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U i PR b H AR P I3 9 R A S A
(prostate-specific antigen , PSA) K 2% | B 7 #8 75 (tran-
srectal ultrasound , TRUS) 5|5 ' FiI 1) i 28 401 1% A5
B2 Wr 3 F 5 AL )2 IR (computed tomography
CT) 397 1% (magnetic resonance imaging, MRI)
A B AE 557K AT DB AR 0 B 1 R
FHLWT 2 AR AT LT Z L (single-photon emis-
sion computed tomography/computed tomography,
SPECT/CT) Al 1E HL 7 A S T S AL W2 AR A F AL
Wr )2 1 & (positron emission computed tomography/
computed tomography , PET/CT) 5512 Wi J ik o SR1MTAH
FKMFFEAR I, TRUS X 41 s S50k G Hh 34
4 50. 3% , MR X i 81 i 88 I 2 kb 9 2R B3 Ak
60% ~ 80% , ECT ‘B 47 1l X A th B 6 76 kb 1) R A%
AN 59% AL GERY AR F A AL 7 vk C TC kil A T 51
s B T2 W RDRS HE 40

i 51 BR FF 7 P T i (prostate-specific mem-
brane antigen, PSMA ) J&— i HA IR 7K fifk g FR Ik
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it 1y 10 Y 55 PR 2 1, LT A i D P A 7%
P2 8 20 M b i 33k, S i 41 s ARG
TR EAR AL AT SRR B PSMA PET-CT Y lfi
PRHES, L HJEFE T PSMA /N3 F PET 12 Wi 2 il S
PEZ51) (“Ga-PSMA-11) 93t LT, (4% PET-CT 1
Ji ke PRI 5 e A AL 52 KT 81 iR (biochemical
recurrence prostate cancer, BCR PCa) 2= KBTI A
31 Bt 958 (castration-resistant prostate cancer, CRPC) .
i % 1k CRPC ] 91 J %8 (metastatic CRPC, mCRPC)
S S W RORS TS S0t BT T R
I, A S F X B RS PSMA PET S 4557 < 5k 114 f7F
FEIESRIEAT A5, LU IF % BT AL PSMA JICH 1
ARG PR ALY Bl

2 PSMA K E/NFHH5

PSMA X F& M iR /K fi# B 1 (folate hydrolase,
FOLH1) m 4 & 2 ¥ BB 11 (Glutamate carboxypepti-
dase I ,GCP1I ), J& 1987 4 Horoszewicz 55 AE R 5]
i 96 4 L 2 LNCaP v & B9 — b 40 M 35 1 4% 28
F1', PSMA & —Fi I B R4S Gl o 1, o g i
RIS T 1 FOLHT BRI 2 iy 115 Je @ fk b, 328
T 19 PN 2 BE TR Bk 5 1) L PN 235 4 da L 24 151
S LRI (1Y 5 LSS AL AN 707 A g /b ad R R i At
() RSP B, 2t 750 A 2 B IR B B 1 i
SNSRI AN A 5 A B BT Z AR SS B BLas, 7T
55N R B AT A S H B B /NG 4 R A TG AR 2
B o PSMA [ B 45 1 7 B A b4t b o 2 1 i
3 T 58 43 A AR ETE & o A, A T S A —
XUAZ AN i RV A P 2 B P B3 ik 1) TUT o 4 4, IS
W SR A REMY R S S . IR S
PSMA F= 23838 TR FI R b B A1 (357K FARAR)
FAEFTS B LV CGH AR B e B+ =465 1 ph
LRGE) YRR AL PSMA SM T 2 40 i i 3%
HTEARES & A . 5IEH W E5 IR U L
if 51 i 68 £ 21 P PSMA 1) 3 35 7K SF T8 2 100~1
000, [A] I PSMA 9 2 34 7K ~F- 5 il 910 Ji s 14 4 A=
R AZ7% et o3 Ao BT AT RO U B
PIAR O, DA ot 2 i 91 R 98 AR RN IR 7 7Y E
LTSRN

1996 4%, 36 [ & it A1 25 ) % B Ry (food and drug
administration, FDA) L %5 — > F: T PSMA #E £ 1Y
HCHHAZ W7 258 ProstaScint F 11 71 i 88 4 21 21 1
SPECT 14", ProstaScint $L {776 43 F 1 K ik

Yol o5 i35 1 25 45 [ 8L, SR 11T ProstaScint /E T PSMA Jifd
2 AR e, S O TR A A E T N S5 R 3
I, ProstaScint 32 2 H THi 81 B i IR FE 40 2L AR
ANREF T RIS B B A AR ML T,
PSMA /N3 F- 25 W) B A 4y ¥/ 25080 )7 R AF
SO0 IF BRI A T M A R I, S U
A7 RURE S M2 5 i T K AR TN A 2 A o B
T T AR B 256 19 PSMA /N3 25 W B LR A
bR, AR T B RES . THER, B8R T —
F 5 PSMA /NG5 T 0], A4 5 K R ik =205
IR = RELE) O S (SR o
T2 T A BE RS ) s @ F A& W (i I ik
F)N Q) IR E W (R AR -WRIEAT D),
H1 T & BEE AL WA KON A 3 2o 4 e B L 24
Rah Jy2dgze B T R R . SRS
LR/ L S BRSPS 1 = N |
R E MR 2 W] 7 — PG RN . B 2SR
FALA I, W K Hb A T PSMA /N7 i A
PEZ5 ) A 7 1], )8R IS PSMA TS 1 25 4 3
TR JEIT ] o AR SCF B AN IR PEAZ R bRl &
JIRE PSMA TSR 25 10 1) ) B HEA T 45

El1 PSMA/MGFIRFULEEEXE
Fig. 1 Chemical structure diagram of the small molecule
inhibitors of PSMA

3 PSMA £ iREPET B#&5

3.1 "CHRiZHI PSMA &R PET B 57 2002
A Pomper et al " HE TR B = R - IR - &R
(cysteine-urea- glutamic acid, Cys-urea-Glu ) ‘& 22 %] H:
Hh 2 e 28 R B S EA T O AL (M CHL) , BTIR
SERE T 3T A IR 5L PSMA il 5 4 PET & 1% 51 "'C-
DCMC ([ 2) #9431, T GCP I B PET AR, £ 96
B W 93 A1 S 3 7R s kA 28 R IBOR AT A
(33.0 £ 5. 1) B 5w 20 2UA 431 157 i % (percentage
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of injection dose rate per gram of tissue,% ID/g) .
20054, Foss et al ™2 "C-DCMC Ji FH T i 41 i 8 11
PET A%+, "C-DCMC £ PSMA BH 445 % (LNCaP)
oh R IR DG S ) S A A L R S AR T PSMA [
PERERL (PC-3) FP IR IUAIK . SR 1T 1 C 2 R A
20 min, AFF IR
3.2 "“FFRiZHIPSMA SR PET B&7
PEAZ R “F HA G 18 191 1 (109. 8 min) , [A] 1 5
A 7 A I R 97% S IE HL AR TR (BY) , oy
e PAEMIER TRERMI, REfEE LA
0. 635 MeV,FHHE R A 0. 25 MeV , 7E2H 21 i K i
BN 2.4 mm, K154 PET BI& 20 He s, 1l IR
I FAR Y IE B AR R

R TR YL C-DCMC Y Bk FE L 2008 4, Mease et
al T Cys-urea-Glu 542, & 1 T 55— "F A id
() PSMA T 5 1 25 %) *F-DCFBC (&1 2) ; 7E 1 55 120
min 5}, AT 41 R 92 20 it PC3-PIP (PSMA PH: ) fir J84
A= W 43 A S50 8 o b A U ORI K (8. 16 +
2.55)%1D/g, A #0223 B bR, B/ WL A bE { ik
20: 15 J5 22 I R IR 5 2R "F-DCFBC 5 1ML A &
FI25 6 18R , 5 30251 0 0BT B 28 AR il vl
A R R TR SR B ARG . R T AR 4R -
DCFBC A% 5t , Chen et al® ' fifi F Lys-urea-Glu £ &
W 20 SR, R T 22 R () 24 55 5 6-[F 19U
122,3,5,6-PU 3 K G (6-[ "*F ] fluoronicotinic acid
2,3, 5, 6-tetrafluorophenyl ester, ""F-Py-TFP) i i 4
B BN #8545 2 T8 AR UF AR IC i PSMA TS T
25 )i J1 w1 (piflufolastat, "F-DCFPyL) (K1 2) . #H
It F "F-DCFBC, "F-DCFPyL 5 PSMA A9 3% Fil 77 5
o, 310 & %% (inhibition constant, Ki)=(1.1 +0. 1)
nmol/L, ¥ KAk 19 B K AR vEAL 3 BUE (maximum stan-
dardized uptake value, SUVmax) AJ 3% 100, [] B 7£ 9F
HLZH 2 0 0 BR T 2 2021 4F, FDA it
YE "F-DCFPyL (& i 45 : piflufolastat F-18) FH T #ij 5
JiR9EE 1 PET AR 259 , (645 7 2 1Y & “F-DCFPyL /&
B> FDA it 19 °F FR 1 19 PSMA-PET i 471 i
18500, HZ2 0 a5 s A (i A BN RN e 4 35 1 2
TR ) FEURLALLL (2. 8+1. 2) Dl HITHE A2 7 45
F| "F-DCFPyL, N Il Chen et al® 58 35 s 5 S 0 il 45
T8 =R SF R0 B PSMA B A5 28 e 5 v 245 ) k-
YC-88, Uk 27 = g = 3 (14. 0 £ 1. 0) %, ML
F "F-DCFPyL, "F-YC-88 [ Ki {} 12. 9 nmol/L, {H
L DA UG, AR REZH ZUE BR P, H AT F-YC-88 1))

FE I R I A 75 B B .

2017 4F , Cardinale et al” f#i F "F-Py-TFP 5
Lys-urea-Glu 28 & MR 2007 25 13 3k 45 6 B vy
I L 5% ~ 10% 1 T Ak 27 7= 3R A5 31—
£R5F FR i i PSMA 5 28 5 5 25 ) F-PSMA-
1007 (&1 2) , H 4K “F-PSMA-1007 5 PSMA 4 Ki 3% il
FAL N (6.7 = 1.7) nmol/L, {5 40 Jid 52 5 5 /R °F-
PSMA-1007 15 LNCaP 45 5t 45 &, H N b % 5 ik
57% + 6%. # L F "F-DCFPyL F1°Ga-PSMA-11,
SF-PSMA-1007 1) 1fin 3t A1 5% e 15 S, A R T Hi g A
I BB R R A I IR L A e RS Ak A o )
I Ilf PR 2 56 2¢ W 7E PSA<O. 5 ng/mL FIHT 41 iR 9 A=
b8 % B B E H, "F-PSMA-1007 PET/CT H *Ga-
PSMA-11 PET/CT A B 4 (A5 kE K %

SF-DCFBC., "*F-DCFPyL Fl "*F-PSMA-1007 ] 75
BLAf B R s 25 A0 A sl Ak A B A i, It
B A ol BB, AR TG IR HE T Rk, i oE
TR FH SF-3 AL B (CSF-AIF) 25 S Ric i 7 W R Ak &
B FR, SEI G S A . 2021 4F, REE Y e
WV K2 Zha et al® 'l Zhao et al'® i F *F-AIF %4
FRICSZIL T [F ] AIF-P16-093 Fi 25 2% 11 ] A s 57
PEA (& 2) , [F]AIF-P16-093 7E Hif 41 i %5 PSMA
PH AR R rh I 7 Y R G 8 R 9 2548 8 2 Rl 5+
(9 PSMA ¥ ] 4 . 7F SF-ALF 26 & bRic 4R, b 5
K2 R BE B Liu et al™'' S S B4 8 T [F ] ALF-
PSMA-BCH JICH 14 259 (&1 2) , 90 45 i PR 56 2% B
T R 8 B R B RS W o R TS
WA IEAE AT I RIS T
3.3 “*GatricBIPSMA SHRE PET B 5 “GCa
KR T, BB R AR AR SRR VRIS, & TR IR
K EHE . 20124F, Eder et al ™ M#i FH N, N' -3 [ 2-3%
HS5-(ROI)NFI]IZ —M-N,N'-—Z 8 (N,N’
-bis- [2-hydroxy-5- (carboxyethyl) benzyl] ethylene-
diamine-N, N’ -diacetic acid, HBED-CC) E b X3 fig
AT B SGa 5 Lys-urea-Glu AU 25350 R BX
il £ T ®Ga-PSMA-11 (& 3) ; HF 58 45 SR % 1, HBED-
CCHYGIARZERGIN T 70 F 1 Ne 1 , “Ga-PSMA-11
LA I 98 A 0 2H 20 B DR I R BRUATG e
JHF T 45 S M B BB iy | R P i R R A 3R B Ga-
PSMA-11 & ] T Hir 41 i g B 40132 W F0 52 % 1 i 471
Ji g B W . 2020 4F , 26 [5] FDA It i “Ga-PSMA-11
T TR A R R R 2 W, (A Y
JE%Ga-PSMA-11 J& 14 > FDA It #i F T /1 21 IR 98
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Fig.2 'C and '®F-labeled PSMA radiopharmaceuticals based on urea-based framework for PET imaging

PSMA PR 835 0P PET SA5571

H T HBED-CC Jo¥& 57 PEA R (Lu ™ Ac
) E A PSMA-11 ok LB HT 91 Mo 1297 — 14
AL . 2014 4F Weineisen et al ®'LA 1,4,7,10-PU%
W+ —ki- NN N, N'-TURR (1, 4,7, 10-
tetraazacyclododecane-N, N’ , N, N’ -tetraacetic acid,
DOTA) F12-(4,7,10-= (FRH %L )-1,4,7, 10-PU & &
B+ ke -1-3E) e R (2- (4, 7, 10-tris (carboxy—
methyl) -1, 4, 7, 10-tetraazacyclododecan-1-yl) pen-
tanedioic acid, DOTAGA) & 2 & F & & T %Ga-
DOTA-FFK (Sub-KuE) .*Ga-DOTAGA-FFK (Sub-
Kuk) S AE X e 5 44 {& “Ga-DOTAGA-ffk (Sub-
KuE) (& 3) ; W5 45 R B, &% 4 DOTAGA £ & 7l
) TS 44 24 ) 2% B0 M B A P SR K P R R RN ) B
11 %Ga-DOTAGA-ffk (Sub-KuE) 7 LNCaP i J8 /]N
TR RAF R 25488 T2 AR R R PR RN
i i B4 %, I HL D-780 S 2 R 1 R 40 SR s A A5 e
LA R PR A A A AR P AN R [
1E ®Ga-DOTAGA-ffk (Sub-KuE) A BF 55 3 hil [, i T
P PR 2K F G R ST, Weineisen et al™* % fik
(Sub-KuE) 45 ¥4 /() — A4~ D- 2 79 2 i B 46 g 3- it
-D-TEE R £ T ®Ga-DOTAGA-(I-y) fk (Sub-KuE) ,
RI ®Ga-PSMA-I&T ([ 3) . 3-fll-D-Fi& & MR 1) 51 AFH
I T 259 0 T S imun s A S A EAER T,

B T EMST,®Ca-PSMA-I&T 5 PSMA 12 1 i v
J# (half maximal inhibitory concentration, 1Cy,) {8 i&
(9.3 +3.3)nmol. B2, *Ga-PSMA-I&T H i 5] i}
FRI2YT — IR R TR 3L

20154F, Benesova et al * & Lys-urea-Glu [ 255{
B 5N REE A FI DOTA 5| A T ZRR 4K T8
— % PSMA Jift 53 £ 25 4 “Ga-PSMA-617 (15 3) , If H.
WS 45 5 WK, ®Ga-PSMA-617 X LNCaP 21 it B A
FAEAEM T Ki =(2. 34 +2.94) nmol/L FI AL |
I e 5 BB Tl Y U T o 24 e A v g 5 ¢ LA
SRR FETE S 24 b, iR S il 8RN R S5 LA H
1 058 F11529 e 1o 4e L AV ML I AR SR RN P 5 U v
R 2803 R iR IT B PSMA U P 259 ' Lu-PSMA-617
A T B T A

T itk — 2 R AR SGa S M AR IE 2 3R | Young
et al ' Fll Saini et al"*fifi F = (F2 LML BEEA ) [ tris Chy-
droxypyridinone) , THP | 1F iy AU e 2 & F M 4 1
THP-PSMA i &F 7 B A% JE T8 & ) — 20 Uk
il 3 A B AT 3K 15 PSMA B 5 1 25 ) ®Ga-THP-
PSMA , & U5 JCT5 4k, B nT 78 JLar4 9 58 i
RAEMFRIC , Bl 2l B i 95% , SLaR s )
B, “Ga-THP-PSMA 5 ®Ga-PSMA-11 {& N 14 i
AEARL
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PSMA JZ i 41 B 98 AR AR T A BRAREE A5 . O
4K, F& T Cys-urea-Glu Fl Lys-urea-Glu %5 4 1%
PSMA /N i P 24 0 1) 2 e b 25 4 o8 T oA
FERE NS W R . B FDA HLfE A w3
T PSMA 19 U5 BL AR YT 15 7" Lu-PSMA-617 | L 77,
BET PSMA #E A )/INr F IR R 25 € 28 B — 1)
BAGREHARAE ) TAEHELYT — bR . SR, IR
/NG T 25 AR TR AEAE B IE VH A D VR
AL BB . M CRRIC A PSMA WARF
T2 s A, A R Il PR A T I 5 BF AR e 1Y
PSMA G TE R IC AL BRI A, Uk ™ R
o] 15 PR T A5 B R 4 v b R A R 1 F 5
75 16] ;S Ga AR ic 9 PSMA AR5 5 i B FH ¢ 7 08, &
oK I E — 2 Bl R Al 2 S5 A el /D S 2 SR BRI
SRIRYT FOHU A% 2 ARG PR HEE B, AT A
F2IF — R A B A . AR LRI T PSMA & IR
PET AR I AU 58 08 , LAY I % 7 By
— {4k PSMA Sl P AR B AL B
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Research progress of urea-containing PET tracers targeting prostate

specific membrane antigen
Zhu Hong'*, Wang Hui*, Si Hongwei’, Zhang Dan*, Chen Dengyun®, Dai Pengfei'”
('Department of Respiratory and Critical Medical , *Department of Nuclear Medicine ,
The First Affiliated Hospital of Anhui Medical University , Hefei 230022)

Abstract Prostate cancer is one of the most common malignant tumors of male genitourinary system. Prostate can-
cer has the following characteristics: insidious onset, early asymptomatic or not obvious symptoms, complex etiol-
ogy and pathogenesis, long incubation period and so on. Therefore, the realization of its early diagnosis and treat-
ment is of great significance to the prognosis of patients. Prostate-specific membrane antigen (PSMA) is a type 2
transmembrane glycoprotein that is highly expressed on the membrane of almost all primary and metastatic prostate
cancer cells, and is an ideal target for prostate cancer imaging and treatment. In recent years, with the approval of
urea-containing small molecule PET (positron emission computed tomography) radiopharmaceutical based on
PSMA (®Ga-PSMA-11, "F-PSMA-1007) , PET-CT (positron emission computed tomography/computed tomogra-
phy) has shown new potential for early diagnosis and accurate staging of prostate cancer patients. Therefore, this
review mainly summarizes the research progress of urea-containing PSMA PET imaging agents and finds that they
have defects such as uptake in non-target tissues like the kidneys, lacrimal glands, and salivary glands. Thus, fur-
ther optimizing their structure to reduce the uptake in non-target tissues, providing provide convenience for the la-
beling of therapeutic radiopharmaceuticals, thereby achieving the goal of integrated diagnosis and treatment, is an
important development direction in this field.

Key words prostatic cancer; prostate-specific membrane antigen; positron emission tomography; PET tracers;
urea-containing; BE, ¥Ga
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