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Abstract: This study examines the current state of medical radioisotope production in China. It aims to
evaluate production technologies, industrial applications, and clinical impacts of diagnostic and therapeutic
radioisotopes. The work identifies barriers to progress, including limited infrastructure and a reliance on
imported materials. It proposes solutions to enhance self-sufficiency and scalability. The ultimate goal is to
strengthen nuclear medicine for diagnosing and treating diseases like cancer, heart conditions, and

neurological disorders. A systematic literature review was performed, covering peer-reviewed articles,
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industry reports, and government documents from 2015 to 2025. Radioisotopes were categorized into
diagnostic isotopes for single-photon emission computed tomography(SPECT), such as *Tc™, ?’I, and
20IT1; diagnostic isotopes for positron emission tomography(PET), including ®Ga, ®Cu, and %Zr; and
therapeutic isotopes, such as 'L, ""Lu, *°Y, ?»Ac, and 2''At. For each isotope, key parameters such as half-
life, decay type, and production method were reviewed. The historical progress in isotope development was
summarized, and efforts in the preparation of specific radioisotopes were evaluated. Additionally, the
availability of target materials and the role of production infrastructure, including cyclotrons, research
reactors, and generator systems, were analyzed to assess scalability. China has achieved significant
progress in medical radioisotope production. *Tc™ and *®Ga production increases due to advanced
generator technologies, ®*Cu, and 3Zr has achieved scale production. These isotopes support widespread
use in cancer imaging and molecular diagnostics. Several B-emitting therapeutic isotopes, including '*°I,
%Sr, and *°Y, have achieved partial domestic production, marking progress toward reducing reliance on
imported radioisotopes. The output of carrier-free !"’Lu has also advanced, enabling its application in
targeted radionuclide therapies for neuroendocrine tumors. Alpha-emitting isotopes, such as ***Ac and
2IAt, demonstrate strong therapeutic potential in oncology. However, their development remains
constrained by limited production capacity and supply chain challenges. Over 90% of target materials(e.g.,
190Gd, '"Yb) are imported. High-energy accelerators and reactors remain insufficient. Despite these
challenges, national policies have played a critical role in promoting research and investment, including the
{Medium- and Long-Term Development Plan for Medical Radioisotopes(2021-2035)) and the { Three-
Year Action Plan for High-Quality Development of Nuclear Technology Applications(2024—2026)) .
China’s medical radioisotope sector is experiencing rapid growth, driven by policy support and increasing
clinical needs. However, reliance on imported materials and insufficient infrastructure hinder progress.
Solutions include expanding high-energy cyclotron and reactor capacity, localizing the production of target
materials, and integrating automation for quality control. Artificial intelligence enhances process
optimization and data analysis. Investment in research, workforce training, and international collaboration
is critical. These steps ensure a sustainable and self-reliant radioisotope supply, thereby improving access to
nuclear medicine and advancing healthcare outcomes in China.

Key words: medical radioisotopes; reactor; cyclotron; radiopharmaceuticals
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Table 1 Commonly used medical radioisotopes for SPECT

B ol s

1T(99.996%)
PTc™ 60h KA
B(0.004%)

FEA iy 3ra

9ONo—sPTem

123Te(p,n)1231‘ 124Te(p’2n)1231
124Xe(p,pn)123Xe—>123I
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Table2 Commonly used medical radioisotopes for PET

R kel FARKAL  FEAEPRA AR
#Cu 12.7h EC(43.6%) s #Ni(p, n)**Cu
Br(17.4%)
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A 7 R e A BRI VE (GMP) 9 %%Ge-%Ga & A= 28 4= 7
2, WA HE 1000 5% o

58Ga s 1] 3 23 i 25 R FH %Zn(p, n) **Ga #% 2
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$Ga [ /> B 4lifk T7., ®Ga 7= A 4.25~5.0 GBq,
Bl EE N 99.7%~99.9%1, 16 [ N B L T K
PR A P2 68Ga B 2 o
24 HEEBFEZHARME

AR I O 4.2 d, EEEAR AU BH(23%)
M EC(77%) , BE W] JH F PET W.1%32 Wt 3L a] J T i
FEIRIT o 2 dRc A 7 O SO 124 Te(p, n) 1241
Jb 30 R 2 B g = e >R FH B TR0 Jn 2R 4% 12 MeV
14 J5% ¥ 8 I 124Te [ /K8 6~ 10 h, 872 [ 3 THE
R4k R G5, 315 370~ 740 MBq 91241, Hijik
IR A% 2 KT 80% 52, S T PN 4T A% K il
£, e ILH T RO 25 bR A AR

SOY 2 FE I N 14.7 hy, FE AR J7 XN prak
EC. h FH5°Y b= AH, *oY C#H F
0 IR YT 24 W A P9 AR A A B W R Y
SE o SOY AR Ry o 32 A e A8 R TR
86Sr, Z85Sr(p, n) %Y % R il & . 2015 4Edb HT K
ARG8T LIS DtBuCH18C6 & it i 2 1 1A
[ 2 A A W B AR S 2K 0 B2 3 B A AR 1Y
FF & Je R FH 31, 2022 48, b 50K 2 i)t 1 A
12.5~14.6 MeV. 13.8~45.0 pA [ JiF 7 o 45 i
86SrCO; #13K 2 77 86Y, 36Y [ EOB ¥ 2 7= i N
(122+8) MBq/(A«h), B 4i E R 97.1%041,
2024 4F, JEL 18 BE R FH T 8 Mk e 3 ik 2 3k 7 £ 4K
2 [ AR A REZ b, SEBLSOSHACY Ar BB, H AT, g
R B 245 1E A VU I A7 02 B0 A 7 S e i, IR
Ty R E, RSy A7,

3 ATRIFEFTHEME

AR R TS A 3R A S i e v R
B Y o BE 2R B AT MR T A A B
A S S0 PR AL T, T i e 40 i 8 S 0 B 2 41
EmEROAEM . FIUH RSB a SFEREN T,
89Qr. 90y | VTLy, 1251 225Ac 2V At S i B A 2
BRSSPI ST 25 W 0 B R IR A, AT ]
AT R O RS o 7 A I AN ZH 2, R BRI A
0, H RO PEIR T R S TR 3.



450 Ak 2= 5 U HHa1k
3 W TIBIT OO PE R A FR
Table 3 Commonly used medical radioisotopes for therapy
(7% 3 B3 AR EEA YR He PR RN
131 8.02d $(100%) SN HE 130Te(n, 7)1 Te—"'1
7Ly 6.64d $(100%) SN HE 16Yb(n, y)"Yb—!"Lu
161Th 6.9d $(100%) SN HE 19Gd(n, y)'*'Gd—'*'Tb
90y 64 h B (100%) KA NS0y K H:
2p 1426 d B(100%) S HE 33CI(n, 0)2P, 3'P(n,y)*2P
Sy 50.53 d $(100%) SN HE 8Sr(n, y)¥Sr. ¥Y(n,p)*Sr
25A¢ 10.0d a(100%) RARE . RS ITh-25Ac k4 . 22 Th(p, x)*Ac, *Ra(y, n)**Ra, 2Ra(p, 2n)***Ac
WAL 7214 h a(41.8%) JnEEEE 29Bi(at, 2n) > At
EC(58.2%)
1251 59.4d EC(100%) SN HE 124X e(n, 7)' 2 Xe—'21
103pq 16.96 d EC(100%) IS '®Rh(p, n)'*Pd
31 9 JCHAR T Lu.,

BIL )2 g 38 8.02d, FE 2 )72 B(100%),
K K AEE N 610 keV(89.9%) Y B 5t £k, [ i}
ALK 5 RE ol 364 keV(81.7%) Y v 5 £k, it
(] fe il B 7Z FF BRI 19 3R 9T -

B A AU ) 445 7= 4 vh oy B AR, T
Te 4 J& 5 & TeO, M HLBF, F| H13°Te(n, y) ¥'Te—"1
W R AR . 3R B R LE 20 42 60 AF AR kR
TeO, 7E JX N i 5 i, JF 30 o Z8 1 i S gl 17 3L Y
Sy B ER UL, 78 90 AEAR, JEFRE BE o8 B T Tk A
B T 2058, #it 7= & v ik 3.7 TBq; {H i1 T IiF Uk
7t 20 52 7 HE (SPR) 32 A7 AN Faa, M 2010 4 2 45 1k
TR A el EH i, FREA P P BE R CMRR
B AR B, BRI R o N R oK Bl
71 B 1E 7E 2 15 A B TR A R A R
THA 23U 28 7= ) v 4y 1 i S Tt 2027 4
R, PR A R RE IR A E 7.4%10° GBq.

32 Lu

TLu B WO 6.64 d, EE A XN B
KEF BB F A I KAERE N 498.3 keV (79.3%) .
TLu 32 B o Sy HE A%, BT R A 7°Lu(n, y) Lu
¥ IR (B4 ) A7 b(n, y) 77Yb—""Lu A% & i
ClE] e ) i £ 700 T 42 0k 2 o oy HE il 48 177 Lu fi
) B i, ARZ T R AR PRV Lu 1 L R 2
ToLu HE A E AL B L RN HE b 3 R R R SR
S0, LU R AR, [ I A R 2 S
L™ 2R R A2 B 0 77w bR A0 25 8 I AR N .
Tei] 22 1k ] ) 45 TG R AA 19 7L, BE AR L™ 2% Y R
Ao B AT E AN 5T AR R T e 4 vk R

H i Be Al CMRR JFJ& T 64848 77Lu 19 4=
FELAMEE R, PR T RO AL L
M18 T BB i XF176Yb F1'77Lu #E 4743 55, 0] 525
fit 925 GBq 1y 4= ™= fg J7, 4F 7 & ] ik 3.7x10* GBq,
77 G B =2.96x10° GBq/gl®, IR 2 2 93%,
W4l N 99.999%., H i, T B © a2 5 B B
BB AT Al 32 AL 7Lu 22 5, T2 &
FG R 5E o % sh J e © @Sz 7 L HDLY-1 # i
OB B 70Y b ANLu il £ T HR Lo 1Y L2 H
ARITEE, LB T 590 Yb 22 5e 9% Lu 1A 805 B 5%
i 3 7E HFETR HE %8 18 50 mg & % - #F 99.2% 1y
Y b,05 43 B il % ' 7Lu, 77 i H T R 3330 GBg/mg,
Kl R T 99.999%, 2024 4F, R il 2 T
FE N 45 4F 77 7 8 BL GMP %% 048 4K T Lu 1 4R 77
&, P B BT .

3.3 "y

0y [N 64 h, 287 A AR (100%)
R B TR 2.23 MeV, °°Y W] iof Sz i HE
4R IRS0Y 15 2], {1 32 BOR P 2 °0Sr-'Y &
Ao

1990 471 1993 48, J5i ¥ fi e () F1 A% 5l g e LoV
O3 B AR T )2 R0S-0Y KA . 2009 4E,
AR ET R A HEAT T LR B 1R R W B A4
R 20Sr-20Y e A i ] TR, B T2 A
ot HRE ., 2022 4F, #% 30 J7 B R U VA R
AR AR 43 T TR W T R 00Sr-20Y g A A Y A A 10,
S5O, BRI FR I # A W A RN 121 me/g,
Bl 75 W B 7 0 AT 3k 2 73 mg/g, W B AE 5 SC ik
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RO A PR B . 2022 4F, R 41 B 4 4t 5
HEOYCLy A7 | St I W Ak R AE 2 TG R OR, A
SLTO0Y AR TRER, Y 7 T L O0Y - Bk 1 F
il 56 R 5, 4F 7= i 3.7x10° GBq™,

3.4 'oTp

ITh g AR 6.9 d, AR I XN B AR
(100%), & &} 0.154 MeV 1 94 £k, [a] it £ bifi % 5
iR o I A2 =N S &= 7/ N ol s S
TOITh ] 5 77 1 2 1) R B o HE B i v U e
';E.S%léOGd EE@ﬁ&}imléOGd(n, ,Y) 161Gd—>161Tb dz
FEICEAR 1T,

2023 4E, T B B TS B 10Gd,0, 5 IR #ER
160Gd, ''Tb, ''Dy ¥ [A 43 8, DL K T #R Ak
1T By [ ™ b il A 109, 2024 45, A% e E R
HFETR S )37 M 4% FR 10 mg 7 £ 19°Gd,0, #UkL, 7355
il £ 1 330 MBq JC AR 1O Tb 4% 2 7= i, H s
14l R T 99.9%, Ak 4 B > 99%1°°,

3.5 Ac

25AC E R R 10.0d, WA K o A
(100%), & ST AEHE Hy 5.93 MeV 1 a ki T 25Ac Y
— YA A R LR G 44 a ki, PAc KL IR
25B1 HL A 2 MR Al AL 8 . AT SRR A R A
A5 UL R T RIE /N RR A, 2 Ac FE

529 Th-225 Ac % 2k BRI HE 28 2222 Th(p. ) ®Ac,

226Ra(p, ZH)ZZSAC\ 226Ra( ,Y’ n)225R3—>225AC &1[9%*%
JZ W HE22°Ra(n, 2n) 2P Ra—2 Ac 25 4% 2 v ) #5171,
A7 [ P BIF 53 4 o T 3 e n i 25 2522 Acs

2021 4%, JE T RE BE B WK L 100 MeV 171 i fin
R AT O P (R A 2R 0 A, SR P AV B I 5
FFJE22Ac il % T 25, IF it T —4%& ThO, ¥
R MR 4522 Ac 1 i (EOB) 2y 22 MBq'®®),
b m K2 i I LA T 4 B AH A B2 Ac 19 4l 4k
VR, B4R 225 A B R S PE A% Al R T
99.5%!%71, 2024 4F, I W) BT F ] B n g8 5
%¢ B (HIRFL) $2& ft 0y o i 35 o 42 Jm BR300 5 15
B2 Ac 1Y TR A 4l R IR B 94.7%, 4 45 3
0.5 MBq [P Acl™l,
3.6 At

WAL R W 7.214 h, FAEF XN o T
(41.8%) 1 EC(58.2%) o 2'"'At 3= %23l 8 Jill s #7 28
2Bi(a, 2n) 2"MAC AL il Ao 2k A I A 5
Jiti R A 5 A5 SO R L R AR

F 20 fH2 80 AF AR, P4 I 2% B I 46 1 FH

g i A 2 AL S AR IE A YA 5T, 38 i <28 MeV
F o 0 -4 BT L SR TR Uk A B AR ALY,
53 (200+30) MBq Y211 Atl721, H210po /21T At
I BE LU AR /N T 1078, 45 & TS R b i 0 225K .
2021 4%, 3 T I 8 O S AR RS A Y
o U 4 R B SR I A2 AL, P2 R 24 BT R B
Cu. Zn, Al &% & ¥k T 100 ng/GBq",
3.7 ]

ST (2 g Ry 59.4 d, 5EAE 7 N EC, B
y 4R (35.5 keV), [A] I £ BH 27.20, 27.47 keV (1)
X G2k . 121 ] il & 5 B IR A TR B IR YT, 2
H A I R B A T 13T S R A &
1257 3 B 0o 57 N HE 4 IR 124X e AR A, AL EE
S G A R T B B (] g 3 A S SR A A [l
o FE 21 el ), BT R B HE AL T IR] BRUE PR
FIPT T, i AE r7 B 135 F) 1110 GBPS s Bifi
J& , T o [ 5 3 F 5E HE (CARR) FF & 1 ] 9K 0
TR Bk A 121 28, JOF A E B T ) ER g B A
A s e, e T AR R Ak A B
1k, A P2 fE Sk F) T 3 700 GBq7Y; ik Ab, FE T
49-2 i Yk b J2 Ry, A ST T (E] ERE BE (] ik A
125 ) .75, i E R Al ik 1 036 GBq, 15 21 1 12T ik
SHE2E 4L KT 97.0%, #4108 15 5] 99.99%7°1,
3.8 1i3pg

103pd i} 2 55 1] 16.96 d, ¥4 ) R W EC, &
SR AR R MM BE X S92k (EC, K,=20.1 keV(64.7%),
Ky=22.7keV(12.3%) ) . 'Pd £ 2 JH T IR ¥ | A 51
i 958 A5 ek JRE I T 1 B B RR R R A o 1P &
245 38 5F 2N HE 28 192Pd(n, y) '3Pd A% I K il
i N #% 22 '°Rh(d, 2n) '°Pd B 'Rh(p, n) 'Pd #%
U A1 S | B S P i e N (P R N E W
AR ICPA, JCh A O

2001 47, IV JE 4% BF 5% BT R A R4 1O°Rh
0, ff 21 MeV., 200 pA B9 5T F 33 48 B8 120 h,
2oy B Al Ak S5 A3 3 T 35 GBq H913Pd, HC ST 1 A%
SR 99.8%7, 2023 4F, Ji - e B O o A
WP BB A Y o TR R R B T R BE TR
FNTSS0 3k op L B T2 S 8HAT T REVR, &
ST ARE ()5 1Rh #5102, %5 CRh BB AE 16~
18 MeV. 200 pA 1 it 7 5 4% 14 T~ 45 B, st
1935pd 7 g K T 37 GBq, JIUHPEA 26 B KT 99.9%,
F 1 BE K F 875 GBq/mg, SCEL T [ P4 'Pd 1) LA
o=
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39 HEBTARME

2Py 14.26 d, AT AN B A
(100%) , B [P] FREAER 11 AR 32 22 F F iR 97 Bk
CLAN MG 220 | MR L R M I /N B B 2 A
A LA O g I A R AR IR YT . 3PP n]E
i I g8 43P (d, p) 22PN B i I HE 2
SIP(n, y) 2P A% S 4% o 38 ERAE 20 4D 50 AEAR
WK HWRR S HE 52 T 3P 1 il 45, I 7E 60 4F
RS T A EH T . ARk, %8 1 Bi A HFETR
il 28 75 30 22P 7 i, R PR A% 2 99.999% . T
Ak 4 BE 98.7%I511,

St (12 W 50.53 d, N A, AT
A P gE T RS SR Y B G2 AT o S B AT
PL3d 2o 52 7 HE 2888Sr(n, ) St 50%Y (n, p) %St #%
J2 R A, Al 235U AR PR ) vk ) B 4R B
2, Ik ERAE 20 42 80 4EA, kI 4A A
T 3 R K HEBIE I 2B 7 80St, (AR A 2 K — Bt
[i] P9 oA i 52 30 ] 7= Ak AR I 820 S AR R, A 8h ) B
il of HFETR, DA 405 52 88SrCO, S 844, R %
S 88Sr(n, ) ¥Sr il £ 15 % 74 GBq 4l | &k
16 FE YOS, JF T 2020 4F S B T A #ARSSr (19
FEAR A R Y R, R ST R A R A% R
K HE 4 R A 7208 i W AT P, JF R 5 R AT )
fL % A= 77 HE (MIPR) , A 250 91 St i KAFE 7 &
14 800 GBq!*,

4 KEHBE

IEAE K, B A (B F R AL 2R A K ) R R B A
(2021—2035 4F ) ) 1 (A% B A R FH 7=l = B &
J = AEAT 87 R (2024—2026 4F ) )25 B 5 (14 & A
RSt VA% B 7 2 4 il 3 A0 s S 2 W 0T R Sy
BE Rl R BR 2 I TR R Wk 2B BF R A R 4
T A Sk TS 2 R % R 2 VR Sk A 5 R S
P TR 37 2 i) 4 2 AR K A 2 T A KR T, B
T Em IR, TR AW K, S5,
AN T30 () A6 261 Iy 3 5 ek B f L
B SN R o

SPECT #1 PET 7& i FHl v & 5 1153 ALK J= 49 4
(CT) & &%, LA B 5 fig 3 B W al A, $2
PRI E AL S W HERYE . B SPECT F1 SPECT/CT
WA MG B W32, 5O+ 8 2 MR AR
IR A 25 (8] o BE R 2 4 . R TIRES
e R B2 24 R 2 B BIR, Te™ dric 25 90 7 &

R AR A B (B ATE R o7 B A% R 2R S AR 0 b A,
Mo AT K 2 o FH o fe KA R o 38, L TR A
il & AWM RS A REE ST ., PR
AT SPECT B4R IL Rk, HEWC Lo
Yt Ny, S5 B2 45 A AH G 25 Wk FL N HE AT S B,
SIXFTem JE B R AF AN T8 o

TEEH F R AR W i =S5, & PET f
PET/CT 5 £ 76 [E P 1 PRl 35 K, 18F H4 475 J2 1 ]
&)TZMIERFIZEE R . LR, BELTT
—RA R R, — 2k 4 K R 1T D) WA B 4y
4R, SGa 5 '7Lu B X, BH Z LI 53k
fit bl 297 — AL 51 3 9F B #E44Sc/*Sc.
$4Cu/*Cu, 2 °Pb/?Pb 4 R R X WM & . A 4b,
$7r 1& FH T MO P PET 1%, v FH THiik 2y
Wi S8 O 2 ST ACPE A 5 4Cu AT R i B g R
el A, & T e PR &I ks X
B 42 37 S N A K M S BT R B S 2 )
(T K B s IR AF 5%

TEIR YT R A 2 408K, Bl o 00 1) 5 1 36 97
25 ) FE R 3R T O B % IR B B LS, T
XPIRIT I 2 0 SRR G . 3 JLAR, 7L JCBE
HERR BIRIT R TP T3, RAE bR ic 259 K
I RS0 B i e 2 AL R 0 — L, a 07 2K
WEE S SELI Ry PO =3 EI b P s
¥ AN R B T 4% R T 1Y N A OE 7E BLAR

R R JETE SRR 1) G, (B G A A
PR, 3R [ 7R B AL e i 5 1 () 7 38 BF 5 A R A
A il 28 AR 55 07 T 5 RR 36 A R A B KO R TR B
REM, BCH A a4 Q15 kR, Uil iE 2
Pl o AR R 0 SRS O, A7 LA LA J7 I R
FEma: (1) [F 07 28 B8 A4 10 & 5 18 b S 1 245 9
F Y5 3k B At O e, R F B R S 1 T A6 22 i %
f R B 4R FE A RN 16°Gd ., 7Y b, 22°Ra 4F,
90% LA I 4481 HE 11, 5 o [ 47 22 80 b 43 2 AR
HARMKOC S Ry @ (2) sk RE g i % R
{14 Tl 28 A< FE T HP v BN 2 R R A A N M, R
PR Sxot - K AR B R ) A SR B AR AR AT R i
(3) $2& T4 4% 3 il 45 B AR K P 5 B 9 2 58 0% 0 24k
L % 2 A W G R OR , 3A T AT AL AR
il % T TP & o o %2 B N T3 09 435 0 475 2 HE
B, 2 Ac, 21AL, 22Pb212Bi AT o A% K A A
AR B A A A = T 58 MR A S . A%
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PR T R m AL | bRiEfL . A SR D5 R
J, A W 4R 2R R ey ()3 3R 19 o0 S AL OR, $E T
AR RETT o S A, MR AE AR | N TR RESE
BB AE B [R5 3R W & b i R

) 5 WG ) SR ot R R TR IR R
L 3 — 20 S SR PR 4 T SR S I SO . ROk
VAL L9 | R G B 2 1 RO/ N TR R A RN TR VA S R
PR, LU £ A | OB 58 s o T iR 5 gk ol [ 1 e
F1% B[] A7 258 et ke 25 RS, Ay T 4 245 0 B A R
SR RPE R B o AL . AT, &2l A
Wi 55 3, B B2 TR] A0 3R AR 7 Bl 1 50 ) o L
UES BT NIUER P il ITE VS LS
S 4x H R, PR AT 28 A0 5 7l p 2 H B
— A 20 T B SR T, T R 24 W) R B o B
NN A AR 55
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