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1. HREFEHESOEEIG S EVFHEN

International Neuroblastoma Pathology Classifica-
tion (INPC : EFMEIFIEFESE) I3, WEFEED
BRI B D WIR BRSO ETH D,
HiFPHFURTFTH 5 (R, RETIZ, INPC
12 8 1T 3 favorable histology (FH) # & unfavorable
histology (UH) &, ¥ X U ganglioneuroblastoma, no-
dular subtype (GNBn) DHER & o FEYFENE %
Lomeﬁ%E#L&DOO%57/A7v4Fﬁ
REDTHERT 3.

1. Favorable Histology (FH) #

FH Bt & 12, poorly differentiated neuroblastoma
(poorly diff. NBL) %5 differentiating NBL, ganglio-
neuroblastoma, intermixed, ganglioneuroma iz £ %
FERMESOT - KRR L OEERTH B, EWE
912 1%, high-affinity nerve growth factor receptor
(TrkA) @ FE B H»E {, DNA index I3 near-triploid
(hyperdiploid) #7~ L, MYCNEEZFDEIER 1p K
REBO SNV EVIFEE LD, TrkA OFEBE
&<, MREEHHE~NOTLELZ b > TWTh, 184
ARWTIIZ L A EDIEE b poorly diff. NBL D%
ELUBY, #HBANcobL 2B 2ET5FClcid
—EORHZHEL T (B, Vv @ilEgh L
DEBRIZE W THEICE > Tl - RERO 5
1%, genomic DNA profile T, whole chromosome
gain and loss # 7R §Y. BEKMICFREFE SN,
REMEFEORTFIICOBICEEHh, A7 —
=V VHERPIZRBEE L ERITIE, BIROERIC
YL B ot - BBEPBEINLY, ne
trin REETH % UNC5H4 13 p53 D& — 4 v + BIEF

FENMREER L v ¥ RN
*2 | PIEERATSEE - S LITRE

938 FRIELIEER 2008 Vol.26 No.9

THY, ph3ENLIHBEOETE AL vF v 7T 2
B#E %2 b oY, p53 mutation ¥, JAEERTNBL I 123
S oV, UNCSH4 X FHEIZ B W THENE {,
NBL O HAVBMEEB I B LW CEEALH 2B~ LT
W3 EEZ 6545 (unpublished data), FHEIC BT
55 MIRERRIZNE1I%, SELFERITITE1Y% &
UH# GEEREFHI9L3%, S5EEFEEIZEI%)
ICHE L TRRICFHRRBIFCH 2Y, FHEIZIE, 8
RIBHET 2 b DRt - REL T b DMH 32,
BEDGA, WERRICKIEE T o TEENTFHR
KT BRI S A 60510, JREROHUER ISR
DWRFEICH 7= > TIIFHBO LYt o108
T L PEETH S,

2. Unfavorable Histology (UH) &

Z O, MR, oMb - REER S L R
® 6 172> undifferentiated NBL 35 & UMEEHY 04y
1t - B#AZ T IR WNBL & $Hh, MYCN BIgEIESE
& MYCNFEREIRIEE L iRl Eh 5.

MYCN¥RIEE 13, MYCNHEIRBIZX b, TrkA o
FRBEUETIC X 2 flEsr bR, MEOREL 7
RE— ADOBMBPEI 270, BR2IRT XS Bk
B HE&EEZ 2T 24, DNA index /& near-dip-
loid Z 7" L, genomic DNA profile TiZ, 1p deletion
(1p36LOH), 17q gain Z/RL, > DNA 2 ¥ —¥D
BERIMTH LY, UHBEMYCNBIREEEICET 55
FERBEFERIIBE5%, SEEHFERIF2945% T,
UH#MYCN EHIREEE CFEEREFE64%, 5
FEFRIISTE4%) ICHE L, FEFAETH 2?,

UH#DR2/3 1 MYCNIEEIRIEE TH b, Mk
IZERHEY O - REEZRI L WEETH 325,
EYEREIE T ICERAI N TV R, TrkA FB
RECHDODSECHDETHLTH B2, TrkAD
FEEDE T HBENICIZEBREY DL - BB
A Y 5 Nk Y genomic DNA profile T i, 3p-,
4p-, 1lg-, la+, 2p+, 12q+, 17q+ B EDEHOE

0287-3745/08/¥100/ H /JCLS
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1 International Neuroblastoma Pathology Classification (INPC)

EH Favorable histology (FH) Unfavorable histology (UH)
2T Ganglioneuroma
Maturing
Mature

Ganglioneuroblastoma, intermixed

Ganglioneuroblastoma, nodular
Favorable subset

Ganglioneuroblastoma, nodular
Unfavorable subset

Neuroblastoma, undifferentiated

any MKI
<158 Neuroblastoma, poorly diff. Neuroblastoma, poorly diff.
low/intermediate MKI high MKI
Neuroblastoma, differentiating Neuroblastoma, differentiating
low/intermediate MKI high MKI
15~51% Neuroblastoma, poorly diff.
any MKI
Neuroblastoma, differentiating Neuroblastoma, differentiating
low MKI intermediate/high MK1
5L Neuroblastoma, poorly diff./differentiating
any MKI
trkAI/I 58 (log) QO poorly diff. NBL

O differentiating NBL

100

ZhrErER (A)

1 TrkA %3 & 8% (poorly diff. NBL, differentiating NBL) 18» BRE T3, TrkABBRERTH > THHEBFN
g cd 3. 18 BBlbick 3 & TrkA BHRBEEE X & b 21k L 7z differentiating NBLOE&Z 29 5,

FRIEEEERR 2008 Vol.26 No.9
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e lcs W P e

2 unfavorable histology (UH) B MYCN #IGEE &2, B85
BORBEE) neuroblastoma, poorly diff. subtype, high MKI
HTHB,

WERTHLDNA OV —HORENTD oLk vE
BHONBY. B, MYCNIERIRERICE W Tun-
balanced 11q LOH (unb 11gLOH) ¥ & ¥1p36LOH
DM L AFHRARRTCH 5 LG s nn?,
unb 11qLOH % R §EE Ci3, AEOLHEDEWE
BEAREDHI70% OREMCHBEING L IREDLD
%% unb 11qLOH % 7R ¥ l@% i UH # MYCN JE 1
BEEDOBBEICTEY, CORICBT30TF4E
VERITFHETEREEEL TouinD,

3. Ganglioneuroblastoma, nodular subtype (GNBn)

GNBn 33 7 u— v b 5 R & 11 % composite
tumor T, WA I IXBERE O MM % £ 5 NBL
(stroma-poor tumor) @ #&#id%, H&F D GNB, in-
termixed subtype & % V>3 ganglioneuroma (stroma-
rich/stroma-dominant tumor) ® FFIZFE D &N 5,
GNBn D59 NBL &4 % 3@ & O NBL & HfRIC, E&,
24t - FREREE, MKI (mitosis karyorrhexis index) %
BELLTOETS I LIck D, GNBn 3 FHRIFR
favorable subset & F# F R 7% unfavorable subset IZ
¥ 543, favorable subset O stroma-poor tumor
& stroma-rich/stroma-dominant tumor & %, #H &
BIER%Z2b00, Lo bEREGOTL - K#E
LTW{FHE LA U EYFENEEL D, —7,
unfavorable subset ® GNBn {2 8 > T I, stroma-
rich/stroma-dominant tumor & FH #f & % @ non-
aggressive clone T & % %%, stroma-poor tumor i
UH B, aggressive cloneT®H %, BEFRBICEBIT 3

940 RIBLBEER 2008 Vol.26 No. 9

stroma-rich/stroma-dominant tumor & stroma-poor
tumor @D &5 & 2 El & XK 4 ¢, stroma-rich/stroma-
dominant tumor 28 L A EZ HD BB A0, &K
DY 7 v L5 —D7d, EHERBRENS
FOEY AR (MYCN BB &) 2SHETE B v
BB B, HlZiTstage 4T, BEREOEIUIG T
T2 I3 AR X 5 B D3 ganglioneuroma D&% T8
HiZlE, GNBn &b 30T, BERE (L) o
BB DHEL 2 5,

1L B &

YD RITHFRET 2 EBED L CEIHFME L 72 DRI
WAL SN T2 EEHEBER, THHRRE, B>
7 P4 FEEICOWT, BADMEy 7 2 &2 FDIc i
@I 5. /ANROBEE T, metanephric stromal
tumor, metanephric adenofibroma, anaplastic
sarcoma of the kidney 7% & O#Fi 7z e O JEE 53]
H3N, B - WEREL LTSN b Ewing AlE Y 7
) —BECHEBENENBICORET 2 EIEETF
FRT DRI X D HREIC R > TE TV B,

1. EZFE nephroblastoma (Wilms tumor)-

BEHE (Wilms JEE) &, FRIRHI O S8 % Ml L
TSR R ITRENREEEECH B, SR
HOBEE IR OEENE Y, BBECOFRELR
W&, TEERNC 1006IKNS & #Hl X s, HBERNIC,
BEFEMCEML B2 R TREIE, LR
MR, BERSPELOBETRELTWS, B
i, FREOBBES O RBMICEL L 22#
Bemd, M- BT TI Sy OBRRET 2
BT 5T, TAMEDZIIEERICHEET 3,
ERESE, vy MEOBEPEL OBREIC oL
TRENS VY, RICRFLEPHEEETAMAEL
EbHos, BERSE, SHEFMEORSY, B
BRI 03% Wb, B, KE, Biklsashsz
EbHB, ZhoDIFETETHRD &N 5 [EE (tri-
phasic) B bR TH 228, 2BEORD D 5K
% biphasic & 5 \» i3 185 D & 2> 5 B % monophasic
DEEDH 5.

7 2 Y 71 ¢id NWTS (National Wilms Tumor Study
Group) Z HL ICRBEEVRF I L (BEIXCOG:
Children’s Oncology Group), B#IZERL Z 01tk
BEERTI U a- N 2E(RBLCEL, EBE
D L #5: # % favorable histology (FH) & unfavorable
histology (UH) (focal ¥ 7= 12 diffuse anaplasia Z#£9
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3 anaplasia # > Wilms B anaplasia Tlx, FEHEOKS
gEBAHRLND,

JEE) i3 LG8 % B E L C ¥ 7=, anaplasia i,
BARL (o) Mo BEMIED 350 ) & Skt

BBl k> T o s (K3). M4, focal

anaplasia & anaplasia 2SSEGERHTIC 10% LT OB &%
BLTwha, BHETIX, anaplasia % 7~ 9 §HIK 53,
A & oERHHEEEC, BEEIREL, %, ana-
plasia 3 WHIRTE L WO ZH L 7 u~F LV IE
Bhhwo kL EZINT5, focal anaplasia B4t
i3 diffuse anaplasia T# 5. anaplasia # 69 % [EE i,
(L2 & S NTR D, R diffuse anaplasia
DBE, WAFPBRAREATF LS, —F, 3—a v
T 1%, SIOP (International Society of Paediatric On-
cology) iZ & W IGEEPHFE I N TE . SIOP W,
RN ALERE R T T O BT 2 0BIELZRBL T
B, BEBEOHEBBRC LIV BEEREERREL T
29 HZ SIOP DIRIE T 2 5T, {LEREIC X
hEEMESERICERICE Lo TV B EAR,
low risk tumours & 415, W, HEFMEERT X
LRI RZEEDH 20, (LEREBROBRIER
THEFMIER D PEM 2 5EE, BEEFELS 2
L#EZ o, high risk tumours &£ L5, 7z, dif
fuse anaplasia Z4¥ ) fEFIH, high risk tumours & &
nTn3,

NWTS & SIOP o ig#EEkL, IIEEBEORETH 2
», NWTS 054, MELHEERZHNIC L DIRE
EERETCELHEEHY, —h, SIOPOHA, 1k
SRR X B BB O - D BROYIRAREER DA
PUIBRER I 5 EOREBET NS, BHH
DIEEHRE TNV — 7 TH % JWITS (Japan Wilms

B4 BENBFEE ATFMREN, BHERICEELTw3,

Tumor Study Group) TiZ, NWTSEHK, BRI ICE
Wea7uba—nzEAL TV, fERICk->T
1%, SIOP k%, {L¥ERERICERML T3, #HE
T3, NREEASS SRS — R R RERER I
BT 0EMERINTD, 2008E2 Bic/MNRE
BEHBOBEERELSREOH 27 7 ABHKREI N,
JEE N O SRR T OB (2/3U L% 59 5k
B 12 & BT e DR S 1k,

2. EEHKET nephrogenic rest, B3FEJE neph-

roblastomatosis

EHEGER I, BEMHORBHBORELERL
Zzoh, BFEOREMBEBEEIN LS. BF
TERE 1, EEHRERIS TR, R EARCE
T 5RETH D, BEEMHEERL, ZOREMMIC
X b T Py B 8 % intralobar nephrogenic rest
(ILNR), 43 x& B #1478 perilobar nephrogenic
rest (PLNR) e 035, &EFHGERIIEFER
ED U BELALNS LN, FATIXILNRDS
{ PLNRGHTH 2, EBEHEMEREED - HIZIZIE
[EER - IEELIRE & DEAEEPEETH 5.

ILNR 3, BBOEN, ThbLbLBEWHDHEL 2
NEWHYBEOCHE» SEBRINIBEOAT, KIE
BRABICHEET 5. BRFHBRRZE T, BB,
RIZER Sy, FEBROEL OEESTRET S, BHE
GREREBRIRME) L ETHBERORSBADIERL
2XH)CHEET B LEPE W (E4). —F, PLNRIE
BEOAGMICHEET 5, HENERAR cRESFH
B, EEBRO%2ASZELPE . EREHESER AR
Iz K5 1 38 T & 5 hyperplastic rest %25, BT
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s 5.

5 rest £ CHAET S, hyperplastic rest TIXEIFE L
BIFFAROMBOMERA SR -, £BRTIE, T
FREL OEINIATRERZ LD H B,

3. EEAMAZEYEE clear cell sarcoma of the kidney

(CCSK)

BHMBAEIE Y 74 FEE L i, [HARE
BHRASEREADFECE L CEHE, ML LT
DEINTV7Y, FoECREFE» BN,
THAMAE, B T FA FEEL LCiEEE &
LTaiahTwns,

AlEEIZ, SRAIBICHEEL, BEBOEENSV
LRI TH B, BIEE bl vds, WIRNIZAE
H e oEFHEHEREROBE cH 5, HBEN
i, MESROIME H 2 i MEREERE 20>
[EEMEDSFIR, FABRICHEET 588 — o D3R
TH 3. BEMEOKIE, BB/ aes
2HL, BMEBHM v, BRI ES T3
AR ICZHTE 228, L, BEEORBERELL,
LR Y, ey — R L3205,
ZHOHEL WIEA D H v, GBI, X
FrBtEEisbon, CD34, S-100, ¥R I v,
MIC2, ¥4 +7 7% v, EMARBKYELREINT
W3 b EFEIRRTH D5, NWTSOH
HIZL B LWFBEERCFFYLES VEMAB T L
kb, EFERMPKBCEEL %,

4. B35 7 F 1 FIE& rhabdoid tumor of the kidney

(RTK)

77 P4 FlEEIE, ARCERTIEEREOE

BTh5, bbb LEMHAIEL OMENLELSD

942 RIEEEERIR 2008 Vol.26 No.9

Es5 BS5J7FAFEE a:HERE AEEKZET3EEMHasE
Bb%\, b BAF47 3, BEMROMIE, BAFATRRETH S,

IS LT3, 57 F4 FEIIRD BT R VWE

577 FA F (BRHRER) &) aFsoish
TS, MEBUERICHSR T 3 8 & 3 3 FHLIE v, B
KHHEETIIENASNTEY, L EED
MEE 23 F 43 % (atypical teratoid/rhabdoid tumor :
AT/RT), BEAEIIIRECIRELET 2.

WIRMICIE, ABHROKS »WIEE T, il - 35
ZHCRBICREEICHEET 5. HeciE, BHE
IME L KRB R T A MRS, OV E At
JE9 5 (R5a)., LiIFLE, MIBE TRt AL
2R05(7 7 F4 Pk 2, 23 L b EELEKIC
HET 20Tl RL, BoMcEtEoCHET 2
2 EWH, — TSR OB T4 % R T35
bdH 5, REKECT, KEOM/MEZEL, KiEko
7zavFrEFETS,

R ERNIZE, EXvFUBEThy, B
A b7 7F v, EMAB—HOMBEIZEBEICZ 3,
B2 D RE L Z OHEBICHFERET 2 SMARCBI
(hSNF5/INI1/BAF47) BIETF DO REDPHERE IZ k
AP HEINTOD, T, HRAER LB
B 2 RAE Y 5 BIRICCREET O EMEMRY ¢
DEEIHEIN TS, BAFATHiEE 7 4
ik, IZEACOMIRICBETH 2D, RTK Tl
L s EBMESH T2 (B5b)®, AT/RT
TOHRAKOMES LR ENTED, RTKRAT/RT D
FHZWICBZBII T ENTES, LHLEdS,
LA, renal medullary carcinoma % £ RTK B
ADOBETH ZORBHENRMEIN TR, BEE
DOWTI SR 2R VBBHETH 5,
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. EHREEEEICH TS kit BIFER

At ER I, FIRAEEsEREEZI SN T
B, WHE, BRI EEDERREEITE IR,
ThbbLEERN, S, R ®REE WERzE%
HHREALE T %, FREMRRIERE4SRE TICRE
BICHEIh, ZEEBTH B kit (KIT) 2FHL T
W, YVHY FTdH%stem cell factor (SCF) 3PP &
o O ATEERICO T COREARZR LAV OHET
578, HAEOERIC X b EREHERZREED
EIEERANEEEL, ZOBERANEDMT S, 4AFE
WA IED, Cajalfild, 25 /%4 F, KRIFXR B
RO - BB W TSCF-KIT > AT hidih
ATH D,

KIT i kit BEFIca— FEIN2ZREHNF sy
Y¥+—¥Thh, M, MEEEBESN M
RaNfEIR (BRI L Fus v X F—EHIR T,
) X EBREIND, kit BETOERERICERT
% f@EI1E, gastrointestinal stromal tumor (GIST),
A M e/ AR iR s, S —~ R EDR
MfEEE, 2EEEERILEZ E»H 5. GISTK
Ao 5 RAERIIFMBEER (=7 1) K&
LT D, EmdeE/ERsMEEg Tl o
U F—X¥HEBI (7Y V17 DREREELR
oD, —HRMEEEE T, 19994 Tian 5
¥ seminoma/dysgerminoma 2 x 7 > 17 (codon
816) DEERERZPWE L 7Y, ckit BEFDER
22 %13, seminoma/dysgerminoma/germinoma @ 25
~38% ICRD LN DY, Z DO RIS (yolk
sac tumor, gonadoblastoma, immature teratoma 72
E)ITIRAD o e w?® GBI KIT %
BRI3 K E 5 D seminoma/dysgerminoma 288 & &5 1,
BRERDOBD 5Nz WEE TS, MEECBEE &
%, yolk sac tumor THHFIZKITHEEMNA G B DS,
MR E Bt & 22292 GIST TR, FrY ¥ F—
YHEXTH I 2 F =T HEMNTHBLEINTNVS
73, seminoma/dysgerminoma/germinoma lZ 52 & 5
Nz 7Y VITORRERERODH %, D8I6V,
D816H mutant &4 < F = 7ibilEcH 3 2 L R
IND, ZOBEKIGHIEL TR S 3R E
na,

X 13
1) Shimada, H, Ambros, LM., Dehner, LP. et al. :

—337-

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

The International Neuroblastoma Pathology Clas-
sification (the Shimada System). Cancer 1999,
86 : 364-372

Shimada, H., Ambros, IM., Dehner, LP. et al. :
Terminology and morphologic criteria of neuro-
blastic tumors : recommendations by the Interna-
tional Neuroblastoma Pathology Committee.
Cancer 1999, 86 : 349-363

Ambros, IM,, Zellner, A, Roald, B. et al. : Role of
ploidy chromosome 1p, and Schwann cells in the
maturation of neuroblastoma. N Engl ] Med 1996,
334 : 1505-1511

Goto, S, Umehara, S., Gerbing, R.B. et al. ! Histo-
pathology and MYCN status in peripheral neuro-
blastic tumors : a report from the Children’s
Cancer Group. Cancer 2001, 92 : 2699-2708
Shimada, H., Nakagawa, A, Julius, P. et al. : TrkA
expression in peripheral neuroblastic tumors.
Cancer 2004, 101 : 1873-1881

Mosse, Y.P., Diskin, S.J., Wasserman, N. et al. ¢
Neuroblastoma have distinct genomic DNA pro-
files that predict clinical phenotype and regional
gene expression. Genes Chromosomes Cancer
2007 46 : 936-949

Iwanaka, T., Yamamoto, K., Ogawa, Y. et al. :
Maturation of mass-screened localized adrenal
neuroblastoma. J Pediatr Surg 2001 36 : 1633~
1636

Wang, H., Ozaki, T, Shamim Hossain, M. et al. * A
newly identified dependence receptor UNC5H4 is
induced during DNA damage-mediated apoptosis
and transcriptional target of tumor suppressor
p53. Biochem Biophys Res Commun 2008, 370 :
1594~1598

{55754, London, W.B, Cohn, SL. fit : #i#Z3F[&E
BEEIC BT 3 MYCNEBEFHRR L BISRESE
(INPC) OF % FTHFIR : ALK IN—T R FTA D
R ANREASA 2007, 441 1-8

HEMT, PIEF, WATE i fhEmEcY
ML 7=-DbLFHEEKE 27 L -stage VAFLIREE
EEO 16, DNRHA 2005, 42 1 238-243
Shimada, H., Stram, D.O.,, Chatten, J. et al. : Identi-
fication of subsets of neuroblastoma combined
histopathologic and N-myc analysis. ] Natl Cancer
Inst 1995, 87 : 1470-1476

Attiyeh, EF. London, W.B,, Mosse, Y.P. et al.:
Chromosome 1p and 11q Deletions and Outcome
in Neuroblastoma. N Engl ] Med 2005, 353 : 2243-
2253

Berrebi, D., Peuchmaur, M., Okamatsy, C. et al.:
Chromosomal alternations (unbl1pLOH and
1pLOH) and histologic changes in peripheral
neuroblastic tumors. Proceedings Advances in
Neuroblastoma Research 2006

Umehara, S, Nakagawa, A., Matthay, KK. et al. :
Histopathology defines prognostic subsets of gan-
glioneuroblastoma, nodular, Cancer 2000, 89 :
1150-1161

fRIB&EER 2008 Vol.26 No.9 943



15)

16)

17)

18)

19)

944

Vujanic, G.M., Sandstedt, B.,, Harms, D. et al. :
Revised International Society of Paediatric Oncol-
ogy (SIOP) working classification of renal tumors
of childhood. Med Pediatr Oncol 2002, 38 : 79-82
BAREESNRESHESIEEES § DRE
BHESA 7—7 b7 R, &FEHR, #H5, 2008
Argani, P, Perlman, E.J., Breslow, N.E. et al. :
Clear cell sarcoma of the kidney : a review of 351
cases from the National Wilms Tumor Study
Group Pathology Center. Am ] Surg Pathol 2000,
24 4-18

Hoot, A.C, Russo, P, Judkins, AR. et al. : Immu-
nohistochemical analysis of hSNF5/INI1 distin-
guishes renal and extra-renal malignant rhabdoid
tumors from other pediatric soft tissue tumors.
Am J Surg Pathol 2004, 28 : 1485-1491

Tian, Q., Frierson, HF.Jr., Krystal, GW. et al. :

RIELIEER 2008  Vol.26 No.9

20)

21)

22)

23)

—338—

Activating c-kit gene mutation in human germ
cell tumors. Am J Pathol 1999, 154 : 1643-1647
Kemmer, K, Corless, CL., Fletcher, J.A. et al. :
KIT mutations are common in testicular semino-
mas. Am J Pathol 2004, 164 : 305-313
Hoei-Hansen, CE, Kraggerud, SM, Abeler, V.M.
et al. * Ovarian dysgerminomas are characterized
by frequent KIT mutations and abundant expres-
sion of pluripotency markers. Mol Cancer 2007, 6 :
12

Sakuma, Y., Sakurai, S, Oguni, S. et al. : c-kit
gene mutations in intracranial germinomas.
Cancer Sci 2004, 95 : 716-720

Przygodzki, RM.,, Hubbs, A.E., Zhao, F.Q. et al. :
Primary mediastinal seminomas : evidence of
single and multiple KIT mutations. Lab Invest
2002, 82 : 13691375



ORIGINAL ARTICLE

Oncogene (2008) 27, 441-449
© 2008 Nature Publishing Group  All rights reserved 0950-9232/08 $30.00

www.nature.com/onc

Novel risk stratification of patients with neuroblastoma by genomic
signature, which is independent of molecular signature
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Human neuroblastoma remains enigmatic because it often
shows spontaneous regression and aggressive growth. The
prognosis of advanced stage of sporadic neuroblastomas is
still poor. Here, we investigated whether genomic and
molecular signatures could categorize new therapeutic risk
groups in primary neuroblastomas. We conducted micro-
array-based comparative genomic hybridization (array-
CGH) with a DNA chip carrying 2464 BAC clones to
examine genomic aberrations of 236 neuroblastomas and
used in-house cDNA microarrays for gene-expression
profiling. Array-CGH demonstrated three major genomic
groups of chromosomal aberrations: silent (GGS), partial
gains and/or losses (GGP) and whole gains and/or losses
(GGW), which well corresponded with the patterns of
chromosome 17 abnormalities. They were further classi-
fied into subgroups with different outcomes. In 112
sporadic neuroblastomas, MYCN amplification was
frequent in GGS (22%) and GGP (53%) and caused
serious outcomes in patients. Sporadic tumors with a
single copy of MYCN showed the S-year cumulative
survival rates of 89% in GGS, 53% in GGP and 85% in
GGW. Molecular signatures also segregated patients into
the favorable and unfavorable prognosis groups
(P =0.001). Both univariate and multivariate analyses
revealed that genomic and molecular signatures were
mutually independent, powerful prognostic indicators.
Thus, combined genomic and molecular signatures may
categorize novel risk groups and confer new clues for
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allowing tailored or even individualized medicine to
patients with neuroblastoma.
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Introduction

Neuroblastoma is one of the most common solid tumors
in children. However, its clinical behavior is enigmatic
because the tumor usually regresses spontaneously when
developed in patients under 1 year of age, but often
grows rapidly to cause fatal outcomes when developed
as an advanced tumor in patients over the age of 1 year
(Brodeur, 2003; Schwab ez al., 2003). Recent nationwide
mass screening (MS) in Japan for discovering neuro-
blastoma at the age of 6 months clearly demonstrated
the presence of a large number of asymptomatic tumors
undergoing spontaneous regression (Woods et al., 2002),
which had been suggested by Beckwith and Perrin
(1963). The involvement of TrkA, a high-affinity
receptor for nerve growth factor, in the regression of
neuroblastoma has been suggested; however, the mole-
cular mechanisms of the regressive event still remain
elusive (Nakagawara et al., 1993; Nakagawara, 1998).
On the other hand, the majority of sporadic neuroblas-
tomas are discovered at advanced stages, and their
prognosis is still very poor (Brodeur, 2003; Schwab
et al., 2003). Recently advanced cytogenetic analyses
revealed that given subsets of neuroblastomas with a
favorable prognosis possess the hyperdiploid karyotype
of chromosomes (Look et al., 1984; Tomioka et al,
2003) and that the other subsets with an unfavorable
prognosis usually possess the diploid or tetraploid
karyotype and often have M YCN amplification, gains
of chromosome arms 1q, 2p and 17q, as well as allelic
losses of chromosome arms lp, 3p and 11q (Brodeur,

—339—



Risk stratification of neuroblastoma by microarray
N Tomioka et a/

442

2003; Schwab et al., 2003). We and other investigators
have previously reported the high accuracy of gene-
expression profiling to predict the prognosis of neuro-
blastoma (Wei et al., 2004; Ohira et al., 2005). However,
the prognostic significance of genomic signatures when
using a high-resolution DNA microarray in primary
neuroblastomas has never been reported. Here, we
applied microarray-based comparative genomic hybri-
dization (array-CGH) to both sporadic and MS-
detected neuroblastomas in order to comprehend their
clinical behavior and found that genomic signatures,
together with molecular signatures, stratified the novel
risk groups in sporadic neuroblastomas.

Results

Patterns of genomic signatures in 236 primary
neuroblastomas

The most prominent feature of 236 primary neuroblas-
tomas (112 sporadic and 124 MS detected) was the
apparent presence of three genomic groups (GGs)
(Figure la, its magnified, high-resolution figures are
also indicated in Supplementary Figures Sla and b): the
group of few chromosomal events (silent, GGS; n = 29);
the group of partial chromosomal gains/losses (GGP;
n=77) and the group of whole chromosomal gains/
losses (GGW; n=130) (Supplementary Figures S2a and
b). Correlation analysis revealed that the global feature
(see Materials and methods) was maximally correlated
with the gain of the long arm of chromosome 17
(R=—0.807) and with the gain of a whole chromosome
17 (R=0.75) (Supplementary Table Sla), therefore the
genomic groups GGP and GGW were defined by the
status of aberration, by 17q gain and 17 whole
chromosomal gain occurred in chromosome 17, respec-
tively. They were followed by DNA ploidy (R=
—0.642), loss of chromosome 1p (R= —0.521), MYCN
amplification (R=—0.531), loss of chromosome 11q
(R=-0.5), low TrkA expression (R=-0.47) and
age>l-year old (R=—0.466). Even when tested in 112
sporadic tumors, the correlation coefficient was —0.773
in 17q gain, —0.705 in DNA ploidy, —0.598 in 1p loss,
—0.565 in tumor stages, —0.502 in M YCN amplification,
~0.49 in low TrkA expression and —0.458 in age>
1-year old (Supplementary Table S1b). These suggested
that 17q gain was a characteristic and prognosis-related
event in primary neuroblastomas. The percentages of
DNA diploidy or tetraploidy were 83% (15/18), 66%
(33/50) and 18% (17/94) in GGS, GGP and GGW
tumors, respectively (Supplementary Table S2a).

GGS tumors rarely showed chromosomal aberrations
except MYCN amplification in 5 among 29 tumors
(Figure 1b, a high-resolution figure is also indicated in
Supplementary Figure S1c¢). To date, the presence of the
GGS subgroup with very silent aberrations of the tumor
genome has never been verified definitely. The concern
about the possible dilution of the tumor-cell DNA
content by contamination of stromal cells was cleared
by the detailed examination of GGS tumor specimens
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(see Supplementary Figure S2b and Supplementary
Information).

Seventy-seven GGP tumors, which had 17q gain, were
further subgrouped computationally according to the
detailed chromosomal event, the presence and/or
absence of 1p loss and 11q loss, which are characteristic
and MYCN amplification (s, single copy of MYCN; a,
MYCN amplification) (Figures la and b, and see
Supplementary Information). GGP1 tumors were char-
acterized by 1p loss and 17q gain as main aberrations.
GGPla (n=23) was one of the most common GGP
tumors. They showed the diploid karyotype (10/13,
77%) and had MYCN amplification in addition to Ip
loss and 17q gain. Interestingly, GGPls tumors lacking
MYCN amplification (n=6) showed relatively frequent
2p gain, as well as 14q loss, 1q gain, 4p loss and 7p gain
that were rare in GGPla tumors with M YCN amplifica-
tion. GGP2 tumors were characterized by the presence
of both 1p loss and 11q loss, in addition to 17q gain. In
GGP2a, tumors with M YCN amplification (n=4) also
frequently showed 1q gain. GGP3 tumors formed a
group typically characterized by the presence of 11q loss
and 17q gain without 1p loss. Intriguingly, only 1 of 27
GGP3 tumors had MYCN amplification. All GGP4
tumors except one, which presented neither 1p loss nor
11g loss, also had no MYCN amplification. The
percentages of diploidy/tetraploidy in GGP1, GGP2,
GGP3 and GGP4 tumors were 76% (13/17), 75%
(6/8), 76% (13/17) and 13% (1/8), respectively (Supple-
mentary Table S2a).

GGW tumors with whole chromosomal gains and/or
losses, especially with the predominant gain of whole
chromosome 17 (Figure 1b), were mostly the tumors
detected by MS (94/130, 73%; see Supplementary Table
S2a). The highest incidence of MS-detected neuroblas-
tomas was observed in GGW4s tumors that were purely
composed of whole chromosomal gains/losses. The
DNA ploidy analysis revealed that 82% (77/94) of
GGW tumors were hyperdiploidy. Similarly to GGP
tumors, GGW tumors were categorized into tumors
with the following aberrations: 1p loss (GGW1, n=5);
both 1p loss and 1lq loss (GGW2, n=2); 11q loss
(GGW3, n=11) and without any one (GGW4, n=92).
GGWS35 tumors (n = 20) formed a group of tumors with a
low frequency of chromosome 17 on the BAC array.
Like chromosome 17, chromosomes 6 and 7 were
frequently gained in GGW tumors. MYCN amplifica-
tion was observed in only three tumors belonging to
GGW4 or GGWS5 (3/112, 2.7%).

Genomic signatures and clinical outcomes

Genomic signatures of neuroblastomas unveiled pre-
viously unknown relationships between genetic sub-
group and patient prognosis (Figure 1b). The greatest
surprise was the difference in the 5-year survival rates
between the GGSa (0%, n=35) and GGSs (91%, n=24)
subgroups (P<0.001). The other MYCN-amplified
tumor subgroups, GGPla (n=23), GGP2a (n=4) and
GGWa (n=3), also showed very poor survival rates of
42, 0 and 0%, respectively. On the other hand, GGWs
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neuroblastomas demonstrated good outcomes (GGW s: n=18). The intermediate 5-year cumulative survival
100%, n=15; GGW2s: 100%, n=2; GGW3s: 100%, rates were demonstrated in GGPs tumors (GGPls:

=11; GGWi4s: 97%, n=91 and GGW5s: 89%, 80%, n==6; GGP2s: 57%, n=7;, GGP3s: 75%, n=26
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Figure 1 Genomic signatures of 236 primary neuroblastomas by array-based comparative genomic hybridization (array-CGH). (a) Overall
schematic of the genomic signatures of 236 primary neuroblastomas. The left panel summarizes information about patient diagnostic factors:
survival time in months after diagnosis for censored (blue bars) or dead (red bars) patients, stages 1, 2 and 4s (blue) or 3 and 4 (red) (ST),
MYCN amplification (red) or not (blue) (MN), TrkA low (red) or high expression (blue) (TA), age more (red) or less (blue) than 12 months
(Ag), sporadic tumors (red) or tumors detected by mass screening (blue) (Ms), adrenal gland (red) or others (blue) in origin (Or) and
hyperploidy (blue) or diploidy/tetraploidy (red) (P}). The central panel shows estimated copy number aberrations of DNA as color matrixes
(blue: loss, red: gain) at chromosome locations complementary to BAC clones in each sample. The right panel shows the important features of
chromosomal events, including M YCN amplification, deletions of chromosomes Ip and 11q, chromosome 17q gain and whole chromosome 17
gain. Furthermore, genomic groups (GGS, silent genomic group; GGP, partial chromosomal gains/losses genomic group and GGW, whole
gains and/or losses genomic group) are also indicated. (b) Genomic signatures in each genomic group and the 5-year survival rates for all
neuroblastomas including MS detected and sporadic tumors. Regarding each genomic group, the colored histogram represents the rates of gains
and losses for each clone, where the red areas on the baseline correspond to gain and the blue areas under the baseline to loss. The right panel
indicates the presence of M YCN amplification, 1p loss, 11q loss, 17q gain and 17 gain. The 5-year survival rates (SR) of each genomic subgroup
are indicated in the right panel.
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Figure 1 Continued.
and GGP4s: 88%, n=09). Interestingly, in GGPs  of disease). One of the most striking differences was
tumors, 1p loss (GGPls, n=6) and 11q loss (GGP3s,  frequent loss of 11q (Supplementary Figure S4).
n=26) seemed to have a similar effect on patient
prognosis (S-year survival rates: 80 and 75%, respec-
tively). However, GGP2s tumors with both Ip loss and  Effects of genomic signatures, MYCN amplification
11q loss (n=7) had a poorer prognosis (57%) in an  and age on prognosis in sporadic neuroblastomas
additive manner. Furthermore, the addition of 11q loss  Figure 2 shows the Kaplan-Meier cumulative survival
and 1q gain to MYCN amplification apparently  curves in each genetic group. In sporadic neuroblasto-
afforded absolutely poor outcomes as suggested by the  mas, the overall survival rates of GGW, GGS and GGP
comparison between GGPla (42%) and GGP2a tumors  were 80% (n=236), 68% (n=23) and 43% (n=753),
(0%). An analysis of 112 sporadic tumors also revealed  respectively (Figure 2a). The prognosis of GGP was
a similar tendency except GGPls, in which 2 sporadic  significantly poorer than that of GGW (P=10.002). In
tumors showed 0% survival, whereas all 4 MS-detected MS-detected tumors, on the other hand, the survival
tumors gave good outcomes (Table 1 and Supplemen-  rates of GGW, GGS and GGP were 100% (n=94),
tary Figure S3). These suggested that M YCN amplifica- 100% (n=6) and 96% (n=24), respectively (no
tion had the most powerful influence on clinical  significant difference among the groups; Figure 2b).
outcomes. We next compared the patterns of whole  The main difference between sporadic and MS-detected
genome abnormalities of M YCN-amplified neuroblas-  tumors was that the latter was detected before 1 year of
tomas between survivors (disease-free for more than 2 age and had very few M YCN amplifications. Therefore,
years after initiating treatment) and non-survivors (dead  sporadic tumors were next subcategorized according
Oncogene
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