PR B S 0 TR AR 2021 4 12 A5 41 55 12 Chin J Nucl Med Mol Imaging, Dec. 2021, Vol. 41, No. 12 - 705 -

FAPI B2 €]#% = @12 7 B i if X

A

TEERRFE-WRBERMZEFH, & 710032

BAEVEH 2 #, Email; 13909245902@ 163.com
DOLI:10.3760/ cma.j.cn321828-20211102-00380

FAPI will lead to a new era for radionuclide theranostics
Wang Jing

Department of Nuclear Medicine, the First Affiliated Hospital of the Air Force Military Medical University, Xi'an

710032, China

Corresponding author; Wang Jing, Email. 13909245902@ [63.com

DOI;10.3760/¢ma.j.cn321828-20211102-00380

BA LY TR EREFFRIFEREH X
w20 42 B F-L A H 4 A (fluorodeoxyglucose,
FDG) #y [E| # (R # 7 # [E % PET/CT QW) Z j
B RASRE T E 0 K W03 AL A0 % 7,
HHESERER RN EAR, A2l £5, 5
BA AN ER T %" a7 AR ERR
(prostate specific membrane antigen, PSMA ) F1% Ga-
1,4,7,10-9 & 23+ —#-1,4,7,10-0 7,8 (1,4,
7,10-tetraazacyclododecane-1,4 7 ,10-tetraacetic acid,
DOTA)-D-7K 7 & B 1-B & B 3-7% & B 8- i Jik
(DOTA-D-Phel-Tyr3-Thr8-octreotide, DOTATATE) 2 #f
HrmERRN RN C AR REEREE A S K
& %% 32 & (Food and Drug Administration, FDA) it
VS TR BB Ga- R 4T 4 20 5 E & @ (fibro-
blast activating protein, FAP) 31 %] 5| ( FAP inhibitor,
FAPD) A A EH LM EA LA THEBT
&% xE, KRB F-FDC Z G EEZWHEF)
A

—. FAP 5 FAPI

REMBABGENFRHRERLPTFHREERE
= 18 B 8 BT A B A LY AR AE B8 i R
FRLEFRAXN LM G0 Ho TR, MiEH
K A 4 4 8 ( cancer-associated fibroblasts, CAFs)
MBI FENEEAR EEFARE LN
o R S B B9 90% , CAFs & 3k FAP By & it
BTEHAL, £ FAP &Ry B RTINS T8
B FAPL @i e 5 FAP &4, R A E ¥ 5
A M) THRATEZWELTHENKED

Kratochwil 4 ' B i £ 201 7 28 # A 8] 5244 i
T4 Xt Ga-FAPT 98 B, & IAZ 448 S04 08 & 8y

BREFE ARG IR AR EEN
K AR VE L BUE (maximum standardized uptake value,
SUV, ) >12, 7% Ga-FAPI th AL /A 0 3 2K & 75 1
(SUV,.<2) , \TT T R 8 fi 8/ IE #2402 35T M b (e
(tumor/non-tumor, T/NT), 41 & #F K 4 R ¥ &% W
2019 F %X EM E ¥ 5 45F %18 % 2 (Society of Nuclear
Medicine and Molecular Imaging, SNMMI) &2 4F J& [
B, WG FAPL AR EXNH R ZENE NI NG
K E, L, Sollini 2% By 23 47 4h N\ 23 T A,
F K SN R An A T M R A RY 8 999 1A By
%, K3 FAPL PET th % REE N 99%, & & W
87% , & it 8 R AR E 5 100% , ik B 45 %% % Fn 3z 4t
A REE 25 89%F1 93%,, %L FE MR T
FAPI PET X M8 & % 3 % A 8, £ 2 xt T4 &
AIATF-FDG B 8 DL R R KR & A i 4t
AW, BT 7 FAPIPET WH B G H XMW E
WhEMEAER, BWE45 CAFs & £ FF
EHEA LA E MR EFREEN S Bhd
TR TF ARG CAIE B R R G A
EWBGR,

—.EW FAPI RIERETEEIZH TR AR

TLF ok, R E R EF 4R E IR FAPL £ 7|
HHWHEAT R, A A SRR ECEENSE LB
Flbkk, ANELS4BBEFNIBEEATH
JEXT FAPL % 7|45 4t 89 5 B AE 2 FAPI PET/CT &
Fxt g B R B A DRI R B 4 i B %
8 B 5N 1 B & FAPI PET 1% 78 3F fib 9 M & /7
A 2 B R

FR WA B M LR T PF-FAPI-42 5" F-
FDG & 43 Bl L BH PR, & R B R °F-



- 706 - FhARE BE 2R 5 A T iA5 4k 2021 4F 12 A %5 41 #5255 121 Chin J Nucl Med Mol Imaging, Dec. 2021, Vol. 41, No. 12

FAPI-42 75 fiff fR 08 B oIk 2 M (T AR 8808 ) JR At
O R AR B (SUV,,  12.24+3.97) Fu ks 5 By
TH M A 2R [ 1009% (37/37) ], EL7E 40 3] #% 75 4
7T FDG, 52 bk B 4 fi KRR Y 8% A 4k
M , e /N 48 J B B 8 R 2 2 b BB R FAPI-
42 WL R KT FDG, %A % 4 i I 0E & 8% By
LWREFHLPMRET —HHFWEE, E45E
£ E M7 T ® Ga-FAPL PET Xt 45 & 17 9% £ &
FaME DB E R BT RKNE T, AN
BEES> B NG A A#H T ,%Ga-FAPI PET &
M K/ B/ R EHIE]93.9%(31/33) ] &
BE[100% (24/24) | Fa A ETUNAE (7/7) # W & &
THATH][64.5% (20/31) 56.5% (13/23) #1 7/
17; X* 18.8.549, 10.786, ¥ P<0.05]; ®Ga-FAPI
PET Fif 7 50.0% (12/24) BZ W 48, %% T 71.0%
(22/31) BH MG 7 £, ZH R KA ,%Ca-FAPI
X4 B B BRI WA B R 4R
%[9] t % & , NIR B g R % ( patient-de-
rived tumor xenograft, PDX) /)N 45 AL iy i iR i 41 41
HHEKE CAFs HE E &M Ga-FAPL-04, 3 — 5 1
W PR 363 7T WL ik RO R R M BRT #% B % Ga-FAPI-
04 BB B 5 T FDG, %o % 4 IF /& FAPI-04
TR BRTE 0 BT R T SRR,

FAPI % 5| 45 4 3 48 T M Bk i 4 7 M 8 2 )
BT CAFs EE M EMBFEF LA AELRSL, B
Mo, FF & JE RS AT M B % B T4 & FAPL B %
oy L e B, BIAEV BT 25 Bl A4
1t 2 % Ga-DOTA-FAPI-04 PET/CT & % , 33t '
SF e M) T By RBUE N 88% (22/25) , ELHE % W 4F
b R AR F , AR E & BME (standardized uptake
value, SUV) & #f # &, # = Ga-DOTA-FAPI-04
PET/CT 7 ' 4F 4 b i 2 M o o0 R0 W o B — €
B, FTAE O I R D BT B A Lt mie & F &,

R FAPI 2 7|48 4 09 PET B4 4 M4 5 4 Bt
BhETFERA—E#dE, EHLEHFNZ G ®
FAPI & %7 FAPI £ I )R L &1 F & B R FDG i&
1N FDG My EE A 77 FAPL % 7| 3K 41 09 5 /K B
AMELEHFERENERAZ AR —F EHA,

= M EFRIC FAPT R IR $TIIE L 77 R K&
REEHME

FAP 7 % Fp 524K B 7 o & JE 5k 3£ #% 78 FAPI %
T EE G K E . Hicks 2" 2 ] Nucl Med - |
A 9 “FAPI PET/CT: will it end the hegemony of "*F-
FDG in oncology? (FAPI PET/CT % 4" F-FDG %

MEF R BTG XFE, —EREER®RT
AT B8 FAPT PET/CT 24ty 5k U0 1 5, (875
KEWZ ,FAPL AL Fl T PET B 1%, 40 2 %W
MEREEET RN THA, B, Ta kR
FAPL 2 FHRHEM B VLR FNEENME, A% K
NH T B R TAE, A B T #H 7~ FAPL 2 7| K 4t ty
AL, (1) FAP B2 1 4 THA WA 4, A&
BB LA 18 B 2T AR R B N 4 T AT H| L FAP B2
WAl B ERA, bk £ FAP 314 A
FAPI-O1 #| & Wy ah b X T2 o FHRANEKES
MR R I TR EE FAPL-74'0) | A2 # A FAPL
S FEATE R B3R T FAP S8 0 Wy A v I, 2 H e #8
RERERATFAPL TR R, ) XAXEZZ
HATHI, BHEZE XHREGa "F “Cu £ EW
FH EATIE FAPL B PET 244" 54 FAPI i
BB A KA T" 2 FAPL #4732, H #¥F
RIEEHTHRAEAHRAENE TN XA L
5B AT A Re T Lu OY LA RCE ST o ST AV Ac
LT MR ERIE FAPL, T #H A EBRF Y, B
W, 7o B R AT A E AR &R R R
FAPT 54, AT LI E (L B g 2l fn b iT ., (3)
RGBT FAPL 78 PET £ %%, B 77 #7 FAPI B /&
PET/CT #1( 5 ) PET/MR % % & 4 T #2 46 I &, =
ELFMEH LW LR D R 3% 7 T8 R
M FERERNFE, B, x T FAPI 5|85 4
MEERLHBRENHARFENE LR LN TR
B RARGCENBEMN BN 2 M5B TR
BRCICRA: i S TS G S 2 0, N = ]
B NERIGRIFR IR S PO RFEARAFR, &
4 B UM AT A B BE MR T A A% FAPL 454 PET &
BEAHME/REL AN EME L, HTREHL
B R AL FE B, (4) K IE FAPL A~ & 89 4%
FEWBT, AT A R, Lu-PSMA EZE R T B
WA FIRIE BT R R, ST FAP WE L TR A,
BT M R ATIE I FAPL 45 A 2 R b 5 A i 4
WG 9T B AT 2 4 Lindner %17 | F K
E™Y-FAPI-04(2.9 GBq) *t 3L B & 0 41 & Wi JK 36 57
BB 7R 3 A B R AT MR I Y-FAPI-04, 3 86 H %
R EBEH IR IER . TN RZ ZARID FAPL
EMBREERATNABERANMERE L, 24
TR 7 A Z AR FAPL B9 B8 W oF %, o T
TFRE b A% 2 6 97 WO BT U LR E B 2 R E A
s R Z X, (5) 814 FAPL b ¥ 57 — k(L X,
Ui — B EF A A T H B s,



PR B S 0 TR AR 2021 4 12 A5 41 55 12 Chin J Nucl Med Mol Imaging, Dec. 2021, Vol. 41, No. 12 - 707 -

TR — 2 FHA, BT U BIARE S B/ 67
£ BT URAE—EE (w7 L) FRiE R 7T 2
LIS IT — R, #BIL FAPI B4 07 & A Wit 7
B W FAPL A~ R 03697 2 R F ROEHA & 67
FEEAHS TGS TR ET, A THES
MENETRR, ALFEREFVIT — R K

;@ [20-21]

o

FAP R TEMBEMA R REXRK, ERXRER
MRAHNEEREERE PR EHGT? XA
—EREFERTREEREN DN RE, A
WL E L M E P B0 K A, FAPL B9 I K 3
RLAEF Andg e, MAh, TR R FAPL e 4 P8
TR R R, A B B AR AL R KRR X A
KA B VE B4 B AR DU O X R R
RETQTUE LI 7k, AL T ERTA
FHOD HAEEE R GRS, BT, 2 TW4AEL
TR FAPL EM B 5 EMERRFFNAE, HB T
R FAPL WG KA FIEE, BHWE NAARE
RYEFPH FAPL ZPI R4 B A 20 A%, LEERN
F 5 W B YOIR R KB BOR BIBA, ¥ E 5 FAPL % &
FURMAKANATEE E R, RREHAFELRL S0
Byl R B9, 4 & FAPT R 5| K4 M8 548 £
B IR, B2 FF 6] FAPL 27| K4t Z M
VRMEE A
FIZEIRZE A4 7 AR 2 o

5 % X

[1] Xing F, Saidou J, Watabe K. Cancer associated fibroblasts (CAFs) in
tumor microenvironment[ J ]. Front Biosci (Landmark Ed), 2010, 15.
166-179. DOI ;10.2741/3613.

[2] Werb Z, Lu P. The role of stroma in tumor development[ J]. Cancer J,
2015, 21(4) . 250-253. DOI;10.1097/PP0.0000000000000127.

[3] Loktev A, Lindner T, Mier W, et al. A tumor-imaging method tar-
geting cancer-associated fibroblasts [ J]. J Nucl Med, 2018, 59
(9) : 1423-1429. DOI:10.2967/jnumed.118.210435.

[4] Kratochwil C, Flechsig P, Lindner T, et al. ® Ga-FAPI PET/CT:
tracer uptake in 28 different kinds of cancer[J]. J Nucl Med,
2019, 60(6) . 801-805. DOI:10.2967/jnumed.119.227967.

[5] Sollini M, Kirienko M, Gelardi F, et al. State-of-the-art of FAPI-PET
imaging: a systematic review and meta-analysis[J]. Eur J Nucl Med
Mol Imaging, 2021, 48 (13): 4396-4414. DOI . 10.1007/s00259-021-
05475-0.

[ 6] Siebermair J, Kshler MI, Kupusovic J, et al. Cardiac fibroblast ac-

[t

tivation detected by Ga-68 FAPI PET imaging as a potential novel
biomarker of cardiac injury/remodeling[ J]. J Nucl Cardiol, 2021,
28(3): 812-821. DOI;10.1007/512350-020-02307-w.

R, HRERE S, 5. *F-FAPI-42 FI'F-FDG PET/CT &,
BACHNRS MW P B R LR T ] AR R 22 5 0 TR
%7, 2021, 41(12);: 709-716. DOI; 10.3760/cma.j.cn321828-
20210831-00300.

[7

[

Li YC, Zhang XY, Zhang Y, et al. Comparison of clinical utility of

BF_FAPI-42 and '®F-FDG PET/CT imaging in the diagnosis of

newly diagnosed lung cancer[ J]. Chin J Nucl Med Mol Imaging,

2021, 41 (12): 709-716. DOI. 10. 3760/cma. j. cn321828-

20210831-00300.

TR, R FEH, N5, 5. S Ga-FAPL PET X4 B 98 144

BN E ST IR B [ J ] h R R 2 5 4y 13

%2 3, 2021, 41 (12): 717-721. DOI. 10. 3760/cma. j.

¢n321828-20210901-00306.

Qin CX, Song YMH, Liu F, et al. Diagnostic value of ® Ga-FAPI

PET for restaging and its impact on treatment decision in patients

with colorectal cancer[ J]. Chin J Nucl Med Mol Imaging, 2021,

41(12). 717-721. DOI: 10. 3760/ cma. j. cn321828-20210901-

00306.

(97 IR, 2Rk, BN, 45, R 3 Ga-FAPI-04 19 PDX

YRR K R PET/CT AR [ J]. A B2 55> T3
%24 3, 2021, 41 (12): 722-726. DOI: 10. 3760/cma. j.
¢n321828-20210825-00294.
Xie ZJ, Quan ZY, Zhao XH, et al. Uptake of ®Ga-FAPI-04 in
pancreatic cancer-PDX animal model and its clinical PET/CT ima-
ging[ J]. Chin J Nucl Med Mol Imaging, 2021, 41(12) ; 722-726.
DOI:10.3760/ cma.}.cn321828-20210825-00294.

[10] JHI3H, BOMED  #250k, 25. ®Ga-DOTA-FAPI-04 PET/CT £ 71

W 2F AEABm R I ] AP AR B2 5 0 T R IR R,
2021, 41 (12): 727-731. DOI: 10. 3760/cma. j. cn321828-
20210926-00338.
Zhou Y, Huang YX, Huang YL, et al. Application value of % Ga-
DOTA-FAPI-04 PET/CT in evaluating renal fibrosis disease[J].
Chin J Nucl Med Mol Imaging, 2021, 41(12) . 727-731. DOI. 10.
3760/ cma.j.cn321828-20210926-00338.

[ 11] Hicks RJ, Roselt PJ, Kallur KG, et al. FAPI PET/CT; will it end
the hegemony of 8 F-FDG in oncology? [J]. J Nucl Med, 2021,
62(3) : 296-302. DOI;10.2967/jnumed.120.256271.

[12] WG 4 TR ERE IR R A2 © Ga-FAPLs IUBFSEHE R
(] PR E2 50 7R AR, 2021, 41(6): 374-377.
DOI:10.3760/ cma.j.cn321828-20200313-00100.
Wang JY, Yang WD, Wang J. Research progress of new tumor im-
aging agent ® Ga-FAPIs[ J]. Chin J Nucl Med Mol Imaging, 2021,
41 (6): 374-377. DOI. 10. 3760/cma. j. ¢n321828-20200313-
00100.

[13] Giesel FL, Adeberg S, Syed M, et al. FAPI-74 PET/CT using either

BF-AIF or cold-kit ®Ga labeling : biodistribution, radiation dosim-

—
oo
[

etry, and tumor delineation in lung cancer patients[ J]. J Nucl
Med, 2021, 62(2) : 201-207. DOI:10.2967/jnumed.120.245084.

[14] Meyer C, Dahlbom M, Lindner T, et al. Radiation dosimetry and
biodistribution of ®Ga-FAPI-46 PET imaging in cancer patients
[J]. J Nucl Med, 2020, 61(8): 1171-1177. DOI. 10.2967/
jnumed.119.236786.

[15] Lindner T, Altmann A, Giesel F, et al. '®F-labeled tracers targe-
ting fibroblast activation protein[ J]. EJNMMI Radiopharm Chem,
2021, 6(1): 26. DOI;10.1186/s41181-021-00144-x.

[16] Lindner T, Altmann A, Kriimer S, et al. Design and development
of ®™Te-labeled FAPI tracers for SPECT imaging and ¥ Re therapy
[J]. J Nucl Med, 2020, 61(10): 1507-1513. DOI. 10.2967/
jnumed.119.239731.

[17] Lindner T, Loktev A, Altmann A, et al. Development of quinolo-
ne-based theranostic ligands for the targeting of fibroblast activation

protein[ J]. J Nucl Med, 2018, 59 (9):. 1415-1422. DOI; 10.



- 708 -

FhARE BE 2R 5 A T iA5 4k 2021 4F 12 A %5 41 #5255 121 Chin J Nucl Med Mol Imaging, Dec. 2021, Vol. 41, No. 12

2967/jnumed.118.210443.
Watabe T, Liu Y, Kaneda-Nakashima K, et al. Theranostics targeting

fibroblast activation protein in the tumor stroma: % Cu- and ** Ac-la-

[18

[

beled FAPI-04 in pancreatic cancer xenograft mouse models[ J]. J

Nucl Med, 2020, 61(4): 563-569. DOI: 10.2967/jnumed. 119.

233122.

JRR) %, e B I U A A0 R R A0 1 R A T

BITHRIN )] e R S AR IR, 2021, 41(2)

116-118. DOI:10.3760/ cma.}.cn321828-20200305-00090.

Ma GY, Xu BX, Zhang JM. Application of fibroblast activation

protein inhibitors in the diagnosis and treatment of nuclear medicine

[J]. Chin J Nucl Med Mol Imaging, 2021, 41(2). 116-118.

DOI:10.3760/ cma.j.cn321828-20200305-00090.

[20] Ballal S, Yadav MP, Kramer V, et al. A theranostic approach of
[%Ga] Ga-DOTA. SA. FAPi PET/CT-guided [ Lu] Lu-DOTA.

SA.FAPi radionuclide therapy in an end-stage breast cancer pa-

[19

[

tient; new frontier in targeted radionuclide therapy[ J]. Eur J Nucl
Med Mol Imaging, 2021, 48(3) : 942-944. DOI:10.1007/s00259-
020-04990-w.

[21] Langbein T, Weber WA, Eiber M. Future of theranostics: an out-

look on precision oncology in nuclear medicine[ J]. J Nucl Med,

[22

[23

]

]

[24]

[25

[

2019, 60 ( Suppl 2):
220566.
Hamson EJ, Keane FM, Tholen S, et al. Understanding fibroblast

activation protein ( FAP ) . substrates, activities, expression and

13S-19S. DOI: 10. 2967/jnumed. 118.

targeting for cancer therapy[ J]. Proteomics Clin Appl, 2014, 8(5-
6) : 454-463. DOI;10.1002/prca.201300095.
Laverman P, van der Geest T, Terry SY, et al. Immuno-PET and
immuno-SPECT of rheumatoid arthritis with radiolabeled anti-fibro-
blast activation protein anti body correlates with severity of arthritis
[J].J Nucl Med, 2015, 56(5) : 778-783. DOI:10.2967/jnumed.
114.152959.
Varasteh Z, Mohanta S, Robu S, et al. Molecular imaging of fibro-
blast activity after myocardial infarction using a * Ga-labeled fibro-
blast activation protein inhibitor, FAPI-04[ J]. J Nucl Med, 2019,
60(12) : 1743-1749. DOI.10.2967/jnumed.119.226993.
Windisch P, Zwahlen DR, Giesel FL, et al. Clinical results of fi-
broblast activation protein ( FAP) specific PET for non-malignant
indications ; systematic review[ J ]. EJ]NMMI Res, 2021, 11(1):
18. DOI:10.1186/513550-021-00761-2.

(M B 11:2021-11-02)

2021 AT AT EZAEERE AT

ATP ( adenosine-triphosphate ) , =Bl AR

CI( confidence interval) , A] {5 X [f]

CT( computed tomography) , T & HLIAZ AR

CV/( coefficient of variation) , 28 5% R %L

DNA ( deoxyribonucleic acid) , it S A A AZ R

HAV (hepatitis A virus) , F I fF R 5 55

Hb (hemoglobin) , Il 41 %

HBsAg( hepatitis B surface antigen) , IR FH PR
HBV (hepatitis B virus) , Z BT IR 7

HCV ( hepatitis C virus) , N R i8¢

CEEH - MEH - WE

MRI( magnetic resonance imaging) , i FE4R A5

PCR (polymerase chain reaction) , %4 Bi%HE ;2 i

PET ( positron emission tomography) , IF B, F & S A )2 52 K
PLT ( platelet count) , Ifil /MR TT4K

RBC (red blood cells) , ZL 4 ity

RNA (ribonucleic acid) , B R

SPECT ( single photon emission computed tomography) , #.5¢F

R HUAZBEE AR

WBC ( white blood cells) , 14l fifl
WHO( World Health Organization) , tH %t T34 21 41
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