SFENEE 4
HTETERR AL

i}

BEORIAERER

MNEEMFRERNRKICSITS
EEDRERDN EESEORE

Key words
IR CML
ARFZT
iEIMEFHifaEiE
RRES
JPLSG

FOVYFF—CHEERTHD(IFIRELDBRECHNT, EROBEETERUE

S o e READIS I ERE I Z T REIC LTz

BENEERRRELAEHOSNT, AVTSAT

VZABHELIEV. INEOHA RSA VTR, AIFZITICRREFD DME THDEEMDE

E(ClFAIFIHEMNHREINTVS. UL, BERTRPIEREDNEVZD
3. —h, RaEis UCOEREMHHMRZBEDME

AIYFZICRDRESENEZEIN

,INRTE

SIFHIEDLS T, ZOFBELELELTVWDTENS, BEEISOHMICERT 2 LBDH<
U, AETE, SEROBEUEEERT DD, 1 YFZIJEARIERO/NREEEHEEEN

# (CML) DBEREZHIET D,

[FL&IC

£ < F = TR, 18 S B B s
(chronic myeloid leukemia : CML) DiR#IZ—
B L7z R CE i e A o IS A3 R 5
NIHhy, BEALEDODRFEIAF=TOD
WIRIZE Y, QOL o@WAEE%(ONS X9
WChrotz, ARICBWTHHTE, BADOKRKRA
BorvsFrazd iz, 41 3F =T ONRE
BeA Bt s ShTwa, LaL, BE -
FEEWNA = F =T NIRRT B L) NERH
OFEREE T HEE L L wiigdvhBIEY)
PEIDEVIEELRH L. —F, BERHOR
BAH UBHICHEAY 5D, TONHEESD
O BERHYEIZE > THRITOW S BINTD
B, BB BAAEICRERETCH LML
WA ZEITHLTCRENZER DD 5.

AFiTid, Japan Pediatric Leukemia/Lym-

| BERBRPERENER
T 160-8582 BEERFTEXISIEMT 35

Elmﬁwﬁm'ﬁﬂﬁﬁ

phoma Study Group (JPLSG) CML ZE &M &
AT - AR RICE OV T, AR CML H#
@ﬁ«lkc‘: Fﬁ%ﬁ = %ﬁ@&ﬁ” Z,)

:

CML iZ/MNRoegpmoh T 2~3%75:|J_-T&)
LM E N RETH S, JPLSG CML &H
£ & A EEFE T 1996~2006 4F 2B H S n
72/ B CML166 #  4F f - ME0 oA 23 1 1
Y. & BRI % 2%, 2~6i%fi
OGBMFERER D ThTidZ . 15U LED
,’?E%‘O)%’? < &il’\]ﬂ“@‘?ﬁ#ﬁéhfw%.

5H BRI

47? 7%)\%%03,&#?&%;

SEREONE & o 72 1996~2006 EICH
Wi S M 72/h IR CML166 5 o 3 W ke sE AR o0 &
HERLZE 2 1R, 2002 ELRRICBRI S
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20
18 AR (n=75)
MER(I=91)
fiE
1
w

01t 2 3 45 6 7 8 910111213141516 17

i

K1 /MR CML Ol - 59 (JPLSG CML £ESIC K22 EHAR)

100 2002~200614F
90
80 | P T W U S S S DU y
70 1996~20014
4 60
£ 50
40
30 2002~20064F 5% 95.7+2 4% (n=86)
20 1996~20014 5% 76.1+4.8% (n=80) | P<0.001
10

O 1 i I i I 1 I 1 1
0 500 1,000 1,500 2.000 2,500 3,000 3,500 4,000 4,500

RZETEARRE (H)
B2 PHRFANOLEER (RIMETHEEY) (JPLSG CML £8%

LB 2ERE)

THEBI D 5 EELEHEFROE L W LA SN
(95.7£2.4% (n=86) vs. 76.1+4.8% (n=280),
p<0.001). FAEREHOWFIL, BHL (CP)
146 %1 (88.0%), BATH (AP) 95 (6.2%),
S (BC) 1161 (6.6%) THH, 4L
MICEEZ 2w, KD EoRKOERIZ
2001 EE 12 HD 7 ) Ry 7 O5558124E 5 198
RoZlEEZOLNSE, RI1IWETEBD,
2002 SELIBEA BAA X F T HIRBO H 5 I
Bl & OV AT RS RELRE O 2 W E B ASBE I L
TWw5b,

2. ARFITEA%E (2002 F£LIF) OFER

LDOER

AF T HABOREN EOERE LT,
CP #ER oM kB X O3 R R & D
MLk, O200FRNIEZ NS,

a. CPifFEnEt

A=FZTHAMOBENRTIZ, 15—
0y ol EOLFERBEOATCP 2 #iFTHD
HEL <, RHEIASEAT 9 B B LS I R i A A
ZI)EVEROBETH o2 I5RUT
D/NR CML xR & L2/hE CML #F5e &1
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&1 2001 F 12 BTUNY J*RFEICKDBRBERIRNOZE
R | ~2001 F 2002 FE~ p-value
FERIER 166 80 86
. =) 102 18 84 p<0.001
ARFZTAR . 64 62 N
. =] 109 68 41 p<0. 001
& BRI IEHE
B MmEIRAREE . 57 12 45
(%)
100 -L'—Llll.l-l-l-l‘_uw 1 I 13 ) JL il 1 | 1 |
90 4 P TERABAI R F T DH
80 - 2002~20064F(n=66)
70 A
18
£ 60 -
£ |
it 50
§4m
30 A 1985~1995%F (n=108)
20 A
10 -
0

0O 10 20 30 40

5 60 70 80 90

SUTERERE(R)

=3

X % 1985~1995 4E 0 4 [E A& Tix, B
CML 108 #lo> CP #FFIZ 1 FHRITIT 91% &
Eh oA, 24EHBICIE69%, 5AERITIE 39%
EREBFINIRT L, BHARLTIRIZLALOE
BIASCP # M TE o 2?. —7, JPLSG
CML ZHEAW L 2 &EMAE T, MRS
ELTARFTORNEE SN2 8 M
CML 66 Bl CP #EFESIL, 5FEHD 94.2+
4.1% &L, B LTYH 40 #i 38 #1A% CP
MR LE (B3)Y. A<vF =72k B CP i
FROM FEAvF 72 PETE 0w vy
fE2Hsb00, CML ABED “18Y: A"
ERDEBE V) EIZBWTIHBRREON IS
EEBETIERNLEEZONS.

b. SMEiHREREDE L

MmN 2 i s W m g B & &
tr 109 Bl EMN (JPLSG CML B & D4 HH

1R FZTEAFEOBEIHIFRO LR

100 1
2002~2006%F
75 1

. 1996~2001%
£ 501
%
05
2002~20064 5% 88.1% (n=41)
1996~20014F 5% 71.2% (n=68)
O ¥ T ] 1 L 1
0 25 50 75 100 125 150
LTI (3)

X4 EmEARBEENICEH TS ZREEERT]
DEEFE (FEETHZESE) (JPLSG
CML £B2(L &2 2EHARE)

) Tid, BAITRT & 912, 2002 F LR
BIOBBBIOR LA ARSI (GAELETRES.
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£2 PMRCMLICBWID1IFZTREDRE

5% & (%
X Ak EGIER (RED) | Fi86 (h@) | BRIRSE (mg/m?) (thohfs) R e
CHR CCyR
Champagne et al” 14 (CP) 3~20 (14) 260~570 92 83
22 (CP) 80 60
Millot et al® 5 (AP) 1~17 (13) 260~340 (292) 80 40
3 (BC) 67 0
AESY 66 (CP) 0~15 (9) 74~403 (292) 97 B3HA) |83 (120A8)

CP: 1BMHH. AP B1TH BC K Bt CHR: MEFMFTLEM, COyR  MIEESMEL SR

88.1% (n=41) vs.71.2% (n=68))". KB
BL - OFBENPRZVD, f3vF=THE

AR OEMBHMREHBEOm I &L #
Abha. FF—Rlo5ELEFER T 2002 4F
PAREd X OF 2001 4EBARIIZ M€, HLA —%i
% 100% (n=14) vs. 82% (n=22), HLA —3
FEMA 88% (n=17) vs.71% (n=28), O
78% (n=10) vs.61% (n=18) THh - 7-.

B AN CML ®f##7 (International Blood and
Marrow Transplant Research) Tid, BRIk
LY (CP1) DEFICHB VTR ~F
STREVERICEETERLRET LI LA
HENH®, JPLSG CML ZH £ & 5 109 41
@ﬁ%ﬁf&i 2002 SELLREZHIBICH o & L HHE
WS AEREFFRMNN L L 20X BHE CP2 L
BB (higher CP) DIEFITH - 72 (100%
(n=11) vs.64.3% (n=14) ; p=0.04)". B
K¢ CP1 DFEP] CII S BB 2 38507225 (89.1%
(n=28) vs.80.1% (n=47)), B AP/BC
DFEBIEIAFBROE T THo (0% (n=2) vs.
28.6% (n=7)). TNOHOFKRIS, 2002 L)
K55 W 490 D R RELHE o 1) _E (X BB A higher CP
DEFROYEL L OBHIFE AP/BC D
BB BEEZOND. BHIFE higher CP ®
AR DRI O WTIE, HRETHICA <
FZ TR L TRBIZOPDBEVERL LD
higher CP 28672 &, BHGMERICA
RFZTW Lo CTHBHz BT c 22l
PEELTWAEEEZ NS,

. IMNBCMLBICBIFDAIF_IBREDE

B&

a. BROME

MR CML A ~F =T 2GR ES
& 2 IC /R ¥, Children’ s Oncology Group
(COG) \ZX v BMl CML 14 #l% &t Ph B
PR MmA (CML, AML, ALL) 31 #1535 & L
7288 1 HERBRA T bz, 260~570 mg/m?/ H
DA TF =T H3~20 3% CGEEPRE 14 5%) ©
ARIZRECHES SN, BRRHERIIRS W
2072 F 7 WYEHROKE RS S, 260 mg/m’,
340 mg/m’ B ENZFNEAD 400 mg, 600 mg
CHE T EBHOPIC R o7, HANRD
WERDHFAFIAL VTIEIOERIZE SN
T, AF=TOMNEE B2 A OEEREG
REEITHYT S 260 mg/m*/HE LT3,
F—n v N8 HETH b Mzt FE 2
HHABTIE, 1~17.5% ERTRE 13K o
CML 30 #1iZ 260~340 mg/m* HH 4 = F =7
PRENIHRS 3N, IBEROTMAT i T
Ho7221 DI L, CPIER® 60% (12/20
B1), AP/BCEMID 29% (2/7 #)) THHibD
Ph lptEfila oW k%2 B, 12 W ABETOE
AFEBE CP AEBI 95%, AP/BC it 75% &
WAL REOREIH O THBY,

b. XIDHE

JPLSG CML ZER &K\ X A& EHFECI1t, ¥
HBEREL LTARF = TORBRE SR/
JRIBMEH CML 66 51 (AEEFLIE 9 5%) DR
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BIMEINTWEY, A v F = THRIARGED
A (BEPH) 13 292 (74~403) mg/m’, B
K s & O BIEEHA I o vh e fiti (FEFR) 13 873 (176~
1,999 H) TH o7z, MEENZEER (CHR)
@ 3% HERRIL 96.8% (61/63 B1), MLE
FWeeEE (CCyR) @ 12 & HEE R I
83.3% (45/54 Bl) TH Y, MAFI & [F5FORK
MRPFER S Nz, HEICHEY) 7V —F 38k
OFERLZ, MmRFEE FERIRED 15.2%,
MR 9.1%, il 4.5%) FTHY,
M CPK EH 7.6%, B 6.1%, 5
B1.5%, Y7 1.5%, R 1.5%, BEHEiE
1.5%, JWNA1.5%TH o7 BAG L K
L, CPK @ L5 & % W OB EEH ) 23
Hol.

66 1) 26 BN kT L C A i R R A Al A
fTTbhhizds, 95 3P ESIHE THT
L7z, BHIBICAF=72RIRL T 55EH
e h o 72A%, 26% ORER] A3FEHE B & PREE I
W AWEBEELITTBY, BREIZIDA vF=
ThRPIETELELTHLT L EFIIRER
KEHIETEZbIITRENI LIRS N,
—F, BHZBRIRET A v F=THIRE #E L
T3 40 Plizep) CP1 Z2#F L TAEFLTY
2. B0 5FEEEERIT4.223.2%, HiE
AR IZ0.6£4.0%TH o7,

BHRTOA XY NI 4854 (& ESE
B ¥ % & (major cytogenetic response :
MCyR) D% 2 ¢, BC #1473 #) FALL.
MEDA XY MIBEAIORE 62H 1#, 9
AR 1IH, 12488 1H, 18 VH 1) (ZHEFL
THRAEL TV, BRPICBRZ BRI
JEBIDRR AWK LE o2 o0 b Ltk v,
PR &, 38 BH) o4 XY RS
optimal response THREBEHUIZRARFAEL, 2D
3PN A ~F = 7T Eh% 29 HOR R TIE CHR
EER LTV ol e bhr ol 29 H
BEHEBEMRNES L EENAOKIITIIZ W
A, 29 HEUSABORERIE 29 HREHTOA =

&3 BERHBPHORRE (JPLSG CML &
BRICLZ2ERE)

CP1 higher CP | AP/BC
SR Tt
FEHERSRER (h=75) (n=25) (=9
& 63 20 3
LA 12 5 6
FEHERESE 12 5 4
RIRIE 0 0 2

Fo7HEBEOBRE, WTRETHIISIF= T
IR EC X B R aEE, 29 H UL OB O
EBZF) TR EDOMRPLELEZ b
4. BERBEZO LSRG

IR CMLIIZBWTHRARS, A ~F=7
DOPIRIC X - THBAZ LT QOL O RHIA
GWEONELI o720, A F =TI
B % 72 EATER, B 5HVIIFRIER AP/BC
W BRI EEE & U C o AR Sl R R A
ODNEIITIZEbs T\, L2 T, B
ML LS5 2 &2 CML &R0 B #
BOR LI 5.

JPLSG CML ZE A X 2 & HEHAL TR S
I R B R R A I & 7z 109 51 o B Al R 3
POEREEZR3 RS, HEHTREE CPY/
higher CP OEFNCEHE 2 BD LNV L Th
5. FERABREEILDOM E W 2 OFEHIE,
PRI CP OREFIIEmMBEE L V& LAFAE
AEREEIMZ: & o BYERE & FRORIE#E )
THAILEZRRT A, Thbh, WRCEH
MM 2 M S8 5 DB REEE M X5
OOEEREL 5. BAER AP/BCEMIC
LT, BRI 28D ERT 2 BEN
H5BHH, CPIEM L RIS EIZEET
NEFRE 2 5.

ek E HBM CIZ/NE CML ISR S 3B
M IE AR & /2 5. JPLSG CML REA& Tk
BREAEL LY P70 T 53R EMETT 5720,
BB EME (MDP) BXUOHARS W
M’y 2 %y v7—2 (JCBBN) %4 L CIEIL-
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R4 FEMBEREEBIEICHT D BIERETIC
BE5T 5 FRET (ZXEH)

RR (95% CI) | p-value
TABREIT
LIRS s7 i k2
>314%10°/kg m
<314x10°/kg 2.347 0.013
(1.195~4.610)
BHERHRRE R RS
MCyR #m &Y (1
%L 9.055 0.003
(2.151~38.127)

MCyR : flifE I TR B

e ML AT o 72/NE CML O 247 -
o0 T, BEMEEEORAEHEIL AR
CML 2 X3 % B i IF 0 B8 59 3 1fn %50 Ba 78 i
(reduced-intensity stem cell transplantation :
RIST) O#I&S % ME T %720, &2ETRIST 7%
TSN 15 BIOR 24T 7.

a. FMBEEEDECHRBREORH

(JMDP)

1993~2003 4£ic JMDP 24 L C B B Hi %
17 o 72 20 KW O CML125 Bl O FHT % 17 -
720 &ho 5 ELEERIE 59.3+4.5%, B
MR CP1 8Bl 5 EAHEHFRIZ70.7+
5.0% TH o7z, EAERICHET LML
FHRETFIZZERBMITIC LY, EEHEEIEL,
R, B REANES (MCyR
EROHE) THAZ EWREN. Thbo
Ih, BURE T % < BREREIEIC BT 5 0
G EERA B & BRI B (RS RO T
Hotl: (FRAD).

O OFERAD D IEMAGE HERERAIZB W
T, BRAUER 0 2 BB O FRIL
TROHZ L, FBAME TIIMCYyR ML ED
WOEML HEEL L2EEE1T) 2 &
BRZRDEELD0OBEELRFNEEZZON
7z, BHIEE CP1 @ subgroup T IZBWTIE,
AF T2 BREIICHRS S 166D9 b
1561 (94%) 2BHIRFIC MCyR 2 L TH

0, TO5EEELERIGIRS LR LTAH
BREEILEVLOORIFTH -7 (87.1+8.6%
vs 68.0£5.5%, p=0.195). 4 vF =72 X
% R A B IR OO O 3 ST R S 7 O IRk A 12
DRMWLEEZ LN,

b. MBELEEESMISHED@ER

(JCBBN)

1998~2006 22 JCBBN % 4 L C %y i #2
W% 4T - 72 20 AR O CML15 6l o @ 47 %
772" K05 ELAEHFRIIF 5.2+
12.7% THo72h%, BIEODH B 20 %KL &
72.0% £12.0% & % b, /N CML 2%} 5%
alternative donor & L TBIRL 9B EE 2 b
72, BET 5 BIOFEHNFIIFEIEAT 1 B, BRI
BIEASABITH Y, R0 Y BRI EIE O [0]58E A3
RETH -7z, BFICHT 5 BB T,
RIA 3K, WiiE CD34 BRI L, BRI
WMPEBELTFRETFTHY, 5 EELFERTII,
FFr—ZEr6BEBEBE (n=6) LZFh4o
MAEDLE (n=9) 2%16.7+15.2% vs. 100+
0.0%, Wik CD34 KpPEMINRL 1.01 % 10° ke %
M (n=7) &Pt (n=8) #928.6+17.1% vs.
100£0.0%, BHiEE AP/BC (n=6) L BHilE:
CP (n=9) #25.0+20.4% vs. 88.9+10.5% C
Hoz. WHIE CD34 e »ZB L F
F— BNV AR HIC DN O H D L E 2
SY VAR

c. BRIEMIEAEMmMERETIZEE (RIST)

DfET (JPLSG)

JPLSG CML ZERXI12 X 2 &EHAE CRHD
FhEE sz 109 o) H 15 #liZ RIST A3EIR
SN2 eRbhrot. REIWRTIHIIZEBH
K CP1 (11 #1) B X U higher CP (3 ) BT
HRISTOSHEEEFERITZFNEFN90.9%,
100% & RIF 22 BAEAS DL Tz, ER A
Dip 72D IERE R SRS HE U v s, BRI
ACP THNIERIST A ROWmMTH 5 THh
0, ORI EIE R B A P O BOR 2 E R
THELDBULRBINTHLEEZEZ DN,
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£5 BHBENDIUERIERIRITATLEIC
LEBERBEOLLER G FE2ERH)
(JPLSG CML ZE&IC LD 2ERE)

T HERERER CP1 | higher CP | AP/BC
ERRRIEAIRTLE 82.1% 76.7% 30.0%
(n=64) | (h=22) | (n=8)

SEIERFIEAYRTLE | 90.9% 100% 0%
(n=11) (n=3) (h=1)

BMBOL I A VIEZ7NVETSE Y 125mg/
m+ ANT7 75 Y180 meg/m Db ok %L,
AR CP 6 1 (GBlWriE BC 1 iz &) (@A

KhefEmEAafERcho72". Zhb 660
F9—i3 HLA —Zuinsg 2 #1, HLA —3FE s

4B CcHh, JEMmMBEFF—Td HLA —HTH
NEZOL YA VRERTREZZ ONL.
HLA A—Z FF+—2 50 RIST TiX, 6#I#5
B CHMERIR 2 7)) v (ATG) »5HBImS h,
BHIR AP O 1 Pl 2R EEFIFE LTV,
A CML186 5l (4F#arp 9l 50 %) (2B 5
RIST Ot Cid, 3 FEE2AFRIZBAE CP1
(118 1) 69.0%, CP2 (26 B1) 57.1%, AP (30
B)) 24.4%, BC (126)) 6% THYH, 7NV¥FT
t/+7xw77/+ATG®mL Mo v
VAVERBL TR SEEATERERLL
(64.3% vs 46.9%, p=0.015)"?. JPLSG CML
TREOEH T, 15 fld 3 FIORILE T T A
V77 Y 8mg/kg WFEHENTWZA, £0
36 2B FNENHERNRE LK EEER
EPOLHEBRHBEOSIETIHCTLTEY, 7R
V77 vORPUCREETHLEIRELEEZ LN
72 10 DL Lo B AR R M A 0HE S
wf@%%maﬁmwﬁ&@&%fﬁa

AIF_TICKDRERES

WMECMLﬁﬁémiofﬁbntQE%
TIZBWT, A FTHWIHERETHY,
22 10 A A U EHE 5 S 7z 48 IO &

okl h, 4 ~F=7BMERED SMARC
PIFTHEDOFEYSD A a7 5-0.21+0.9 »
5-0.85+0. 98 ICHABEICIKTFLTBY, 1 =F
TR EEEERTHEEMEHISZ 2 LAY

B oo 7z (A, B2 BRI B
AT ORI, LEEZTEDLARFZTD

YR ELFHBEL TN L-L A, Fib
JUOBREENRA v F =TI L B EREEISE
THZENHH L Thbb, IR 9 A,
BIR 10 R oz LB 9wl L, BIE 10
R EOERNIZEL, A F =TIk A ER
EOWBEEZITRTL, PORERIZLLIHE
BEOREOAENHEFIIIHNL I Lbh o/
(E5). BBBEEOBEVER T, BHEUHG
ER A BICKED catch-up Z D A2 BIN M H
D, RERA~AOZZA by vy OEEEHIZLS
BREMRE BEEAN—1) 34 F=TI2do
THESLZWITEEELD 5.
BEREOKF & LT, PDGFR IEMHHEC
IABERBEHLOET VR EPEZORLTVDS
A, RERICEBERT LI LML TWwAS
ABL BRIZHRER OB - 7L 5§ 5 4%
b Y, ZOMEICIVEEBRBENELS
THEEDELONS.
SROFHTCIRERER T TRABISCTEL
BTN RS, 4 F T2 & B ERER
HEEREOREICOVWTIEEER T THH
BT hEnov, A F =7 950mg
BAL (F8E) CTOREBELITELVWI-DEDR
FERERGICRAENSEH B, FELRITEE
R % 2D - A ISR (260 mg/m*/ H)
WL BB X HINRFEZ TRIRETHD,
A ThIIMAPBEICL VRSB 2RETS
OPLF LV, —aFo TRy FoTICA~
F o T ERIBORENDBEDRD L9 E 9 9
AHTH 5.

Hhbic
4= F =7 X o T/HE CML ORISR
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’ LIROmAS, BIR10RAM

R® 0.1783
piE 0.0035
fax -0.00139

BEASDA D7 /E

| T 1 i
100 200 300 400 500 600
A RF_TER 58 (me/m?/B)
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’ LRORLLE, BR10mLUE

R? 0.000209
pfE 0.9126
fax -0.000062

5B ASDAI7/E

T I i T
100 200 300 400 500 600
T F IR 58 (mg/m?/H)

B5 AVFZTICEIBRREFICHTIFHEREEORE

grzm b l, Sl fTbed TbE
BAGIEONL L) kol ABIZEST
BRI EHEZ M TEZ2DIIRELE
EAH s, —HT, 4<vF=TIRELRIEE
BEr X 72T ENHLMICRY, HRERER
HRBRERE 2 EOAIHE DRI TR
HbH, X5, CMLMEIEZA ~F = 72X

DR E N, f~F=7HMIILS CML D
BREHELWEEZEZOLNRTV A,

MiEHREL LTORISTRELLFETDH
D, BHAMEORROMFTE S, HEAF
F—DEETIENR TR OENED FFE S
NaTHAS. LaL, 10 EU EOEHAEFE
R EBHEICOWTIR S v F = T L FEKIC
FEARBHTHAH, —uF=T, FHFTOMH
JISEBAES = F =TS - AEFICBR LN T
WADS, BEBRIEOBRREEL LTI YT =
T - TR B IREEAE . 72, HSPI0
FESE gh7=vHER ~vYky FHE
e & CML A 2 M Lo FENED
FREDHEATNS,

CML DEHEIZESHD LIS MR LEML
TWw<L 7259, JPLSG CML & B & Tl 2009
4E 10 H 2% ik L M BLEF 78 CML-08 % B4
L7z, VB TH AR CML OFEHER) IR 5
BHEN T 572013 % O BB R EROW A

WETHAL.

S

1) BEBEEZEEY  HARNBBMR Y ¥ 8l 7
V—7 (JPLSG) &I BT 5 /B8t i
P LR o # 05 R IEAT. TR IR MR 2008 5 49 ¢
922

2) AN —, b N RS B
(CML) O&FEHEFTOEE. BEARVB AN
& PR oA AmE, R ILEORBE
OIS B F5E] FH 9 F RN SE G &,
1998 : 115-1120

3) HEBIEEIED A F =T K H0IGRER T HA
L7z/h R av i CML o % H BIEN : JPLSG &
Wi~ 7 v — Fides. BANRIMmE S
SHERE 2008 ;5 50 ;202

4) FHBFEFED R CML SRS 2 [EfEE f
AR RE-TPLSG 2 it 358 B 0 72 77 4R A0 J AT
R A I 2008 + 49 © 922

5) Lee SJ et al : Impact of prior imatinib mesylate
on the outcome of hematopoietic cell transplanta-
tion for chronic myeloid leukemia. Blood 2008 ;
112 : 3500-3507

6) Champagne MA et al:Imatinib mesylate
(STI571) for treatment of children with Phila-
delphia chromosome-positive leukemia : results
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Blood 2004 ; 104 : 2655-2660

7) WSHEZ, AHRMEEH, SRITAE ¢ EMEE BIVE D M
. HANRmMESES (&) AREImE - ) 8
WEoOBHEES A FI 4~ 2007 E/, &FEHE
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Hematopoietic Stem Cell Transplantation for Familial Hemophagocytic
Lymphohistiocytosis and Epstein—Barr Virus-Associated
Hemophagocytic Lymphohistiocytosis in Japan

. g 1,2 e fe e b . . . . 2.5
Shouichi Ohga, mo,""** Kazuko Kudo, mp,*? Eiichi Ishii, mp,”* Satoshi Honjo, mp," Akira Morimoto, mp, "
. s o . . . . p
Yuko Osugi, mp, Aklhlsa Sawada, mp,” Masami Inoue, mp,” Ken Tabuchi, mp,® Nobuhiro Suzuki, mp,*?
Yasushi Ishida, mp,*'" Shinsaku Imashuku, mp,? Shunichi Kato, mp,*'" and Toshiro Hara, mpo’

Background. Post-transplant outcomes of hemophagocytic lym-
phohistiocytosis (HLH) patients were analyzed in Japan where
Epstein—Barr virus (EBV)-associated severe forms are problematic.
Methods. Fifty-seven patients (43 familial HLH [12 FHL2, 11 FHL3,
20 undefined], 14 EBV-HLH) who underwent stem cell trans-
plantation {(SCT) between 1995 and 2005 were enrolled based on the
nationwide registration. Results. Fifty-seven patients underwent
61 SCTs, including 4 consecutive SCTs. SCTs were employed using
allogencic donors in 93% of cases (allo 53, twin 1, auto 3). Unrelated
donor cord blood transplantation (UCBT) was employed in half of
cases (21 FHL, 7 EBV-HILH). Reduced intensity conditioning was
used in 26% of cases. The 10-year overall survival rates
(median | SE%) were 65.017.9% in FHL and 85.7 £9.4% in
EBV-HILH patients, respectively. The survival of UCBT recipients

Key words:

central nervous system disease; Epstein—Barr virus-associated hemophagocytic lymphohistiocytosis; familial
hemophagocytic lymphohistiocytosis; hematopoietic stem cell transplantation; reduced intensity conditioning; umbilical cord blood
transplantation

was =65% in both FHL and EBV-HLH patients. Three out of four
patients were alive with successtul engraftment arter second UCBT.
FHL patients showed a poorer outcome due to early treatment-
related deaths (=100 days, seven patients) and a higher incidence of
sequelae than EBV-HLH patients (P=0.02). The risk of death for FHL
patients having received an unrelated donor bone marrow transplant
was marginally higher than that for a related donor SCT (P = 0.05)
and that for UCBT (P —0.07). Conclusions. EBV-HLH patients had a
better prognosis aiter SCT than FHL patients, FHL patients showed
cither an equal or better outcome even after UCBT compared with
the recent reports. UCB might therefore be aceeptable as an alternate
SCT source for HLH patients, although the optimal conditioning
remains to be determined. Pediatr Blood Cancer 2010;54:299-
306. @ 2009 Wiley-l iss. Inc.

INTRODUCTION

Hemophagoceytic fymphohistiocytosis (HLH) is an immunohe-
matologic emergency, characterized by fever, cytopenias, hepatos-
plenomegaly, hyperferritinemia, and disseminated intravascular
coagulopathy (DIC) {1.2]. HLH comprises primary form of familial
hemophagocytic lymphohistiocytosis (FHL) and secondary form
occurring in association with infections, malignancies, and
rheumatic diseases. FHL has currently been classified into FHLL
linked to chromosome 9, FHL2 with PRF] mutation, FHL3 with

Additional Supporting Information may be found in the online version
of this article.

Abbreviations: BM, bone marrow; BMT, bone marrow transplantation;
CB, cord blood; CBT, cord biood transpluntation; CNS, central
nervous  system: CT, computed tomography; EBV-HLH,
Epstein—Barr virus-associated hemophagocytic lymphohistiocytosis:
EEG, electroencephalography; FHIL, familial hemophagocytic
lymphohistiocytosis:  HLH, hemophagocytic  lymphohistiocytosis:
PB, peripheral blood; SCT. hematopoietic stem cell transplantation;
MRI, magnetic resonance imaging; OS, overall survival; SCT,
hematopoietic stem cell transplantation; TRM, treatment-related
mortality: RIC, reduced intensity conditioning; VOD, venoocclusive
disease; XLP, X-linked lymphoproliferative disease/syndrome.
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UNCI3D mutation, and FHL4 with STX/ ] mutation, although more
than half of patients have no mutations of these genes [1]. HLH
could ulso be a presenting symptom in patients with the other
inherited disorders including X-linked lymphoproliferative
disease (XLP), Griscelli syndrome, Hermansky—Pudlak syndrome,
Chediak—Higashi syndrome and primary immunodeficiency
diseases. HLH accounts for the common basis of hypercytokinemia
arising from cxcessive immune activation, in which activated
lymphocytes and hemophagocytosing-macrophages without malig-
nant morphology infiltrate into systemic organs, including the bone
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marrow (BM), liver, spleen, lvmph nodes, skin, and central nervous
system (CNS) [34]. FHL is a fatal disease if allogeneic
hematopoietic stem cell transplantation (SCT) has nol been
success{ully performed.

Epstein—Barr virus (EBV)-associated HLLH (EBV-HLH) is a
severe form of sceondary HLH more frequently occurring in Asian
children [5-7]. Activated EBV-infected CD& T cells account for
the disease process of EBV-HLH {8}, however no predisposing
factors have yet been clarified. EBV-HLH patients mostly respond
to immunochemotherapy, but a small fraction of patients experience
a fatal course without SCT. Therefore, although numbers were still
small. SCT has been included in the salvage (or relractory EBV-
HI.H cases [9—11]. The optimal timing of SCT, the source of donor
cells and the conditioning are critical, particularly for young HI.LH
patients. Tn this setting, the appropriate SCT for HLH patients needs
to be established.

This study analyzed the outcomes of patients with FHL or EBV-
HI.H who underwent SCT in Japan over the past 10 years, inorder to
address the issucs in the transplant-related problems including
engraftment. late sequelae as well as to find out if there are distinct
transplant strategies for FHL and EBV-HLH patients.

PATIENTS AND METHODS
Data Collection

The HLH/L.CH Committee in the Japanese Society of Pediatric
Hematology (JSPH) sent the first questionnaires to the hospitals
administered by JSPH members based on the SCT registry in JSPH,
asking if SCT was perlormed for any HLH patients between 1993
and 2003. The sccond questionnaires were sent to 37 hospitals with
SCT cascs, asking the patients’ characteristics, treatment prior to
SCT. donor sources, conditioning regimens, complications, and
outcome. Of the 47 responses {recover rate 82%), 61 definite SCT
cases from 33 hospitals werc eligible tor the study (mean .7 case/
hospital. Supplemental Table). Forty-three FHL patients underwent
46 SCT. while 14 EBV-HLH paticnts underwent a total of 15 SCT.
The majority of SCT (EBV-HLH 87%, FHL 89%) were performed
between 2000 and 2005.

Diagnosis and Classification

All 57 patients fulfilled the diagnostic criteria of HLH{12]. FHL
was diagnosed when the patient had a genetic abnormality, positive
family history. and/or other evidence such as impaired natual kitler
cell activity [ 13]. The genetic study of FHL 2. 3, and 4, approved by
the ethics commitlee of Kyushu University, Japan (No. 45), was
partly completed postmortem according to our methods [14—17].
FHL? and FHL3 determined by PRF/ or UNCI3D mutations
accounted for 28% (n = 12). and 26% (n = 11), respectively, in this
group. In addition, a total of eight patients were found with siblings
diagnosed as having HLH. EBV infection might be associated with
the development of HLH in four FHL patients (one FHL2, onc
FIL3, and two familial). Thesc cases were classificd as FHL, not as
EBV-HLH. Other types of primary HLH such as XLP were excluded
in this study.

EBV-HI.H was diagnosed when a non-FHIL. patient had a
primary infection or reactivation of EBV at the onsct of HLH. EBV
infection was assessed by the detection of EBV DNA and/or
the pattern of serum EBV-specific antibody titers [18]. Cases

Pediatr Blood Cancer DOT 10.1002/pbe

with secondary HLH occurring in a chronic active EBV infection
{191, and/or a histologically confirmed EBV-related lymphoma
were excluded in this study. CNS involvement was determined when
patients showed neurological manifestations, clinically as well as
with any evidence of abnormality in the cerebrospinal fluids (CSF),
neuroimagings (CT/MRI), and/or electroencephalography (EEG).

Prior Treatment to SCT

Treatment was based on the HLLH-94 protocol using «
combination of corticosteroid, cyclosporine-A (CSA), and etopo-
side (VP16) for both groups [20,21]. As the multidrug chemo-
therapy, CHOP-VPl6-bused regimen (VP16, vincnsune,
cyclophosphamide [CY], doxorubicin, and prednisolone) was
chiefly employed. SCT was performed for all FHL patients, but
limited for EBV-HLH patients who were resistant to any other
treatments.

SCT

Allogeneic SCT was performed in 53 of the 57 patients (93%).
Autologous SCT and identical-twin donor SCT were performed in
three and one sporadic patients, respectively, because the molecular
diagnosis was not available at the time of SCT. Donor sources,
infused cell doses. conditioning regimens, and other SCT-related
data are summarized in Table I. Allogeneic donor sources for EBV-
HLH were HLA-matched sibling peripheral blood (PB) 1,
haploidentical parent BM/PB 2, HLA-matched unrelated BM 1,
HLA-matched unrelated cord blood (UCB) 2, and HLA-mis-
matched UCB 5, and those {or FHL were HL A-maiched related BM
7 (sibling 6), haploidentical parent BM/PB 2, HLA-matched
unrelated BM 12, HIL A-matched UCB 9, and HILA-mismatched
UCB 12. All CBs were obtained from unrelated donors registered in
the Japanese Cord Blood Bank Network. All unrelated donor
BMs were oblained [rom the Japanese Marrow Donor Program.
Myeloablative conditioning for EBV-HLH included VP16/busuifan
(BU)Y/CY in § paticnts (4 in UCB transplantation [UCBT]) and other
regimens in 3 patients, while those for FHL were VP16/BU/CY plus
or minus anti-thymocyle globulin (ATG) in 23 patients (10 in
UCBT) and others in 8 patients. Reduced intensity conditioning
(RIC) for EBV-HLH included melphalan (MEL)/fludarabine (FLU)
plus or minus thoracoabdominal irradiation in three patients (two in
UCBT), and those for FHL were MEL/FLU plus or minus low-dose
total body irradiation plus or minus ATG in eight patients (four in
UCBT) and others in three patients. Donor chimerism was assessed
by using short tandem repeats or sex chromosome analyses.

Evaluation of Late Sequelae

Long-term survivors were further questioned concerning their
physical growth, endocrinological status. and neurological deficits.
Neurological development including cognitive functions was
assessed by Karnofsky score, developmental quotient and/or school
performance.

Statistical Analysis

The 10-year overall survival (OS) rate with 939 confidence
intervals were estimated by the Kaplan—Meicr method. The OS was
calculated for the period from the day of SCT uatil the death of any
cause or the final observation. All results were updated o May 31,
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TABLE L Profiles of Patients Who Underwent Hematopoietic Stem Cell Transplantation

EBV-HLH FHL P-valuc
Number, male:female 14, 4:10 43, 23:20 0.37
Age al onsel (median, runge) 5.5y, 6m-18y 0.5y, 6d—12y <0.0001
Age at SCT (median, range) 39y, 1.4-18y 1.2y 0415y 0.0002
Observation period (median, range) 5.5y, 0.3-16y 4.8y. 0.2-19y 0.94
Manifestation at diagnosis (%)
Fever 100 95 >0.99
Hepatosplenomegaly 86 86 >(.99
Lymphadenopathy 26 21 0.30
Skin cruption 7 14 0.67
Respiratory failure 36 14 0.12
DIC 50 33 0.26
Treatment prior 1o SCT (%)
" HLHY4 only 36 (5714 60 (25/42) 0.14
Multidrug chemotherapy 57 (8/14) 19 (8/42) 0.017
Diagnosis to SCT (median, range) 5.8m. 1.8~24m 7.5m, 1.6-84m 0.18
SCT (n)
Allogeneic il 42
Auto/ldentical twin 3 1
Nucleated cell doses {(x l()R/kg) 1.3 (0.2-6.6) 25 0.1=-12.7) 0.14
Donor
UCB 7 21 0.94
Others 7 2
HLA disparity no 4 28 0.09
HLA disparity yes (>>1 locus™ 7 14
Conditioning
Myeloablative” it 31 >0.99
RIC* 3 11
Irradiation yes 4 11 0.73
Irradiation no 9 31
ATG yes 0 8 0.18
ATG no 14 34
CNS abnormality (%)
At diagnosis 29% (4/14) 219 (9/42) 0.72
Before SCT 57 (8/14) 67 (28/42) 0.52
CSF pleocytosis 25 (2/8) 32(7/22) . >0.99
MRI abnormality 36 (5/14) 51 (20/39) 0.36
Convulsion 43 (6/14) 41 (17/41) .93
Disturbed consciousness 36 (5/14) 24 (10/41) 0.49
Post-transplant state (n)
Early death (<100 days) 2 7 0.48
Alive 12 29 0.31
Neurological deficit (%) 8% (112 29 (7124) 0.22
Late sequelae® (%) 8 (1/12) 52 (11721) 0.022

ATG, anti-thymocyte globulin: BU, busulfan; CNS, central nervous system: CSF, cerebrospinal fluid; CY,
cyclophosphamide; DIC, disseminated intravascular coaguloputhy: EBV, Epstein—Bur virus; FHL, familial
hemophagocytic lymphohistiocytosis; FLU, fludarabine: HLH, hemophagocytic lymphohistiocytosis:
MEL, melphalan: MRI, magnctic resonance imaging; SCT, hematopoietic stem cell transplantation; TAIL,
thoracoabdominal irradiation; TBI; total body irradiation; UCBT, unrelated donor cord blood trans-
plantation: VP16, etoposide. Parenthesis means the positive number of patients per the evaluable number of
patients. The observation period means the time from the onset to the last visit or death. “Human leukocyte
antigen (HLA) disparity was assessed by the scrotyping data of HLA-A. -B. and -DR: "Mycloablative
conditionings for EBV-HLH were VP16/BU/CY 8 (4 in UCBT) and others 3, and those for FHL were VP16/
BU/CY +ATG 23 (10 in UCBT) and others 8; “Reduced intensity conditionings (RIC) for EBV-HLH were
MEIL/FLU = TAT3 (2 in UCBT). and those for FHT. were MEL/FT.U - low dose TBI + ATG 8 (4 in UCBT)
and others 3; “The proportion of patients having neurological abnormality was lower in survived putients
with EBV-HLH (P = 0.0015). Survived patients were neuredevelopmentally assessed at the last visit to the
fospital: “Late sequelate) in EBV-HLH was hemiparesis (n = 1), and those in FHL were short stature (n = 5),
endocrinotogical abnormality (n= 1), psychomotor retardation with or without seizure (1 =25), brain
atrophy (n= 1), und hearing difficulty (n=1).

Pediatr Blood Cancer DOI 10.1002/pbe
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2008. An analysis of the risk factors for SCT outcome wus possible
for FHL. but not for EBV-HLH because of the small number of
subjects. Age at onset of HLH or at the SCT, duration {from the onsel
1o SCT, CNS disease belore SCT, donor sources, and the type of
conditioning were tested using the log-rank method. Cox propor-
tional-hazard model was cmployed to cxamine the association
between selected clinical variables and the risk for death. A logistic
regression model was used (o nvesligate factors assoctated with
neurological sequelac. Chi-square test or Fisher's exact test were
cmployed in other comparisons. P values less than (.05 were
considered to be significant.

RESULTS
Profiles of EBV-HLH and FHL Patients

A comparison of the clinical profiles (Table D revealed that the
ages at diseuse onset and at the time of SCT were cach higher in
EBV-HLH than in FHL patients (P < 0.0001, P = 0.0002, rcspee-
tively). No clinical manifestations differed between the two groups
during the disease course. mcluding respiratory fuilure as well as
CNS abnormalitics at diagnosis. The proportion of patients who
failed VP16 and CSA therapy including HLH94 protocol and
needed combination chemotherapy such as CHOP-VP16 before
planning SCT was higher in EBV-HLH patients than FHL patients
(37% vs. 19%, P=0.0168).

Outcomes of SCT

Engraftment and survival, Post-transplant outcomes of 43
FHL. patients and 14 EBV-HLH patients are summarized in
Figures 1 and 2. The 10-ycar OS rates (median £ SE%) of FHL
and EBV-HLH patients were 65.0+£7.9% and 83.7£9.4%,
respeclively (P = 0.24; Fig. 3). In the allogeneic SCT cases with
FHL. (Fig. 1), 29 attained cngraftment. 6 had rejection or graft
failure, and 7 were undetermined. On the other hand, in EBV-HLH
(Fig. 2), seven were engrafted, three were rejected, and one was
undetermined. Of all 29 FHL patients engrafted after the first SCT.
26 were alive with no HLH relapse, but 3 died of treatment-related
mortality (TRM). Seven engrafted patients with EBV-HLH were
alive and well at the final follow-up. Among the nine rejection/graft
failure patients (six FHL, three EBV-HLH), a second UCBT was
successtul in three of the four patients (three FHIL, one EBV-HLH).
Twelve of the UCBT recipients for FHL that received a graft with the
first UCBT and two that reecived a second UCBT were alive at the
last follow-up; while seven died; six were due to TRM and one was
due to active HLH disease. Six of the seven UCBT recipients for
EBV-HLH werc alive and well at the last follow-up, while only one
dicd of active HLH discasc on day 18 post-transplant. A total of
29 FHL survivors after allogeneic SCT(s) had 17 complete donor
chimera (2 patients after second UCBTSs), 3 mixed chimera (1 had
429 donor chimera in remission 18 months after SCT, 2 attained
>90% donor chimera until 6 months after SCT), 8 undefined, and
1 graft failure with CNS discase. Ten EBV-HLH survivors after
allogeneic SCT attained eight complete donor chimera (seven
patients after the first SCT and one patient after second SCT
JUCBTY), and two with autologous recovery. Two of threc EBV-
HLH patients who rejected allogencic cells were alive and discase
free more than 6 years post-transplant. One of two EBV-HLH
patients who underwent autologous SCT was alive and well | 3 years

Pediatr Blood Cancer DOT 10.1002/pbe

ADF 26 [12%]

Engraft. 29
9 "\ Died of TRM 3 [1#]
(1 <160 days)

/

AQD 1#

Allo. 42 - . .
R-BM/PB 9 = Rej/GF Died of HLH 1*, TRM 1
U-BM 12 [ %

U-CB  21* 2nd UCB < ADF 2
3 Died of TRM 1%
(1 <100 days)
Undetermined Died of TRM 7 [3%]
7 {5 <100 days)
Auto. 1 |

. Diedof HLH 1

Fig. 1. Cohort diagram for the clinical outcome of 43 paticnts with
familial hemophagocytic lymphohistiocytosis (FHL) who underwent
stem cell transplantation (SCT), Ot 42 patients after allogeneic SCT, 29
achieved engraftment (18 complete, 3 mixed) and 6 failed to engralt.
One (#) with graft failure was alive with central nervous system disease
12 years after SCT. A total of 29 paticnts (67%) were alive after SCT.
The underlined data indicate the number of deceased patients. Seven
patients died within 100 days post-SCT (parenthesis). Asterisk (%)
means UCB. R, related; U, unrclated; BM. bone marrow; PB, peripheral
blood: CB. cord biood; ADF. alive with the disease free state; AOD,
alive on disease; Rej/GF, rejection or graft failure: TRM, treatment-
related mortality.

post-transplant {22]. One EBV-HLH patient was alive and well
10 years after the identical twin donor BMT.,

Causes of death. Of 14 deccased FHL patients, 12 died of
TRM, including 3 chronic GVHD while 2 died of recurrent HLH.
Seven patients experienced early death from TRM within 100 days
after SCT (Fig. 1). One patient, later diagnosed with FHL2, died of
CNS disease 5 years after autologous SCT [14]. Two EBV-HLH
patients died of recurrent HLH within 50 days after SCT (Fig. 1).
No TRM-related deaths were noted among the EBV-HLH paticnts.

;

Engraft. & ADF 7 [6%]

Allo. 11 ADF 1#
R-BM/PB 3 | Rej/GF< ADF 1
8'?;34 ;* 3 Relapse <
2 2nd UCB & ADF 1

\

Undetermined _ Died of HLH 1*
1 AA A L EELE__LE A

(<80 days)
[Auto/Syng.3 | s ADF2
i Auto 2 < )
: Died of HLH 1
...... ID-Twin 1 (<50 days)

Fig. 2. Cohort diagram for the clinical outcome of 14 patients with
Epstein—Barr virus-associated hemophagoceytic lymphohistiocylosis
(EBV-HLH) who underwent SCT. Among ! patients after the first
allogeneic SCT. 7 achicved successful engraftment and 3 failed to
engraft. A total of 12 patients (86%) were alive atter SCT. Two patients
#) were alive and well more than 6 years after SCT failure. The
underlined data indicate the number of deceased patients. Two patients
died within 50 days post-SCT (parenthesis). Asterisk (*) means UCB.
Auto/Syng: autologous/syngencic, 1D: identical.
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Fig. 3. Cumulative probubility of post-transplant overall survival of
FHL (solid line) and EBV-HLH paticnts (dashed line)y who underwent
SCT. Closed circle and open triangle represent deccased and alive
patients, respectively. Each value indicates the 10-year overall survival
rate plus or minus standard error assessed by the log-rank test.

SCT for FHL and EBV-HLH in Japan

Analysis of Prognostic Factors in FHL

A log-rank test on the OS rate did not show any significant
difference in terms of age at SCT (<2 years vs. =2 years), time of
SCT {rom HLH treatment (<6 months vs. >6 months). conditioning
regimens (myeloablutive vs. RIC) and various donor sources (R-PB/
BM vs. UCBT vs. UBM: Table II). The Cox hazard model with
adjusument for gender and age at engraftment indicated that the risk
of death for UBM might be higher than that for R-PB/BM (adjusted
hazard ratio = 0.07. 959% confidence interval {CI]=0.01-1.02,
P =0.05) and that for UCB (0.27. 953% CI =0.07-1.09, P =0.07;
Table ). No sigaificant variables were found to predict the
risk of early death within 100 days post-transplant, or the risk of
neurological sequelae.

CNS Abnormalities and Late Sequelae

Table T shows that the frequency of CNS abnormalities at onset
and the time of SCT did not differ between the EBV-HLH and FHL
patients. Whereas, post-transplant CNS abnormalities were signifi-
cantly higher in the FHI. patients (P = 0.0015). Eleven FHI. patients
(52%) have had late sequelae including neurological as well as
endocrinological problems, in comparison to only one EBV-HLH
patient with left hemiparesis (P=0.022). Late sequelae of FHL

TABLE II. Association Variables Influencing on the Risk of Mortality in FHL Patients

{A) Log-rank analysis

Variables No. Survival (OS %) P-value
Age
<2 years 30 66.2+8.7 0.56
=2 years 2 75.0+£125
Time from HLH treatment
<6 months 14 629+133 0.65
>6 months 28 714 185
Conditioning
Myeloablative 31 71.0£8.2 0.50
RIC 60.6 £ 15.7
Donor sources
R-PB/BM. a 9 88.9 L 10.5 avs.b 0.22
UCB. b 21 65.6 +10.6 avsce 0.15
UBM, ¢ | 5834+ 142 bvsec 0.61
(B) Cox’s mode! analysis
Variables No Adjusted hazard ratio 95% CIlower—upper limit  P-value
Stem cell source
Uunrelated BM 12 1.00 Reterence
Unrelated CB 21 (.27 0.07-1.09 0.07
Related PB/BM 0.07 0.01-1.02 0.05
Conditioning
Reduced intensity it 1.00 Reference
Myeloablative 31 (.48 0.09--2.47 0.38
Radiation
No 3 1.00 Reference
Yes 11 0.52 0.11--2.52 0.41
Use of ATG
No 34 1.00 Reference
Yes 8 091 0.18~4.70 091
HILA disparity
No 28 1.00 Reference
Yes (> 1 locus) 14 2.79 0.75-10.38 0.13

Both analyses (A. B) were performed for 42 FHL patients who underwent the first allogeneic SCT. The Cox
model analysis was performed with adjustment for selected variables including sex and age at engraftment,

Pediatr Blood Cancer DOT 10.1002/pbe
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included psychomotor retardation with or without seizures (n —5),
brain awophy {(n=1). hearing difficulty (n=1), short stature
(n = 5). and impaired sexual development (n = 1),

DISCUSSION

No underlying immunodeliciency has yet been identified for
idiopathic EBV-HLH, which has been recognized to be distinet [rom
tamilial or inherited discase-related HLH like FHL. However, EBV
also acts as a trigger in the development of HLH episodes in FHL
patients. Therefore. caution must be exercised in the differentiation
ol the two types of HLH disease. Strict use of the renewed diagnostic
criteria for the registered cases in Japan enabled an analysis of the
SCT results of 43 FHI. and 14 FBV-HI.H patients. The data first
revealed a high survival rate in UCBT recipients in either type of
HLH. indicating that CB could be preferable BM as the unrelated
donor source in SCT for pediatric patients with refractory HLH. In
addition, SCT in FHL patients was more problematic than thac in
EBV-HLH, where it was associated with a high incidence of post-
wansplant ewrly death rate as well as late sequelae including
neurological deficits. The EBV-HLH patients showed no apparent
sequelac even if they had CNS involvement at diagnosis.

Information concerning SCT for HLH patients has been
accumulated mostly in FHL. but little has been published in EBV-
HLH except [or sporadic case reports [10.11]. Previously published
major studies on SCT in FHL. patients arc summarized in Table IH.
Because of the historical changes in the available genetic analyses,
supportive care practices, donor sources and conditioning, the pre-
2000 studies [23-27] might not be comparable to the current data.
Henter et al. {21] showed the improved survival of patients treated
with HLH-94 followed by BMT, in which the 3-year post-BMT
survival was 62%. Horne ct al. [28] noted significant TRM due to
venoocclusive disease (VOD) aller myeloablative conditioning, and
that an active disease status al SCT was associated with a poor
prognosis. Ouachee-Chardin et al. {29] reported 59% of OS in a
serics of 48 patients including 60% of haploidentical SCT, and
indicated a high TRM due to VOD associated with young age.
Recently, Baker et al. [30] reported that BU/CY/VP16 plus or minus
ATG-conditioning provided a cure in 53% of patients after unrelated
donor BMT, but a high mortality rate at day 100 (32 of 50 [64%]
deceased patients). The present study showed a comparably high OS
rate (69%) and similarly high incidence of early death until day 100
(7 of 13 [54%] deaths aller allogeneic SCT) in Japan. Probably, the
major distinction of the current study from the other reports is a
higher usage of UCBT (50%) and RIC (26%). Unfortunately, the
combined usage of RIC-UCBT was applied only in eight cases
(14%) in this study, which was insutficient to fully evaluate its
effectiveness. With regard to RIC-SCT with or without UCBT for
FHL, Cooper ct al. [31] reported a high disease free survival (75%)
in 12 HLH patients (including 5 FHL) who underwent RIC-SCT
from matched family/unrelated or haploidentical donor, in which 3
of 9 survivors had mixed chimerism but remain trec of disease. The
most recent report hy Cesaro et al. [32] analyzed 61 cases including
an appreciable number of RIC (18%) and UCBT (10%), but did not
document the superiority of RIC-UCBT. In the present study, UCBT
had a tendency to yield & more fuvorable outcome than UBMT.
atthough the difference was not statistically significant. FHL infants
received SCT carly; however the fact that survival of FHL paticnts
who underwent SCT at < 2 years of age was not better than later SCT
might reflect the difficulty in determining the optimal timing of SCT
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TABLE III. Reports on the Clinical Qutcome of Patients With HLH Who Underwent Allogeneic Hematopoietic Stem Cell Transplantation

i3

Median age at
(%)

No.

Rets.

Causes of death

(%)

graft.

i1]
&

0S (%) E

Source

Donor

Major conditioning regimen

SCT (months)

pts

[24]
[25]

ol

TR, HLH
TR, HLH
TR, HLH
TR. HLLH

No

100

4.0
66.0

BM
BM
BM

MRD/MMRD/haplo
MRD/MUD/haplo
MSD/URD (80%)
MMRD/MUD

Myeloab  VPI6/BU/CY tanti-LFA]
Myeloab NR

45
48

NR

Myeloab

26]

l

90

65

VP16/BU/CY £ ATG
Myeloab  VPI6/BU/CY. ATG/BU/CY

Myeloab  VPI6/BU/CY

30

9

20

[27]
(33]

64

BM (T cell depleted)

BM

36

42
NR  Mycloab

14
18

NR

14

100
94

89
90

100
58.0

MSD/URD (67%)

TR, HLH. Iymphona
TR, HLH. AML.

MRD/URD/haplo BM. CB (2), PB, CD34

VPI16/BU/CY £ATG, TBI
VPI6/BU/CY +ATG

Myeloab  VPI6/BU/CY £ ATG, TBI
Myeloab  VP16/BU/CY, ATG/BU/CY

RIC

17
65"

62.0

BM, CB (35), PB, CD34

BM, CB (7)
BM, PB

MRD/URD/haplo

Myeloab

31

13
13

64.0

MRD/URD/haplo
MSD/URD/haplo

FLU/MEL + BUS, FLU/2GyTBI MRD/URD/haplo

86"
48

HLH
TR

78

S8.S

35

100

75.0

BM, CD34

17

NR  Myeloab VPI6/BU/CY £ATG

14
12
13
17

TR, HLH

33
78
78

45.0

BM. PB. CB (9)

URD

91

TR (68%). HLH (27%)
TR (79%), HLH (21%)

63

BM., PB, CB (6)

MRD/MMRD/URD

RIC (18%) VP16 or MEL/BU/CY £ATG
RIC (26%) VP16/BU/CY +£ATG. TBI

20

55

61

Ours

BM, PB, CB (21) 69.0

MRD/MMRD/URD

H, family history: FL.U.

an: MMRD. HLA-mismatched related donor; MRD, HLA-matched refated donor; MSD, HLA-matched sibling donor: MUD. HL A-matched unrelated donor: NR. not

3

ytosis: |

sencous leukemia: BM. bone marrow: BU, busulfan; CB, cord blood: CY, cyclophosphamide: FHL. familial hemophagocytic lymphohistioc

AML., acute myelog

fludarabine: MEL., melphal

S patients

. *Sixty four of 6

reduced intensity conditioning; TBI, total body irradiation; TR. transplantation-related events; URD, unrelated donor, VP16, etoposid

studied by Henter et al. [21] were included in 86 patients by Home et al. [28].

recorded; PB. peripheral blood: RIC,



or introducing appropriate RIC regimens inyoung infunts. Tn UCBT,
a major obstacte was thought to be early graft failure, bur once
engrafted no late graft failure could not be seen [29]. We continmed
this f{inding in our UCBT cases.

Diirken et al. [33] reported that six HLH patients with CNS
discase underwent allogencic BMT and three of them had no
persistent neurological problems afler transplant. More recently.
SCT s thought (o be preferable for FHL patients at the eurly stage of
CNS discase with variable presentation {34,35]. Fludarabine-based
RIC has been prefereed in SCT for FHL patients in order to reduce
late sequelae [36.37]. Since CNS disease itself had no impact on the
OS in the current study, but nearly halt ol the long-term survivors of
FHIL. had late sequelac associated with growth and development,
further prospective studies should be focused on how to reduce late
sequelae in SCT for FHL patients.

In the treatment of refractory EBV-HLH, no consensus has yet
been reached concerning the treatment’ of patients who fail to
respond to the HLH-2004 protocol type immunochemotherapy.
Several reports documented that SCT led to a complete remission in
such cases {8,10.11,28,38,39]. The present study revealed thatuse of
pre-SCT combination chemotherapy might be associated with a
better therapeutic impact on subsequent SCT in patients with EBV-
HLH. Furthermore, long-term survival, that is. a probable cure,
could be obtained even after autologous SCT [22] or identical
twin donor BMT, suggesting that a reconstitution ol allogeneic
hematopoictic stem cells was not essential in the successful SCT tor
EBV-HIH patients as described in the autologous PBSCT success
for lymphoma-associated HLH [40]. Tn addition, long-term survival
even after graft failure or post-transplant relapse in EBV-HLH
patients might suggest the possibility of resetling the adaptive
immune response to the virus as postulated in aatologous SCT for
the treatment of autoimmunc discascs [41,42]. Moreover, successfal
syngeneic SCT may imply that EBV-HLH is not a monogenic
disease, since Chen et al. [43] observed that a primary infection of
EBYV incited HLH in a pair of the twins, but not in the identical twin
counterpart. These observations implied that the genetic influence in
patients with EBV-HLH might be distinct from that in patients with
FHL on precipitating the excessive immune activation. Further
prospective studies should thercfore be directed toward not only the
optimization of UCBT-RIC to improve survival of FHL patients, but
to better understanding of the pathological interaction between
cytotoxic granule disorders and EBV.
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Clinical Implication of the Molecular Biological MRD Quantification
on the Children with Relapsed Acute Lymphoblastic Leukemia

Toshinori Hor1,' Tomomi YAMADA,' Kazutaka YAMAJ,' Atsuko IwWATA,' Atsuko SHIBATA,'
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Abstract Here, we studied the correlation between the molecular minimal residual disease (MRD) levels and clinical
outcome after the first bone marrow relapse in childhood acute lymphoblastic leukemia (ALL). The age of onset of
the 4 children ranged from 4 to 9 years old. All of them were boys and stratified into the standard risk group in the
CCLSG ALL 2000/2004 protocols. The times to relapse after the start of the therapy were 21 months, 26 months, 34
months and 38 months. There were two in S2 category and two in S3 category according to the BFM-S classification.
Although all patients responded to the salvage chemotherapy and achieved a second morphological remission, their
molecular MRD levels varied. In S2 group, the case with negative MRD levels (107°>) remained in the remission
status without stem cell transplantation (SCT), but the other case with positive MRD levels(10 <) died due to the
complications of SCT. The two cases in S3 showed positive levels of molecular MRD assays, and were assigned to
the therapy group with SCT. The patient who received SCT was still alive without disease, but another patient pro-
gressed into overt relapse before SCT. These results suggest that the PCR-based MRD levels were important to predict
the outcome of the children with relapse ALL and decide the salvage therapy including SCT.

E B Sbnhbhid/NEERE ALLEMOEREICKEL, Ig/TCR &z THEEK%A MW/ PCR ICT MRD %
ERL, TORBLEREBICOVWTHRFT L, WRE L IIENORIETRIE 4500 98, LB EE
[EREICE L, HREBIIEEBE 20 7 Ah S 46 # AT, 3PINIEEKTE, | PlEHSFEEDOES
T, BFM-S DEETIE 2 125 S2 B, 2 BIN S3IBETH - 1. SIPMEFERIC L 0 RRERENEEH LB,
ZOMRD EIdEML »TW, 28>V TR, MRDEHAIBFEEOATEREZHBZL TV 3,
MRD GG BRI EA TR AMEICCHRT L. S3 ﬁ 2 & &1 MRD 2B TH - 7 7 &M A
BAEZETE, 1 3B HEER MRD ORI EZROERMERICE -2, | AIEBEICE 2 BRE S LE
B L. ChoniERE, ﬁ%‘é?&@%?&%iﬂd*@@ﬂﬂﬁ%iﬂﬁé@m% S O IRRE RO RINC PCR I & 2 91
MFHIMRD EEVNEHTHAZEARRLTWAEEZ Sh.

Key words: acute lymphoblastic leukemia, relapse, minimal residual disease, Ig/TCR gene rearrangement
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B3 ALL I8 5 MRD QKN ES

. I UC®IC

INREBMEY VoA (ALL) (B BTREHED
EHREDTE L, RIEEREIHS%ICEL TV
24, L LHEMOTFHRIIVWELLRT, TOHEFER
1 50%IC b L Tuhignt RERTILAERTHEE £ 600
(A OFHIFEEE ALLY 095 557 100 0BT 2 LEX o
H, ChOoBERBEMEL T XFEENALON
Tunn, BEENETEGOE FETSNTE ST, i
OIS RE (stem cell transplantation: SCT) D#IG &
Bk o EWHc BR oM TV 2 ONEIRTH 5.

HEAE S B (= 7 (Immunogloblin/T-cell receptor:
Ig/TCR)  Hif 1k % FIH] L 72 polymerase chain reaction
(PCR) T & A /NETFHZ (minimal residual disease:
MRD) EEDHE LN ALL ORHIT#% & oB#Ic»
WTELOHEDN L INY, Berlin-Frankfurt-Munster
(BFM) 7 v — 7% BRED MRD EEHEICL 5
REREMEY, IR TR CHRBMIH L TERAS
NnTWwaY, AT, D PCR-MRD Z W ic/phE
ALL @ Z ik IE R NRERIKPIR 7 v — 7
(Childhood Leukemia and Cancer Study group: CCLSG)
KBWTIThbNTERLM, B ALL BT W& R
Ly,

A, bhbiid 4 PloFREHEIMERO ALL ER %
R & LTRSS F 36 MRD EB 2 EME L, T DR
B FEMAHNaFs R % 5 o B RsIa R EE IR L /.
T 4 FEFI DRI 7S MRD B OHER & iRBUGH: B &

OFikeEoBgic W TiRET 5.

. A o

1. X %

FEd 2004~2006 4212 MR TSR E L /N RS
ALL BE 4 BT, Table L IC% DM AERT. WIFET
ER13 4 5%h 5 9 BE T HI RO LM ERENR 1,400/ul 5
45200/ul, EFIBBETFAB AFIE LI, 7o =41 b
A b ) — (flow cytometry: FCM) & & 2R~ —# —
FE T precursor-B ALL &2l 11, FrERMUGREERE
HIIED I, - 1o, 2N L TBREFRD S MRD #l
EEREDLEKRABEINEEISEIC CCLSG
ALL2000MRD W50 K » thRfEfEE H 5 11 i CCLSG
ALL2004 /¥4 w v FIFREEEREOEE (Fig ) %
Ehti L, ARG 4 B8RO TR MR L .
EMCHTER OB O MRD M 2, 4 THBHETH-
B, TEEBIMLEIT - TV A IREBEE R AR S
fFlclettT, BET - LOEHEQ REEZM#E L, RHE
ERLZEBEBOETLBERB L » 2. IHERGN SBR
ORI 20 1AL S 46 H A, | FlidHEREEED T,
fho 3 pliaiaERTEENhEN 248, 978, 167 H
HBTh-7, SPINEHEMERT, BFM 77 V-7 0
RIE L 23 ALL IS B 5 S (strategy) 5750 (Table
D T2 FHS2, 2/ SIS LE

2. Ig/ TCR BIEFHERZFA LI MRD E&

~oN ) EIA TR L o B ENIRA L D S0 F
DNA %flitH L"), Ig/TCR #E{=TH#E (TCR 6 6 i,
TCR y 6 T8, Igx STEF)” 2ENE LTS <~
Z W, multiplex PCR method™ (- THEER A 7 Y —
= V7 PCR 2{T~1. BT, B5h7/ PCREYD

Table 1 Patient characteristics
Age & WBC EAB classification Initial Time of relapse* Site of BFM-study group
of onset, immunophenotype . .
. treatment (months) relapse S classification
. Gender Risk groups
>Y L1 * PrecursorB CCLSG
Case | 13,900/, . . ALL2000 46/9 Bone marrow S2
Male intermediate LR/IR
Y L1 « PrecursorB CCLSG
Case 2 4,500/, low ALL2000 42/16 Bone mairow S2
Male LR/IR
4y L1 * PrecursorB CCLSG
Case 3 45,200/ul, ) P ALL2004 2772 Bone marrow S3
Male standard Pilot SR
oY L1 ¢ PrecursorB CCLSG
Case 4 1,400/p], standard ALL2004 20/%* Bone marrow S3
Male ) Pilot SR

* Time of relapse is counted from the start of the initial treatment/the end of the initial treatment.

** Case 4 relapsed during maintenance therapy.
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Fig. 1

Schema of CCLSG ALL2000MRD low & intermediate risk and ALL 2004 pilot/2004 standard risk

The scale in the figure is not the precise time, MTX: methotrexate, L-Asp: L-asparagenase, CPM: cyclophosphamide,
AraC: cytarabine, VCR: vincristine, PSL: prednisolone, 6MP: 6-mercaptopurine, THP-ADR: pirarubicin, VLPA: VCR, L-
Asp, PSL, and THP-ADR, VPMA: VCR, PSL, 6MP, and THP-ADR, CCM: CPM, AraC, and 6MP, HD-MTX: high dose
MTX, IT: intrathecal injection, triple IT: MTX, AraC, and hydrocortisone. Black triangles indicate the points for bone mar-

row sampling of prospective MRD analysis.

Table 2 Definition of risk group S1-S4 of ALL-REZ BFM study'"’

Immunophenotype Non T-ALL T-ALL
Location Extra- BM BM Extra- BM BM
Timepoint medullary combined isolated medullary combined isolated
Very early S2 S4 S4 S2 s4 S4
Early S2 S2 S3 S2 S4 S4
Late S1 52 S2 Sl S4 S4

Very early: <18 months after the start of the therapy, Early:= 18 months after the start of the therapy
and <6 months after the end of the therapy, Late: =6 months after the end of the therapy, CNS: central

nervous system, BM: bone marrow.
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