness
increase. Photons must travel through a greater
thickness of lead plate to penetrate to the water
phantom, the shielding efficiency is better when lead
plate is sloped. As the angle of the lead plate becomes
larger, the shielding shadow formed by lead plate will
become smaller. In actual application, it is necessary
to consider whether the reduced shielding shadow can
cover the target object.

Key words: Lead shielding, Monte Carlo simulation,
Angle dependence
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Introduction
Medical radiation applications are a widely used

technology worldwide. All staff involved in these medical
radiation procedures are at risk of occupational exposure to
radiation [1, 2]. The source of these exposures may be X-rays,
radioactive tracers or radioactive sources used for instrument
calibration. Time, distance, and shielding are the three

principles to prevent excessive exposure. However, when it
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is not possible to maintain distance or end exposure quickly,
the use of appropriate shielding equipment is necessary [3].

Historically, radiation shielding materials have been
manufactured from lead (Pb). Lead is a soft material and
can be easily processed into various shapes. Lead shielding
is commonly used in a variety of applications, including
diagnostic imaging, radiotherapy, nuclear medicine and
industrial shielding [1, 4, 5].

Lead-based protective equipment include lead plates,
lead bricks, lead aprons, lead glass, lead eyewear, and lead
intensifying Screen. Due to space and budget constraints,
it is unrealistic to increase the thickness of lead protective
equipment indefinitely. If the angle dependence of lead plate
protection efficiency can be properly utilized, the better
radiation protection effect can be achieved.

In this study, we take Monte Carlo simulation to
estimate the shielding efficiency of the lead plate at different

angles from the main beam of 511 keV gamma photons.

Materials and Methods

The GEANT4 Application for Emission Tomography
(GATE) encapsulates the GEANT4 libraries in order to
achieve a modular, versatile, scripted simulation toolkit
adapted to the field of nuclear medicine [6, 7]. In particular,
GATE provides the capability for modeling time-dependent
phenomena such as detector movements or source decay
kinetics, thus allowing the simulation of time curves under
realistic acquisition condition. All of the Monte Carlo
simulations were performed using the GATE version 9.1 in
this study. System geometric setting: The Photon source set
as “General Particle Source”, 511 keV mono-energy gamma
ray. The surface of the 300 x 300 x 300 mm cubic water
phantom is 100 cm away from the point-shaped radioactive
source, source surface distance (SSD) is 100 cm. The 1000
x 1000 x 2 mm lead plate is set at the midpoint between
the radioactive source and the water phantom. The system
geometry setting is shown in Figure 1.

We define the angle 0 = 0° when lead plate is
perpendicular to the source-phantom line. Each test simulates

10° photons of 511 keV mono-energy gamma photons

J Nucl Med Tech 2021;18:41-46

Figure 1. The system geometry setting for Monte Carlo
simulation.

irradiating on the water phantom. The beam hits the water
cube surface and deposits a dose under the surface of
the water. A “DoseActor” with matrix size 1 x 1 x 300 is
attached to the water cube. The volume of the water cube
is divided into 300 slices perpendicular to the incident
beam. At each slice the deposited energy is computed. This
actor recodes one-dimension dose distribution of the dose
deposited and the number of hits in a given volume. The unit
of dose deposited is Gray (Gy). We simulated the absorption
dose without setting the lead plate as the baseline (D,.py).
The absorbed dose (D (0)) was also simulated for lead plate
rotation angles 6 = 0°, 15°, 30°, 45° and 60°. The shielding

rate was calculated using Eq. (1) :

Shielding Rate (SR)
= [Dnon -D (9)]/ Dnon X 100% E(](l)

Result

The simulated absorption dose without setting the lead
plate (D,p) is 1.80 x 10°Gy. When the angle 6 = 0°, 15°,
30°, 45°, 60°, the absorbed dose of water phantom is 1.31 x
10°,130 x 10°,1.25 x 107, 1.15 x 10~ and 9.59 x 10°Gy,
which is 73.05%, 72.25%, 69.57%, 64.11% and 53.3% of the

case without lead plates protection (D,.p,). The simulation
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results were showed as Table 1.
We plot the 511 keV gamma ray dose deposition along
the depth of the water phantom as Figure 2.

Discussion
Lead-based shielding plates were used in medical

facilities to protect workers and patients from unnecessary
x-ray radiation exposure from diagnostic radiology
procedures [1, 8, 9]. Due to their penetrating ability, X-rays
and gamma rays require a significant shielding mass to
reduce them to levels that are not harmful to living cells.

Gamma rays and x rays are best absorbed by materials with

Table 1. Total absorbed dose within the water phantom

SEHFHEIRKBEET S8 © 57t ety A JE 1T 1

Monte Carlo simulation of lead shielding angular dependence

high atomic numbers (Z) and high density, which contribute
to the total stopping power [10-13]. Therefore, lead (high Z)
shielding as a gamma shield is 20-30% better than another
low-Z shielding material of the same quality (such as
aluminum); the main advantage of lead is high density and
compactness [5].

From a geometric point of view, the effective thickness
on the photon penetration line increases when the lead plate
is rotated at an angle. This effect is shown in Figure 3.

The thickness of the lead plate is LO. When the lead
plate is rotated by an angle 0, the effective thickness
becomes L(0). The effective thickness L(0) was calculated

Lead plate angle (0) Absorbed Dose (Gy)
Direct irradiation 1.80 x 10
0° 131x 107
15° 130x 107
30° 125 %107
45° 1.15% 107
60° 9.59 x 10°°

Dose remain (%) Shielding Rate (%)

100% 0%
73.05% 26.95%
72.25% 27.75%
69.57% 30.43%
64.11% 35.89%
53.30% 46.70%

Figure 2. The absorbed dose in water cube calculated by
GATE 9.1 with 511 keV gamma ray.

EERT EAEE  2021;18:41-46

Figure 3. An illustration of lead plate thickness LO and the
effective thickness L(6) with a rotate angle 0.
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using Eq.(2) :

L (6) =L0/cos (0) Eq.(2)

We calculate the effective thickness L(0) at different
angles, which is shown in Table 2. We can found that when
the tilt angle is 60°, the effective thickness is twice as much
as the angle of 0°. Means that gamma photons need to
penetrate twice as much material to reach the water phantom.
Theoretically, the absorbed dose of the water phantom at 0 =
60° should be half of that at @ = 0°. The simulation results in

Table 1 can prove it.

Table 2. Effective thickness L(0) at different angles

Lead plate thickness LO = 2 mm

0 Cos (0) Effective thickness L (8)
0° 1 2.00 mm
15° 0.97 2.07 mm
30° 0.87 2.31 mm
45° 0.71 2.83 mm
60° 0.5 4.00 mm

Considering the geometric projection effect, the lead
plate can produce the maximum shielding shadow when
0 = 0°. When the angle 0 increases, the shielding shadow
area decreases. This phenomenon is represented in Figure
4. Excessive increase in angle € will prevent the shielded

shaded area from covering the protected target.

Conclusion
When the angle 0 increases, the actual penetration

distance of photons in the lead plate increases, making the
effective attenuation thickness increase. Photons must travel
through a greater thickness of lead plate to penetrate to the
water phantom, the shielding efficiency is better when lead
plate is sloped. As the angle of the lead plate becomes larger,
the shielding shadow formed by lead plate will become
smaller. In actual application, it is necessary to consider

whether the reduced shielding shadow can cover the target

J Nucl Med Tech 2021;18:41-46
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Figure 4. The shielding shadow (orange area) changes with
the angle 0.

object. If there is enough space, proper tilting of the lead

plate can achieve better radiation protection.
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Eliminated the false positive of FDG uptake
in the upper arm on PET/CT images in patients
with lymphoma via simple manipulations - Two Case report

Li-Chun Wu', Yu-An Yen', Chiang-Hsuan Lee'”

IDepartment od nuclear medicine, Chi Mei Medical Center

’School of Medicine, Kaohsiung Medical University

Abstract

Venous flow will be affected by the squeezing of muscles during contraction and other effects, and venous stasis
often occurs. We report 2 cases of PET/CT that found local FDG uptake above of the injection position (e.g.
ipsilateral upper arm) on initial images. After 5 minutes of simple manipulations (massage, grasping and up-down
movement of the arm) to simulate the squeezing effect of muscle contraction, the FDG uptake at this place was
less uptake and the value of SUVmax decreased. These demonstrated this FDG uptake due to venous stasis and
excluded metastasis. Therefore, meeting similar situations when performed PET/CT, these simple manipulations
may helpful to eliminated this false positive.

Key words: venous stasis, PET/CT, false positive
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