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Abstract: Nuclear medicine plays an irreplaceable role in the diagnosis, therapy, and prognosis of various diseases. Radiopharmaceuticals
are the cornerstone of nuclear medicine; their systematic development could accelerate the innovation and clinical application of
radiopharmaceuticals to ensure people’s health. In this study, we conducted in-depth research on the literature on the research direction of
radiopharmaceuticals, visited over 10 domestic universities, institutes, hospitals, and enterprises related to nuclear medicine, and
invited experts to conduct consultation, exchange, and industry discussion, to grasp the development trend and pattern of the research
and application of radiopharmaceuticals in a relatively comprehensive way. Based on the analysis of the current status, technical level,
and trend of radiopharmaceuticals in China and abroad, the development status of radiopharmaceuticals in China is summarized and
the urgent problems faced are identified. This study introduces the contents that need to be focused on from two aspects: the
technology research and development (R&D) system and the technology supervision system, and proposes key technological breakthroughs
including the study on radiopharmaceutical targets and development of targeted structures; new radio-labelling; automatic, intelligent,
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and large-scale controllable preparation of radiopharmaceuticals; detection and evaluation of radiation dose of radiopharmaceuticals;
and combined diagnosis and therapy of radiopharmaceuticals. The study suggests to (1) encourage the innovative development of

interdisciplinary integration with a clinical orientation; (2) accelerate the construction of a technological innovation system for

radiopharmaceuticals; and (3) strengthen the construction of a professional team for the R&D of radioactive drugs, so as to promote

the overall improvement of nuclear medicine.

Keywords: nuclear medicine; radiopharmaceuticals; radiopharmaceutical evaluation; targeted medicine; radionuclide diagnosis and therapy

=

—.\ B

jilllg

TR A RIRE TR, AR K% S B
[ K A ) B p A, BEAEAR R N R LEAR 5E
BRI B o A BT R R T L
M Bl R A R A e T 2, R R [
7 DA R R I A =z — o R s
PER R SW . 1RIT T SO AR R 22, BRI
S EE A . EEIARA N EERGRE, FO
MAEBI . PEIBAT B . IR B S £
FRERIIZWT . VRTT . TS A S 5 T R S A AT
BAMAER [1]. ARYE E 008 5 A0 10 G 208l
B E 2016 4557 48 g A 95 151 406.4 J5 5], i 184 Jeg iE AT
T ANEZ 24135 75N [2], RIBAIFET: NEUZ 4 L
Fhs Ak i 45 2 R B A R S PE H 28
S hE L R B VAT TR R BRAKIR T R A, RS UETR T
X 2R . SR, AR 2019 AR R, FRE L
HEHTFREERERTE. BHTEENE03E.
R AR E 11484, ASIIA EE kT B sk
HEKF o DURZ = 240 AR 2 Wi FH 24 LA e s 1) 2™ Te 24
Yo, 201943 EA 251 5 ANRITJE BAZ 20,
M ELH 1500 /5 NOF R B4 2E . EEs B O
AL N 1R 22 AN )96 7 97 24 H AT R AR N
TERRF, AAE BRIV 2RA0F (1) 5 A FF 2 1 PR 8
FH [3]0 A% IR 5 75 S P b g 002 W 59697 RO AR 34
TEFRE A R 78 o KA

BURYEZ) (TR “HZ5” O fa& A R FAL
R TR sa T I — R 2, 1%
&4 RIZWERAGYT 28 (LR 1D, MR T R
RIERIFA . BT W R MR R 2R 112
Wr, FIFHRERBOR, £ 1 210 B AL 4L 2 1)
Aol BRI, ARk, BRR
WO K e Ul HERREER S, R ERLT
BT B2 22 Wi B R e — RE SE IS PR AR 2 T B
BAAMFA, wISEIUER R 2, T ]
B R TR BRI T R . 2SR IR A% R

PERT, - AP ATHTHOL TR (SPECT) K
WG, FELLTehmicZiYhE; AFIER 7RG
(PET) M%), EZELLF. “Gatrid 4N+,
BT T 24 38 5 % 2R 0 0 AR 2H 2 AT 3k R 1 AR
FVERRIT, TR ATAUIRIE . AP P 7 Wb iR
SR VE R YR T J7 I B RIEFRSUR, At R
PIFG IR TR AL T S ar E T B (4]0 Ubsk, ARAE
TR P 24 AN [ ] SR, IR AT A4 S A NV
;R A A [ T 2 RN B ) i 24 S LA T
2 (AR Do 20204F, ARBUF 12 i sy
59423570, HAUTEZ B 250 & N 90%; K
[ FH S 17 3 MU 20l 44.56 1270, {EAERZ T )
Wb L2 8% H BT, FR B 2 Atk 11 1 S T
FRATHE, BFEMAGHA S G, 07 Lubiid 2 KEE
) 5 2 24 AT R B R I 100 J3 G . (AR, iR
T R, AR R I A A PG IR 211G R A R
PRAUEA R O T2 17 5 5 2 AN o 1 [
7, BAEREHANRE R, EEEEERE. B
T EEIT SR AR R, bR T T E A,
SR, TR R K W RZHAR . R FRER
AE X b, FRE IR HAR AP .

PR TR TR 2 R AR A B RE JT, R PR A ST A fi
TR RAR R, R E EOGH Rt 58 ,
e E TREBE B 2 0% B 97 i B 7= I K Fg R gk ot
A7 OGEWIE SRR, ASCHSIRE B EALR A
AWK RS, JFRE NN R AR
& 2 AR AR BIORFRA My, BT S N [ 1
TR AR R R bR S 71, 2 gk
Bk REW, DU HR SN A
T E RS %,

= ESNESTEAYIN R RIVA KRS
(=) MARMEE, SIFAYTETHEit

[ A AR BT S i R P R 2, 24
W03 NERE Y B, IR SR AT AN W AT B B T I 2

117



FRES AR R & R IR ISR

®1 WMASERRMIBAXE

r R o 24 o O B

5% Bt 24 i B LR

IR Rt (NMPA) HEHEITE G255 (FDA) HOEMIZE 524 b
87 9 ] LWk PETEGLHARZE (PF.  3Fh QR 2080 (7HRMIZED
MO 1C. "N, ®Ga. “Cu. “C.
“Rb %)
SPECT &1 (“Ga. *"Tc. 140 QFZER, WAL 16FF, 28F0 (TRZE, WHAL3LH,
2T, Cry MIn. L0 L H 2 FEERD 3FhCER
X 45)
BITE BIER (PP YL Sty P EEELURAR2 R, SRI2Fk, (TR0 126 (6RtERER, B 15 A,
TLug) . ol (FAc. %, Wk 148, HA 2RO 3RCERS
PRa%). yHL (P1E) WD
) R FEEN BRSO ERA R AR 17 MW A SMRIT ik 33FSI k. SHIRYT L
GEARMED FHAl R T ERE AL
RV S S PR EFAR
W, T FOIR AR ) Na T, B
L [7] " Te-MDP Fl1**RaCl &5
WANIE FIFEZGR 68 BABURE 2T ik (R 2FRIT T ik

IR RSP RIMRARNETEL
TBUSE [ 3% ) 70 TR AR S A2

FRAL EL AT AT, Y-

BRy PP-fOR S T E BRI AR

AW

BN H P B A RRESS & 280 (it [P Se B RyuEd 15AMSWrik. sAar ik

fr i, B FEARARICHIRE T A B D

PERE R AL W) 53 55 0] B2 AR 4
A, LR AR RYE, W%Ga-
FAPI. ""Lu-Dotatate £ Jik .
*Y-Tbritumomab #1745

Pk BT #E20224E3 AKX, 435 E FDAfit#E -
2G4 60 Rl G55 18 FlBUR I A2 KD [5]-
FE°"Te 1. “Ga Fl1 2 T1 25 4% 25 b ic i B 7 iUt
P2 259, ™ Te brid 2590 2 Ifi K SPECT 2 Wi
MM FEZEA Y. ZRAY A EH T8 HiE RS,
B B, M. B ONEZMANEENER,
W Te- 37 FJE R £k (P Tc-MDP) . *"Te-£E i
fgEh CO"Te-PYP) H T & B4, “ Te- 8 KkIbE
f5 (" "Tc-HMPAO) . *"Te- XU 2 Bt 2 g (*"Te-
ECD) H T Wi 8%, “Te-HH R Tc-
MIBD . *"Tc-# i (*"Tc-tetrofosmin) FH Tl
HEFERAL, ""Te-RAEHAER C"Te-MAA) H T/l
WEEEAG, P Te-TRBAE (P"Te-sulfur colloid) H ¥
WF&EAZ, “"Te-F Bk ("Te-MAG,) . “"Tc-Wi & B2
£ (""Tc-penetettate) I T 24, “"Tc- 4L 40 i

118

(*"Tc-RBC) HF 0 lih 244, *"Tec-tilmanocept
T BT Y AR g AR (6], MRAL, B EHEE B
FIPLE AR IE CPLIMP) . P H B (P1-
IBZM), L LE ARG 1-B- H Jk -p- PR T - T e IR
("I-BMIPP) . "I-f R B+ Tl (PI-IPPA), 3K
H L 25 10 R B AR 7 “Ga- M) R (Y Ga-gallium
citrate) , &N WA (NETs) A% 7] In- B
FRVES R ("MIn-DTPA-pentetreotide) Az iz -0 L
FEVE B OTI- S ALEE (O'Tl-thallous chloride) %
BT CAEIR IR Sl 2 R

LA, B ANEFUF, "C. PN. 0. %Ga
F4Cu A% R FRic 1 1E B T3 R 2 B 25 R IR IR
SRR SRR N AW B . B TR 2
SE AR B ik 0 5 40 2 T RE VAl Ao LA BE AR 1 5 46
(2 W PET 12171 "F-5 i S & 8% (“F-FDG) 4F,



PETIEME 2022 F $24% HF 6 H

AR B 7 A FE R [F] DAt (*F-florbetapir) -
BE_fih BL ('*F-flutemetamol) Az 'F- Eb fih ¥E  ('°F-
florbetaben) %5 2 A~ F TRl /R K BRI (112 W7 24540
2020 &, 5 [E FDA i& #it # T “Cu-Dotatate 7E 5
i, FE T NETs 2470 k% & A . B
¥ “Ge/*Ga S AE 2% B AR ICHE [ 258 R A H Rl
5% &, “Gabricd ik B, 2016 4F, FDA
e T T AERANZE 2R (SSTR) PHIEAEE N 43k
I8 I 32 4% 77 *Ga-DOTA-TATE (i it % A Netspot)
AN JE [RIREIE BEE 1Y) 248 259 ®*Ga-DOTA-TOC S J&
TERRER (2016 4F) KR (20194) FRAL L7 [7];
2021 /12 H . 2022923 H X Bt 7K A A
(1) “Ga-PSMA-11 FH - i Z1| B4 57 14 FEE e SR B 2 174
AU BRI 2T [5]

FETWWITZE YL 2Py Au. *Y. ¥Sr. "*Re,
BSm. Lu. Ra. Ac MR KU IR T 254
o ST IR R AT R e S R R
T2 . OY-TUER &2 Y #5718 [ Ibritumomab
B4 (Zevalin) #2583k BT R Zevalin 256
—ASRAL IR A BTV T 25 (2002 4F), LA
FAEE T LM ERRATT [8,9]. o RIATT 24N
R — 2 2013 4 FDA Ak (1) FAL R [P Ra]iE S K
CPRa-FALERD), HTIRIT A B H A2 0 2 A4t
PERGF AR (mCRPC) Hi& . 2017 £E 512018 /K
M2y E R (EMA). FDA G5 #it#E T Lutathera
("Lu-Dotatate) T 697 B Mg i fh 28 N 43 W g
(GEP-NETs), A E AN IR TIR77 GEP-NETS (1)
B2 [10]. "Lu BN E PR T RENLRY (TAEA)
HEFFVAIT A% R, 7620224 3 H SR BT 1 &%t
¥ ¥ V£ mCRPC Y897 1 25 "Lu-PSMA-617, HA
R PRI AR TR 7 7 30 S i 52 [11,12] 6

[l A1 TEAE T i PR B PR BT AR 78 R R 2 2 5
E AN AL, FINEEE [13]. AN 3% E [ 7 AR 7B
(NIH) 435 12 ok A 200 £ R 50 1 1% & Arid
S 500 MpIE LA R ARG RAR A, B
T %Cus 1. "Br AIYZr R K E R EN T
JUT P BARAZ R [14]. MR AL EA W R 2 Wi
LA 5, i B A T A0SR T AR R A 1
BRI 25 AR N AR (1510 B1REAS [F]5d REE
e PR B PR 11 75 B U5 1 I 97 5B AR 2, Y-
Clivatuzumab A T 76 97 i It 98 a3k N Il PR SE 56
""Lu-EDTMP 1E 4 7] # 35 ¥SrCl, 5% '*Sm-EDTMP [{]

2, FEMAS AT RO I BRA R, SRR
) Lu i BEPD B VS M BSm Ak, Rk, KA
BT AL S R B 335 [16]. "Lu/”Y-pentixather
CXCR4 8 [ JRUH 7 A Bh TR 9T 2 R BER
e M 2 R M BEIR AR AT B SRR T i, BT
w BT R WA Z MEMIIZ), W™ Ac-Dotatate
25 Ac-Lintuzumab B3 . 22Pb/?Bi-TCMC- i % £k 5
Pi. 2Pb/"’Bi-DOTAMTATE %% [17~19].

(Z) BFRNERARERAM LTI 2R A

A E T YRR e T B A T T R S T
W 20 R S FABRL AT EOAR, bR B 25
(ADC) #iAR. Tt AR (PRIT). (Al &5+
PETRIE R AR, s 7 2 P m 25 (B R 12
7 AT (P TR PR 2R AR . R R PRI )
(RAC) 5 ADC K45t dEH ML, MR bk, &
BT REBPAEHTNZZR (ADCHNERD T
S HENH . TR RACH, HTFEEkid
1 O AAAE U 24 ) i PR B A g b, BP 254k
ELEL (DARD [RIFE 2 5 M L [ J5C 24 1R A 1 vl E
Py AR T AR S e E 25 I R R T R ) SR
K % . [E 4 ADC #F &% 2K H 1] Thiomab A
ThioBridge i A 51 NAERR AR 7715 1L
VAR S ABBERLR [20~28], AI15FDAR A,
— Ve PWDTEE K 25 AREN 71 5 W R AR v A )
g

1E 1960 4 2 H (19 XURF = PE i ik (R fR “ XL
U7 D BN R R R R 2 R — N E
7] [29,30] WA T RIFEL LS. S E1E
RIS AR PR 25 A 407 5, RE B 3 % 4i
MOSE I MR, RN S A5 5 1% SRR LSS A H AR A
FrE R BIEE [31]e WUPTHARAE 2 S b e B
FATE R T FEE [ SR BS B R (PRIT), K BT A4 F) 4 1)
PERE S /N T2 R 2580 ) Rtk 45 A e
K, T RABUN RERTT (RITD iR E#E
PRCHUR SN MR = a3, BRAC T R 2 m 7
AR, SCIEESAMER. @248k
J&, PRITILTERL T 55 E — EW) 2 (avidin-biotin)
GGG, RN IR RS AR (DNAD
KA RIS S5 [32~34]. Hodr, BURR S M PR S
LR IE RS R N S O 2 A IIRER 249,
DA I/ Lu-IMP288 Jh 8N 45 A ¥ I Bt N i IR T 5

119



FRES AR R & R IR ISR

FHE B ZE I 2> T 5 (anti-CEACAMS) K44t
Jii (anti-hapten) XU$T [35].

BEAk, [ AR R 2 s RTE 70 R A% 12 2 5 15 4
REERFFIREY, EEHETES. Y. A5
FERH . TEWFEEmBE. A%EZFRE
W HA TR LT I A % S A2 ) RURERFE 9 7 ) 4 it
TR AT T F B, AH IS AR S RETE I
ZERNLEE . 7RO . et R B EEAE
1 PR 77 R VTS5 25 R -5 R () S8 2 4000t 9
RIFEBEBAER, HE— DR T G R 5% A6
T, SRR I E TR R A 2 R K E R o BT
EHR, BN TFKFELETHRAMEK. RE .
TE 5 A B YE B A AS 5 RIS, 3 ) e N A
U2 KBARRI LR, R BN S FRBIR TE 2 1 K F [ 95
R, {ES3RIEFH TR S a1
&7 A B EEAEH .

(Z) WAMERRERUEZRENR, FEEL

TE

i TRt D R N S /4 G SN N < S e 5 D
BT IR EENR M AR, S5 IRaRE
FHM (BER . ERAAF. RS, 752K
RLHE. RS R RmEE, —ARKEHA
JI~ W71 BEAR, WPRSFE . EAMAA RBIHER
TN LS I N S 24 . BEBEEAT ML R AT
T TR IR RS, BT T R AT
ZIt R AR Z B S R A% i S HE B A
BEBFEMNEE, BESZRREER T A&
HEEZ I . EAIGIR . I7 9% E S5 A ThRER
G fERZAAIHE R, RNV HERE] T 0
MXANEA . LSRR %75 RS 5 R BiE (MURR)
N, FR% AT 5% 2 — R TRUR P R 3R B 25 B
i, ATLAAEFEZ MOSTT U E RN R, I B FRS:
HEAT '“Ho. 'Re. 'Sm. "SAu%s# &0k, 1R
TN R R EIR. fERZGa0H+, MURR
B BT I R E J F ARG PR 0 B ) 29T T2 1
WEFL/INH o T2 A1 5 o, MURR 5 H A [ 55
¥ M E AT AVE, CARINITR T 34 FDA
HEHEITRZ . RN, MURRIEEESE |44 25 b
JREE M (GMP) U RN 295
Febh R EAR R, {EIRBEER H FEAL R E BN . B
A R W 2 A T R HE T ERAEH .

120

[ AME T2 Al 2 P, B T B AR R
PR SRS, BB S s R A
BERLH . —RRIEAZ B & THUN R ERE I
WA, [ AR E 2 i A — B E (R R SR T
W, JE AT TR N YR I Im PR AT 5T
SEPT B Rt IR SRR AL . R AR IR IR 5T S Rk
T, EANEA 2 TR G T A F B
AR IEEVAGHY . 5 ST SCRE, s BRI TT I
YA 42% (M iE4E (Novartis) £EH] Gifi ) B
KMEBEHEMHER (Bayer) %M (EE); MFHiK
245 2278 1 4k Curium Pharma DA & =5 2 M\ S5 1025 T
K~ il AR kAL ] Jubilant DraxImage Inc. 55; fE[&
ST AT, ARPESZE PRI & 29 R
WrEAH B AR ETHER (GE Healthcare) . PAR%
[ 2 RS A% ol 2% A LG 4 W] (TBA Molecular)
& fEVUESUE, HHENEEEEFR KRS
P B M A R Hi (@ B (Cardinal Health) 4
P55, =N, EANRA BRI EST
IR TR 2 i R S 8 Je e, i — B HEB 24 6l
FER T RS . kTS, BN ERIK
JERE TR B S it T RAF A B A . TR
TS A B AAHTRE R AR ST, B R
WEEHER) T RIT AR EGE DURRHE . 25K

P

Il

= RERSMAYRNARIVRSES

2021 4F, EFKEFREVEEAS Z A0 TIERK
i T AZFATE B 255U AN AT SCAF (B R R
KR IR (2021—20354F) ). XEH, &
[ 2 FH % 2% v S 0 11 410 1) A 2 52 39) | % A
REZZBE EUHENT RERERB, 1.
TLus ¥SrEZFAZ R S HE E4EL [36]. HIL,
WER R IZ DN K RNER, B RS
HFRERCONGNS, SEPRCEZEER. #%20224F
3 HIK, NMPA CHLAERIBZG A 30 F, b 6 Fh
23 AT T A RS S R GRS, |
HAM A 24 F 2 Lz, B3 14 Fi2 k259
FA0FRIT 259 CEREOZ592 ) [37]; L 104
T, A RO 255 BT, A SCIE R Sk
st e 7 2 5 B AR BRI AT AR G Ak AR
W BERT M =B, BB AT % FIT R ST 22 i



PETIEME 2022 F $24% HF 6 H

=TI Dt TIRE R R DR, R
T T BE P A 2= ERORT BE TR G R ok kR Y
&,

(=) MAMEAFENRIEL REA, IlmKAMZ &

L, BRZIEAIFHA

ez W, BN R Bz 12 A F-
FDG. ""Tc-MDP %55 — i 7312 Wi i 2 AR R 3R
fit, ABARFERBUR 2 S VP IHIE (D28 SAEBEST
P, an"'C-x 2 ik is s ("C-CFD).
SE-MEE RS CSF-FES) . “Ga-iRT 4E 40 o iE 1k
AR RS (“Ga-FAPD . ®Ga-PSMA-11.
%Ga-DOTA-TOC F1*Ga-DOTA-TATE % [38]; i&H
B0y 25 E N I PR AT, 0 P UE S5 AR ) Te-
GSA (GESHEHFAMBAMFEAED WL
=R LR ) [39], AT MY R E 45 B R Te-
rituxumab [40], & A4 ) " Te-RGD [41]F1%"Te-
HYNIC-PSMA [42], Ifijth 9k B 5% g 2 4% 551 © Ga-
DOTA-Evans blue [43]%5. 7EJ6J7 /7, FEIEIK
HEHE VAR T TG/ I PR AT B A TR T A
FUARVEW . ¥S-GALEE . TR 1. OY-H g I BR
PRa-FAMARE . ML TR A0 B AR A B v BE B A
SR (PT-chTNT) o] F T 7 A ez il 85 &
1) R il R, (R 2 DL TR A 24 T ST
FIFRTT . PIAMC I EPIFE % HAD *F(ab’), I T A
REF ARG B AR5 &R R R

WHEE A R R 5, TR K R
POk B IRk, FRERBOA O sz,
W Ra-FALER . CY-RHETER . R M. mRR.
WHIE e B S R sl , BRI R T2 K 5 e A L
., fn1%Ga-PSMA-11. '""Lu-Dotatate. '"Lu-PSMA-
617. ®Ga-PD-L1#/ifk. "Re-HEDP % £ 4Nl 24 )3
BNl R H A B R AT 7T [44). B4R =, FRE KK
NS 2 R 25, WG IRLERHRZ L2 i 254
NE, RITE S EELD, ERER—HAEAH
FRIRF ARG E D o BAR TR B B R AT
it IR EE G R B AR PR ATHT 78 8 4655
WA IR RAG KR JEFT R T RS LAt o

(Z) MAMA B BEBIFHEARIERA, BRI
RERARD, BEfHRKFERS
BEE DTS RREEERIRE, EA

FEE 2 HIF R U R e TG, U H R AE R 1] VR T 404
IR TN AEEA . 20204E00K, RE L%
Ja b 7 B Bk (R4 CRREEET D
Seagen/ I H I 4EAT % B bt (Fa & A “%id&
A7 ES 4T Z BT (BN R
A7) FPREEGY . ARTEIMNE Z A
AR B SRmS KSR T U R R 25t R, R
TERE VR AR R T I W O EH, TR AK
RIMVE A2, B BRI 2 T2 ala 7T,
JE GG QBT IR T I K A 2D o

g TOURE [ SRS SR LT N B, W AR
AR FEAR R S 2 R R R, /R ZE AT A
AR L SRR, 3R £ e B AR 2D
W, (HCRIL 70 St FOsc R . B, A&
W IR S B SR, 45 A il 2 R 5 3 1) B 2 AR S
AT BB [ R 48, JF R AR EOR
R T AEMAR T B S B B [45]. 25 RS B AR In) 5
W T DA SO R T 24 e S 4345 46 2 R X —
AR, AR TTEAE TR R B BRI R
AT 5.

TR 2B AR I AR 7843 R F R B0 45 2
AR RSP T8 B S AR B B R R e 1) 43 W 5 L
B, W TIER A R &R f8 5
RO EETT T R RAN 2 T, 22 HO8 i ks T4
RS BBSRTT, SRR R R R T XAE—
SERRJE B 20 T T8 2 10 2 Jo AT R B I R T/
I R T, T R K HE LA A2 N 1 a3 K )
I ARG ST 72K o

(Z) MAMEAKZEAEERZRITESR, B

AR R LR RIER

A G R U D B, Bl TR A
HET, H AT SR B AL T8 5 Rt . A
U AR R EFERKRE, RECKYDALHR
WHEZR, o &R B EURER X iz
DI T M %R 20T &, (BUPRE R R 4F
Mk R AR R, B/ 59, BURE AL TR
WA R R SRR F ot — D 58 .

FE T2 6 1 PR RS, O A SR B A D%V 4
Tty AERUBRR S RN 'R IR
oo AERUREE L A E R B 2GR U S A T
PRI BIN T 2 R, (H 2 IR T 3R S

121



FRES AR R & R IR ISR

TR 25 A BRI, QB 25 W B TR £ Bl 48 °F .
®Ga., *"Te 25 JNTH 2% 5UR A4 88 TSR EUZ R M2 Wi 24
Yy [46]. a0, Jbu K5 W Te-3PRGD, £ fik
PAE 1 A IR R, B4 C e I
I AR REE [41]: JERUIE RS B F 0 " Te brid
HEIRERATAEY) ("Tc-CNDG) RE 5 %02 Wi i
JOE g 4 22 PR, R HEN 1 2837 24 R R I B
[47]. MSCHERER, FRES W20 H 4L
il B % — 2 RRISE S, (HRZHBARIILER
IR IR TR AT, FERMERN . R
1M, PR S O R IR T 29 75 SRk R I &, f
TRFRIFEZIR, BT b 8k 245 HEmt it 7 1 ]
PAtE D, B EGIKEA S . E TR 5
B e B 40 P A HE % R A2 P2 Re 1, TP TR
722G B ) AR RS IR 7S, B E g I
I PR N2 FH (R T A 0 1 RV TR 4, HeAth 25938 1
RIATIGIRN o TERCZG G060 e o, B N A2 4
Gy E A OIH], W [E A2 4 Novartis £ [ DL &
Bayer £[4l, EWNZAMRFRERMGARAF . M
BRIMZNEF AR AT TLAERRHA R
ANFE REFEED AR AF . A6t Ja i E bx
R A IR A7 2. (HIREM A2 E
FE R IR R S AR, BiEEE BN
29 AT 7 BCR BCE [ AN (CMO) B
RNE AN AT AT AR . AR R N T e, PR B
RO ST FACE . LW JRIT R R
ERbE, HMRERMES. HER. BHKPFSE
AN, BRI T 2B R R .

I JLAESR, 7R RIBUR SCHE s LRI 1 5] =
T, REESATWRAATNA . AALTE « 7= 2205
R7 fha kR BT 7A 22l IR R . flin,
Hh [ T RE R 7E BE SR RO T B KR T RN A%
AR GRHYERA R &ZY) BERkHG, FS5HK
M EVEF & TIRIT IR B G T H , B0 T ik
T CTEEMTR — R AIG ARG WS
AR 2R A It A BR A R 5 A R B i AR )
BRAIFFE AT REAT SR B4, TS A R i 2 . B Y
Mz MR MR ESIEIT RRGE: Ml
5 — R B Ak T KA R R I R 29T & 50 AT Qi 1
WETT TAE, WAL T XM R S, ED KR
i SR RS ST, VRS R R AR MR R B A
o TREERAE T B . DU )1 K % T AR 2 AR

122

SEHTEE, JFRE T "Lu-Dotatate. "Lu-PSMA. **Ac-
PSMA %5l R¥GIT 9T, RILEH MR oz HR ik
PRIGIT IR . 2k b, RETRZEE & Pl
SRR AL T8 ZFB B, R Z Am M i R T
e, T R A BAE BN B —, CHFERKE
YERRSS, J1ETECN S

BRORE, RERZRBEIFEER FHZERS
Py MR Z R AL AR AT K
FERARAE TG AT B A% L TR A A 7 ) 4
dif Z RNV PR SR ) A, R AR 2 A% =2
B & G B3 EAM T AR Z . HM
W L& R B PRI 78 BRAE I BB 2 R R, &
B A% PRI IEAE TBURH D il 24 . B — FH 250 K R A
J5£ 55 R LA PR 75 3K O 5 17 B TBUR P G158 265 1 %
H EQH 4 e = IR SR ER A iR /LR R, K
RFBENFEZHNZRNIT RSN, R8RS
BRI BRI BT RIHT . TR A B R A R
T TR R I FH B VP B R 5 35 55 7 THT 4 1T i
=Tt

/. FREMS AL REIREIHkEL

(=) MAEMARES, RIGEIFHENTE
R e 2 R G ZHRALEAE, 2
M RN RSBk KOk, 3
[E] Xof T8 24 Bk i B b AT 7E B BN BR 5k 2 e 32
FF, JERBATTCRESS, #1407 QIR R. [FR
2t Uhis T 28 5 DR R T R, A
A 245 U KRR 8RB BREOR L vl B
ey PR RO S B % A AR IR R AR 1Z U845 21
WM FHATERKZ AT “EREE” BB S8R
ZEORSHTE L R IR SR BT 2

(2) RREBARE—, ELUHREIERSIPRER
AR R SRACT G AGER, B “F 2R
— LB A R . ER RS, 254 RIFTBERT
MR IZ 2 G G R A, RS S L IR R
SRR Z RN H A5 3 A L R R A K
AE DR AT B4R S R IR RARIRBR, T
HORAERLIRNA YT 290U, RHAR S R AR RN HL
SENRANE o i PR Ml 7 SRAE LR AL O TG B
R, FEEEATRIIAL, BTSRRI



PETIEME 2022 F $24% HF 6 H

(=) FWHUAAMERIZRS ERFITHAMAS

EIEKFRF

TRETHIE R RO A oy T A TR
B BIERS. BRRIKESEZ DR, I
PREE A IE 5 A% B2 A D) B AL 22 I A AT Mk N A
MFHEERNA M SRZ L) 7Rt — 5
T, RHITBE R W URAR BT 5 IR A 2 i A
BT, BREHCEZ AT, FIREHERE;
i, BEEE A A2 5 N A5 IR AR AR A A
B, BRZ IR A A B R A . IR, BRREA%
BE 2 BHEE BT S, S BURZ MR /5 2K 2251 1A
5, 120 T TR R R AR -

B REBSMAMERCLAREBR. ER
HESRERAR

(—) ZRB#Fr

T[] 2025 4F SRR 7» SR e HI R A 3R A E
Wi %, 8 B2 dh AR O ) R R BTG T AR T
CIF ARG SEBm R B Y B 4L, P R
VB AT BT 5 e A B R BT Hh O B 1=
JTERG R

THI 7] 2035 4F 411 SEILCZS P/ 32 22 25 F IR oz
I A, S CAT 2 B R R B
B, HEIRTEIE R R S A BOR BT ol
HUZETT SRR

T 7] 2050 5 I BRI G5BT 24 R B HT e
FA, TG R HIE B FE AR A KT TR S
I B B O BUZ BRIT 28 65 1R 557 B 18 47 1
B, WSO IRETR R, TS IR R
AL

(Z) ERAE

LR BORBT AR 2

TR BRI R A 2R AR I HE IR PR o R
L RBULR LA AT PR KIEER R, WE2
BT R R AT BOR NS £ e
WH AR BARCIHE R L0 TA% 1297 — 1k
s BUR AL R FL G T 55 7 T T IR 7T £
B WA BFALI — REI BRI R . BT
SCAGTBUVE PR BT AU VERL YR T 250 AE IR L o i
B OMERGER W T RO K s IR T T

T AT 7

BEXTE AN O BT EIR RS RO 259, PR
it 246, =y “Ga. Lu 45 BEA
ORIV DR BE S CIT R RELE ML R ORI L B 4%
YRR FREE N AR L B R SRR 12T
— A R S RO R 259, B ES)
Prthl 2546 A LT bR B 2 22 25 W) e T R
P R P Sr-EALEE . PRa- SR . Y- B
EREEM A BB X IRIR R & 102549, JT R
SHPERLF QU AT A, SIAGEIA UL 2
THME B Rt MR R, IR
PR 2 S A8 U T BB ST ROR . R AR A E
BRI S RGBT B IC TR R S BT
SRS TH S N RO R A5 P R O R A A
TERHHLEN R ET7 17, FERE MARCEOR . HIAEAL
5 EEH S EOR 258 TS BORSE J5 T R
QB A AL 25U TR (R SR B AHL S0 7 /L, 418 i T 24
BB

BT T SR SR a it S AT &
AN PR 2452 ek 4T T Bk att . [R5 1 Bl LR YR
S CREET RO, PRI E TR BT
VRGLEs, SERIAT R R S N HE S I s e, TR
BRI 2 J B e 35 (124 W A 3 AN AT B
BRI, BT IERIBUR A8 2457 A N T (2R o

2. B E R AR

TR AR M A 2 T BRI T o AR 2
KA LB JEHGZE IR BT AR 7 B 2 ]
FERARAL e, FIe B IR BRI, HEFE AT
PRILZWE R BN I E R, MREA R Rl
JEER, BRABORTAT I BBk — AU 5 58 8 i 2 Bt
RPN A G W R AR PP e R RE S i PR 5 M
FHRRTE S TG A7 PR S a8 v S i AR R .
HBEEMAL, PRSI IE 2 SR8 e i,
(77 SVAZE R U S S ESE =9 2 S S A9
W o B N2 R HE R T R YE RN,
T B A L PR A5 A2 B 55 30 7 U BT 2
Yo, TE BB R AR 2R AT ER R B ARG 3A,
AN AR H 2 S 75 2

(=) XKEHEK
1. TR B0 R T 7T S B TR G5 R DT R R
TR E R L AR SRR S SRR E

123



FRES AR R & R IR ISR

PERYZORTE fmy, JF ELBE R B B B 25 A0 o X i
YT RORE 25 o BR8N HT A 5 SRR R
2 CUAT B R ATV AR BOR, il s e v i PR
ERE, PRI RS R FIRY, JT R
P TBOR AL 17 25N LBR AT TR BOR T, 58 U
LR LW IT, A REE S E R I S5 R it
SCHEERCZG QR B B

2. RO TERR I IR EOR

PRI ERZ RIESE LRI Z o, BN
°Pb. 2Biv ®Ac. MAUSEH R I MR A
o BISERNAZER, BOTFAIT R RS E bR iC i
(L= VA= 7 L E U E iP5 AN e 5% )
AP R B REE ., FE MBI IR
N FIA RIEFEAEE RARICEOR, TR O AR
LY, AR PRVEOR A 28 B 21 1 B 4 17 3
P b BT A, AR AR B 1] 45 A4 1) A 0355 1k B
DRI, A7 6 BERIE FUAR T BA T B [ B 24 1) 45 T 5 £
MIggm, JFAIE M AR BB ARIE 2 T 5
Bk,

3B AL BRE . BB AT ] R BOR

AT 2 ) 46 BOR 2 9 N T EF B 2h B AF A
X BB, DBOIESS 25980 " Lu/*Ga 2
1] 22 JIk 250 A A B4 2H AR S0 8 3 — R A6 1
AFOE RN R Z B AR R 55 (R A, X B
T4 A2 KRB PR N 75 3K o A BT b3k il i
RIS RIS RS G AT A B TR R 5 1%
AR B FEBAT T I TR L e PR ST - 3 e A%
o7 A BARAE A

4. TR ER AT I SN FOR

JRCZG I 25 280 I 22 AV VP 5 AR A 77 B EL A
IRy HERA PR AT SIS 0 S ) A I B A BELAS
SRR TR — o BUA T2 I R4 5 7
PP BRI I A% B2 S AR RO G 70 A, BRI
G NI IR T T R A oy AT w7 . B
XHEMAZ R (PAcy *Pb. Lu. ''Tb. '*Ho %5)
TR, IR Z A 300 HER I E IR,
B LURE 2245 328 o VP 2528 S 2 PR
A BERGUHIT U BT 25 B AR AR AT T
Fa I SRS HE AR AR S A BT VA S B A SRR A

5. MABRG LI R

BOT 5% W7 6B iaYT R BT
FAETBIRE, /AR ENGT R, EIR

124

255 UL B3R 7 T BUBC S 8 A A By RIAL S A B f
BRI T AHRER & 29T BORKIIG R B AIHE . 254
ZHEREAR STk, BRI R RRITE - I Bk
N RS B €1 A NI Vb e WAL Y B €]
WRHT . BT (il A e 55 ) — 24 3B 1) 5
W e BUFr 2 T BOR STk, it DR A I R 2
TR

75 MR

(=) KUsRAFE, Bh%EFRIZXAEHEF

Y33

BV LTI B L I, N5 2 2 B X
TR R QB AN PR AL TE o SR B A LA S AT
A SR, PEHE RO R L R BUE AR K TE 25 W] YRR
MR R 55K, IRRIE TR MR, g
DA MG R N A LBV AT BOR Oy SCHE
Z il RFIH AR B GBI R . XA I
PRI &5 M IR (0 Acy **Pby 7'Lus,
“'Tb. '*Ho), W4 B AHE i s 25 M HEAT AL
MRV R Z 7Y AR YIRE M EE, e
I RIZ YT R . Ak, B 4 25 5 1) 25 W ) i
BRI TEL R, UnBE R I RO . BE R 544 73
TEEMEEOR . RO EOREE, S8TE Rt
JRAT XS Fififeg «  JBR Fiotes 55 Xk v S M (R L 12T T
BT R . WAL bk R it e . 40 Ry
MESEJT I, JFPRELLVN 7. 2k, BaTaE 2 R0
171 A 5 ¥ Dy S ) BB CZG TR Sl s R AR AR
KHZERST FBL U AR n] ) B2 s A 4%
KA T B0 5 1L 32 W7 B R 2T s, A X R
AW IR, A AR AT 5T i R 2R AR
PRI TBA, - S RIS I R 7T (0 T e ST 2 i ek
2 o

(20 MRMAEARCFERER

il DABLAT J 7 BELAL G157 0 551 5 D9 1K
&, B CARMIT e Bl Al i 0 USR8, DA
Moy E R B ARG, B AR IR R
WO A% AL B BT 1 R o AT RE — 20 2 I il 2% A BLE
WEFLTT [ B R . B e BN E AE R BAATL S 7 42
SR AR Ao, S BT R 2 A S, IR
T R . 38 BOSCHF JRU AR G T A 22 Ak B8



PETIEME 2022 F $24% HF 6 H

Foo BRI R EEE R R . ETED T
L 0 P 7K B S 2L L 0 T T R B A
WL ZHERHETF AT K 297 — AR
YU SR AR SRS T R ST L, TR ANIR S 3
AW 5 il e B, S B SCHE TS B 4 3%

V.

(Z) Msa it & Tl A7 AMRE %

FEVUE 2497 78 [ A TR B FENLRA AT s R 7
AEFRARRE,  FEAT 2 R R R RHIT E FT $ 5E  T0
v, BRI T R RN IR R A
FENATIRAE, W RIEAT R T A R0 A A
FENLH], T2 RCRA TGRS ) BBk A A A BA
fho AR TMEBARNA T UIEE, DAk
JEF R B NA IR E B WAL PRSI S A 1E 5
Bhitl, ORI U7 1 A E B TR . 2
HERN T A USAH R A A R SRR ST, i H P
B FRANE S 5] HE B SUB BZEN) o l BUSR it LA
W% B 5 DR A O R DR AT B 7R TR, JFAE
AT = W R B b TR A KR 2T T R
TERIH 2 2 Rh2 P (MDT JIBA) Bl nos
Bk, BEEBEIMAA ML . (2T E B2t
R AR & B FIAR &R, VIS ik
NNV IS AT e

F 28 5T AR
ANSCAR AP ARG 2 TR AN A A A 2 e % s 35

Received date: September 9, 2022; Revised date: October 19, 2022
Corresponding author: Yang Yuchuan is a research fellow from the
Institute of Nuclear Physics and Chemistry, China Academy of
Engineering Physics. His major research field is medical isotope and
radioactive pharmaceutical development. E-mail: 5719904@qq.com
Funding project: Chinese Academy of Engineering project “Strategic
Research on the Development of Nuclear Medical and Health Industry
of China” (2021-HZ-03); Nuclear Development Project of the State
Administration of Science, Technology and Industry for National
Defence (20201192-1)

SEE

(11 R, B R RSO TR 25 I BE R S5 R (], TR erzlE
S5y TRAR 2 &, 2021, 41(10): 577-579.
Zhu H, Yang Z. Development and application of novel radiophar-
maceuticals for tumor [J]. Chinese Journal of Nuclear Medicine
and Molecular Imaging, 2021, 41(10): 577-579.

[2] Zheng R, Zhang S, Zeng H, et al. Cancer incidence and mortality

B3]

[4]

[3]

[6]

(7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

in China, 2016 [J]. Journal of the National Cancer Center, 2022,
1(2): 1-9.

e, ML, B, A U IR T 2 R R IR S e
[I]. FfLE, 2022, 35(3): 151-163.

Gao J, Zheng X B, Wang H L, et al. Development status and pros-
pect of therapeutic radiopharmaceuticals [J]. Journal of Isotopes,
2022, 35(3): 151-163.

Hofman M S, Violet J, Hicks R J, et al. [(*")Lu]-PSMA-617 radio-
nuclide treatment in patients with metastatic castration-resistant
prostate cancer (LuPSMA trial): A single-centre, single-arm, phase
2 study [J]. Lancet Oncology, 2018, 19(6): 825-833.

Food and Drug Administration. FDA-approved drugs [EB/OL].
(2022-03-31) [2022-08-20]. https://www. accessdata. fda. gov/scripts/
cder/daf.

M, BEALARE. 2" Te- U PE 25 0 I DR A R B2 (0], IR AL 3%,
2018, 31(3): 143-156.

Tian J L, Jia H M, Current status and prospects of 99™Tc-
radiopharmaceuticals [J]. Journal of Isotopes, 2018, 31(3): 143—156.
Hennrich U, Benesova M. [®*Ga]Ga-DOTA-TOC: The first FDA-
approved **Ga-radiopharmaceutical for PET imaging [J]. Pharma-
ceuticals (Basel), 2020, 13(3): 38-50.

Zinzani P L, Tani M, Fanti S, et al. A phase 2 trial of fludarabine
and mitoxantrone chemotherapy followed by Yttrium-90 ibritu-
momab tiuxetan for patients with previously untreated, indolent,
nonfollicular, non-Hodgkin lymphoma [J]. Cancer, 2008, 112(4):
856-862.

Ciochetto C, Botto B, Passera R, et al. Yttrium-90 ibritumomab
tiuxetan (Zevalin) followed by BEAM (Z-BEAM) conditioning
regimen and autologous stem cell transplantation (ASCT) in re-
lapsed or refractory high-risk B-cell non-Hodgkin lymphoma
(NHL): A single institution Italian experience [J]. Ann Hematol,
2018, 97(9): 1619-1626.

Hennrich U, Kopka K. Lutathera®: The first FDA-and EMA-
approved radiopharmaceutical for peptide receptor radionuclide
therapy [J]. Pharmaceuticals (Basel), 2019, 12(3): 114-122.
Emmett L, Crumbaker M, Ho B, et al. Results of a prospective
phase 2 pilot trial of ""Lu-PSMA-617 therapy for metastatic
castration-resistant prostate cancer including imaging predictors
of treatment response and patterns of progression [J]. Clinical
Genitourinary Cancer, 2019, 17(1): 15-22.

Calais J, Czernin J, Thin P, et al. Safety of PSMA-targeted mo-
lecular radioligand therapy with '"Lu-PSMA-617: Results from the
prospective multicenter phase 2 trial RESIST-PC (NCT03042312)
[J]. Journal of Nuclear Medicine, 2021, 62(10): 1447—-1456.
National Institutes of Health. Clinicaltrials database [EB/OL].
(2022-03-31)[2022-08-20]. https://clinicaltrials.gov.

National Institutes of Health. NIH database [EB/OL]. (2022-03-
31)[2022-08-20]. https://www.nih.gov.

Ulaner G, Sobol N, O’Donoghue J, et al. Synthesis, preclinical
analysis, and first-in-human phase 1 imaging of *Zr-DFO-
daratumumab for CD38 targeted imaging of myeloma [J]. Clini-
cal Lymphoma Myeloma and Leukemia, 2019, 19(10): 1-10.
Ranjbar H, Bahrami-Samani A, Beiki D, et al. Evaluation of
33Sm/"""Lu-EDTMP mixture in wild-type rodents as a novel com-
bined palliative treatment of bone pain agent [J]. Journal of Radio-
analytical and Nuclear Chemistry, 2014, 303: 71-79.

Atallah E L, Orozco J J, Craig M, et al. A phase 2 study of Ac-
tinium-225 (***Ac) -Lintuzumab in older patients with untreated

125



HEBH A R LRI

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

(32]

[33]

126

Acute Myeloid Leukemia (AML)-Interim analysis of 1.5 pci/Kg/
dose [J]. Blood, 2018, 132(1): 1457-1467.

Stallons T A R, Saidi A, Tworowska I, et al. Preclinical investiga-
tion of *'’Pb-DOTAMTATE for peptide receptor radionuclide
therapy in a neuroendocrine tumor model [J]. Molecular Cancer
Therapeutics, 2019, 18(5): 1012-1021.

Meredith R, Torgue J, Shen S, et al. Dose escalation and dosim-
etry of first-in-human alpha radioimmunotherapy with *'*Pb-TCMC-
trastuzumab [J]. Journal of Nuclear Medicine, 2014, 55(10): 1636—
1642.

Schneider H, Deweid L, Avrutina O, et al. Recent progress in
transglutaminase-mediated assembly of antibody-drug conjugates
[J]. Analytical Biochemistry, 2020, 595: 113615-113625.

Morais M, Ma M T. Site-specific chelator-antibody conjugation
for PET and SPECT imaging with radiometals [J]. Drug Discov-
ery Today Technologies, 2018, 30: 91-104.

Sadiki A, Kercher E M, Lu H, et al. Site-specific bioconjugation
and convergent click chemistry enhances antibody-chromophore
conjugate binding efficiency [J]. Photochemistry and Photobiol-
ogy, 2020, 96(3): 596-603.

Roberts J T, Patel K R, Barb A W. Site-specific N-glycan analysis
of antibody-binding Fc y receptors from primary human mono-
cytes [J]. Molecular & Cellular Proteomics, 2020, 19(2): 362-374.
Li T, Li C, Quan D N, et al. Site-specific immobilization of endo-
glycosidases for streamlined chemoenzymatic glycan remodeling
of antibodies [J]. Carbohydrate Research, 2018, 458-459: 77-84.
Hwang D, Rader C. Site-specific antibody-drug conjugates in triple
variable domain fab format [J]. Biomolecules, 2020, 10(5): 764-776.
Yamada K, Tto Y. Recent chemical approaches for site-specific
conjugation of native antibodies: Technologies toward next-
generation antibody-drug conjugates [J]. Chembiochem, 2019,
20(21): 2729-2737.

Agarwal P, Bertozzi C R. Site-specific antibody-drug conjugates:
The nexus of biciorthogonal chemistry, protein engineering, and
drug development [J]. Bioconjugate Chemistry, 2015, 26(2):
176-192.

Zhou Q, Stefano J E, Manning C, et al. Site-specific antibody-
drug conjugation through glycoengineering [J]. Bioconjugate Chem-
istry, 2014, 25(3): 510-520.

Nisonoff A, Wissler F C, Lipman L N. Properties of the major
component of a peptic digest of rabbit antibody [J]. Science, 1960,
132(3441): 1770-1771.

g, BREDHE, XIS, 4. % PET RARLE M RTIZ YT IR 5T
HEFE (7). PR IE 2 50 T 528, 2022, 42(2): 113-117.
Zhang D, Chen Y M, Zhao H T, et al. Recent advancement of
clinical immunoPET imaging in tumor diagnosis and therapy [J].
Chinese Journal of Nuclear Medicine and Molecular Imaging,
2022,42(2): 113-117.

Labrijn A F, Janmaat M L, Reichert ] M, et al. Bispecific antibod-
ies: A mechanistic review of the pipeline [J]. Nature Reviews
Drug Discovery, 2019, 18(8): 585-608.

Frost S H, Frayo S L, Miller B W, et al. Comparative efficacy of '"’Lu
and Y for anti-CD20 pretargeted radioimmunotherapy in murine
lymphoma xenograft models [J]. PLoS One, 2015, 10(3): 1-16.
Meyer J P, Tully K M, Jackson J, et al. Bioorthogonal masking of
circulating antibody-TCO groups using tetrazine-functionalized dex-
tran polymers [J]. Bioconjugate Chemistry, 2018, 29(2): 538-545.

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

[47]

Poty S, Carter L M, Mandleywala K, et al. Leveraging bioorthogo-
nal click chemistry to improve ***Ac-radioimmunotherapy of pan-
creatic ductal adenocarcinoma [J]. Clinical Cancer Research, 2019,
25(2): 868-880.

Schoffelen R, Woliner-van der Weg W, Visser E P, et al. Predic-
tive patient-specific dosimetry and individualized dosing of pretar-
geted radioimmunotherapy in patients with advanced colorectal
cancer [J]. European Journal of Nuclear Medicine and Molecular
Imaging, 2014, 41(8): 1593-602.

SR, B I, A, A5, R ME R (R AL 3 AR RN B
KGR [J]. BHAIEAR, 2020, 65(32): 3526-3537.

Peng S M, Yang Y C, Xie X, et al. Current status and prospects
of reactor produced medical radioisotopes in China [J]. Chinese
Science Bulletin, 2020, 65(32): 3526-3537.

K25 B B R . B0 X if) [EB/OLY]. (2022-10-10)[2022-
10-20]. https://www.nmpa.gov.cn/datasearch/.

National Medical Products Administration. Data query [EB/OL].
(2022-10-10)[2022-10-20]. https://www.nmpa.gov.cn/datasearch/.

VEBE. FAPLA 1 G R B M2 7 T AR (1] th R 2 5
A% &, 2021, 41(12): 705-708.

Wang J. FAPI will lead to a new era for radionuclide theranostics [J].
Chinese Journal of Nuclear Medicine and Molecular Imaging,
2021, 41(12): 705-708.

Mao Y, Du S, Ba J, et al. Using dynamic *™Tc-GSA SPECT/CT
fusion images for hepatectomy planning and postoperative liver
failure prediction [J]. Annals of Surgical Oncology, 2015, 22(4):
1301-1307.

Li N, Wang X, Lin B, et al. Clinical evaluation of **Tc-rituximab
for sentinel lymph node mapping in breast cancer patients [J].
Journal of Nuclear Medicine, 2016, 57(8): 1214-1220.

Shao G, Gu W, Guo M, et al. Clinical study of *™Tc-3P-RGD,
peptide imaging in osteolytic bone metastasis [J]. Oncotarget,
2017, 8(43): 75587-75596.

T b, HRTE, 451, 4. & 2" Te-HYNIC-PSMA SPECT/CT
CWTHT B B[], TR E A S 4 TR R I, 2022,
42(3): 149-153.

Shi J Q, Wu X Y, Li B, et al. The value of quantitative *™Tc-
HYNIC-PSMA SPECT/CT for prostate cancer diagnosis [J]. Chi-
nese Journal of Nuclear Medicine and Molecular Imaging, 2022,
42(3): 149-153.

Zhang J, Lang L, Zhu Z, et al. Clinical translation of an Albumin-
binding PET radiotracer *Ga-NEB [J]. Journal of Nuclear Medi-
cine, 2015, 56(10): 1609-1614.

Hu J, Li H, Sui Y, et al. Current status and future perspective of
radiopharmaceuticals in China [J]. European Journal of Nuclear
Medicine and Molecular Imaging, 2022, 49: 2514-2530.

Wang Q, Wang Y, Ding J, et al. A bioorthogonal system reveals
antitumour immune function of pyroptosis [J]. Nature, 2020,
579 (7799): 421-426.

FOE, R, SR, S b O R 25 W BUIR B R
B [1]. P 2 i M, 2018 (7): 44-49.

Wang Z, Xu J F, Cai Y T, et al. Current situation and development
trend of radiopharmaceuticals in China [J]. China Food Drug
Administration, 2018 (7): 44-49.

Zhang X, Ruan Q, Jiang Y, et al. Evaluation of *"Tc-CN5DG as a
broad-spectrum SPECT probe for tumor imaging [J]. Translational
Oncology, 2021, 14(1): 100966-100972.



