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[ Abstract] Objective To investigate the clinical application of ® Ga-cyclo( L-arginylglycyl-L-a-as-
partyl-D-tyrosyl-N6-( ( (4, 7-bis ( carboxymethyl ) -1, 4, 7-triazonan-1-yl ) acetyl ) ) -L-lysyl ) ( NODAGA-
RGD) PET/CT to evaluate short-term efficacy of tyrosine kinase inhibitor (TKI) in distant metastatic differ-
entiated thyroid cancer (dmDTC). Methods From October 2019 to March 2023, 13 dmDTC patients (5
males, 8 females; age: 68(65,69) years) from Nanjing First Hospital were retrospectively enrolled, of
which 9 were clinically confirmed as radioactive iodine-refractory differentiated thyroid cancer (RAIR-DTC)
and 4 were dmDTC without radioactive iodine treatment. All patients underwent ®Ga-NODAGA-RGD PET/

CT to assess neovascularization of the target lesions (TL), and the SUV  and target background ratio (T/

B) were recorded. After 3 months of TKI treatment (anrotinib (n=9) or apatinib (n=4)) , change rates of
T/B and

the change rate of the maximum diameter of TL were analyzed by Spearman rank correlation analysis. ROC

the maximum diameter of TL and thyroglobulin (Tg) were measured. The correlation of SUV

max Y

curve analysis was performed for the effectiveness of the T/B and TKI therapy, and the difference of the re-
mission rate of lesions was analyzed by Fisher exact test. Results In 13 patients, 36 TL were measured by
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%Ga-NODAGA-RGD PET/CT with SUV,, of 5.44(3.43,7.56) and T/B of 5.25(4.50,7.23). The change
rate of the maximum diameter of TL was —30% (—=39% ,-21% ) and the change rate of Tg was —68% (—-96%,
~-52%). T/B was negatively correlated with the change rate of the maximum diameter of TL after TKI therapy
(r,=-0.46, P=0.005) , while SUV_, was not correlated with the change rate of the maximum diameter of
TL (r,=0.03, P=0.883). ROC curve analysis showed that the optimal cut-off value for T/B was 4.95, with
the AUC of 0.698, the sensitivity of 87.5% ,and the specificity of 60.0%. Compared to lesions with T/B<
4.95, those with T/B=4.95 showed higher remission rate (2/14 vs 63.6%(14/22); P=0.006) . After 3
months of TKI treatment, the disease control rate was 12/13. Conclusion *®Ga-NODAGA-RGD PET/CT
can effectively reflect tumor neovascularization, predict efficacy of TKI therapy, and provide powerful ima-

ging evidence for TKI therapy in dmDTC.
[ Key words]

tides, cyclic; Isotope labeling; Gallium radioisotopes

Thyroid neoplasms; Neoplasm metastasis; Protein kinase inhibitors; Tyrosine; Pep-

Fund program: Jiangsu Province Key Medical Discipline Construction Unit ( JSDW202247)

DOI:10.3760/ ¢ma.j.cn321828-20230428-00114
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Hh IR AR 2R A, B R TR U PR 4 DTC
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I8 A A FOIR R 1Y R A K TR RN % v 4
SRR, HUMAE Az IR T 00 7 22 PR U T 0 1) 551 ( tyro-
sine kinase inhibitor, TKI) ¥7 & H Al dmDTC 577
RO kZz—" 0 RE A BUFE TR TKT 25
Yan % & )e B Je & ak) iz T i R R Ek
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BER o By TETVIRIEE R 45 2 S48
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P (LK B T B PR -L-oi- K 44 B Tik-D- i 2 TR -N6-
(((4,7-RUCRPEL)-1,4,7-=W-1-58) ZWESL) ) -
L84 1R ) [ cyclo ( L-arginylglycyl-L-a-aspartyl-D-ty-
rosyl-N6-( ( (4, 7-bis ( carboxymethyl ) -1, 4, 7-triazo-
nan-1-yl) acetyl ) ) -L-lysyl ) , NODAGA-RGD ] PET/CT
TEVEAS TKI(Z 2 e FIiaas Je ) 1697 dmDTC 5 15
7R Y e R FH B (EL

BREHE

LIPS, mBECER 2019 4F 10 H 2 2023 4F:

3 HEFE R — BE R BUA R dmDTC &, AH

PR (1) 4E# =18 % (2) RAIR-DTC 8l f£ {E L Ab
FERS FLARAT W B P LG T 19 DTC (AL KR g

Utk Hirthle 4005 ) , 2/0H 1 MFA SEHIRIT7 8L
PE b5 UE (response evaluation criteria in solid tumors,
RECIST) 11" ZLRAGATIRTAL; (3) ®Ga-NODAGA-
RGD ARG 1 ] 2 TKI (% % & Je bl i 45
JE)IRIT; (4) TKIIRYTY 3 > H N RAT S M sh
7o HEBRPRIE : (1) HoAt FDRBRIEE 4 25 W Y (A
T R R B S ) 5 (2) ®Ga-NODAGA-RGD
WAEHT 6 N H W Z it TKI(Z B e B e
FHEAEE  C M e 55 ) 1B YT  BURME LR ST K ik
F7 5 (3) B W i W B T 7 1 B0 11 TR 24 0
FROSEIR , HLAS BE I o 35 24 96 97 I RAFa il (anJe ik
R B PR TS AU TR A ) 5 (4) BEIML DI AE = H.
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0 S E R L [ FE > 140 mmHg (1 mmHg =
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RAIR-DTC 2 B 5 ik (15 2 T 91 6 fF 2 —)
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it (B 12 AT A 4 52 ORI G I 7 5 B 2
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[ N FIZEF) (1) FURIR 2 VIARIE 6 > H MR
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RN 13 B8 R 5 6] 2 8 ], 4F 1%
68(65,69) % ; HUIR B L 3k R ( papillary thyroid
carcinoma, PTC) 5 i, H AR B % 0 IR 9 (follicular
thyroid carcinoma, FTC)7 i J& &% PTC/FTC 1 4,
T3S [E 8 FE B A 22 51 22 ( American Joint Committee
on Cancer, AJCC)TNM 733, T#A 1 4], IVa 8 2 41,
Vb 38 10 i, 13 {8 22w PRAESE 9 18 RAIR-
DTC 4 {5 Ry A7 75 17 2b 5% 7% HLARAT 8 FUBCH P ik
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ST DTC, ABFFE LM i i 46 — R pe e i 25 A 2%
HEVE (HE 15 KY20230703-01-KS-01 . KY20210628-
05) , B LB A F =,

2IRIT A, 13 Bl T TKLIRYT, Horf 9 )
TERIR A % e e e (VL 95 1E KRG 2450 4 1A e 45y
BBRAFN)ARIT (12 mg, IR, AR 1K, ESE 14 d,
15257 d,21 d R 1 AR 4 017 F R R AT Je
F (VL7518 3 2= 24 B4 A7 BR A /) 3397 (500 mg,
MR, BK 1IR) . 13 Fl 3 TKI IGYT B 2 AR 32
25 AN R F 4 (adverse event, AE) , AE #R 4%
2% [ [ FRAEWT ST AR 3l AR EARE 4.0 HE4T
%ﬁ,(ﬁﬁ%ﬁlﬂ%ﬂjfﬂ}jﬂi AE (serious AE, SAE))H'J
15 IEIRYT .

3. ®Ga-NODAGA-RGD PET/CT W14, BFH Y
£ TKI BT AT 1 JE N AT Ga-NODAGA-RGD ( 74 [
ABX A F]) PET/CT ( i Hk 52 B 7 BH eAn A PR 2
) uMI780 7)) AR PEAN R B A= LA T, R
# Ik E 55 Ga-NODAGA-RGD 80 ~ 160 MBq, %k 7K
200~500 ml, 7F 5f)5 45 ~60 min 17 PET/CT 48 &
& R R AP0 2 R R AR R, AR AR CT 5
SHCH R 120 kV LT 150 mA | JZJE 5 mm;
PET R4 3~8 NIRAL, BEANIRAZ 3 min, 28 CT %44
R E R T R E A RS RS EE, 2 &
B A E S E RN PET/CT BMGIEH, 18 1 %
A B SRR IR R R (A ) A AR A R
BRI R PSS BT R RGD B T
Ivi] 8 B I 2L 0 A o k) DB Ay B A o kL /2 i
ROI, I £ TL & K4, SUV,  , 15 0 A i el
(tumor/background, T/B) , HHp A K H 4B TL 1E
WRZRA LU SUV,, .

47500 M A SEAY . TKL WG YF G 3 AN HAT CT
(15 % Siemens 2\ 7] Somatom Definition Flash X
CT) Aty , 115 53K i TL e R AR AR 1k
F_ B E - Roche Cobas e602 4 [ 34055 20 Hr
AL (RIS Bl - 0.04 ~ 500.00 /L, 48 52k 46300 B )
FR RGN ) 1138 U RERR ARCHITECT 12000 4= A 34
PEA AL (K IFE L -0~ 1 000 kU/L) A6 £ 2 FIR
BREREE 1 (thyroglobulin, Tg; IEH {HS %5l 3.50 ~
77.00 wg/L) & Tg Hilk (Tg antibody, TgAb; IE % {H
SV <4.11 kU/L) 3TE 5L KEMH Y Tg
A

ARSI T RO AR E S BR RECISTL. 1, 40y
TEEZEf# (complete response, CR) #B43Z&fi# ( partial
response, PR) JJifa i€ (stable disease, SD) Bk

PEJE (progressive disease, PD) . Jr3¥ghr: (1) %W
#2128 ( disease control rate, DCR) : CR+PR+SD &
F ik (2) B WZE f# % (objective response rate,
ORR) :CR+PR ## 5 1k; (3) TL | KA,
(IAIT G TL Fe KA -FEER TL Fe KAR) /FE2k TL ek
#x100%;(4) Tg ZAL%R ., (JRITE Tg K- KL
Tg 7J<¥)/%% Tg IKFEx100%

5.80T2EAb P, SR A IBM SPSS 26.0 fll R4.2.1 4K
HHTEdE . AFFEIES AT E TR M(Q,,
Q) Fm s EHEGOR LIS (A 4 ) o, TKLIRYT
FRH (TL e KRR AR < -30% ) 5 T304 (TL &%
KARAEAFRS>-30% ) TL ) SUV . T/B 22531 HL 8%
K H] Wilcoxon BEFIKLE  TKI AT R IG TL it KR K&
Tg /K25 55 1 He 38R F Wilcoxon 4955 Bk K 56 5 %)
TL % SUV,. K& T/B 5 TL #x K #& 48 1k 17
Spearman FAHSESMT 4 T/B 55 TKI 1697 A R AT
ROC &b, ikt G2 i 2 1) F Bk H Fisher 5]
R, P<0.05 WS IACHERGIMEE X,

& R

1. PET/CT 1% K7 5 3F 4k . Ga-NODAGA-
RGD PET/CT 7R JUNE B Mk UL A= B R BB, SUV
439k 5.87(5.36,6.14) 24.33(21.15,26.35) ; JIFlE
VLR e A FE R R, SUV, ol 2.76(2.54,3.02)
TKI JAYTHT, 13 Bl 36 4 TL 215 RGD &l i
I, SUV, o 5.44(3.43,7.56), T/B 9 5.25
(4.50,7.23) , TKIJA¥7)E 3 M H 13 Bl TL fe kK
%4 1.9(1.0,34) em,/NTHEM 2.2(1.5,4.8) em(z=
-4.02,P=0.001) , TL e K2 AL N -30% (-39%,
-21%) ., TKIIEIT AL (n=16) 5IR4 (n=20)
1 T/B 4354 5.82(5.15,7.33) F114.70(3.72,6.03) ,
ZERA G FE L (w=96.50,P=0.045) ;2 41 ()
SUV__ 5124 5.00(3.41,7.27) #15.77(3.81,8.12) ,
ZR LR X (w=167.00,P=0.838) . 13 fji#
Frh 6 B3k PR,6 i3k SD, 1 424 PD,DCR K 12/13,
ORR J 6/13, JAY7 R E AL G4 L WE 1.2,

2 MTEPEAL . 13 Bl E TeAb ¥ B, 54k
Tg 472 089(147,9 123) wg/L,TKI 1G37)5 3 N H , Tg
TREZE 217(7, 4 314) pe/L (z=-3.18,P=0.001) ,
Tg AR K -68% (-96% ,~52%) .

3AHFMESMHT S ROC #iZk /T, 13 B34 TL 1Y
SUV,. 5 TL f KRR AL TCH Kk (r, =0.03, P =
0.883),T/B 5 TL S KA LR E A (r, =-0.46,
P =0.005) ,4T/B#k @ i), TKIVA ST 1997 380 84T
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1 AR T HUR R R (55,67 2, HUIRIRFL SRR ) & Ga- 38 (LK B H & FR-L-o- KA B BE-D-BE 2 FR-N6-( ((4,7-FL(R
F3E)-1,4,7-=Me-1-38) Z %L ) -L-H &R ) (NODAGA-RGD) PET/CT AR K, A& BB FEEBE (MIP) /R &8 M8 IABEk e g i
Jili%E Rkt (#7k 7% ) 3 B. PET/CT Rl G WARE 7~k (A28 A8 A AR UK i s & i M ARGtk CL 25 | 20 i A% b ) A - H &R - K & 2R
(RGD) SZ A S PP R IR (Fi /R ) 5 CILER IR AL CT UG NAAEAT IR IR /R & B M ARk 45 ZeMieRe Al (73R ) s D. W St
KIS CTKD) Y3975 3 A A ¥R AL CT UG RGN ZE A R B 6 B B DBk L4 ZEfif R b ) e sk B 45/ (B3R )

2 GEAFERE MR DRI B (£, 69 %, R MR FL IR | FFOIR IR & SR8 TR A L) 8 Ga-NODAGA-RGD PET/CT AR, A.
MIP R A 5~6 BB S Ze sk B 56 R4k (173 ) s B. PET/CT fila BAREU R A INEE 5~ 6 AE  Z2 s B 6 8 41 RGD 2 ety &L I
Fik (HiskrR) 5 CHEZAIGE CT BURRATMES 5~ 6 A Er ZEMIBs B 7R84 (Fi3k 7R ) 5 D. TKLIAYT IR 3 A ¥k CT BUR R A 5 5~6
Jh B e B B e A R W S N (kR )

ROC M58 (& 3) £, T/B M fERUE N 4.95, T
I TKL AP ARMER AUC iy 0.698, RABUE Ky 87.5% , 45
SR 60.0% , M T/B<4.95 B, T/B=4.95 H%K
SR A = [ 2/14 1 63.6% (14/22) ;P=0.006] .

4. ZVES T, 13 Bl AE TKI J697 1) 1y
I AE, BT AE ¥ 1~3 2 RIS 2594 X
)4 9% AE K SAE, il W AE AT RO (117
13) (I (9/13) % Z (8/13) MK (5/13)
WL IR E R | F R 25 55 B RE I8 97 I 1T 191 Bl B 2%
fie AE,

i i

ABFFEHGE , FR B 2 2P i A N B A K

F (vascular endothelial growth factor, VEGF) k%
ERPRBEAN R, 5K o B, EPEER
B BUR A RGD JF A AR o B, Z /N
I TP RAG T HURBE 2 WA 7 ROl )
filt, HHT, ZFAZRARCn) RGD VR e f Ak i &
A A HE 1) S ARR L BIA T 5 FLUA B9 e T
PRICH RGD FEVTAS ilidiE TKI 167 Y7 80 P A B 1
I FAE

BB B ) 25 ) Fh 2 E £ dmDTC 3597 7
EMA U R RIRR A R o B, 1A
HAR R HE T R $E, A5, dmDTC &
# TKUIG 7 i 7% Ga-NODAGA -RGD PET/ CT 43 £
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ATP ( adenosine-triphosphate ) , =R 7t

AUC (area under curve) , HZE F e

CI( confidence interval ) , 1] {5 [X[8]

CT( computed tomography) , A HLIKZHEREA
CV( coefficient of variation) , A5 2R %L

DNA ( deoxyribonucleic acid) , It 2R
FDG( fluorodeoxyglucose ) , JIjt %8 1 25 4

HAV (hepatitis A virus) , B R IR 7%

Hb (hemoglobin) , Ifil 21 & H

HBsAg( hepatitis B surface antigen) , Z 7 {5 F 1P )R
HBV ( hepatitis B virus) , Z B R IK 7

HCV ( hepatitis C virus) , N R4 IR 7

MRI( magnetic resonance imaging) , i 3E4R 1%
PBS( phosphate buffered solution) , B £k 2% M

S - MEH - R

PCR (polymerase chain reaction) , 54 Bt 2 L

PET( positron emission tomography) , 1F. i, F & S )2 Hs2 A

PLT( platelet count) , Ifil /MR IT4X

RBC(red blood cells) , £ 2 i1

RNA (ribonucleic acid) , W% IR

ROC (receiver operating characteristic ) , 328 LAVERFIE

ROI( region of interest) , JEOLHR X

SPECT ( single photon emission computed tomography) , #.5F
2 R RIRENERE i3 %

SUV ( standardized uptake value) , b5 BUE

SUV,,, ( maximum standardized uptake value) , iz AR HEBRHUE

max

SUV,,.,(mean standardized uptake value) , F-YJ4RiEFEIRE

WBC ( white blood cells) , 4l fif]
WHO ( World Health Organization) , tH 5 T4 20 41
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