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8. A - [BS

RS IS

neuroblastoma

i Lz@s e o
L o ER AR AsRESFRA EREEy NIRRT

O

;w m&%&m AEICIHEDFY X oHEn
P WECHD. BURIEBICIEAROEN
b MTOND. YR VEBICIESHGED
it RS ARSE S i - MEHROBFEE,
SIS HEITSHEE 5t U e KESARAYT D

= R BEFEoERE, EREE, R0
iR, WIOEHEL SEHT, RRCHETA, B
ﬁ&b#% E’Jtﬁiiﬁ/‘\%)gw E‘E%’é’ﬂiﬁ-@%&%{i

Lﬁkﬁf%%ﬂ?% &uinr%%#,%%%
ﬁua%@ SR ETED LRI, BEBE
lﬁc‘: LTRRENAZLEDH B, 72751, ?U‘Egﬂﬁ
MLaenéﬁ%4S®E%Tu FFEBERIC
Zxﬂiiﬁﬁﬁ?ﬂ?ux&l‘% , ETEBRTRREINIHE
%3)6 HIR~EE) Eﬂ’ﬂiiﬁfgﬂ)& oI5 EITH
ﬁg( F - BHRERICIL2TE, BE, IREOK
B, SMTEESC, BBERNEBICL2RBOER, &
%U/n?@%&kf”ﬁéh% HEPRFEESIT1Z
Wﬁtﬁ EONREESS, RIETE - BTFOEELRE
ﬁ’iTZ) Homer FEEFHVALNAL I EMNHAH. T
Iz, RERPBIER OSBRI D 5 ORAEFTIEE
# ANDEE% £7-L (dumb-bell type), HFHE

BIZL 2 TRHRECERERREE R LEA LMD
< kﬁ‘%é TNRERE LT, BAREOTHCR
ﬁﬁﬁfﬁ“i /N SeER % 29 A opsomyoclonus fE&
#7}‘3) 5.

2. BHICHEIERE »727IVELEST
HYRBEY TH B /5= )< 7 IVEE (vanilmandelic
acid : VMA), FE/N=1 Y (homovanilic acid :
HVA) 2SRACEEERT. MEF CIIHRERT
/ 7 —%¥ (neuro-specific enolase : NSE), FLEERiKE
B X (lactate dehydrogenase : LDH), 7 = ) F ¥ %%

0386-9806/10/ % 100/ H/ICOPY

INEBFIEEE  20104F —Suppl.

EZRT.

E R, RO B X BT ERRE, CT,
MRI CTREBEORENTETH L. EREZEOZD
BT, 21 % Fi V> 72 MIBG (meta-iodobenzylguanidine)
YYFTTT4NHEEEND, T, MIBG B
DEEBREVHRESNTEY, Tho0RFICI

BYUFTST7 1, B XBEHREEITS.

HEEDH I IREMBZW TH 5. ERI LS
EoZoREZ, UTowFhr—o %14
Ebd5b.

ORFEES 2 EmBROEREIT, HFEEM
SR\ & 2 IO UIRE L BB A 5 h <
wabZL. TORIC, REMAERE, ETEMBER
E, RPZLEQMEL 737 I Y RFEDED LF
PROLNDLILEBELT S,

QEATRADEEEFRS IMIaE & WE OF L
RICE ) R EGME (7-& 2 ITREEEFNIC
EHEOMFAESR) PEDON, RFF3mED 7
27 I RHEYEFSEZRLTWAZ L.

EOITFRAFE LT, EEMARD O DEWEN
HFOREZTINETHS. EEMROLEMHIK
(ploidy), FEBHEEF D MYCN A EEF DHEIE,
AR 11 FREERB (119 o~NTOEEHED
HRB LU 1 FREMLER (1p) O~TOEEHED
HE, 11 EREERE (179 OBELZEPERL
EnTwaY2,

3. 2K HMEFEORESE L, Ihntena-
tional Neuroblastoma Pathology Classification (INPC)
TR THET AL HERSNTE), BE
DIBEE, MIOKREAE, MIEOFRTH - ZHHE
F6%% (mitosis karyorrhexis index : MKI) & B D4ERS
IZEFEOWT, FEEIF (favorable) B X U FHEARE
(unfavorable) [ZEHENS. ZOREBSEIIFHRE
AT S (R,

4. RHADE 1993 £ 12D b - fEFME
B2 #8548 (International Neuroblastoma Staging
System . INSS) ¥, EEEICER SN TV LR
BThs ZOSHERFMEICHESNLIOT,
K2DELEBYTHAB. —7, 2009 ££Z International
Neuroblastoma Risk Group Risk (INRGR) %%k &
72, TOY A7 FETIER, HHOERRETO
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Sif - B

INEREZE £73%-HETF5

#4348 & L T, International Neuroblastoma Risk
Group Staging System (INRGSS) 2SS TwW3
(F&3)%.
GEE==ED

HRFEIERERT L0050, EREBCE
EEBRZ X LTEEENELZL5DET, ZORFE
LI ICh725. Lo T, JVAZIZ U-iEE
BRPFVEL 25, )VAVGEIZ, DWRER, &
i, WEASSEL EOBRKRMETFIC, MYCN BIE
Fi4iE, EHMEOREHE (ploidy), FEMEEE
L EOSFEYFEHRTFZEAEETHEL, K-
FE - BIVAZO3IBIITETHIOF—HKHTH
3. VAZGBEILZEOBRKARICEETCEILIC
SFEFETHo/zds, EE, VAT HEZERWE
#1945 BT, INRGR 2°8E &7z, INRGR T
&, Fi# (18 ¥ A), W, MYCN E&ZTFDHEIE,
11 FRehEROKEL (11qLOH) 2 FHEFE L
THwTw2 (R4).

MRESEIE X, BRESOMERME T EIRE L 354
A AL L7z DTH Y, SEE - BT - BAREL 2
CHBONREMEHCEERME IS RBETS. B
HEFEL, BFEOEXR  ERETRTLIOPLHAR
FERMEERERTOIORE, SE ST REEERE
ZRT.

NRASA DR TIZEIE - BEE
IZRWTE L ALNLEETH 5.

468

DHY PEFT7IE1EPS 1&FE (187 A) 83 3
(AR
@EEERETD

WEFEOWBRIEEHE, ) A7 SRR T
shz.

1. BURSESE &Y A7 BIEIRBEES:E
$4s T, BLALHILRAITHL. BELEES
ERNLEBRASTRFMOATEH L. ABHILE

R 1 International Neuroblastoma Pathology Classuica.
tion (INPC) (z#t3) &03IF)

1. neuroblastoma/subgroup
a) undifferentiated
b) poorly differentiated
c) differentiating
2. ganglioneuroblastoma (GNB), intermixed
3. ganglioneuroma (GN)/subgroup
a) maturing
b) mature
4 . ganglioneuroblastoma (GNB), nodular

FHARE (unfavorable histology) &, UTDEETHS
OmiEFE
OESMEOMLE, £HICH D5 T, high MKI 27T ER
Q@2ERITH T B undifferentiated NB
@15 R EDOHEEE, poorly differentiated
@1.5 MU ETRE U hEE MKI 2R Y #EFE
OGNB - nodular
REFMEBHERR I 2HBFERDPODCER LT
MKI OEEIC & > TFERIRES NS, TROEHEEFER
SO EEO~@ICHY T 28

MKI : BASE - BERIEN

a=E 2 International Neuroblastoma Stagmg System (INSS) (z@t2) a:oarm)

KEOHETIE, 15 ZRFED/NEE

BED 10%E1# % 5%, 7,000 A 1
ANORELESTHA. DHAEETIIE

nfu/nﬁﬁguéorblw)

M 320 BRI ROTFREBIFREEL

2A |
TWa, ERSATIROR T L =

| REEEET, wmmurm@mﬁaﬁﬁﬁﬁkﬁuawﬂwu
BN CEBERD R :

bEVWE—20BD, 3BRICE_D 2B

FRBHEES T, WIREYICSE
_ U/Arkﬁﬁ %L

BNWE—s 2 D IEEDINY — ‘
2T 3
FRISPHEER B CMHRAL, #

—BHICERBOFRIIARTH S
A, LR CIIERERE - HMEbeRT

b‘i)”&%ﬁ%ﬁ%fﬁo%#kz‘)‘#b%f ﬁﬁ‘) /ﬂ’ﬁ“’ iaJ:U*/i
, FE, E? EHE, &@ﬁ%ﬁk?ﬁELTm% (45 Gil%()

BE®Z L, FHREFLINTVS
ERAFIIERNZ2) XA 7EFTH
5%, JEHED INRG DHET, £#
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AT EBICEL T, TR 0L THRE
BTV 5. MBHICLEEITET, ERCELH
mtEiotﬁﬂKﬁqu,iﬁ&@ﬁ#EEK
HUCERELT MRy, FRGIRFERY

5o T HILEFETDY, BREIERELE
i BB LT B. —HREICIE 2~4
oﬂ%ﬁ&%%ﬁ&%ﬁf,ﬁméwkiﬁﬁiﬁ
AT . bAETIE, BEOILRAEFET D
AR o TV B, FEIBERIICH L
C¥YZURFY (VCR)+ 27 0FxA773F
mm)itu,wm+am+87wevy0mm
tléﬁ%ﬁ&ﬁi@#Oﬁﬁﬁﬁotﬁ

72, bAETOIR - A7) —= Y FRERFIPF
AV TOEFRRDILEDE) R 7 EFHO—FTIHA
B, BABREZHFEL TREBENFTHOLNT
wh,

2. FREAVRIEE +HY
2 7 E\X, MYCN EEFIEH
B C—HIR IC PR L AR R
REMEES &, FLIED MYCN &
EFEEEORIE 4 TH5. K
REO—HHERHEI TR T
D, EIFEMIERICEETS.
DEREE L LR 2 1T
L, 20, “HFRICTE
REOFEH LS. ENET
B, {bEBRERVRATIF
(CcDDP), k¥ VIV EY ¥ (DXR),
CPA, = F &Y K (VP-16) % &
P62 %Wl 4 OEFHE

469

INERIE2E 20104 — Suppl.

BorhnTwiy, bPEOILEMEFERE T b
I ) Tik, VCR+CPA+THP # 9 22— A F 72
VCR+CPA+THP+CDDP % 6 I — AT L, 9805
2T i3 MYCY E{nFFEHEIRT INSS OFH 4 (n=
36) I 3 4F EFS (event-free survival : ZEF R4 FE)
A 94% L\ 9 BEF 2 AR O 7.

3. BURVEE B R 7 MBFEICE,
MYCN EZTFHEEFAC 1 R LR 4 EFFE
INg., IhOHDEFICKT BIEEIL, BHREHE

% 3 International Neuroblastoma Risk Group Staging

System (INRGSS) (X#t4) &03IH)

%4 The International Neuroblastoma Risk Group consensus pre-treatment
classification schema (INRGR) (Sz#t4) D31/

EEEHIAToTwA. 6
CKETIE, DEIGETERIC
B o l—EOFEFIIH L
TREHRELIToTHBY, 77
Y ATREEBICR L THRE#HR
BEZHFHLTWS. LaL,
KEERDOE IR BT RIGE
DBFIBIZDOVWTIIERODHD &
ZHTHbH. FEYAEIIFE
BIAH—2EHATHY, TD
BEEH LM —ED RFI
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i - B

NERER HE-HETE

PHOBMREAREE L, FHRHEES L OCHREHRIGE
2L 2 RFTEER LI, RKZRICHCENBMBEME
RO L= KERELIT) L) REWBENF—K
BWTH5H. KETIZ 5 2—RD CDDP+DXR+
CPA+VP-16 2° b 72 5 EARE =T\, BEFEEAR
2 78%TH o7z, DPEDOETHEFEDR Y 74
TiX, VCR+CPA+THP+CDDP 75 % % & A ik
TV, EREARII N TH-72. KEDORIHE
RERTo, HOENBMRBEGHEOKELFEE
*HEAT U728 D 5 £ EFS 12 30%CTH Y, HEEL
LTVF /A VBEEARL72BETO 5 4 EFS 11
59%DIEEBETH o727, BIUAZEEICELT
X, FECTE IS RHERABRSEINTEY, b
PET O BEE 2 REGBRORIIT ) RATELER
EFRALDN TS, Tz, BYAIEEOLER
FIZFEFICENTH Y, EEOBFRERESCE RN
s  BEEREER EIC X 2B EBHEDL T
RENhs. BBEEL LTOEIEE, REEE,
MRS DRE L Bo T3,
BIHA RSA4V/IEF VR

DYREOWBRFRBIIGTEHA FTF4 i, 2005
F£12 [HAFAARBEFERASA FS5A4] LT, E
EREE L BREEREFROEE L Z T THANE
PAEERZ L VERENZDS, 4EH, BFOIETF
YRAERYANT [BABEAAFI4] ELT
EEHRTH Y, 2010 EIZERTETH 5.

MEFBDOEEBIIOVWTIE TV APELATY
ZEEL LT, UTORETH 2. SREICeH
TE7EY A ZEREICH LTI, SRR AT O A
CTRBEBETRTHS. BUAZEFIHTSH
il #MREBEGEAREFREICOVWTIE, #
FRRE & OEEAE ) T HEBERBOERES, S,
ZTDEREDFTEHES N TN,

RO EBY, FHH) A2 5ETH S INRGR #F
EEa Y RELTEDLNS. ZOFT, 4
ITCRAATFEDT Y P A T7HREDLEN TV
2, BARWERE o7, 7z, FNEOEHES
Bric o mEIAE L LT, INRGSS D€ biz
DLBFEETRERTHAH. &51|Z, Image Defined
Risk Factors (IDRF) & \»9, FINEIOEEZH TF

470
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WEHI(C, EPFNRFESOBE B+
7V, URTHEICEIVVARRIRESS
EURESICEUTREWERES/IRICH
AICRBBERDUETHD , FEED e
EDRIT, EEICOWVWTOREICIE cancer.
board [CKDRELGHIGET>TVD. BUZ
VEBBICDOWTIR, s8I EEEEE LS
EEFISARDBETH D, AR
LI, BEERE ORIEROHERERINE
MZ 1SR EETo TS,

¥ .
elesecevenssnnenssenannnassnascna st nsennan 4.
........ "

WU A7 RS LEREOLNILL. 2O LT,
FMAHEZRS ST LHFEEATVS,

T, MEFBORE, FROEBHOH0HR
BRIIEAICEENT VDI, ZOFT 2008 £|:
&, ZEREFOY V¥ F— ¥ ALK EBIEFOEZER
EERVPHBRFBOBNSAICLPDoTVAE T LHH
LR, BENOREFHFINTWE.
v RS S

HRRIFREIZ ) R 2 BEIC L BIEERHDPEETH
D, FHZHPEETHL. 207-0121F, REC
& L7/NERE, DRABE, REE, KiEs
BIEEIC L 5 F — AEEFSLETHS. £/, KUA
7B TFREGTRBSOEE;ERERTHL0
REBPELR TV, EBRECTREBEELZTISG
X, BERBE~NOTSLEHERED ) 2T, REL
B L ZEEF— 2 2L o THEITORAZ LN
ZFLw,

ceoOoQ-Yﬁﬁo@oooQ‘
1) Maris JM et al.: Lancet 369:2106-2120, 2007
2) Brodeur GM et al.:J Clin Oncol 11:1466-1477, 1993
3) Shimada H et al.: Cancer 92:2451-2461, 2001
4) Cohn SJ et al.:J Clin Onco 27:289-297, 2009
5) Cecchetto G et al.:J Clin Oncol 23:8483-8489, 2005
6) KIEETF 1 /NEATA 41:35-38, 2004
7) Matthay KK et al.:J Clin Oncol 27:1007-1013, 2009
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NRAA AT EE 15 1 046-052, 2010

243

S
%Il

IIAA AT AAAAIALIATALIAAAATAA L AT ASAAAAMAAL

F2 B HRNEVAFEREET LY Va v
PRI L0 g A SRR © LFRE T HOLIC

tEH #Zz B EWH R FH

1\ &Y

4% 3 @ (neuroblastoma) ?® # & (X, Pepper,
Hutchinson, Wright @ 3 ADEEREIZ X D #ELL
7:2). 1901 4E\= Pepper & 13T & BB D &R %
WIE 6 Bl E %17 o 7. H VT 1907 % i
Hutchinson & 2B FEHOBRBERH 7 6z W
% L7 &L T 1910 4 Wright 52381 & T
neuroblastoma D FFE % £/ L MEFEOBSH
B LTW5. :

[FpR3FIE | L@ EERICAVOh, Thidd
BENZSEL LT, HRFEOMHEFE (neuro-
blastoma) & ## #% #i 3F l# (ganglioneuroblastoma)
B O i (ganglioneuroma) @ 3 f&3H % ¥ #r
THLDTHS. BETREROWMBEFEL, B
JEEE T 5 hEEMEFE L X3 572012, K
AR F E B E E (DNTs; peripheral
Neuroblastic Tumors) & FE# T 5 L ) 2% -
713

MREFEIX, BEMOMBER (b5
i) (neural crest) % &R & 3 5 FEEIFMAT B
BT ICERELL-bDEEZ LN, BIEH
BB L URRRAERMER S RET 2R REEE T
B2l

REFHEIX/NREEEREER O CTRERICD
WTEL, BEONRBREADHD 10~20% % &
D5, TAN)ATIZT7,000 AHEIHL 1 ADE
ATRAEL, EMK 600~650 ADRENDHBY.
BATIIHERD ) OREREILBE LT

BAKEEZEE/NEHER/NERE 58

VA, BEAMBEFEHE )V — 7 (Japan
Neuroblastoma Study Group/JNBSG) ®»fE 4 @
Ty —bPRERZEDPOLOHETTIIERIZ
90~130Fl, 2D bE ) A 7 WEFEILEM
50~70 Bl BE L ZEx 6N 2Y. TAY A
Children's Oncology Group (COG) @ # & T4
BOY—27 HAERTHY, 1ERKHMIZ306%, 5
AT 89%, 10 RAMT BB Z EDHHY.

I REEER

HRFEOIFRIBMIIBIBTTHILZ HD, €
DAITIAER, RN, BEE, BRELREORE
HEMTHS. ERERI: 20EETEIIS .
BBIEE, B OB U U, RE BESLC
Boohs, BE, BREEDLVIIHEEORSE
bHoY.

FEALOMBREEIIMEL FTT I ¥ (F8
IV, TFVLFY Y, JVTFLFY V) REE
L, ZORPARBEYWTH L=V VT IVE
(VMA) &FREN=Y VB (HVA) ZEHMER
THRD, chaEE~—h—L L THHETES.
F oM OMBEERL ) 5 —+F (neuron-specific
enolase : NSE) 2*BfHL 252 L dHWD,

MBER ICRBOMBEIFEIZ, 7O FVICE
LEEZLVHIRE D S %2 5/ A OMBEF MR
O T hEREIS LY, ZOMICHEMR
BHEETSH. WEEHFEEIE, RobeRFMR
EME L - R EHIARAET 25D TH S, W
FEEEIX, & LTHENMRE»L%Z5DDTH
5. BARBZKNIEEEGIBEZRETET
X, AREFE (EE - MRHER - MEMRR),
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FAEEIFE (LR - B - KoL), M
HEICSELTWwEY,

Beckwith & OBFFED 6 BAICXZED in
situ neuroblastoma 2SFFEL, ZOKSHIIBR
W3R L, &Y O —ERA S E
B bDLHEEENTVE. BHRTITbh:T
AR ) ==Y VEPAOKE»LH, AR
—Z Y TRRINIHEFEDI) BH S DD
BB MU T 5 2 b L3S, L
PLIRE (HBViT1R) DETEHEShDE
BlIZDIF LA LOFRBMITETLTEBY, T4
WENTFERT IR EHE L, HRERYE
THbILIBE .

1970 ERICHAB S EMR L MBS LTV B HF
s, BRETIR, FREBERICHEELTWVWSHE
F T, 4, stage, WHMEABZN T8,
MYCN, DNA ploidy, % & % £ % (Ip—,
llg—, 17q+) E3E 2 5h TV 536,

Brodeur b OEF Tix, MYCN H38IE L T
HEE L 3EATRIX, BHOMREHIETIITR
Fn0/64-100%, BV A 78R L 2T
31/772 - 90%, 4S Tix 15/190 - 80%, HEFTH T
% 612/1974 - 40% T 5. Shimada 5 DRET T
& Favorable Histology (FH) 329 #l T¥ MYCN
FEHEIE 325 B - HWE 4 HITH 5 5%, Unfavorable
Histology (UH) Tt 243 #l# MYCN IR 164
Bl - IR 79 BITH o 72. MYCNIEIBIZT 2bb
FHEARTHHH, FEHMBILT L FHREBET
7%V, UH OFTid MYCN ¥IgHEE (X JEHIE
JES & 0 BJAICREST AEMICH ), SLEmD
Rohd, high MKI 227 28805 50,

DNA ploidy #% 3 5D EE X 2 54 - 4 154
IZH.L DNA A RETH 7%, HMIROEHFR
U REHEIZARTH Y, BRI 2 RISED
BWwr:EbhTw3. Flow cytometry 2 & )
DNA E # #3579 %. DNA index (DI) =1 iZ dip-
loid # RBELFHEARTH %5 %%, FH T i

schwann #IlE A% 2 {5 D 72 DI=1 12 % 5139,

I ERARER
BRARIERIC IR M OERIC & S EREER

WX ZEERMH Y, FEREEBEA - HICEY
¥4 Thab.
FLEHIRADRERILZ K FBRFITH ) ER%E
Bozwv, RO AR 7Y —= v FRREBIT
—RICEERTHo 72, 4SHTIE, HEMNF
BRI L ABEBRBHERE #C X 2 BEEED
7O DRI ERERO L DD D, EITHIC
i, PRI, BATIR, RBE#L oM, ERE
EBOERE LTOETEEH, &, RIREH,
MRBR MM, B, FBETE, BiTL2iBROLND
A, BBOAZOHELBROBEREREMMIZ L S
BRI CTEEROCL DD D, BHRBERELT,
Horner fEf%#E R opsomyoclonus, M4 & 8h 4
A B VIIFHRERNNOEEERIC X 2/ ERE,
BEFOCEEESNE TSI VICLIDIRERR
FREILE, MEFEBERTF FEEIZLDZK
BUETHRZEBRRONDEZ BB,

v B W

THIIEREE - 3EBREOMAARETY
HFEFRSEREC L ) REAREN ICREDEH T
5. HHwiX, BRRECERMBOER IR
N, 22oRHP VMA R HVA 2B 5 222 &ET
HHEEE, RREHEOMBENBRE ZTHTIC
MEFELBHLTIW, L2AL2ESEAIEL
T, PHiEMEEL, BRFSZRET S0
VEREEOEWENTFERTF LRI T 572012,
BERIER (b2WIIERBRE) ORAIEREZTI N
EThHH. STERIC L 2WBBETIXIEHE L ZHIC
EHIEVRELRFEENDHY, TL-EWENTE
HFDRENTE W 5% L, MEFEEISN
DEVEBEOBALEOED S EWD,

MYCN 2 ¥ — < DNA ploidy % £ D 4F4&
WERTERFOREZTHIZED, VAZ5H
X BEBAHOREICILETHZY.

R B MR #1958 13 International Neuroblasto-
ma Pathology Classification (INPC) 2SE B A 1212
¥WTHD. Thid, #RFEMBEOERIC, 2
¥ F4E#S, Schwann MIAE O 53E (stroma), i
M D 5{L B (differentiation), %R EEFE &
(Mitosis-karyorrhexis index) (MKI) #hoskL,



# & B L L T & Neuroblastoma/
Ganglioneuroblastoma, intermixed/ Ganglioneuroma/
Ganglioneuroblastoma, nodular @ 4 B IZ534H L,
EHIZFH DT IV—F L L T Favorable
Histology Group (FH) & Unfavorable Histology
Group(UH) 25832 b 0 TH B2,

V w"ENE

I CREASBEIZE R NN ESENES
4+ 38, Evans system, St. Jude Children’s
Research Hospital and POG classification % & %%
ER SN TE A, BIIEIHRE 3 o e 1 B s 3
4+ ¥ (International Neuroblastoma Staging
System/INSS) (£ 1) 2MEH 2 h 27, HEHH
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F1 fEFMalEERSHD4E (International Neuroblastoma Staging System/INSS)
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1 REBEES T WIRMICE2UR. ARENZEERFIAH. RO ¥ HICERENZEBZROZ V.
(RREEECEL, —#BORSIL) Y HEBRHoTH IW)

2A BREEHT, RRHICATEUER. KREZCELZCAMY 3 E@CHBRENICEB RO 2.
2B MWRE#EET WRNCES I EAELWER. BREFICELZCER) ¥ @ICEREN BB 2R 5.

HRADY Y AHICERERBD L.

3 RO AEEE T, PR CHiEAR) B2 TRE. RAORAY ¥ MioEBIIAM. I3 A
AREDORBUHEE THAY) 1 EEBE RO L. it EVREOEE CHRARL R -THRE (I

e 2 W) CAHRBERDS.

4 WRLRLREERTHLMCHDLL T, ERY V58, RO/ Ik, B, B K RW, hoBRSFICHREL

Twb. (45138 <)

4S BRREEES (W1, 2A, 2B) T, #HEEIEM RO TR F BREICRONDE (IRREDEEDA).
FieP OEFHRIE AR 10%Ri#ET, ThUEEZHEE4 THS. MIBG ¥ FHTbh b %2 HIXEHN

DRBUI M.

Brodeur GM, et al: J Clin Oncol 11(8) : 1466-77, 1993. £ b 5|H
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+F2 %HHRHEHE (International Neuroblastoma Response Criteria/INRC)

i FEE HEBE
CR FE5 4 L A L
(complete response) AFa—NVT I RBEYEEL
VGPR 90%—99 % #& /I fE5 4 L
(very good partial response) AFa—-n7 I rREEWEEIL &
YUY FTORBEBRFLTNTH LW
(MIBG ¥ Y F B LT RITh
W biw)
PR 50% L L&/~ 1l 22 7T RESR 25 A% 50 % UL LA
(partial response) BEBORERD 50% L L
BREBORERIE 0—1 »Fr
(MIBG ¥ Yy F TOERBIIHFRFLTWY
Td W)
MR FREDOHBILZ L
(mixed response) RERB LUEBRORMETRRKEIZL VT 50% L LT 2/EZRB0 5
FIBF I DFRZE 1L 50% il D/ R 25% KM OWKR &R
NR FREOHBL L
(no response) FREB I UEBEORETEREE, 50%KiGOMENR 25% KiDIE K%
RY
PD FREOHIER
(progressive disease) HEZVEEREB LUEBROMUETEREICB VT 25% U LOWKREZRT
WEERDD

b L RBHEOBBREDR - 7% MR

CR, VGPR, PR, MR, NR 20 TR ERICBRONA2TORBLHLTwE I EPLETHS. PDIZHL TIIERIC
BROENIZNTNPOERZH LIRETH 5.
Brodeur GM, et al.: ] Clin Oncol 11(8) : 1466-7, 1993 X W 5| H

&3 COGYAYGE

By R
1. BEOFREZMHI INSS 1 #1
2. 1% INSS 2A #iK ° 2B #A
3. 1®LLET, FHG @ INSS 2A %0 2B #A
4. 1L ET, N-MYC#E% Lo INSS 2A $i % U° 2B #3
5. 1 KM T, N-MYCHIEZ L, 2 FHG, 7284k DNA Td 5 INSS4S #i

BRI R
1. 1 #&RiT, N-MYC #igE% Lo INSS 3 #1
2. 1| ET, N-MYCHIEZ2 L, %> FHG @ INSS 3 #i
3. 1%&ki®T, N-MYCHIE7% Lo INSS 4 #i
4. 1 BEIWT, N-MYCHEZL, »2o4FIZEv DNA @ INSS 4S 1
5. 1 KM T, N-MYCHIER L, %> UFHG @ INSS 4S #

BURY

18U ET, NMYCH#IEH 0, 7> UFHG @ INSS 2A H5 % U 2B 1
. BEOFERTMDLY, N-MYCHBigEdH ) © INSS 3 i

. 1%L LT, UFHG @ INSS 3 #1

1 BRGT, N-MYCHEiEDH hH @ INSS 4 £

. 1B Lo INSS 4 2§

. 1RERWT, N-MYC #igdH ) o INSS 4S #i

FHGINPC T favorable histology group, UFHGINPC T unfavorable histology group
RO VWHEBIIAHTH S
Castleberry RP. Eur J Cancer. 33 : 1430-1437, 1997 £ W 51/

D W -
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Abstract: In this study, we evaluated the feasibility of our graft-versus-host
disease (GVHD) prophylaxis with tacrolimus, methotrexate, and prednis-
olone in non-T-cell-depleted haploidentical hematopoietic stem cell trans-
plantation (HSCT) for children. Twenty-one consecutive patients including
those with hematological malignancies (n = 11), solid tumors (n = 7), and
non-malignancies (n = 3) were analyzed. Myeloablative and reduced
intensity conditionings were carried out in 5 and 16 patients, respectively,
and both of the regimens contained anti-human T-lymphocyte immuno-
globulin. Twenty (95%) of the 21 patients achieved primary engraftment.
Acute GVHD of grades II-IV and III-IV were observed in nine (47%) and
one (5%) patient, respectively, all of which were controllable by steroids.
Chronic GVHD was observed in eight (51%) of the 17 evaluable patients,
and one of them developed steroid refractory chronic GVHD. Treatment-
related mortality occurred in three patients (15%), as a result of acute
pancreatitis, chronic GVHD, and EB virus associated lymphoproliferative
disease. The median follow-up of the 13 survivors was 24 months, and the
two-yr probability of overall survival was 68%. The Karnofsky perfor-
mance scale score of the 13 survivors was 100%. These results indicated the
feasibility of our GVHD prophylaxis in non-T-cell-depleted haploidentical
HSCT for children.
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Allogeneic hematopoietic stem cell transplantation
(HSCT) has been successfully carried out to treat
many malignant and non-malignant diseases.
However, more than 50% of the patients requiring
HSCT are unable to find a suitable adult stem cell
donor in a timely fashion. On the other hand,
haploidentical HSCT from family members pro-
vides an option for nearly all the patients lacking a
compatible donor (1, 2). However, the usefulness
of this approach is often limited by significant rates
of graft-versus-host disease (GVHD), graft rejec-

tion, and other complications. Lu etal. (3)
reported a novel method of non-T-cell-depleted
haploidentical HSCT in which anti-human T-
lymphocyte immunoglobulin (ATG) was included
in the conditioning regimen. They used cyclospor-
ine A (CsA), methotrexate (MTX), and mycophen-
olate mofetil (MMF) as a GVHD prophylaxis and
showed survival, relapse, treatment-related mor-
tality (TRM), and GVHD outcomes comparable to
those of transplantations from HLA-identical sib-
lings. Recently, other groups have also reported
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the usefulness of non-T-cell-depleted haploidenti-
cal HSCT, but an optimal regimen for GVHD
prophylaxis has not yet been determined (2, 4, 5).
Since 2003, we have been using tacrolimus, MTX,
and prednisolone (PSL) as a GVHD prophylaxis in
the ATG containing non-T-cell-depleted haplo-
identical HSCT. In this study, we evaluated the
feasibility of our GVHD prophylaxis in the non-T-
cell-depleted haploidentical HSCT for children.

Patients and methods
Patients

Twenty-one consecutive children who received
non-T-cell-depleted HLA-haploidentical HSCT
from a family donor between September 2004
and December 2009 at Fukushima Medical Uni-
versity Hospital were retrospectively analyzed
(Table 1). Eleven patients had hematological
malignancies, seven had solid tumors, and the
remaining three patients had non-malignancies. In
the patients with refractory disease, haploidentical
family donors were chosen owing to the anticipa-
tion of stronger graft-versus-tumor effect. On the
other hand, in the patients without refractory
disease or non-malignancies, haploidentical HSCT
was performed because there was no available
HLA-identical-related or unrelated donor. Of the
11 patients with hematological malignancies, two
were not in remission (Nos. 3 and 20), while all the
patients with solid tumors were in primary refrac-
tory or relapsed phases. The institutional review
board approved the protocol, and written informed
consent was obtained from the patients or their
guardians and family donors. Follow-up for all the
patients was continued through August 2010.

Donor source, HLA disparity, and stem cell graft

Donors included fathers (9), mothers (9), and
siblings (3). HLA-A, HLA-B, HLA-C, and HLA-
DRBI typing was performed by intermediate-
resolution DNA typing (Genosearch HLA; MBL,
Nagoya, Japan) (Table 1). HLA disparities in both
graft-versus-host and host-versus-graft directions
included two loci mismatches in one case, three loci
mismatches in five cases, and four loci mismatches
in the other 15 cases. None of the donors or
recipients had anti-HLA antibodies against the
mismatched antigens between each donor and
recipient.

Eighteen patients received bone marrow as a
stem cell source. Recently, the evidence regarding
GVHD after haploidentical HSCT, which is mostly
controllable by using ATG and intensive GVHD

prophylaxis, has led us to change the stem cell
source from bone marrow to mobilized peripheral
blood stem cells (Nos. 17, 20, and 21).

Conditioning regimen and GVHD prophylaxis

Myeloablative and reduced intensity conditioning
(RIC) were carried out in 5 and 16 patients,
respectively, and both of the regimens contained
ATG (Table 1). The ATG product that we used
before March 2009 was Zetbulin (Nihon Zouki,
Tokyo, Japan) (total 10 mg/kg). It was then
replaced by thymoglobulin (Genzyme Japan, To-
kyo, Japan) because this has been covered by
health insurance since April 2009 in Japan. The
initial total dose of thymoglobulin was 10 mg/kg of
recipient’s body weight according to the manufac-
turer’s instructions for HSCT conditioning. How-
ever, because of adverse events mainly because of
viral infections, the total doses of thymoglobulin
were gradually reduced to 2.5 mg/kg. In this study,
there were four cases with primary graft failure of
the first bone marrow transplantation or cord
blood transplantation (CBT). They received ha-
ploidentical second (Nos. 11, 12, and 13) or third
(No. 7) HSCT after very short-term conditioning
with fludarabine and ATG. Three of them (Nos.
11, 12, and 13) received a myeloablative condi-
tioning in their initial HSCT.

The GVHD prophylaxis was conducted with
tacrolimus, short-term administration of MTX,
and PSL. Tacrolimus was started on day -1, which
was continuously administered intravenously. The
concentration of tacrolimus in peripheral blood
was adjusted between 10 and 15 ng/mL. Three or
four wk after transplantation, the tacrolimus
administration was changed to the oral route with
the trough level targeted at 5-10 ng/mL. MTX
(10 mg/m?) was administered intravenously on day
+1, and then 7 mg/m® was administered on days
+3 and + 6 after transplantation. PSL was begun
on day +0 with an initial dose of 1 mg/kg/d. When
there was no sign of acute GVHD, from day + 29,
the PSL dose was tapered every week and was
discontinued within two and six months after
transplantation in the patients with malignant and
non-malignant diseases, respectively.

Statistics

The severities of acute and chronic GVHD were
diagnosed using standard criteria and the NIH
criteria (6, 7). Transplantation-related toxicities
were evaluated using the common terminology
criteria for adverse events (CTCAE version 4.0;
http://evs.nci.nih.gov/ftpl /CTCAE/About.html)
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Table 2. Engraftment, GVHD, complications and outcome

Acute GVHD Other
Engraftment  grade and stage  Chronic GVHD severity complications Follow up  Outcome, KPS score
No (d) (skin, liver, GI) (organ: NIH score) within 100 d (months)  of survivors
1 152 GO NE CMV reactivation 7 Alive without disease (re-CBT
after secondary GF), 100%
2 19 G0 NE Acute pancreatitis 1 Dead (acute pancreatitis)
3 Notachieved NE NE NO 7 Dead (acute GVHD after re-CBT)
4 13 GO Mild {skin: 1) NO 54 Dead (BM relapse at day135,
MOF after re-HSCT)
5 14 GO Mild (mouth: 1) RPLES, hemorrhagic 57 Alive without disease, 100%
cyctitis, CMV
reactivation
6 14 GO NO CMV reactivation, 9 Dead (disease progression)
zoster
7 15 G2(@3 1,1) Severe (PS: 3, skin: 3, Sepsis 48 Dead (chronic GVHD)
mouth: 1, GI: 1, lungs: 2)°
8 16 G2(3,0,1) NO NO 9 Dead (disease progression)
9 16 G2 (3,0, 0) Severe (skin: 3, mouth: 1) NO 41 Alive (BM relapse at day 472), 100%
10 16 GO Moderate (mouth: 2, eyes: 2) Zoster 29 Alive (disease progression), 100%
11 15 G2(2,0,1) Severe (skin: 3, mouth: 1, eyes: 1)  Zoster 29 Alive without relapse, 100%
12 2 G2(3,0,0° Moderate (skin: 2, mouth: 1) Abcess (neck), 27 Alive without relapse, 100%
EBV reactivation,
CMV reactivation
13 15 G0 NO NO 24 Alive without relapse, 100%
14 16 GO NO NO 12 Dead (disease progression)
15 15 GO NE EBV-LPD 2 Dead (EBV-LPD)
16 15 GO Moderate (mouth: 1, Gl: 2) NO 15 Alive without disease
progression, 100%
17 15 G1(2,0,0° NO CMV reactivation 13 Alive without disease, 100%
18 14 G2(3,0,1) NO Abcess (penis), 12 Alive without relapse, 100%
CMV reactivation
19 12 G3(3,0, 41 NO IPS, avascular 1 Alive without disease progression, 100%
necrosis of the
femoral head
20 15 G2(3,0, 1) NO CMV reactivation 10 Alive without relapse, 100%
21 12 G2(3,0,0)° NO NO 8 Alive without relapse, 100%

NE, not evaluated; NO, not observed; GI, gastrointestinal tract; PS, performance stalus; RPLES, reversible posterior leukoencephalopathy syndrome; LPD, lymphopro-
liferative disease; KPS, Karnofsky performance scale; CBT, cord blood transplantation; CMV, cytomegalovirus; MOF, multiple organ failure; HSCT, hematopoietic stem cell

transplantation; GF, graft failure; GVHD, graft-versus-host disease; IPS, idiopathic pneumonia syndrome.

2Secondary graft failure.
5Steroid refractory.

CLate onset acute GVHD.
9Recurrence of acute GVHD.

presented by the National Cancer Institute. TRM
was defined as death during continuous post-
transplantation remission. The cumulative inci-
dence of GVHD and provability of overall survival
were estimated using the Kaplan—Meier method.

Results
Engraftment

Twenty (95%) of the 21 patients achieved primary
engraftment with the median time of neutrophil
recovery of 15d (range: 12-20 d) (Table 2).
Among them, one patient with chronic granulom-
atous disease (No. 1) experienced secondary graft
failure, 73 d after haploidentical HSCT. The

platelet engraftment was evaluated in 20 patients
who survived longer than 50 d, and 19 patients
(95%) met the criteria of platelet recovery with the
median time of 33 d (range: 22-45 d). Although
there were three urgent cases (Nos. 7, 11, and 13)
as the result of primary graft failure of CBT, all of
them achieved engraftment after haploidentical re-
HSCT. Moreover, all the patients who achieved
engraftment established complete donor chimerism
by day + 30 except one who experienced secondary
graft failure.

GVHD

Acute GVHD was evaluated in 20 patients who
achieved primary engraftment, and those of grades
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Fig. 1. (A) Cumulative incidence of acute graft-versus-host
disease (GVHD) after (n = 20). Solid line indicates acute
GVHD of grade II-IV, and dotted line indicates that of grade
III-1V. (B) Cumulative incidence of chronic GVHD (n = 17).
Eight of the 17 patients who survived longer than 100 d after
non-T-cell-depleted haploidentical hematopoietic stem cell
transplantation developed chronic GVHD.

I, II, and III occurred in one, eight, and one
patient, respectively (Fig. la, Table 2). No patient
developed acute GVHD of grade IV in this study.
Clinical manifestations included skin rash in nine
(90%), severe diarrhea in six (60%), and hepatic
dysfunction in one (10%), all of which responded
to steroids: temporary augmentation of PSL (1-
2 mg/kg/d) (Nos. 7, 9, 11, 12, 18, and 21), methyl
PSL pulse therapies (Nos. 8, 19, and 20), or oral
administration of beclomethasone dipropionate
(Nos. 20 and 21).

Chronic GVHD was evaluated in 17 patients
who achieved engraftment and survived longer
than 100 d after transplantation, and it was
observed in eight patients (51%) (Fig. 1b). One
patient (No. 7) who received haploidentical HSCT
as his third transplantation, developed steroid
refractory chronic GVHD. The other patients’
symptoms of chronic GVHD were mainly skin or
mouth lesions, which were manageable with PSL
and tacrolimus.

Haploidentical transplantation

Complications

One patient (No. 5) developed reversible posterior
leukoencephalopathy syndrome, and another pa-
tient (No. 19) developed idiopathic pneumonia
syndrome, both of which recovered following
conventional treatment (Table 2). The latter pa-
tient also developed avascular necrosis of the
femoral head on both sides. Infectious complica-
tions including cytomegalovirus (CMV) antigen-
emia (n = 7), temporary elevation of EBV-DNA
(n = 1), EBV-lymphoproliferative disease (EBV-
LPD) (n = 1), zoster (n = 3), hemorrhagic cysti-
tis because of BK virus (n = 1), and severe
bacterial infections (n = 3) were observed within
100 d after transplantation. These infectious com-
plications, except one case of EBV-LPD, were
controllable by using conventional anti-microor-
ganism therapies or decreasing immune suppres-
sion. Other grade III to IV toxicities observed
within 100 d after transplantation were as follows:
grade III oral mucositis in five patients, grade III
hypertension in four patients, and grade IV
hyperglycemia in another patient. TRM occurred
in three patients (15%) as a result of acute
pancreatitis (No. 2), chronic GVHD (No. 7), and
EBV-LPD (No. 15).

Survival

The median follow-up of the 13 survivors was
24 months (range: 8—71 months). The two-yr prob-
ability of overall survival in this study was 68%.
The quality of life of all 13 survivors was evaluated
to be 100% according to the Karnofsky perfor-
mance scale (KPS).

Discussion

Allogeneic HSCT is the only curative approach for
a number of patients with malignant or non-
malignant diseases. In this study, we showed the
feasibility of our GVHD prophylaxis in non-T-cell-
depleted haploidentical HSCT for children. Con-
cerning engraftment after haploidentical HSCT, an
allograft needs to traverse HLA-mismatched bar-
riers. According to other clinical studies, high
engraftment rates (96-100%) were reported in non-
T-cell-depleted haploidentical HSCT (3-5, 8). In
this study of pediatric patients, 95% of the
recipients achieved primary engraftment, which
was comparable to previous reports. Moreover, 11
of the 13 patients who received RIC at the initial
HSCT achieved long-term engraftment. In partic-
ular, high engraftment rate can be expected for
patients who had received several courses of
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chemotherapies prior to the haploidentical RIC-
HSCT.

One of the major problems associated with the
non-T-cell-depleted haploidentical HSCT is severe
GVHD. According to Liu et al. (9), in their series
of haploidentical HSCT without in vitro T-cell
depletion, by using ATG (10 mg/kg) (Thymoglob-
ulin; Genzyme, Cambridge, MA, USA) in the
conditioning regimen and CsA + MTX + MMF
as the GVHD prophylaxis, the cumulative inci-
dences of acute GVHD of grades II-1V, III-1V,
and that of chronic GVHD were 57.2%, 13.8%,
and 52.7%, respectively. In this study, nearly half
of the patients developed acute GVHD of grade II
or III, but no patient developed that of grade IV,
and all the symptoms of acute GVHD were
controllable by steroids. On the other hand,
TRM associated with chronic GVHD occurred in
one case, while most of the other patient’s symp-
toms of chronic GVHD were manageable with
PSL or tacrolimus. Therefore, we believe that our
GVHD prophylaxis, which includes tacrolimus,
MTX, and PSL, suppresses the incidence of severe
acute and chronic GVHD within an acceptable
range after ATG containing non-T-cell-depleted
haploidentical HSCT.

The probability of infectious complications after
non-T-cell-depleted haploidentical HSCT was con-
sidered to be high because intensive immune
suppressive regimens for GVHD prophylaxis are
usually adopted. In this study, the incidence of
viral infections, especially CMV reactivation, was
higher than that in HSCT from HLA-identical
donors. However, most of these complications
were manageable by conventional anti-viral treat-
ment or decreasing immune suppression. The high
incidence of viral infections after haploidentical
HSCT might be owing to the administration of
ATG in the conditioning regimen; and therefore,
an optimal dose of ATG needs to be determined
carefully.

The reported incidence of TRM after HSCT
from matched related, matched unrelated, or cord
blood were about 20-30% (10-12). In this study,
TRM occurred in three patients (15%), which were
thought to be within an acceptable range because
more than one-third of the patients had complica-
tions prior to HSCT. Moreover, the KPS scores of
the survivors were all 100%, and most of them
have obtained an excellent prognosis. The results
described here indicate the feasibility of our

GVHD prophylaxis with tacrolimus, MTX, and
PSL in non-T-cell-depleted haploidentical HSCT
for children. Further clinical studies are warranted
to determine the effectiveness of this approach.
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