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Theragnostic advances of radionuclide in refractory neuroblastoma of children

ZHANG Xiaojun', WANG Feng™
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[Abstract] Neuroblastoma is an embryonic tumor of the peripheral sympathetic nervous system. It is the most common extracranial
solid tumor of childhood and accounts for up to 15% of all pediatric cancer fatalities. It has a varied prognosis, ranging from
spontaneous regression to aggressive metastatic tumors with fatal outcomes despite multimodality therapy. Patients are divided into risk
groups on the basis of age, stage, and biologic tumor factors. Multiple clinical and imaging tests are needed for accurate patient
assessment. Nuclear medicine has both anatomical and functional imaging and is a useful method for staging and assessment. As the
disease progresses, neuroblastoma is often accompanied by increased adrenal medulla function, high expression of somatostatin
receptors and a significant increase in glucose metabolism, accompanied by catecholamines and metabolites , and a significant increase
in serum chromogranin. Positron emission tomography/computed tomography (PET/CT) , as a functional imaging, plays an important
role in the diagnosis of neuroblastoma and has received widespread clinical attention. Theragnostic of nuclear medicine have emerged
and are demonstrating promising response rates for patients at high risk. This article reviews the research progress of radionuclide
theragnostic in children with refractory neuroblastoma.
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i 253 21 ffd 9 (neuroblastoma , NB) J2 HH JE Al )5
GEIEZS i) e DI PV R S M T B R0
AR AT TS B, G AR s DA R R B 2R
WIAAE S m R R I A, 5 g Jt e g kAR G, R
BT IIE (65% ) IR T _EMR. NB 2 5 Prfy pli
ZoUN AP 14 97 % , 2 JL B SR 3 v H WLARE ™
JUEE H WA AN SEARTE . R R R 22 MR Hag
WA kAR S NB T LB RE S T ABK
Z115%",

SEFARWS PR BT B AR A SOy AU
(image defined risk factors, IDRF) VEH U H A Y
LT AE W24 1 2T 80NB 1 AR T FNA T AU 43 %
FALARFE BTG o IR AT AR i 45
TR ERNR A M R )L B R 3 AR Y 154 451
NB /&4, & B IDRF 4R850 5 BA R G, AT AR
FNWT S IFEARZ — o [R]IA% B2 2 O3 1 AR
XA E NB A 1 USROG 225G B, IRXURS:
TG e 2ok B M R T 190 90U e e oo XU 1) AR 2%
HZEAXLEEI0YT , BRATA B R A B 227 ik
XoF o3 KUK NB AR & BEARAH A S G2

1 A st EZEZE RIS 217 B # R AL (metaiodoben-
zylguanidine , MIBG)

MIBG J& £ H B LR R TIRe 25, -k
T 1970 440G W, Re A7 AE T 28 22 oo i 2
B I R 3 2 B IO 2R AR A0 T AR
o REBNBREILHE LIRREZEA, B
90% 1) NB X} MIBG = AR i, fe REREL LYl 45 25 )5
24~96 h, Mt 123 (") IRl 131 (°'1) #4752 BR AR 1Y
MIBG FRiCTIEER K |, P I-MIBG &5 502 Wi i1 1 1k
RS, P AR ) BT R R R SRR, 2
WH18.03 d, & TR ZRIAGYT , 2019 4E 10 A © 9L
P&l £ i 25 i W58 J5) (Food and Drug Administration,
FDA ) L Ay 18 4 41 it g /1 ot 22715 98 (R AT L 25 400
BE TR N 159 keV , HAEME AL KL, E{R R
B ERRE R R E (13 ) T ES
FREAR TR SR )t , At TS S B R S RS AL B
2 1% (single photon emission computed tomography ,
SPECT) , FH T NB (2, Liu 50 X HF 58 &
B, "1-MIBG %} NB 45 240 & 5 T ' 1-MIBG

Br ) LEE IR A YRR /M R AR B4 > 1-
MIBG #% % $14#i (SPECT 5 SPECT/CT) ¥1) Jy NB b %
AR WS H . NBIEAL 4% CT 2 MR 1%,
DL S Bibsd /N 7 B LA K IDRF fOF7AE . NB Ak

EERS 08 1 MIBG AR A TPEA , B8 A Fip 43
17 MIBG A& . —IRTIE M 2 oo ok, 1
MIBG i2 Wi NB i) R A5 88 % ~93 % , 43 5 A 83 % ~
92%'"", MIBG 7£-H #% B v Jo A= B4, )2 NB
B B 1) SRR L R, SRR R 5 B 43 5
90% F1100% . '*I/*'1-MIBG-SPECT g% 45 = 9% 1%
G I 3 R s A kMR S L, % TR RS /N kA
RAFIIZWINE . 2 B R G NB R H
TG VAR B T, vk [ B A kR
I3 R TUASTB 3 ISR BN 50 3 il R 2 B 5 R
SR B N A0, A BUS BN R s Y4y, 5 s B
k2 SR AR ) EECE A B, 5 AR A RS TR B
KT 20 B HELF AR FERILT . NBHh2y
109% 1) MIBG Bk 825, 48 B 10 AT {8 FH 18- 36U 41
H) %4 B ("F-fluoro-deoxy glucose , “F-FDG) ¥, ""F-DO-
PA IF HLF & 31 1 )2 114 (positron emission tomogra-
phy, PET) 5 99m-iF. f £ — J AR (" Te-MDP ) B 714
TAZR AT o

S-MIBG £ 5%k NB $E ] S PR IR YT BT R s
T T E AT TG KR R 32
PET U, A 235 | RSO FIDE R S5 WL S2 ), HLnT )
RERA RN . BT IEAE T I R DL
WF ¢ HAE N 2R By 7 i i . WFoR
S-MIBG X} & NB £ 35 47 5 /55 0 G2 %, iz W
Ry e i NB FR 1 22 A 8 538 66 % , 52 4 1 NB g 1]
BB 3T %, — TN 22 15 5 1 IV 148 S XA T
T 2B 40 R JRE R I LA 9 R, S A AR
TE & (overall survival, 0S) N 37% , F v A= T [R] R
284 RIT IR A 2 WA B HA G FE B ECT ek
T L THE A R E WIS bR, A B T E 2w
TERERA"

fe A B P T-MIBG IR T $ v M 28 Bk A0 R 119 22
fift %, Matthay 5 #4719 TTHIALE , PEAL T A H]5
B M-MIBG iR T MEIA T NB [ S, £ 0.4 GBg/kg
1A 25% %, 13 0.7 GBa/kg MBE A
37% R . G5 TN, R &, iR
IO AEAS RS2 07 2 3, AL 6 R A ) R
P 1 I RN R R T REGR ", — AL X K
NB ) st s A 3R B, m A Ry R 80% s 4
DA ANY TN B8 % vied 1 8 R = RN 11 RS A I R 51
AR A 1) B A e I VR 2 B, P R e R
R fRR . HARM—TRF RIRIT 4 & Akt
RSO FE ", FLFR iR 444~666 MBq/kg, 1 4F- (1)
T A A 17 2R (evaluate event-free survival , EFS) Fll
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0S 4393 4 42 % F11 58 % , 5 4F- EFS 1 0S 4351 K 16%
42% o AL58 45255 3G H LA R 39 i s 4 8
HARELG L] A 5 —Fh 5 R AR E 1 4 Bl
?fﬂﬁ(whole—body absorbed dose, WBD) #1744 245
275X, TR AR B b o WA 3 28 e -0
IDARER T A E R 25 2
9B IR ARG R 58 % (5E AR MR AR )

G 2045 5 FLA AR Y7 24590 i 1 ) 45
YIRS 16 618 & sofEIGME NB H
HA I ARSI AT i SR 10K
$32 7 400 MBq (200 mCi) "'I-MIBG HIGYT , 16 i i
B 1260 (75% ) XX A7 R A T4 RO, gy 4
191 £ L6 3 R A ) AR 181 S g TR Y
B AR S ARAR B V45 0, (H 2 5 P T-MIBG
BT B B [ <40 % IO 25 i R AR L, X R
IPIL R > TR RERIR . A2EE
FHAC IR RS R AE S 0T 38 SR 5 MIBG 156 22 42 )
17 o MIBG AT AE by 3 6 i 1L+ 240 0 A% A 20 AR
4y, —3 L huD s g s, I-MIBG S5 R4A
WRFCIAFE RN S DL K AR 40 B R B A5 i 1]
J&i 29 10% 1 358 42 ¥A M s 43 4, 6 iR e NB
FBE R RT A2 BATRUWIRIT Tk . BfiE P T-MIBG
ERAIRYT TR I sZ ), 5 2k — 20 AT REPE ' I-MIBG
BB ILIE R0 A7 55 Bk R ) ARy 1) B AL T
HRIEE

2 FATHERRERARIC £ R KW (somatostatin
analogue , SSA )

NB J& T2 7 s, AN EAEeA K
2 324K (somatostatin receptor, SSTR) , 3% A& — Firpl
HEH, T 5 ERICHY SSA FEFIELS & ¥ 2 F K
BRI o AERINER ARy SRR, JEH 2
SST2, J& #4543 Wb 983 (neuroendocrine neoplasm,
NEN) BUAR AR . B RADER & T IRIEWR, &4 14
NEIER , B R B R . AT SSTR
T Z I B30 B AR (octreotide , OC) B IR, £,
5 TOC NOC TATE &5, HOy RAUE AN I
T 8N EAETR , 5 NB [ SSTR 455 SR
1A¥7 o Krenning 1A 5 Sandoz W55 FI . I % ''In
5% 1 K [ Indium (""'In ) Pentetreotide ] FH #1243k
IR AR W AR TR NEN 12 i, 12245 T
1994 4E4R45 FDA L #E . Schilling 55" %} "'In-pentet-
reotide 5 "I-MIBG £ NB #ziill rhfb A7 1 e, &
RAYEAR K = 1-MIBG (64 %ovs. 94% ) . NidF2¥#

KRB, SST2 SZ AR = 5 Fe ik 5 A A A5 A ¢, M'n
-pentetreotide T AZVEA F T2 S ITH SST2 524K KA
KA

“Ga st "'In HAT R 1Y 1 R BUIR AT 4R
S 5 S 45~60 min 1] 47 PET/CT, DOT-
ATATE (NETSPOT) %t SSTR ¥ 4 3% F1 7, 0] 3845
e o B MG kA e R B R — AR
KAMZE 28 (DOTA-TOC/NOC) s 4 I 5] (JR-11)
ARG R IV FH |, R BFBE 22 & 56 1F FL F- A% R A0 °F % Ga
FC I AR I, “Ga-SSA PET/CT 78 5 & Y kLA
W 2 o7, A0 % B P AR L 43 1 43 R O A A
H L IEBETE AT I SR EE, ©UN B R 2
3 W IR 2 W B A bR ifENY . ®Ga-DOTA KW FH-F
PET W%, REEE =T 1-MIBG, HA B F4> 773,
WERG T IR R AE | TS RNk A0k 1A PR iR T
I B2 #Ga-DOTA Bk PET/CT X9kt %)
R REUE N 94.4% , 1M " 1-MIBG 4 76.9% .

TG PSR 220 7L B Y ARIC SSA X 5
&35 SSTR A fith 98 7T LA 52 0 T3 56 1A% R AT ) 3897
TR M K A2 AU HE A2 2R YT (peptide receptor radio-
nuclide therapy, PRRT) , %L F 5 I gt 22 9 43
AR | R PP SR RN FOR AR A . R R
Y AR A A, BT 9 mm, XK A EIE
ST ROR T4, PET/CT W] FH T3P oI iy ke 5 2 2R
£ AT O . L B RS R R
AR BR RS 2 mm, B 25 PR B 0 A A
N BEAN S e Al Ay S 2R, AT RS e o i R
18, FHTIRIT G BUGPE Iz il i 1k SR AR 315
YRR 5. 2018 4F 36 (B FDA i 7Lu-DOT-
ATATE FHFHRZE N 5 WA G R o Gains 462
%} 6 41 NB JL# K JH ""Lu-DOTATATE 3477 9 J& )5 B
Ui, SRR R , 3 191 ki), B4 o 8 e
MRS BN AR 52 M R AT, 2 A3, 30w e
XF L AR N, PRRT W IAENI12I697
i, Jo T R A B P AT, T L R R K
T, B AT 5 MIBG EAME FH , 1) NB A A [A] X
Sl 8 L ) BT R YT

AR, SSTRFE A FE BRI TR LS [ 1 E N
AN T2 T o AE P EL I s B VR A
A RS IR RS A K IR Z kL5 &2, R
AR BT RIERES AR E Z kL5
100185 , 1 A KA 22 32 AR A5 B0 00 5 8 T s SR A 1 i
T A LA RE 25 5, X g A T A A A ) 42, e
R HE , SSTRASHUM H, JR1L 7E s PR Fi Al IR
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W, YRR T RAFHI N AT S . Zhu 552 —41
HIBEHERE 52 LUK B, “Ga-DOTA-JRIT I “Ga-DOT-
ATATE #4555 & (9 kR AG 26, Nicolas %57 oA
T LY A1 "M In-DOTA-JR U AE A ALE BIG 7
{8,775 "Lu-DOTATATE X} Lt ,""Lu-DOTA-JR 11 (E[I
"Lu-0PS201) R L B v 1 Mg 4 B, B 1Y g
15 B R B) T A IR - B R b . BERRIRLLAE N
Il PR 252 5], H iR i 1125 55 59 NODAGA (“Ga-
NODAGA-JR11 Hll ®*Ga-0PS202) #x1ic K “Ga ¥ PET
WAL, LU AS FHES A7 DOTA (" Lu-DOTA-JR 11 I
TLu-OPS20 ) ARIC A Lu VAT . e A2 KRG
S o R, 5 sl R A E, 30 ) HE T EE
XoF b BE L 52 IR DA R R Y R A e Y H
SSTR #5470 1 i PRI 22 4 v T A 28 1 43
Jibgea i B = JLEE NB AgiE— 255 o

3 WMEEZRIRE A R EHIEST (antibody ther-

apy/immunotherapy)

20 it RS- 3K 1 e R B SRR S B R T I TR AR
BOBR PR R bRIC IPURSE & T 527 i i
ST AER, S s AR AR PR T AR R
W', A R R S Y sl BT 5 1 38 Sk
FIRANEIG 8 T BTk RE MR ShiiRgs G
i yeE 20 e, 35 2 TR AP TR YT AR P XS NB AETE
A2 151 R (gangliosides , GD2) 1Y B 7E P14 3F8
FICH14.18 © 7E I PRI 50 /R R DAL . Cheung
LT B3R IAYT 24 I NB H 3, Hirp 18 i1 £
FETCHERE  FR I RERUAC BRI s sk i 1, sk
AP PTR (human anti-mouse antibody , HAMA )
RN o SR TR AT IRAS-BU APia, ik
RPTRSTIRYE . CH14.18 4T GD2 itk & PR s BT
TN, S BEIRMEAIR, chCET & 5 —Hi NB U5
ep190 8 I A B se EBTIA . Hoefnagel 5 HLAR
T "'I-chCE7 5 "'I-MIBG,, & #L# B T bR i6 7 Hh
P-chCET SRR AT 7552 & NB AR h S B AME .

B7-H3 J2 5 JEME 2R 11, B7 2K 1 7E S e by 220
R E ORI IR e 1R Y7 11 L
bio B7-H3FEVFZ MR (R 46 #h e bR A i\ R 2=
Je 2R TR TR AR R | LR R O SR ) hod R
K AR IR H AU B WK, B7-H3 m #%&
K5 AR B TG A A ™, HTT BT
A& 8HO JEEFXT B7-H3 () K eGPk, & P Thric G
L0y T R A R e 2 2R 0 NB S fie g )
TBIT o FE—THUERXT 80 il AR Pl 28 R 48 NB FR 5 (1 i

MEPE T/ ISR SE 35 PN 3 50 '1-8HO By H o S AR
FEMA R 584 A, LUIRA 7Tk (OMEROT s F RIS
A7 ) R IE I T T3 1048, 29 % Y B2 3 FE T 5
ELL L. 5 -8HO A X Bl 22 RGN KR &
A BRI, P RESE: A 0 B S 4 S I B e

S RE VAT H T L EE NB I BRI 5 4 20,
Bt T AR A A R B NS R TR R Y K, aF
— R NBAL NG PR EH AR WS
FEAE SR

4 PET/CT.PET/MR —it X B2 & B R

1EHLFAZ R & S 2 AT AL (PET/CT) N
RFW DI HE BAZATE NB 2 Wi h L ¥ ZAE T, I
ZRNGRT 2 F0E, 5 SPECT ML, PET AR BA
WL, anas (8] 20 B, I 5 7 5t %) L
ikt AR s T, 8 W R RS, — UM 5 USRR
B RE T, BE PR AR A A 88 R AL %) S, A T 4 At
AR — i 2R T . M ET PET iU PR 25t
AR Z AN S G, LA Y LHE -
DOPA | *F-FDG ; Z A/ F LA W) 6145 “Ga-DOTA
JRFIAE R AN ZR AU -

BF-FDG & — P 4 WA , S5 v 7e 0 1 i
TBAE A4 R 22 B0 R AU A R IX B, Hixt NB
[ 4 S S 4 MIBG, H i 2 HF A EHCMIBG (1)
NB %, AR HIE A 2505 | h B al 54, st o
e, LT T 1 f5 R 0L o B AE NBAI2YT H B3 L
WEALEE 23] 6B Y7 IR B PEAY 5367 R AR R A
KRB A VL BT o B T kbS8 52 A1,
“F-FDG i AT LU T MR R AE A0S PP AL . I 0T B
MYCN 34 /) £ # k A 5 1 “F-FDG £ 3L, &
RIS 5 1E H I 22 [ 1 e Rbm v A 4
BUE (SUVmax) Z L] AN A1 . ot st 2201 1R
JYHIT *F-FDG PET/CT A4 i Q5 bR 7] 4 NB JL 2
PR S (5 B

“F-DOPA J& £ BB E5 /25l , th T s i L
A e AR BE T, HETIA N 2& NB PET BAREAR 1
MIBG (254, 5 "F-MIBG M Lt , “F-DOPA 2
AT TP AR I R] T g 1 40 B SRR A A AL
HURE , "F-DOPA PET/CT X T J5 % B | 44 41
B I i 8 5 7% R B 53 00 O 94% | 92%
100% , 5 11t [\ 5 '*I-MIBG SPECT/CT 4351 M 83% .
50% F192% , ¥ {K *F-DOPA PET/CT {f T I-MIBG
214 . "F-DOPA PET/CT 7£ NB i{if% H w7~ B R
(RS, AE T A v A0 A T B, H RTE RS
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PET/CT — 3 3K A 77 28 & i 1Pl NB 431,
FAURAE AT 5 800 1697 I Y fefE ik
$E o B H SRR B R IR R T E AR
TN, R T R A A, v B X AR
SRR S BRI 1 AR CT T 2 L S —a
A LA T DR IE 2 T

MRI & NB HR A T A 25 U F- B, B AERI
B BEE B 7 I R AR = B R AU B e
A3 HEARR MEAE TR MR A o ) A s, i EL AT R
BRST . A2 EK MRI R 5] 24 4% % MIBG 2. 1%
WA I FH 87 R AT X NB G 5 s 1 8 fa A
SEPERY S PET/MR 05 & B S T S
B, AT ER AL — 3l SR IR 55, R R AR A 4950 1
I & Bk B AE /N L% 4% i 7 1 a] 5 PET/CT AH
Fe (H H R R ILGE PET/MR — 3 UK A 51 %k
NB I PRAHSCAIF ST , Bifi 2 i R 5 1 PET 7~ 5570
AW A e | 33X B e iR ) BUR BRAE NB Hp i 1 TR
SEEL

5 RESRE

¥R W%, PET/CT — i A 5 208 M T
i NB 7330 R ALVRAE SRS 5 DA i 7
LI AR, 259 LA “Ga-DOTA JIK B B3 H R
T4 KoM, P1-MIBG SPECT U4 ATS Jo 24 i i
1 s PET/MR ELA IR 5T 55 3 FE R i A o B 2o
K — RGBT B, AT KRS T
VEBEARBIR RIS . R IGITH, W I-MIBG Ak
FHZG 2 YA RhETE R NB B 32 7 48 [ TR SR VA T 7
FEW , IS AR AL R IGYT (PRRT) A Rl —204"
KIGIRBFFE . AR 12 B 2w SO I 25 AR
1) 5 U PERZ R 29T — IR B AR AR LZE NB |
JeHIE A K M ATEIS I NB 43 7 AR RS HeiG 7
AT A% BN T LA I R A (1
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