- 48 - QA PR AP ZR 35 (LT ) ) 2025 4F 1 48

-k R

2024 4 W R ANBL 43 1 52 A2 S i 58 Il e 5 oK Ok e R

a—.i/&?\LZ’ i%}ij'l), 'f/‘f'\ﬁ 1,33%
(LW RIEERRY E R A2 7 A SRR T E i se s %/
RICITAE WS PR AN SR 2 2 T AT S 0 % IR R B 1500015

2. Wy RV B R K 4 BRI e S B A R AR, MR 150001
M RIEER K MBS K e WIRANE, B RIE S 150001)

WE: Uy F R gk kR, iy iR, SMIELANOCMARIRE SRS . TARSAE )
WAy RS, B RVOCEHE . SOCIRE A JHESI I 297 R FERERa T, & 2RI
Ji g v WAL, AR TR i R 30 RO B SR AR BUR A o UM PR R E AL R ST IR Z $9 4 (positron emission
tomography, PET) MUGT7 W3R W3, TERT8 M b, Brg) e B4 (prostate-specific membrane
antigen, PSMA) PET/CT kiR ITHUS, TEIRIRSI . T3k BUS KIfyy s LE R T, 2F
PET/CT WG4 A% S, BEMRISWIRAR; Mg I, PET/CT 1ElE K/ W K36y 75 i R ¥E T ZAEH]
Hok, BiE TR REIEL, M‘4¢fﬁé\ﬁ<fﬁ?)ﬁhﬁ7§ﬁﬁ3§’éﬁﬁﬁﬁfﬁ PR RS ST R 2 RE . HE3h
WA PRI LT ) BT e 7K - 101 3k

KR O TRAR A FIREN BT RMIETEA s U R R RN

RESES: R737.25 XHERARIRAD: A XEHS: 1674—7410(2025)01—-0048—07

DOI: 10.20020/j.CNKI.1674—7410.2025.01.07

Review and future prospects of molecular imaging in urology in 2024
Yu Tianxi'?, Wang Ziqi'*, Xu Wanhai"’
1. NHC and CAMS Key Laboratory of Molecular Probe and Targeted Theranostics/ Heilongjiang Key Laboratory of Scientific
Research in Urology, Harbin Medical University, Harbin 150001, China;
2. Department of Urology, Harbin Medical University Cancer Hospital, Harbin 150001, China;
3. Department of Urology, The 2nd Affiliated Hospital of Harbin Medical University, Harbin 150001, China
Corresponding author: Xu Wanhai, E-mail: zuwanhai@163.com

Abstract: Optical molecular imaging has made significant advancements in recent years. In prostate cancer,
various near-infrared fluorescence and nanoprobe technologies show great potential in diagnosis and surgical
navigation. In renal cancer, spontaneous fluorescence spectra and fluorescence probes have effectively advanced
the diagnosis and treatment of tumors. In bladder cancer, various probes have substantially improved tumor
visualization, enabled precise identification of tumor boundaries and enhanced imaging sensitivity. Positron
emission tomography (PET) imaging has also made considerable progress. In prostate cancer, prostate-
specific membrane antigen (PSMA) PET/CT has demonstrated greater sensitivity in detecting metastasis
and holds significant clinical value in staging, decision-making, prognosis, and treatment. In renal cancer,
various PET/CT imaging techniques offer distinct advantages, significantly enhancing diagnostic effectiveness. In
bladder cancer, PET/CT plays a critical role in clinical staging and treatment. In future, with the
development of molecular imaging, it is expected to play a more pivotal role in the field of urinary
diseases, empowering precise diagnosis and treatment and promoting continuous progress in the diagnosis and
treatment of urinary diseases.

Keyword: Optical molecular imaging; Molecular probe; Positron emission tomography; Radionuclide; Urinary

diseases

P H I, E-mail: xuwanhai@163.com



(U PR AN B2 35 (LT ) ) 2025 4 1 48]

.49.

TEMRE HY2a B2 WA IR 3 2 G
B, AR R R RE 3 HE SR AE BB 52T
JEE B, TR R R — 003, XTI
o ARG Tt o7 NG RS 0 0D SO R, AR T
K IFHFASFWBIZSS (positron emission tomography,
PET) W& LI R E T8 75 . PET A& A H]
JHCSR P R AR AC 14 201 72 B 700 4 1w iR 90 S AR W)
PR, Y5 AR R I, SRR M R B
T P BB RN R SR DA R S R AR s B O
O3 TR E — TR DG 2 AR BAR X AR AR Y Y
35 AU <R AT TR AL B S R A, T R E
e oRUIIEEE7/RE NN DS AN LY - e X R
BEXT AN RE 537 AH ELAE DA RO 9 A G A Wb
AP AR S I L E E TR IR 2 Bk
i, e B e — AT 5 A2 B Y RE T

A B TE L5384 R WA IR AMBE 43 1 AR 5 U
(R 5B R R, [ N 1 B 9 R 25 S S A BR
AR BR, R R SR A R T ), A Sh oy T
A HORAE W IR IR )RR 22 88T . B B4
PO T RAR S ORI R R PET R TE UL IR 5
Fifgeg v B T, SR O LT I R S B b B A, IR
P TRARE A R AP SOF EEAR K

1 RZDFREGEERRIMERR A

1.1 A7) AR

1.1.1 T40489¢ ) (near-infrared fluorescence, NIRF)
FPETHREMER SR T (prostate cancer, PCa) fY
BT A RFFEHRIE 1 — o B AL [ 130 B S M T
Jii (prostate-specific membrane antigen, PSMA) )
W) BE AL £L 40 5 6 F PET #4£4F, NYMO16 fil “Ga-
NYMO16£Ei2 I PCady Hiwss th 7 RAFALm e | 5
SRR 2L, AT PCa T ARSI
UG BT RER T (X RPN, Bz K
R I DAPEAR He e e, TRl 2 e dk A 5 4% 2 1) &
o HARAE FI 52 w48 5t 1 25 X 3 ) 22 A fy ik — 25O
fli o “Ga-NOTA-PSMA-Cy5 t# Jl T PET/NIRF
g, FTLLS PSMA SURTAS S 4b45 5, 12 PCafy
LWL F AR AR X PSMA BRI &S9Ok 5] §
PO 7 I

1.1.2 XU R EHAE PCarb By i

1.1.2.1 XU 354 Cy-KUE-OA  — b3 8 (1) 3L
A Cy-KUE-OA, HAE HBIRE R 5578,
5 PCa 4l M 45 & i AR 3R ZUOE" R E A
WEM I DIAE, B PSMA S [m) A0 M EFE 1), T

PG T PCaT- AR AN L 455 R KM, IF7E /N B
AUFIIG RAEA TP IR, 25 R BR7E LA 2805 7 PCa
) A A A S A DB T B €, IR AE I PR I A1 R
FEA | B R S R P RE

1.1.2.2 T RAEFE S LN R —F
T REFE T LY (aggregation-induced emission,
AIE) B XUHE [ ZEEF, AT L[] 4G 0 A Ffl PSMA
55 i 51 B S PR (prostate specific antigen,
PSA) BY/KF-, i PCa By L5 i 2 A0 i g2 41k 17—
ol e A B FIE PR ) T B, IR R AR i
RAE NG REEA BB TIRE , LA & 76 I K TAE
TR FH R A 1

1.1.3 ZEES FHREEPCahTHNE —FfHEA
XUHE [a] B RE 1Y AT O 2 8880 T REE P-T, T2
Wr ] PCa, IR E 0T LLXT 8 PCa A= W b &
hepsin 2 FIRGMA LN, FF5PE “TFR” LM Ot
FAES, AT LA H PR IC# R M ECAR T 73 X PCa iy
PSMA Z R SATEE mA% R AR, SEB 7O R W
A0 T X AR b 0[] Ao A5 RN 8 B A, SR PR T
PCa B (A AR AN G/ I IR Kk AR, I PCa ki
YR EY) (hepsin IPSMA) 448 ] ML A 15 45
PE—FoR T B AR TR KA R S AR Y
M ENE . ZRtERA R, TR E PCa Y
oh A PR R P o

1.1.4 FRGUOREREHFEPCarP N BT Au-Se
LA B A AN K R T T [) s AG af VR AE A r
B PSA A1 PSMA™, #r B 8 3 K Z K B (estrogen
recptor B, ErB) /HEMZEERE (histone deacetylase,
HDAC) WHEmELLANOCIRET , A BB PCafiff5i
AT H, K5 ERAHDACH B 127 —
PR A 53 £ L3 1) L

1.1.5 H B7-H3MEETE PCaP IR A5
BT B7-H3{E PCarf 22 bRk, Wit 7 —Mi
(AR AT A P-800C W', il HI NIR- 1T 286 L%
AR AE DT A YA U R4S 5 PCa i DI BR
25 R IR AR ET R 08 MER 1 ) PCa s A8 - 48 5 H A
B, FTREI T ARMLZ M BHMESR, (R4 200 2k
i SCRE, I — 20 B0 R B A ) R S M AR DL S
TETRFR IR e % Jr T i 1

1.2 ez

1.2.1 H RO/ T A (renal cell carcinoma,
RCC) Wy A BF5E3E o 43 A 98 0 E B e
HAUE 325 nm ik T B A ZPOEIER I RCCY,
45 BRI R Ty 254 B Al A ALK
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0 B i I 4 s (clear cell renal cell carcinoma,
ccRCC) Mk 40 % (chromophobe renal cell
carcinoma, chRCC), ZH AR LIRS RINE B,
Bl B2 D AE TR A2 e AR ) g AL, BT A S
W FAR AT IR o AHAZ A FEATY 75 B4 A AR 1 LA
P T AR, PTRR T T ST RO A B R AR R 4R
e B A A 1 LA B T RCC 4% W2 A A 38 345 1
1.2.2 A H K (glutathione, GSH) %G
FTERCCHIIN  A—MEERN . miksEtnsdt
WEFAR, T RSMIPR Y GSH Y5 & AR 3
R, HATIEEE GSHAKEMARAE, I3 a3 58 6 g
W celastrolifs 1 RCC HMARIET", X — &I H
ccRCCIARYT 1 celastrol #L [n] £k 4L T~ 4 A1 — F 37 S Wit
I HZEAET S BB 7R celastroliGYT ccRCC BT FE
BLH o 5T T BEAE 40 LK A sh e Al b ik A7,
12N PRFEAS v iy 7 FH 6 R 45 31 7 0 B ik, 75 22
25 W I R R PPAL R BT 1 P RE

RS MR DO CTREN NBD-P,  Hin] FH bl 8 it 158 K
SR GSHAMHIF, KT celastrol HA 2 04310 Hl &%
W, IFRHEA BRI MR sE B, v H TIE 4
ML P GSH W% g i) v AL BR B o [R] B B FH T IE AR A
GSH WY G, VUL celastrol % GSH /K F-#Y
WATEN . M REARD, HFY KEAR, JFA
FRFE GSH FE i AR bR S 8 FEAS o 19 sl A A8 4k 7] B
FEARRHTER — 5]
1.3 B
1.3.1 ZOEHREN ASP5354 76 Bt d  (bladder cancer,
BCa) HIHITE  AHFTOR NIRF #R5F ASP5354 i i
T IO P e bk T S EI MBA9 BCa i AV /)y BRABE L Y
X BCaZH BT IR N 2% USRI A RUPESSUE S 45
7R ASP5354 AT 4 2 ZURF S I, NIRF 1
15 BE 7 B A R E 5 IR W AU RR , SEEXT MB49
BCalaERAM: . Rtk s, Hilid NIRF
AL # ] SERT R BCas g, A RAEIRIKSH S5 F
A BCa#k AT SE it H R Bry A, o™ i W AE A #r
RINIRF 5 7E BCai2 Wi iU G Sl i 0 . Al iz
WFSE ¥ 5 T /N B A AR L2 3 0 P B e 68 (non-
muscle-invasive bladder cancer, NMIBC) 5ZiE
TP B (muscle-invasive bladder cancer, MIBC)
19 NIRF BUIR 22 5 5256, JF 3o ik 76 2 Fh 28 R K i Bt
BCa & WA MM S L2k, Mur, sh L AKY
Jen] HE RS R AL NIRF BE b st & 240, o Seil
G WLEAE DI FF RIS FC G R I 9 NIRF 5 e i e 2

X

1.3.2 FOEREFICG-anti-CDATIEBCarh s A
5 380 3 AR A T I I D10 B A 6 3 1 e JB IO s A, X
B0 22 Y HR BT 1C G-anti-CDAT HEATIE R, HX i
JeFIE 5 DR I b e A5 A O RS2, I FLAE i
TR AN SV 358 6 B R 3 R T AR AR IE R T Sl 4,
AR T R A T AR B (LTS B R ALY
BEMLIA G R I E, IR AR D W BCa BRI A
HIF 2 S 1 D B0 3

1.3.3 WU S M98t R 41 bsProbe 78 BCa H (4 F 5%
AU FAERKIT & T bsProbe,  HE% [ B 35 51 fi
Jed RN MR T AR, B AR N A 41, bsProbe #E fif
SR E W RN, P — CXCR4 B 5 1k % 6 15 4
sProbe #&/ T 6%, XWHEHEARY KT HEZHi#E M,
P TRNES 585, Ry 2 Ei<l mm
Jli R S/ N A, T LA TS e A oS it 1) b e
RGN o FEI RAEAS T, bsProbe X 438 1
R AEREA YR SE R 90.48%, HURE R 92.22%, 42
BT — o Y U RV AE 0 S, AT TR AN BCa i
A%, IRy R BIG RN ] WM R s 2
A, AR S — ALY KRR A B — A BIE
1.3.4 JERGHEET CA-PEEBCa BT A T i
YRR R BUEA SRR, ARSI & T —Fl
FE A% 0L 1) 8 o B 5 b D ) G R B R T C AP
HCRE NS v M bR 40 S T, R R R, 7R
I PR i A5 80 o R B R A AR 25 5, b CA-P#E
NMIBC A Hv i o i niz S 4 7 38 ZE b,

1.3.5 JURRE SIS IR R GAE BCarh Yty B
AR ET PG (1 R TC i G R T ok, AR
AT —FobR e RIS KRS, KRS0k
W eI AN T SR 7 R T Z IR 0K EF 4, Sl
BCa WK A Bifg , 76 A2 BCadl 81 RS i
B R SR REORE BB RS T O M 4 X
DAIE i R IR WS X A3 i g i L, S i 7E BCai2
FAMEHAST T AT TE I R AL

1.3.6 HHEMIFEE AO- (cCRGDIK) L7E BCa i1
A BF5E AL ¢ (RGDIK) H10Y BE £ (Acridine
Orange, AO) & AR ] BRET XF B Ca i AZ a1 2L
ARG AN AOFER] WOGEER S 6T A 298 40 i H.
A I AN R AR, HAATE TR R E
Mo AO- (cRGDIK) AREHTE BCadli i s A% ¢
SRR, HICW WA EEE, A4 R BCa i Hi
TRITRCRIR L TR p 2 A 21, (Rl
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B — i /N BB ROR AL PR EHROCR , AN BERH E ¥ 1
P, R IIEPP AL R B AN BB LA Bk 2 R LA
FEA BEA S

2 ARG

2.1 AR

2.1.1 PSMA PET/CT RIS 1EPCamy
i R SE e rf, CT M XTI J0 2 i
BiE PSMA PET (i, HARA DN 4% % 77 1 o3 fin £
B, Z W R W] “Ga-PSMA PET/CT i1 M
L RBUE L SRR R TR, S RE A
SR PR R, HORA D RO R B DL S AR
F18 4 S5 2

FENG AR 53 W1 05 1, PSMA PET/CT 7 £ 1 #
CL a5 R 7 e e R, HAR MRI, @Y
58 CT 8 PET/CT XF N 7MW S U, 5% 0
W mCT, 28 IRME (multiparametric
magnetic resonance imaging, mpMRI) Fl& T
AR e, I H 5 53M MRIAHLL, PSMA+
MRIBEAIRYT AT W0 B P F5000 (R sk

FEIG RS D7 T8, % T e A [ g B R IL IR
EAEAWLARE R, PSMA PET/CT SR AT LAHE B R
SBH A, BRI S T AR I R HE ™,

FE TR J5 T, PCa MR YT ER A J5 AT AT A6 Il )
PSAM SGHE ARG AHOC, ik, 5%
BT MR, PSMA PET/CT £ B ¥4
WX o3 B B R B RS A O, DA Y 3 T P4 K AR A
i [

FEIRYT I, PSMAJPIESRIBIT4i & "Lu-
PSMA-6171f97 X W3 PSMA BRI 5% £ 1 2 S ik
PE AT S B (castration-resistant prostate cancer,
CRPC) BHEFCRNZE, v E K 8 H 1 IR
FEMARLS AR, BARA R R ERE R, AR
Wi A 3 Y, 7 Ac-PSMA-617 1R R iRy r s ok 2%
FIEPTPERIFIARE (metastatic CRPC, mCRPC)
HHYEE ] BL FIRYT , AR BRI T " Lu-PSMA-
6173RY7 TRUR EARCR, BA MBCF B E SR E
i KRBTSR RGeSz A s S A R
T

B ) R BC AR AT A H TR A AR R, AT
AT PR AR S5 4, 396 58 X fiob 96 20 B A0 o5 S P
FERTy, WARM A B 55040, B G iU
PEAZ R o R b R VAR S B o, SO ARIC Oy R

Pric SR AR e PE AR T R R, DAL R N
M T o

2.1.2 PSMA PET/CTHH#MRIRME  RIEZHt
FEPITHEES: PSMA PET/CT BA md 51k, B
R RATAS ) oAb, JE FTF0RR R i AR
P 8 X 7R B SR B W e, AT RE T BUR I El D e B
PR B I IR YT, JF BAE PET (925 8] 43 HF %
T, N SR A T RE RS T

22 BoampdE

2.2.1 “F-FDG PET/CTZERCC " #5%  “F-FDG
PET/CT 7 RCC Ji & Mg PEAL th R A BR , R
B EXS “F-FDG Fy AR P 40 M 45 75 55 e 75 450 0
JEHEE A RENRMN F-FDG, #F—#n
WANMERE . ZEIPAN M R kM RCCRY, Fi2 Wi
PERE 5 H MG R E R I I, Bk g . B
TR LGRS T R U, 6] BEAE e o P RCC 1y Tl
JG A3 IR RNRYT RN PR O R AR R, PR CF -
FDG PET/CT 5% %6 (1) JC #F & 25 17 91 i AE 77 )
ARG, AT LA I R CC X i 2 38 410 1 70) 0 G 28
s s A R SR, AR R R 2, B
HIBFSE A2 FEAR RS, 55 FF J 5 — RCC W AU Fip B
5T, H"F-FDG PET/CT FHABAR 2% 557 %
LI, 55 BRI . FTRETE . 2L B 5
Il RANE

2.2.2 PSMA PET/CTZ#RCC T3  PSMA
FEVE 22 SRR 10 3 A= I A8 P9 Bz A e b 2 0 B AR R
PSMA PET/CTEMI . & W ZEPE ccRCC
BoR ), FIRES BRI BR S ., 5
B5R CT AL, PSMA PET/CT REfS IR T £ 1y %%
PR AE , T REHE AL AL K 09 3T A& E ) 4> B U
YRIT, (AT B e I A VR B A SR H AT,
HAE PPl RCC HR 35 X0 1o 2 IR 1A it 410 71 59036 7 B It 7
A BIE AR, FaWETE ZMFRRER . I
Hh, PSMABRN] LIA RCC &SRB iGI7 5
B, W Lu- P Ac-PSMA B PE R ARG, H
Ak T B B

2.2.3 "1/YZr-¢G250 PET/CT 7 RCC iy #F 5¢
ik 2 I W IX (carbonic anhydrase X, CAIX) J&
ccRCC A FRURHIETERL S . IhRIC iR G SR e b4
cG250 i] I T2 Wi Ji &Pk ccRCC. I F CT, ™I-
¢G250 PET/CT7Ei2 W ccRCC Jy M BB Fnds Sk
B T ARIC B O O R R 25 AE IR R
PR, IR T YZehRie i G250, Haz Wi &
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PE ccRCC Ay BUBMEFI Ry 5 R R R A7, ELR I 4%
o RCC B ASEE™ >, (A Ho a0 mT A R L
ESIIE 2L R R U] R R AN ) A N
KB HA R
2.2.4 PR EEFIARIC Y CATX /N FRLRTE RCC
hEgpER BHETEC TR FEAE BT R S
R A O R B, B AR RE S A B i
B SRR, AR A E PRI TE] AT R R A S e
o8 5 M L. VM4-037 Fl XYIMSR-06 f& CAIX
B IRl /N2> FRCAA . SF-VM4-037 78 B 52 5 Ay w5 1%
HRBR ) T S & B AR BT WL, ERT LR CATX
BH PR B kb, 76 A DN B 1 RCC 7 1T A3 5 55 H
PE. “Cu-XYIMSR-067E RCC R R, 5
PUA A ) CATX B MR BR AR LG, R TR 4F
W23 B T, I 5 5 IE 734 L Rl ] AR T
HoAt 7R BE 5005, 3X0] BB IR A2 W R & P RCC
19 CAIX/NGrFREAA, RN T I PRI 5 2 B 22 IR
i s

A VAT BN R ) FH 0 A D A7 4SS B Ak AT g 2 1Y) 8 K 4
A, B RCC I CAIX, Hggykasty, Sim
T RCC AR R R e 03, M RCC 1Y
FEI7 R, TR oA ELSEAR 56 RCC LR AR ET 1A 5K
PE, BIHE A B R 8 B AR S PR,
17 RCC R E TR ARG T U5
2.3 B
2.3.1 “F-FDG PET/CT#BCaf R B
#RW, "F-FDG PET BUEZ R HEM T48, AhE
YE BCa i1 WAl 77 2L, HXF MIBC /# T 43 11 i
FHAEH AR, “F-FDG PET/CT Y £ ZA4E HAE T4
M BCa M b5 B8 o 76 K 0 bk 2 45 B8 Ky Th - AE 1
BSR CT, HART KRB AT MR, 5 CT A
Pl LM R 2 T 7 bk 2 4 2 A ) AR
EAEAE LB AR B BAL, B EIHEA R
R RS, HEURMEXT 2%, WM TIRES% LR
BRIk B 45 i K A R SR U A T, TR S HERR Ik
T4 R NI HAT AR IR YT . 3 R A 45 R
P HOF B A AL ™, “F-FDG PET/CT
XFMIBC 9 M 43 A 2 7R H b CT B8 e i fldep , (EX
TRIT R 5 i 5 i — 2B
2.3.2 “Ga-FAPI-46 PET#BCa M H  “Ga-
FAPI-46 PET 75X 55 D6 IR i 1 5z 9 Jay 405 bk 128 45 4 10
J5 T ELAT (e R S R TR AN (B, RTREAA B AR
IR IT I 5 o (B T STy [0 o1 5 1 HLFE AR i

N, AT RGO SN A SR T UL 25 B 7
PPAG BRI 0 T AR AR AS IS Ak R L 5 e 7S
TR RS, B B BRI 4R B S5

3 AFRBEHRKMNRE

BHERER PET IRAE S TR A T FL 2
ARk, BB RO PR BT OB A, BEXT I 2 A
Yrid BEBEATRE MRS, ROy R oA B — 0
o, R B T mT LS R R R A o T
i, PET MG AHA BUSRE AR Rl B SR, 56
R HERIE, iR 25 L. JerrT
LB S AR K AT BEAE IR 1) R 30132 7 RO o S5 T
RILFH o fEBI NIRF SFH0AR, BEAESCBUA S
B, B PR A RS HEDTBR R o BT I 2> TR B L it
BT o AW BL, (0 BB R T BT L AS W7 A5
M HOC A AR B s 2 im /DR (e e, (T
i PR IS FH AR R 55 A 0
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