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Fig. 2. Overall survival estimates Tor 74 infants with ALL and MLL gene
rearrangements in the MLL96 and MLLYE studies: @ companson between
patients with additional chromosomal shoormalities and patients with sole

11923 abnormality excluding normal karyotype with MLL genc rearrange-
ments. Median follow-up period: 78 months (range, 8124 months),

Table 3
Multivariate analysis of prognostic factors in MLL rearanged ALL infants
Parameter Risk ratio (5% C1) P-value
estimales
Age, less than 6 0,724 2,063 (1 .026-4.146) 0.041
months
Additional 418 1519 (0.771-2.993) 0.226
chromosomal
abnormalities
1411 )g21.423) (1345 1413 (0.744-2.683) 0,290
WBC = 300,000/uL. 0.387 1473 (0.771-2.812) 0,239
CNS leukemia 1.166 3.209 (1 497-6.881) 0002
Registered i the 0387 1.472 (0.756-2.865) 0.254
MLLYE study

Cl, confidence intervals: WHC, white hlood cell: CNS. central nervous
system

(95% CI1, 38.4-65.7%) (P=0.022) (Fig. 2). In a multivariate
analysis, only age at diagnosis (younger than 6 months) and
positive central nervous system leukemia were significant
prognostic factors for poor outcome in this study (Table 3).

4. Discussion

This study demonstrated that complex chromosomal
abnormalities were associated with poor outcome in infant
ALL with MLL gene rearrangements. The previous study
described by Moorman et al. showed different findings, in that
no prognostic effect of additional chromosomal abnormali-
ties was observed in infants and children with ALL and 11923
abnormalities [17]. However. it is difficult to simply compare
between the study by Moorman et al. and ours as follows.
First, Moorman et al. collected data from several cooperative
study groups, which compnse different treatment cohorts.
Secondly, accurate analyses of karyotypes and MLL gene
rearrangements were not performed in all panents. Thirdly.

the EFS rate in this previous study was too low (o evaluate the
effect of the additional chromosomal abnormalities in infants
with MLL-rearranged ALL.

Moorman et al. stated that the frequency of addi-
tional chromosomal abnormalities depends on the different
11g23 wranslocations: high frequency of +X in ((4:11)
and 1(11;19). involvements in chromosemes 6, 9, and 12
in del(11)(g23) and other 11g23 [17]. In our study, sev-
eral novel translocations were observed: 1(2:4)(q31:932),
19:11)(p22:g13), H2:9(plO:gl0y, and t(6:11)(plhigl0).
Other frequent chromosomal changes were +X and involve-
ments of chromosomes 4, 7, and 1 1. In our study, a three-way
11923 translocation was observed in four patients: 1(4;11:15),
1(4:11:5), t(4:11:9), and 1(4; 11; 21). Different three-way
translocations have been also detected in several other reports
[15.17.19]. Complex structural chromosomal changes were
observed in four patients, including insertion of a 4q21 frag-
ment to the 11q23 locus or insertion of 10p12 to the 11923
locus in our study, Kowarz et al. described ten patients with
three-way translocation or complex structural chromosomal
changes in MLL-AF4*/AF4-MLL ™ ALL [16]. These find-
ings indicate that complex chromosomal changes in leukemic
cells disrupt several genes owing to the “cut and paste” recom-
bination mechanism [16].

Recently, the functions of the partner genes fused to MLL
gene located in 11g23 locus have been clanified: AFH at4q21,
AF9at 9p22, ENL at 19p133, ELL at 19p13.1, AFX at Xql3,
and AF6g21 at 6q21 are all transcription factors; CBF at
16p13 is a transcnptional coactivator; AFlg at 1q21 is a
growth factor; and AFI7 at 17q21 is a dimerization protein
[7]. In addition, several known genetic changes, such as p53,
pl6, and RAS mutations, are present in some cases in addi-
tion to MLL gene rearrangement, which might indicate the
essential role of additional genetic changes in combination
with MLL gene translocation in leukemogenesis [20]. Dis-
ruption of the Ikaros gene is also detected as an additional
alteration in infant ALL [21]. Table 4 summarizes the genes
at the breakpoint region of complex chromosomal abnormal-
ities observed in our study, which have been reported only in
hematologic malignancies, such as leukemia or lymphoma
[22-29]. The function of each gene varies: PMS/ at 2g31
and FANCG at 9pl3 are a mismatch or DNA repair gene
[23.27); Pax3 also located at 9pl3, a differentiation factor
of B-cells; and HOXD/3 also located at 2q13, a homeobox
gene [24,28]. PML at 15422, usually observed as PMR-RAR«
in acute promyelocytic leukemia with t(15:17), and E2A at
19p13, usually observed as E2A-PBX/ in pre-B ALL with
t(1:19), are both transcription factors [34.37]. Other genes
such as CHIC2 at4q1 1 is associated with exacytosis, SYK and
NR4A 3 at 9922 are a tyrosine kinase and membrane receptor,
respectively [29], and CCNDJ (BCLI) at 11q13 1s associated
with cell cycle [31]. Thus. if these genes are functionally
disrupted after chromosomal changes, this could promote
leukemogenesis,

In ourstudy, the overall survival was significantly worse in
the ACA group than that in the non-ACA group, but ACA was
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Table 4
Breakpomt of chromosomes and possible locited genes

Breakpoint Located genes Function

Assovtated translocation

Assocuated disease Reference

lqi2 Wi 3Kg32gld
H2:120g31pl 3
W21 g3 1:pl5)
A 12N41 1:p13) AML [25)

2431 PMS!
HOXDI3
4411 CHIC?

Mismatch repar gene
Homeobox gene
Exoeytosss

pil et T9Npl1-13:p1 1)
H29%pl1:p13)

U7:9%ql1:pl3) B-ALL 1251
U5:9Ng33.q922)
W91 20q22pl 2) MDS | 29)

Ipld FANCG IINA repanr
Paxs B-cell differentiation
9q22 SYK Tyrosine kinase
NRIASZ Membrane receptor

Lipht Wil 4Mpllg3d)
(11:14)q13:q32)

ligl3 CCNIDI(BCLY)
MYBOV (Cyelin D)
15q22 PML

Cell eycle control

Transcnption factor

Inffuse large B-cell lymphomia 1331
Non-Hodgkin lymphoma. MDS 123)
Therapy-related AMI [24)

Pre-B ALL 126]
Pre-B ALL 127

Peripheral T-cell lymphoma 124)
Splenic marginal-zone B-cell lymploma 13

Mantle cell lymphoma, others 131
Multiple myeloma 131

13:158q33:q22) CML 1331

IS5 17Mgq22:q921) APL 134)

16pl 1 13 16Mg27:pl 1)

Influse large B-cell lymphoma 135]

116:21)pl1:g22) AML |36

19p13 E24 Transeription Factor

wi9xg2ipl3)

Pre-B ALL 137)

W2:19)pl 1:pl3) AMI 138]

LYLt Transcripuon factor

u7:194q34:p13) T-ALl 139)

1T 19Kq22:p13) ALL 137)

MDS, myelodysplastic syndrome: AML. acute myelow leukemia; ALL, acute lymphoblastic leukemia; CML, chronic myelogenous leukemia

not a significant factor in the multivariate analysis. However,
given that young age and central nervous system leukemia
are significant prognostic factors by multivariate analysis,
it is likely that the poor survival outcome seen in the ACA
group is associated with the combination of young age, posi-
tive central nervous system leukemia and ACA. Since another
report showed no effect of additional chromosomal changes
in MLL positive infant ALL [17], an analysis of the data from
a greater number of patients treated with identical treatment
protocols is underway to address this issue. In our study, the
genes affected by the chromosomal changes varied among
the patients, and the function of each gene was different.
However. it can be postulated that some genetic alterations
induced by additional chromosomal changes might be asso-
ciated with leukemogenesis and disease progression in MLL
positive infant ALL.
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Treatment of Childhood Acute Lymphoblastic Leukemia with B-Cell Precursor Phenotype

Arata WATANABE

Department of Pediatrics, Nakadort General Hospital

Abstract  Although more than 80% of children with acute lymphoblastic leukemia of the B-cell precursor phenotype
(BCP-ALL) has been cured by the 4 groups’ clinical study in Japan, the remaining 20% of patients underwent some
events including induction failure, relapse, secondary cancer and also suffered from late complication. Japanese
Pediatric Leukemia/ Lymphoma Study Group (JPLSG) was organized in 2003 and the JPLSG protocols have been al-
ready started for three distinet and rare types of ALL, including mature B-ALL, infant ALL and Ph™ ALL. We are just
planning to start JPLSG T-cell ALL protocol in 2009. For the purpose of finding the standard treatment of BCR-ALL
in Japan, central nervous system leukemia directed treatment is important to avoid pre-symptomatic cranial radiother-
apy, Then, for the best cure by the best treatment, it is importanr that nisk-directed stratification also contain not only
age and WBC count at onset, but also genetic subtype of BCP-ALL, early response to treatment and introduction of
selected antileukemic drugs being tested in clinical trials.
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BCR-ABL. 4) MLL M&BEZF, 5) 3 fiD trisomy (4,
10, 17), 6) HHiMERAMABOEM (CNSI, 2,3), T
whidMofMo 7H55mMA, 2 SICHERIKIGH: (BFM
Fu—-7TREHT L F =Y o 2 ZGH & day33: BM
# & U day78: BM @ PCR E:12 £ 5 MRD", CCG/ POG:
COG Tid day8: BM & dayl5: BM O FHERE LU
day29: BM @ FCM I £ 32 MRDY #& 52 &T, F
BMEDLHTRIFLHEE, OO THREUREMML,
b N TEL-AMLI 6T DB L - THBITE L
LRI A MRS TOhTET WA,

HESAEERETERSE SRR L R ESEE
(MRD) EfiEOMIRR, B4 o0 ALL 2RO 8 MmmEH
MolbERER Gk &b uEIHLIcE U
ShTETWAE, FAYBM -7, THRER
£ (TCR) y, 884, S@Es o 7Y A MEF o8 (gx),
#5450 TALL Rz 21610 & L, GREGE, s
12, 22~25, 28~33, 70, 80 M, 2% H, 3 FHICHH

MRD FERZ T\, 1”\"C=?’fﬁ'1?i';'ﬂ?i,¢.5._!: BT MRD #*
My L FERETL C EEAE LA™

Fig. 1 12/ R b /u[‘]liﬂﬁi'ﬁi'-’ﬁ', 7 —7 (CCLSG) @
ALL 2004 protocol 1=281F 5, #3H7— 7 281580
MRD ic®Su 2 BREOMSLEERT o a -0 %

L, IR ALL #&F 40V 1 EELE 19 RS
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Induction to time point 2(day:84)

After 15th week

WBC 0-
X104 1

Age:10-19

SR:CNS 1.2
MRDH<
Age: 1-<10=F | ow risk < SR:CNS 3

: ~ 5
MKD‘:ﬂ<S&]w3:(H.(NS 115
Salvage (2:CNS 3

HR:ONS 1,2
.~tm-.<
WBC 510X 1094 | e it i < HR-CNS 3

MRD(+)
WBCz10x 104 1 s High-high risk KMRD[-)

Two step stratification based on age/WBC and time point 2 (day: 84) MRD (CCLSG ALL 2004 protocol)

Fig. 1

DAGR ALL T, 7L K=oy gifikiTies
Hifslchicnk ¥ B fI R ALL B £ 0F, t(922) £ iz
BCR-ABL BASRIZTEHTACLHMYBHLE-bORE
A, VIRROEE QMR THMREMRE (SR B
FmEk 0~5 Hhr>Eh 1~10 &), SEKRE (HR 8 :
FIMEK 5~10 77 % 72 2 liG10~19 &%), EWEGEHREE
(HHR 8 : gMmeR 10 ALl L) o3 Ficair s, ®ich
WEHREE R B L T ONSI (BEART MK ELAT 10/ul K
W THIREIS ASREYE), ONS2 (iR MEREDS 10/u] Fil
T HMEREL LS Sl Al > 2 MMBEE A R8HE), CNS3 (i
AL EREL A% 10/ Al 7 I MERELAS Sl L1 E A > Hilke
BABYE) O3BIcaBL, REMTRIMERE 10/ LILET
{% traumatic lumbar puncture & L THEBEMOKRME - &
MEROHFETHIELT:. CNSI & CNS2 i@ 158F T
OWEREARS L TH 1S ELUBRELL Y4 v &
L. CNS3 iz idBARMBHE =T 208l 92 ¥ &£ L1,

MRD W if, TCR, Igc MizTHMAkEHEML L, Wi
Wi OEfi DNA & V132850 DNA %, BY A0 MmEk
DNA TEEFRLA-LOLER (7o0-v) HRHT
A =—2HOTHEL, AELHKTSCLETHEST
L, B1sELBOERLY Y4 YEEDLZHO MRD E
MitPETEWATHEROER (X1 2p 1) &, W13
HOBM (#4 +2) D2HATHY, chETo
International BMF Group, CCLSG O PRS- %,

TERFHR 10 LLEEMY:  MRD (+) & L7, Bk
TEIIC 2 BB EERIZE 15 HLIBOERL & A
yHREE M, MRDFE#EBEIZi2 SR, HR, HHR @ L & £
YD Thh, CNS3 & &£ 1F HHR & |- Bi & B4 A8
AENZ, MRD BRI, Lo sh(bRiE4 A
IAA TS Salvage (1) £ 4 U Salvage (2) 2ifThNh, FE

Salvage (2)CNS 1,23

HHR:CNS 1,23

EB ORI THES.

m. MRALLICESHANSEERE-
MEFRE LEFEAES (Table 1, 2)

BCP-ALL TZ < @B o h s RaEc, Radly
50 L Eo® 2 54k, 1(12:21)(pl12-13;q22) &b HEL 3
ETV6-CBFA2 (TEL-AMLI), 4 & « 10 & + 17 FRfaM4o
trisomy A& D, THASVLTFNRL I~10|IZF{(,
WSR2 A L LB T Sy-EFS 71 85~90% &
E2hS FRBHF#ETHE", £72, 101:19)(g21;923)
I2& DB E24-PBX] {2 Pre-B cell Bl ALL TH 51,
thiff B RBAREEI Lot u I LamonT VN,
ook hibFHME2TI L TIRATRTER
HEILEENs600, A ALL TRIEA S L TTE
fRTHLHY, BEHEENI2/DRALL OF) 2%IC
FISH 2 TIH S5 21 HF#EEND AML] Kz
H988 (intrachromosomal amplification) & Pre-B ) ALL
128, TRTRTHACEMHEZINTVRY, —4,
t(4;11)(q21;q23) HEL UMD 11923 Ik 2 MLL ZR 2
AR« FERA RS SNBSS THRABREG DY,
1(9:22) (q34:q11) =& D4 L 5 BCR-ABL (2 EIMEE s 7
PlLEF#i2 108 ED NCIHR BT TR AR EL D,
Fefofk - MIcTRELER L OMESEHOIRTVST,
BCP-ALL & T-ALL 2H#id 3 &, BUisHRIEAR G
@O FEARAFTH 55 NCI-HR B id BCP-ALL
TOAFEABLELS (Table 2).

IV. AL oxy

BCP-ALL ot d 5% { LR IEREL ¥ 7 v id,
1) WAL A, 2) PHEMERCOMAETFEE, 3)
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#4%5 (2008 F8 H)

Table 1 Clinical and biological features of the more common genetic subtypes of childhood B lineage ALL"
Estimated
F ) Molec 5 "
Subtype 'N':f ey Malecular gEnetic Associated features S-year event-free
(%) alteration s
survival (%)
Predominant BCP-ALL; age between |
Hyperdiplowdy = 50 . ) and 10 years; low leukocyte count; favor-
choromosomes 79 Unknown able progr with bolite-based 91 (SE 3)
therapy
Predominant BCP-ALL, age between |
ETV6-CBFA2 fusion (also and 10 years, pseudodiploidy; favorable =
W12:210p12-13:q22 20-25 3 i B ks
{ ip 422) termed TEL-AMLI) prognosis with antimetabolite-based ther- e
sepnlinghes we By meliie apy
Pre-B  phenotype; increased leukocyte
; : i count; pseudodiploidy; black race; CNS
1:19)(q23;p! 1-4 E2A-PB) ¥ 7
1:19)q23;p13) B24-PBXI fusion leukemia; improved outcome with inten- $48ET
— sive therapy
1(4;11)q21;923) and MLL-AF4 fusion CD10 /CDIS BCP-ALL; hyperleuko-
other 11923 4-8 (other MLL rearrange- cylosis; infant age group predominantly; 32 (SE 12)
translocations ments) CNS leukemia, dismal outcome in infants
Predominant BCP-ALL; increased leuko-
; . : 3 cyte count; older age; dismal outcome in
9:22)g34; -4 - : 37
1(9:22)(g34,q1 1) BCR-ABL fusion the subgroup with WBC < 5 X 10%ul or (SE 12)
age = 10 years
B-cell phenotype; L3 morphology; male
Associated MYC predominance; bulky ex dullary dis-
; 3
ttB:H}(qZ-'i.q_ 2.3). overexpression with JGH. case; favorublc prognosis with shorl term 1
1(2:8)(p12:q24) o 2 o, i " b Rikhidoee e
1(8:22)(q24;g11) 3K, or IGL rearrang py with hig
> i metholmr.ale plus cyumhme plus cyclo-
— — phosphamide
BCP-ALL phenotype; male predomi-
dic(3,12)(p11-12;7p12) ! Unknown nance; excellent outcome with anu- 80-90
bolite-based therapy
BCP-ALL: Precursor B cell acute lymphoblastic leukemia.
Table 2 Prognostic factors in childhood acute lymphoblastic leukemia (ALL)"
Leukemia subtype Favorable prognostic factors Unfavorable prognostic factors
W % . Poor carly resp MLL rearreng ininfants;
BCP-ALL ;ll);?:rfll-,l',_)lzldy i{.)illulj:hmgllo;oms]. TEL-AMLI Philadelphia ct Leukocyte connt > $X10Y
B TgmIes h L0.A0 ul; Age > 10 years at diagnosis
HOX1! overexpression; Poor carly response;

_T-ALL 111;19) with MLL-ENL fusion

Low IIIC"' i ¥ ct apy

HERSREEAE, o) HERAEAGE, 5) MBEHERFRIEE, ©
SHMASHKDIL-TWA, NCI.SRHR I2£ 5 ) 2 7 514
EEISOLTRADERIAATIE, SR #11 VCR/L-asp+
steroid @ 3 |, HR 8% (2 4112 anthracycline 1A 72 4
HTHEINARAEMEG S NS C 22, WRRAL
Hushalb vy LEILRE THRREAMSHES A
hohad o LB, ERBIAMHEWC & S hilMER
~DEBEBOBVEALSFEH 2SS yOFLF=YD
i T RO HEIEVHBRSRBECHS-E
Meb e, 5oy A{LHKEEIC L SRITAEA T
4. #£72, L-asparaginase WHIDBEHEHHESL TS
M, EHEEESERPAEEINSC ETEERORE DI
AAAREMESMER T T LAY, TIRNA%OBLR
OB RERFEEL ramFBMEoEkTS D,

MTX ARt +6MP 12 X AifTh i 248, MTX Qi@
H5®RIE ALL Oz TRUERT & @ e o B ROFEDR
Wiz hEDL-TL S, Fuhb, SRETERMIX &
ELTI~2gm BEREALDBRIZLE-TEARLEL
5%, HRBP T-ALL Tir5gm’ &\ - o ERAED S
LD, Bégm' Vo HEARBAESHM, o4
AN S LAHEOIA I YL EROEELN
5%, BCP-ALL TR#FREHEEZSL 2~ 25 FDER
WY ThN 3, BES2IORMNIETHELT
LWEELTS, ThooREMHTEZFESL VR
TREBICHFFZZTHLENS DY, LRI L Y
4 yE LTI eMPMIARARE MTX & | BIAEATH
nNHTEMEBN,
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V., PIRESERIEEMAER (Table 3)

HEMERE R T4 E BCP-ALL OEBER iz & >
TELDOHTHETH S5, FHYIBAEBRH (pre-
symptomatic cranial radiotherapy: pCRT) #1214 2 AA,
S, AoivkaE, AERE SO S W
FEEL 5207, HgROBIEAEAS SN T E 2,
12Gy = kB L 72 pCRT Ic & 1S FOBHHEET 1.7%
(95%C1 0.1~34) T2XHMAMNEHSHTLEI LN
Emat, EEONR ALL 2T 2@EK o ba—n
2817 3 pCRT MR 2~20%MA SN TETHD,
pCRT Q2B SRR E~OEFEHEATETL S,
HiTo7e ba—-LTHREHEL SN L0, T-ALL,
BCP-ALL THIMEKE 10 HLL L, MRD &fli, Fi&TER
BEET, SLUCNSINETHAN, 2BXBRE~D
faH BT SR E N A &8, CNSILENHT
pCRT 2 W L 2B R L LU h o FHTLTETL
5 (Table 3). ChA:HETIHRLLT, BAEKD2
ROAA OFEEREA 20 FEHIZ 209%IC8 L, E{Ic2®,
Rl o B RBAEbHTHOC A BT, BERE
(b4 s LogEhtks, hilHERRBERRCY

HTHHA T EBOBEEBEHEVC L E06, BE
BRZPEMERBREICHA THATE(X&ELEL
SERMEM-TETVAS, pCRTTERT &1
1I8~24Gy OFEME I L b, A EHFIFOERS N
T OCERRRIS, BOEELAIR & L T 13~132 oGy &0
MmaTLEW, 2&KMBALEL TORRIBESE L 500fk
tEAEEE N TLWA T ETH D, BIRBEIZE ALL
ARED2HRPAD I0%BELESLTVEILETHEE,
CoME RS EEEREHEE AT S EBRERBEO
FE : 200cGy %= TS 5™, hoTivhhzsmEa#
284 5 10cGy D/LRBHEICLEFNETIE 2 RE
MoMEMAEShI S EuENS, T BRI
ma, ®o FHHMEERNOSREaiEzt 2k
RHohas Eici3d, 4, BEOHETR. HAM
WEEOEYRBRET 2 EATE - F T3 lETE
B SRR R L oMittEsi s hTED,
MTX it L84 20 % £ » DREKRZFOSH
P, A vy —ofF 2 |5 ORBBE & RIEHOPHT
HEREM S OMELHEShTELY, RO+ -5~
A4 FipRic 1 5 @5 0 FE WK iR R O s FBh
BIROFHMD LB TV T E2HMFHTE 2.

Table 3 Current use of prophylactic cramal irradiation in childhood ALL in selected study group™

Estimated
Study group Indication (dose of cranial irradiation) proportion of
patients (%)
_T-A[.I.. and WBC > 10 % 10%l; BCP-ALL and PPR, t(4;11), t(9:22), Induction failure, MRD >
AlEOP 10 " on day 78 (12Gy for age |-<2 years, |Gy for age =2 years); CNS23 (12Gy for age |- <2 15
years, |8Gy for age = 2 years)
BFM Age > |I)’I:&T and T-ALL or high-nsk BCP-ALL (12Gy), CNS3 (12Gy for age 1-<2 years, 18Gy 0
for age =2 years) .
COG High-risk T-ALL (12Gy); BCP-ALL and slow early response, MRD > 10 ' at day 28 induction or 20
1(9:22) (12Gy); CNS3 (18Gy) N
DCOG PPR. MRD =10 ' at day 33 induction and at day ?Q,“t!ti;l 1), 1(9;22), or induction falure {12Gy) 3
DECH T-ALL (12Gy); BCP-ALL and WBC > 10 10%ul, rearranged MLL gene, hypodiploidy, or MRD 20

=10 ' at day 28 induction (12Gy); CNS3 (18Gy)
EORTC None 0

T-ALL and WBC = 10 = Iﬂ‘.’};l. PPR, M2/M3 marrow at day 21 induction or MRD = 10 © at day
35 to day 42; BCP-ALL and 1(9:22), ti4;11), PPR, M2/M3 marrow at day 21 or MRD = 10 " at day

FRALLE 35 to 42 (18Gy for age =4 years; none for younger patients); CNS3 (18Gy for age < 4 years, 24Gy L
for age >4 years)
JACLS T-ALL and WBC > 10 10% (12Gv); CNS3 (12Gy)

6
Age>5 years and WBC = 10 < 10%ul or T-ALL with mediastinal mass (18Gy), CNS3 (24Gy, 5
__optional |2Gy spinal radiation)
SICRH None 0
UKALL Age > 2 years and CNS3 (24Gy) 2
WBC 2 10 < 100kl MRD 210
R CNS3 (15Gy) - —
AIEOP: Associazion ltaliana di Ematologia ed Oncologia Pediatrica, BFM: Berlin-Frankfurt-Mnster, COG: Children's Oncology Group,
DCOG: Duteh Childhood Oncology Group, DFCL: Dana-Farber Cancer Institute consortium, EORTC: European Organisation for Rescarch
and Treatment of Cancer, FRALLE! French Acute Lymphoblastic Leukemia Study Group, JACLS: Japan Association of Childhood
Leukerma Study Group. NOPHO: Nordic Society of Pediatric Hematology, SICRH: St Jude Children's R h Hospital, UKALL:
United Kingdom Medical Research Council Working Party on Childhood Leukemia, CCLSG: Children’s Cancer and Leukemia Study
Group of Japan, PPR: Prednisone Poor Responses, MRD; Minimum Residual Disease,

NOPHO

COLSG on day 84 and WBC = 10 % 10"ul or age = 10 years (18Gy):
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V1. TEL-AMLI

10221 Itk > THL S TEL-AMLI
DIEH, batbu®
T R,
AIAEMG AR R S SN, WL ATEREET L
TN SR TETUVLAS, POG AlinC 16 SRR T
2,676 > BCP-ALL B8 M) 2350 T 926 (A 12§ U) 718
TR ATh N, 244 1) (26%) 1T TEL-AMLI B &
ZDOWFETIH low-risk (LR) B L L
T NCI-SR Bl i=nA T4 F, 10 FHEED trisomy 42,
FEARDO+ 4 5 0-F4175 <, DNA index 4% 1.16 LA
LoBEL Licicd, MERE2E8EEHELL G TEL
AML] S R{zT Mo LR IRET 1526d 7
# (5%) &{K<, SRE470 B 173 & (37%), PR B
304 B 64 B (21%), EHT 926 Brh 244 B (26%)
Th -7, LR EF& SR BHIZ I anthracycline, epipodophy-
lotoxin, T A+ L{LH|E -7z A5, pCRT &iThH
NWEEZT o b a-ndififTehi, BEEE 78 ET
Sy-EFS |3 TEL-AMLI 8 T 86 = 2%, germline TEL #f T
72£2% (p<0.0001), NCI-SR Bfic¥\T TEL-AML] &
REAWIZTEM L (5y-EFS, 88+3% vs, 78F2%: p=
0.0011), NCI-HR #T&H W TR (5y-EFS, 81+
5% vs. 623%: p=0.0032) T& - 7= (Fig. 2).
dayl5: BM 7 MI marrow T & » = 82 B HRICE
HFHeToE, FHEEBD TELAMLI BEIcB 288
ERICBEFR I E®IC Fikdi k< (5y-EFS, 8712%
vs, 71 12%: p=0.043), germline TEL B T & R
RIBABHEIEEICTEREBY (5y-EFS, 7512% vs. 56+
6%: p=0.0032) T&H -7, XS BEMEHZICETY
ZEVT G TEL-AML] BY (3 germline TEL BE & LE-~TH
BT B (Sy-EFS, 8712% vs. 7515 2%: p=0.0001)
That:, EHT~E2HE, TEL-AML] BB TIRZENMS
SHELLEE-THSHHEL S late event 54 198 7 4 &
(2%) TH /oD, germline TEL BET i 467 &h
198 (4%) LEh-1fTd0, FEMEHRCL TEL
AML] BRERETEEH LW A0 LA FEREE
f (p=00002) £%h, 1, EROHE HthEZH
SbHEEhTVWS, LT, TEL-AML] MERE
FIBtEA: - BIERRITEF#IE, REORMERA L
il & LAZRMEo D owiEksigEah 3,

BREFRER OMA (Table 4)

BCP-ALL O @S FRESEBHTH L L, BB
rEBOMBIEETRE SIS, HLUEBE

BCP-ALL T,
MERIETE2HST IE
\ALNEF A TR THS, O

FigicoW

(EF%2IBHTWS,

E3

VIL

)i ¥y —rr

w224

A

DB MF A 5T SRR (LT,

Ll

bo!

AALLO7P1) T Il HEEFREHE #ITHTH 549,

FB4F 200858 H)

L T
iy
e Y 0% s 1%
0.8+
g 0.6 hah
£
m
L0
S 04+
oa.
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P< 000
0 2 4 8 8 10
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Fig. 2 Event-free survival (EFS) estimates of patients
treated on ALInC 16 and their relation to TEL gene status
(A) EFS estimates of patients with TEL rearrangements
(R-TEL) compared with those of patients with germline
TEL (G-TEL). (B) EFS estimates of patients with
National Cancer Institute (NCI) standrad-risk ALL
shown in relation to TEL status. (C) EFS estimates of pa-
tients with NCI high-risk ALL shown in relation to TEL
status.”

Frx LHFREN
2% 5 it CD22 $i{& T & % epratuzumab
ubiquitin  proteasome ODEHEETH S
riezomib 1§, HEE, COG D M3 ALL program (COG
BCP-

(Table 4).

pathway




Table 4

B AISRAHAAG ALL D5

Selected antileukemic drugs being tested in clinical trials”

Mect of action Subtype of leukemia targeted
= Inhibits DNA polymerase and nbonucleotide
Cﬂmb'“ reductase; disrupt mitochondria membrane \"_ -
Anti-CD20 chimeric murine-human monoclonal o -
Rituximab antibody CD20-positive
Epratuzumab Anti-CD22 humanized monoclonal antibody CD22-positive

Anti-CDS2 humanized monoclonal antibody

CD52-positive

Alemtuzumab

I inib m

ABL kinase inhibition

BCR-ABL positive

Nilotinib ABL kinase inhibition BCR-ABL positive
Dasatinib BCR-ABL kinase inhibition BCR-ABL positive
MK-0457 Aurora kinase inhibiti BCR-ABL positive
Lestaurtinib; midstaurin; tandutinib; FMS-like 1y kinase 3 inhibiii

sinitinib malate; IMC-EB10

P

MLL rearraged. hyperdiploid

_in'aml‘n: lonafi Farnesyltransferase All
zacytidine; decitabine; a

:;1.:51. II.‘;. i DNA methyltransferase inhibition All

Romidepsin; vorinostat; valproic acid; = T

MD-27-275; AN-9 N Histone deacetylase inhibition All

i':,oi;;rz'?‘ temsirolimus; evernlimus: Mammalian target-of-rapamycin inhibition All B
‘Bortzezomib Inhibition of ubiquitin proteasome pathway . Al

Flavopindol Serine-threonine cyclin-dependent kinase All

Oblimersen D gulation of BCL2 N All

17-AAG Heat shock protein-90 i BCR-ABL positive; ZAP-T0-positive

ALLIch o S 6 a h T WA HE LS LTI clofarabine
M B LA™, Clofarabine (4 fludarabine & cladribine
ODEHOHEHEL>FLOLWTF /v THa T, an-
CTP DM % 5{L L =2, epipodophylotoxin, 7 /b3 L
LAz & - THEL 7 DNA RBORIMEREST 2 2 &
WEF X 1, clofarabine: 30 mg/m’ % 5 days + etoposide: 100
mg/m’ * 5 days +cyclophosphamide: 440 mg/m’ < 5 days @
(O H e A o] WARR A AHER P B R RO BEMI A
s TV S (CLO21800205)™,

Eh YIS

Clofarabine % i3 L2, Table 4 ic¥ - FHEROZ
LRECETIREBRIER I D ST, RETREER
WHEAFELAETHD, nelarabine MHEEEME T-ALL (2
Bhlpng, BREOHEST S TR LERBEZ
WZ2R, ZhHTEMTI~EZRRTHLILEVHELE
A v, NEO BCP-ALL (FIEHE, 7+ 0—7 o 7HHM
H20~30 FEHATET, RBEGHEMSAE{IL L
HonTExTuwas™", AT BCP-ALL /58 =
1%, 0L LORENSED, FOQOL 35K LM
b T (T &ITNS, KhiuvEMeEEh i
Eid~ToBR - EEoPBATHY, IBROEEED
HAsbeicl3 Q0L B EICRBRAMSL - L4 HE
Z, FEOREEZEDEMEOS SHANUBHEFS
nsd,

VIIL
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Outcome of Recurrent or Refractory Acute Lymphoblastic Leukemia in
Infants With MLL Gene Rearrangements: A Report From the
Japan Infant Leukemia Study Group

Daisuke Tomizawa, mp,'* Katsuyoshi Koh, mp,” Masahiro Hirayama, mp,* Takako Miyamura, mo,*
Michiki Hatanaka, mp,* Yutaka Saikawa, mp,® and Eiichi Ishii, mo’

Background. Despite the poor outcome of recurrent or refractory
acute lymphoblastic leukemia (ALL) in infants with MLL gene
rearrangement, few studies have focused on this specific group. We
conducted a retrospective analysis of infants with recurrent or
refractory ALL from two previous conseculive Japanese studies 1o
clarify the characteristics and prognostic factors among these
patients . All recurrent or refractory ALL infants with
MLL gene rearrangement (MLL-R) who were registered in two
consecutive Japanese nation-wide multicentric trials (MLL96 and
MLL98; between 1995 and 2001) were eligible for the study. Results.
Among 80 MLL-R ALL infants, 34 cases of recurrence and 5
induction failures occurred. The median duration of first remission
was 5 months (range, 0-28 months). All patients underwent various

Key words:
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salvage chemotherapies; remission was achieved in 40.5% (15/37).
A total of 23 patients received subsequent hematopoietic stem cell
transplantations (HSCT): 9 in remission, 12 without remission, and 2
with unknown status. With median follow-up period of 5.5 years, the
5-year overall survival (OS) rate after the second-line treatment was
25.6% £ 6,9%. Young age (<3 months) and central nervous system
involvement at initial diagnosis were associated with poor outcome;
however, failure to achieve remission after salvage therapy was the
sole independent poor prognostic factor in multivariate analysis
(P=0.01). Conclusions. The prognosis of infants with recurrent or
refractory MLL-R ALL is extremely poor despite alternative treat-
ments including HSCT; therefore, it is necessary to develop novel
treatment strategies. Pediatr Blood Cancer © 2009 Wiley-Liss, Inc.

INTRODUCTION

The outcome of acute lymphoblastic leukemia (ALL) in infants
of less than 12 months of age with MLL gene rearrangement remains
poor, with recently published long-term event-free survival (EFS)
rates of 22-54% [1-4]. More than 50-60% of newly diagnosed
cases develop recurrent or refractory disease duning or following
treatment; however, few reports have focused on the clinical course
and outcome of these specific groups. The results of a small number
of studies with few cases suggest that the outcomes of recurrent or
refractory ALL infants with MLL gene rearrangement are dismal
and rarely rescued [2.4].

The Japan Infant Leukemia Study Group conducted three
consecutive series of nationwide clinical studies for newly
diagnosed ALL in infants (the MLL96, MLL98, and MLLO3
studies) |5.6]. In the present report, we analyzed the outcome of 39
recurrent or refractory ALL infants with MLL gene rearrangement
who were registered in either of the first two studies (MLL96 and
MLL98). to clarify the characteristics and prognostic factors in this

group.

METHODS
Patients

We analyzed the data regarding all consecutive recurrence and
induction failures that occurred in two consecutive studies for newly
diagnosed infant ALL (the MLL96 and MLL98 studies). Of the
80 ALL infants with MLL gene rearrangements (MLL-R) who
registered in these two studies between December 1995 and
December 2001, 34 relapsed and 5 were resistant to induction
chemotherapy (induction failure). Patient characteristics are listed
in Table 1.

Informed consent, provided according to the Declaration of
Helsinki, was obtained from the patients’ guardians on registration

© 2009 Wiley-Liss, Inc.
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of the two studies. The rearrangement of an MLL gene in each
patient was determined by Southern blot analysis and/or split-signal
fluorescence in situ hybridization (FISH), as described previously
15-7].

First-Line Treatment

Details of the therapeutic regimens used in the MLL96 and
MLL98 studies are described elsewhere [5-7). Briefly, MLL-R
ALL infants received induction therapy and three courses of
postremission intensification therapy followed by allogeneic
hematopoietic stem cell transplantation (HSCT) during the first
remission, whenever 5/6 or 6/6 HLA-matched related donor, 6/6-
matched unrelated donor. or 4 to 6/6-matched unrelated cord blood
donor was available. The protocol-specified conditioning regimen
comprised either total-body irradiation (TBI; 12 Gy in six fractions,
twice daily on days —7 to —5) or busulfan (BU; 35 mg/m*/dose
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TABLE 1. Main Characteristics of 39 Patients With Recurrent/Refractory Infant ALL and MLL

Gene Rearrangements

Induction Relapse Relapse
failure pre-HSCT post-HSCT Tatal

Total no. of patients 5 21 13 39
Age at onset, months

<3 2 9 1 12

3to <6 1 B 6 15

>6 2 4 6 12
Sex

Male 4 9 4 17

Female | 12 9 22
WBC count at onset, x 10°/L

<100 2 4 4 10

100 to <300 1 9 5 15

=300 2 B 4 14
NS disease at onset

Positive 2 4 2 8

Traumatic tap 0 0 1 1

Negative 3 12 9 24

Unknown 0 5 | 6
Karyotype*

4;11)(q21:923) 1 14 7 22

t(11:19)q23.p13) | | 3 5

19:11)(p22:q23) 2 0 2 4

Other 11q23 0 2 1 3

Nollg23 abnormalities 1 2 0 3

Unknown 0 2 0 2
First-line treatment

MLL% 4 13 6 23

MLL98 I 8 7 16
Time to relapse

Median, months — 3(0-22) 12 (4-28) 5(0-28)

Relapse < 12 months — 19 6 25

Relapse > 12 months — 2 7 9
Site of relapse

Bone marrow — 20 10 30

Combined BM/CNS — | 0 |

CNS — 0 2 2

Testicular — 0 | |
ALL, acute lymphoblastic leukemia; BM. bone marrow; CNS, central nervous system; HSCT,

hematopoietic stem cell transplantation,; WBC, white blood cells. *All patients were confirmed as MLL
rearranged by Southern blotting and/or split-signal fluorescence in situ hybridization (FISH), including three
cases with no 11923 abnormalities and two unknown cases by normal karyotypic analysis.

orally, 4 times a day on days —8 to —5) with a combination of
etoposide (60 mg/kg intravenously on day —4) and cyclophospha-
mide (60 mg/kg intravenously on days —3 and —2).

Second-Line Treatment

Second-line treatment differed among the patients because the
choice of treatment for recurrence or induction failure varied among
the hospitals. Table II provides an outline of second-line treatment
regimens used for these patients. Indication of subsequent HSCT
was also determined according to the choice of each institution.

Evaluation of Late Effects

Late effects were also analyzed, including cardiac, pulmonary,
renal, endocrine, dental, orthopedic, dermatologic, ophthalmologic,

Pediatr Blood Cancer DOI 10.1002/pbe

auditory, psychological, growth and development, and occurrence
of secondary malignancies. Medical records regarding these 1ssues
were reviewed by each physician in the participating centers; these
data were collected via a questionnaire sent to each participating
center.

Statistical Considerations

Overall survival (OS) rate was estimated using the Kaplan-
Meier method and standard errors (SEs) were estimated using the
Greenwood formula; these were then compared using the log-rank
test. Confidence intervals (Cls) were computed with a 95%
confidence level. A Cox regression model was used for multivaniate
analysis, P values, when cited, are two-sided, with a value of 0.05 or
less taken to indicate statistical significance.
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TABLE IL. Second-Line Chemotherapy Regimens Used for 39 Patients With Recurrent/Refractory

Infant ALL and MLL Gene Rearrangements

Second-line chemotherapy regimen

No. of patients
alive in CCR

No. of patients
received

No. of patients
achieved CR

AML-oriented
Ara-C civ/iMIT/VP- 16/TIT
Ara-C civ/IDA/VP-16
HDCA/MIT/VP-1&/TIT
HDCA

ALL-onented
VCR/PSL/L-asp/DRB/TIT
VCR/Dexa/PSL/L-asp/pirarubicin/IT-MTX
VCR/PSL/L-asp/MIT
VCR/Dexa/L-asp/TFO/NVP- I6VHD-MTX/TIT
VCR/Dexa/CPMHD\MTX/TIT
VCR/i-asp/TFO
HD-MTX
YCR/PSL

AML/ALL-hybrid
Ara-C/pirarubicin/VP-16/PSL/L-asp/TIT
Ara-C/DXR/VP-16/VCR/Dexa/CPM/TIT
HDCA/DRB/VCR/PSL/L-asp/CPMITIT

Others
BHAC-AMP
CXR/TIT

No (HSCT on disease)

N/A

N e B e L) G e b e e RO ) e e e =

NOOOO==—= WO =00t —C W
NOSCOOOC—C—NCOCoOOoOOO—-0=—=RNDo —0 Wik

ALL, acute lymphoblastic leukemia; AML, acute

infusion of cytarabine; BHAC-AMP, combination of enocitabine/6-mercaptopurine/pred

myeloid leukemia; Ara-C civ, continuous intravenous
/aclarubi-

cin; CCR, continuous complete remission; CPM, cyclophosphamide: CR, complete remission; CXR, cranial
radiation; Dexa, dexamethasone; DRB, daunorubicin; DXR, doxorubicin; HDCA, high-dose cytarabine;
HD-MTX, high-dose methotrexate; HSCT, hematopoietic stem cell ransplantation; IDA, idarubicin; IFO,

ifosfamide; IT-MTX, intrathecal methotrexate; L-a
ilable; PSL, p

RESULTS

Outcome and Survival of Relapsed/Refractory Infant
ALL With MLL Gene Rearrangements

Figure | summarizes the outcomes of 39 infants with recurrent or
refractory MLL-R ALL. Among the 39 patients, 5 were refractory to
induction chemotherapy (induction failure) and 34 relapsed, of
which 21 occurred before HSCT in first remission (CR1) and
13 occurred after HSCT in CR 1. The source of donor for these 13
infants was bone marrow transplantation (BMT) from related donor
(R-BMT) in 3, penipheral blood stem cell transplantation from
related donor (R-PBSCT) in 1. BMT from unrelated donor (U-
BMT) in 2, unrelated cord blood transplantation (U-CBT) in 6, and
autologous HSCT in |. The median duration of CRI in all 34
recurrent ALL infants was 5 months (range, 0-28 months).

Of the five infants with refractory ALL, two achieved the first
complete remission by AML-type induction chemotherapy: one
continued conventional AML-type chemotherapy alone and is alive
in remission with a follow-up period of 4 years; the other received U-
CBT in CR1 and had relapse in bone marrow (BM) 6 months later,
but was rescued by a second transplantation (U-BMT) and is now in
CR2 with a follow-up period of 3 years. The remaining three patients
never achieved CR: one received AML-type induction chemo-
therapy: one received BHAC-AMP (combination of enocitabine,

Pediarr Blood Cancer DOL 10,1002/pbe

sp. L-asparaginase; MIT, mitoxantrone; N/A, data not

isone; TIT, triple intrathecal therapy; VCR, vincristine; VP-16, etoposide.

mercaptopurine, prednisone, and aclarubicin): and one received the
“Phase A" intensification course of MLL96 (combination of
cytarabine, etoposide, pirarubicin, prednisone, L-asparaginase, and
triple intrathecal therapy). Of these three patients, one received
R-BMT but died of interstitial pneumonia; the other two paticnts
died of progressive disease.

Among the 34 patients with recurrence, 32 were evaluable for
response: 13 (38.2%) achieved CR2 with various re-induction
chemotherapies (Table I1). Subsequently, 8 of these 13 patients
underwent HSCT (R-PBSCT in 2, R-BMT in |, U-BMT in 3, and
U-CBT in 2); the other 5 patients relapsed and eventually died of
progressive disease. Five of the 8 patients undergoing HSCT in CR2
are alive in remission with a median follow-up period of 8 years
(range, 310 years); 2 experienced a second relapse, and | died of
veno-occlusive disease (VOD); of the two patients with second
relapse after HSCT in CR2. one is alive in CR3 (follow-up period,
3 years) and the other died of progressive disease.

Among the remaining 19 patients who did not achieve CR2,
11 patients underwent HSCT without remission: R-BMT in 2,
R-PBSCT in 2, U-BMT in 4, and U-CBT in 3. Of the 11 patients,
2 patients are alive in CR2 with follow-up periods of 5 and 8 years,
3 died of HSCT-related severe infectious complications, and 6
relapsed and died of progressive disease. The remaining 8 patients
without CR2 died of progressive disease, with a median period of
6.5 months. Both of the patients who were not evaluable for response
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underwent HSCT but relapsed and died, one of progressive disease
and one of bronchiolitis obliterans (BO).

The overall induction rate by second-line chemotherapy was
40.5% (15/37), and the 5-year OS rate in the whole cohort was
25.6% + SE 6.9% (Fig. 2).

Prognostic Factors

Univariate analysis revealed three factors associated with a
higher risk of failure: age less than 3 months at initial diagnosis,
central nervous system (CNS) involvement at initial diagnosis
(defined as more than 5 cells/mm’ with recognizable blasts in
cerebrospinal fluid), and induction failure by second-line chemo-
therapy (Table III). Differences in CR rate by second-line chemo-
therapy or survival rate were not observed between infants that

100

W

L
F
= 70
¥
T s
-
s
g’ “©
. 5 year OS = 25.6% (SE 6.9%), N=39
° i.q PR L '
o

0

1@

e ) : ; 5
L T 2 3 4 s 6 1 8 3 10
Years hom Relapse

Fig. 2, Overall survival for patients with recurrent/refractory infant

ALL and MLL gene rearrangements.
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Summary of outcome in patients with recurrent/refractory infant ALL and MLL gene rearrangements. CCR, continuous complete
ppoietic stem cell transplantation; NR, no response; Rel, relapse.

TABLE Il1I. Five-Year Survival Rates by Selected Prognostic
Features for 39 Cases of Recurrent/Refractory Infant ALL

No. of 5-year OS,
patients % (SE) P value
Age at onset, months
<3 12 16.7 (10.7) 0.03
>3 27 296 (8.7)
WBC count at onset, x 10°/L
<300 25 24.0 (8.5) 0.54
=300 14 28.5 (12.00
CNS disease at onset
Positive 8 12.5(11.6) 0.04
Negative 25 36.0 (9.6)
Karyotype
14:11xq21;923) 22 22.7 (8.9) 0.54
Others 17 29.4 (11.1)
Duration of CRI*
<12 months 25 16.0 (7.3) 0.06
=12 months 9 44.4 (16.5)
Relapse site”
Bone marrow involved 31 28.1 (7.9) 0.55
Isolated extramedullary 3 0.0 (0.0)
History of prior HSCT*
Yes 13 214(119) 047
No 21 25.0 (9.6)
Response to second-line therapy
CR 15 533(12.8) 0.001
No CR 22 9.0 (6.1)

BU, busulfan; CNS. central nervous system; CR, complete remission;
HSCT. hematopoietic stem cell transplantation; OS, overall survival;
SE, standard error; TBI, total-body irradianon; WBC, white blood cells.
*Relapsed patients only (five refractory patients excluded).
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TABLE IV. Multivariate Analysis of Prognostic Factors in Infants With Recurrent/Refractory ALL

Parameter Risk ratio

estimates (95% CT) P value
Age at initial diagnosis, less than 3 months 0.453 1.573 (0.665-3.715) 0.301
CNS leukemia at initial diagnosis 0.584 1.794 (0.708-4.546) 0.217
Time 1o first event. less than 12 months 0.566 1.762 (0.621-5.002) 0.286
Failure to achieve CR after second-line therapy 1.230 3.422 (1.339-8.746) 0.010

C1, confidence interval, CNS, central nervous system; CR, complete remission.

relapsed before and after HSCT. Multivanate analysis revealed
induction failure as the only significant prognostic factor (Table IV).

Long-Term Complications in the 10 Surviving Patients

Data regarding long-term complications were analyzed in 9 of
the 10 survivors. The median age of the 9 patients at analysis was
6.5 years (range, 4.8~ 1 1.0 years). All had received HSCTand 4 were
transplanted twice. Eight patients had received TBI-based con-
ditionming regimen, while 1 had received BU-based conditioning
regimen.

In these 9 patients, chronic GVHD was observed in 5 (extensive
type in 4 and limited type in 1), hypothyroidism in 2, short stature
(defined as a height standard deviation [SD] score below —2.0) in 8,
skin abnormalities (alopecia, scleroderma, hypopigmentation) in 4,
fascuitis in |, ophthalmologic complications (dry eye, comneal
opacity, retinal vasculitis) in 4, pulmonary complications (inter-
stitial pneumonia, bronchiolitis obliterans) in 2, chronic diarrhea
with malnutrition in 1, dental abnormalities in 4. and neurocognitive
deficits (learning disability, intelligence impairment, autism) in 2.
There were no patients with secondary malignancy or symptomatic
chronic heart failure. Pubertal development could not be evaluated
because all study patients were younger than 12 years old and had
not entered puberty at the time of analysis.

DISCUSSION

Relapses are relatively frequent events in ALL infants with MLL
gene rcarrangement, despite intensive chemotherapy with or
without HSCT [1-7]. Most previous studies report only a small
difference between OS and EFS rates, indicating a dismal prognosis
for relapsed or refractory cases in infant ALL. The present study
found a response rate of 40.5% with second-line chemotherapy and
a S-year OS rate of 25.6% despite receiving HSCT, which is far from
satisfactory.

The high chemotherapeutic-resistance of infant ALL cells is well
described elsewhere. For example, Pieters et al. |8,9] demonstrated
that infant ALL cells were more resistant in vitro to prednisone and
L-asparaginase than those from older children. This result is
supported by the finding that in comparison with older children,
infants with ALL commonly show a poor response to prednisone
|1]. In relapsed infant ALL patients, the high CR rate of 90-95%
after induction therapy but high early relapse rate of 30-50% after
remission also indicate the presence of a more resistant leukemic
clone [S]. This might be explained by infant ALL cells rapidly
acquiring additional resistance or by the selection of a more resistant
leukemic clone that resided as a minor subclone at diagnosis, both
presumably occurring during initial chemotherapy [10-12].
Although the exact mechanism associated with the resistance of

Pediarr Blood Cancer DOI 10, 1002/phe
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ALL cells to chemotherapy remains unknown, there is no doubt that
the recurrent or refractory infant ALL cells become highly resistant,
thereby leading to the dismal outcome in these patients.

In the present study, we investigated various prognostic factors in
recurrent or refractory infant ALL. Young age (<3 months of age)
and CNS involvement at initial diagnosis confer a high risk of
treatment failure in newly diagnosed ALL infants with MLL gene
rearrangements, and can be regarded as surrogates of treatment
resistance. Of note, univariate analysis revealed that infants with
these factors harbor poorer prognosis compared with those without,
even in recurrent or refractory infant ALL.

Two important prognostic factors have been established in
recurrent or refractory childhood ALL [13-18]: duration of first
remission and site of relapse. In the present study, however, we
found that these factors had no prognostic impact among recurrent
and refractory ALL infants. In the relapsed ALL studies of the BFM
group (ALL-REZ studies), three factors (time point of relapse, site
of relapse, and immunophenotype of leukemic cells) were used (o
classify cach patient into four groups: from the S1 group (late and
isolated medullary relapse) having the best prognosis, to the S4
group (very early and isolated BM relapse) having the worst
prognosis [14]. When we classify the 34 relapsed patients in the
present study according to this system, there are no patients in the S1
group, 6 in S2, 1 in 83, and 27 in 84. Thus, 79.4% (27/34) of the
recurrent ALL infants are assigned to the group with the worst
prognosis.

An important finding of the present study is that the achievement
of further remission by second-line chemotherapy is clearly
associated with an improved prognosis in recurrent or refractory
ALL infants: a greater than 50% chance of survival can be obtained
if CR is achieved. Therefore, to improve the outcome of recurrent or
refractory infant ALL, it is necessary to find a means of improving
the salvage therapy and increasing the CR rate.

In the present study. AML-oriented or AML/ALL-hybrid
chemotherapy was successful in some infants with refractory
ALL, with 6 of 16 patients in continuous CR (Table II). It has been
demonstrated that infant ALL cells are more sensitive to cytarabine
in vitro than those of older children, and that a subgroup may benefit
from regimens that include intensive use of cytarabine, followed by
HSCT [3.8,9]. Although some cases may benefit from this approach
and obtain a chance of long-term survival, most would suffer from
some kind of late complications as illustrated in the current report.
Taking into account the vulnerability of infants and the highly
intensive nature of therapy for MLL-rearranged ALL. there exists a
clear need for the development of novel therapeutic modalities.

Gene expression profiling has led to the identification of several
potential therapeutic targets based on the unique biology of MLL-
rearranged infant ALL. Among these, inhibition of FLT3, a tyrosine
kinase receptor. is currently being tested in a climical trial [19-21].
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Considering the poor outcome associated with relapsed/refractory
infant ALL, these panents would benefit from the early climcal
development of novel agents.
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Abstract

From June 1996 to January 2001, 91 patients with B-cell non-Hodgkin lymphoma or B-cell acute lymphoblastuc leukemia up
to 18 years of age were enrolled in Tokyo Children’s Cancer Study Group (TCCSG) NHL B9604 protocol study. Five-day
iensive chemotherapy courses including high-dose methotrexate and high-dose cyclophosphamide were used for localized
disease (Groups A and B). High-dose cytarabine was added for advanced disease (Groups C and D). Fifteen patients
experienced an adverse event, There were three induction failures, cight relapses (three local, four bone marrow (BM), one
BM + local), two toxic deaths and two second malignant neoplasm. Event-free survival at 6 vears in Group D and in all
paticnts was 82.4% + 9.2% and 81.9% + 4.4%, respectively. The TCCSG NHL B9604 protocol achieved an excellent
treatment outcome especially in patients with the most advanced disease (Group D: high BM biast cell burden and/or central

nervous system involvement).

Keywords: B-NHL, B-ALL, mtensified chemotherapy, TCCSG NHL B9604

Introduction

The malignant cells of B-cell (surface immunoglo-
bulin-positive [Ig +]) non-Hodgkin lymphoma
(B-NHL) and B-cell acute lymphoblastic leukemia
(B-ALL), which are classified as Burkitt lymphoma/
leukemia in WHO classification [1], share morpho-
logic, immunophenotypic, cytogenetic and clinical
features and are considered to represent a continuum
of the same disease. Diffuse large B-cell lymphoma is
a distinct disease entity from Burkitt lymphoma/
leukemia. However, the treatment for patients with
large cell lymphoma 15 the same as that for patients
with Burkitt histology. In carly trials, children with
advanced B-NHL and B-ALL had a worse outcome

characterized by early recurrences despite a high
initial complete remission rate [2,3]. After the
introduction  of short, intensive therapy courses
primarily based on cyclophosphamide (CY), metho-
trexate (MTX), and inwathecal (i.t.) therapy, the
prognosis of these mature B-cell neoplasms has
improved significantly [4-11].

Most previous clinical experiences about child-
hood B-NHL and B-ALL were reported from
European and North American study groups, how-
ever, there are few data on Japanese or Asian
patients. We report here the treatment and results
of 91 Japanese children with B-NHL. or B-ALL
registered to the Tokyo Children’s Cancer Study
Group (TCCSG) NHL B9604. The aim of this study
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was to evaluate the efficacy and safety of the short
and intensive chemotherapy regimen designed by
TCCSG for childhood B-NHL or B-ALL.

Patients and methods

Children and adolescents up to 18 years of age newly
diagnosed with B-NHL or B-ALL were eligible for
this study. From June 1996 to January 2001, 91
patients with B-NHL or B-ALL were enrolled in this
study. Diagnosis was made by pathologists at a
regional hospital and registration was made based on
the regional diagnosis. A central review was per-
formed retrospectively by the reference laboratory
according to the WHO classification (1]. The St.
Jude system was used for disease staging [12].
Patients were stratified into four groups according
to stage, resection status, bone marrow (BM) blast
cell burden and central nervous system (CNS)
involvement as shown in Figure 1.

Five-day intensive chemotherapy courses includ-
ing high-dose MTX (HD-MTX) and high-dose CY
(HD-CY) were used for Groups A and B. High-dose
cytarabine (HD-AraC) was added for Groups C and
D. Patients in Groups B, C and D received a 5-day
cytoreductive prephase before the first course was
administered (Table I). Courses were administered
at 3—4-week intervals. The number of treatment
courses was three in Group A, six in B, six in C and
seven in D, respectively. Treatment duration ranged
from 10 to 27 weeks (Figure 1).

Events were defined as induction failure, relapse,
death in induction, death in remussion and second
malignant neoplasm. Survival curves were calculated
by the Kaplan—Meier method. Toxicities were
graded according to Natonal Cancer Insttute
Common Toxicity Criteria version 2. All treatments
were performed with informed consent from the
patients’ guardians.

Risk =
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Figure 1. Treamment strategy. Patients were stratified into four nsk
groups, A, B, C and D, The composition of therapy courses is
shown in Table 1.

Results

The clinical characteristics of the 91 patients are
shown in Table II. The percentage in Group A
patients in our series was quite small (3.3%)
compared with that of equal disease starus patients
in other studies (7- 17%) [6,8,11]. A retrospective
central review was performed in 64.8% (59/91) of the
enrolled patients and the concordance rate was 88.1%
(52/59). Fifteen patients experienced an adverse
event, There were three inducton failures, eight
relapses (three local, four BM, one BM -+ local), two
toxic deaths and two second malignant neoplasm.
Nine patients died of induction failure in three,
relapse in four and toxicity in two patients [intracra-
nial hemorrhage (ICH) and sepsis]. Two patients
developed a second malignant neoplasm. Grade 4
non-hematological toxicity was noted in 4 cases.
Event-free survival (EFS) and overall survival (OS)
were calculated as follows: EFS and OS in total were
81.9% + 4.4% and 90.1% + 3.1%, respecuvely. EFS
was 66.7% 4+ 27.2% in Group A (n=3), 95.8% +
4.1% in Group B (n=25), 77.6% + 6.3% in Group
C (n=46) and 82.4% + 9.2% in Group D (n=17)
(Figure 2). OS was in 100% mn Groups A and B
(n=28), 86.8% + 5.0% in Group C and 82.4% +
9.2% in Group D.

Discussion

In this article, we reported the outcome of 91
childhood B-NHL and B-ALL patents treated
with TCCSG NHL B9604 protocol. OS and EFS at
6 years in total were 90.1% + 3.1% and
81.9% + 4.4%, respectively. OS of our study was
comparable with SFOP study [8], BFM study [6] and
UKCCSG study [7] and better than CCG study [9] or
Venezuela study [11)] whereas the observaton period
of our study was longer than other studies. Although
the EFS of our study was worse than the SFOP study
[8] and BFM study [6], it was comparable with the
UKCCSG study [7] and better than the CCG study
[9], POG smudy [4] and Venezuela study [11].
Especially in patients with the most advanced disease
(Group D: high BM blast cell burden and/or CNS
involvement), EFS was 82.4% + 9.2%. This was
comparable with the SFOP study [8] and BFM study
[6]. The overall good prognosis of this study 1s
thought to be mainly due to the relatively larger dose
of chemotherapeutic drugs and intensified regimens
tesulting in a good outcome.

There were 15 event cases in thus study, as shown
in Table III. Among these cases, the diagnosis of two
relapsed patients (UPN 132,146), whose diagnosis
was DLBCL by the regional hospital, was corrected
to B-LBL by rewospecuve central review. These
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Table 1. Therapeutic regimen of TCCSG NHL B9604 protocol

Group A

Block Al

PDN 60 mg/m” P.O.

MTX 3 g /m” 6 h div with CFR
CY 250 mg/m® 1 h div

VP16 100 mg/m® 2 h div

MH it

Block A2:

PDN 60 mg/m® P.O.

VCR 1.5 mgm”

AraC150 mg/m® = 6 1 hdivgl2 h
CY 1 gm’ 2 h div

MH i1

Group B

Block P(Prephase);

PDN 60 mg/m® P.O.

CY 200 mg/m” | h div

MH it

Block B1:

PDN 60 mgm® P.O.

MTX 3 g/m” 6 h div with CFR
CY 250 mg/m® 1 h div

VP16 100 mg/m? 2 b div

Epi 50 mg/m” 1 h div

MH 1.t

Block B2:

PDN 60 mg/m® P.O.

VCR 1.5 mg/m®

AraC 150 mg/m® % 6 1 h div ql2 h
CY 1 g/m* 2 h div

Epi 50 mg/m” 1 h div

MH 1.1

Group C

Block P

PDN 60 mgm® P.O.

VP16 100 mg/m? | h div

MHC ..

Block C1:

Dex 10 mg/m® P.O,

MTX 3 g/m* 24 h div with CFR
CY 250 mg/m™ » 6 | hdivgl2h
VP16 100 mg/m® 2 h div

(only day 2,3 in the first course)
Epi 60 mg/m* 1 h div

MHC it

MH ix

Group

CY (g'm*)
VP16 (mg/m?)
MTX (g'm?)
CA (g/m®)

Epi (mg/m*)

Block C2:
Days 1-5 Dex 10 mg/m* P.O
Days | VCR 1.5 mg/m®
Days 2-5  AraC 150 mg/m® = 6 L hdivgql2 h
Days 2-5 CY 1 g/m® 2 h div
Days 1 Epi 60 mg/m® 1 h div
MHC 1.t
Day -5 MH it
Day 1 Block C3
Day 1-3 Dex 10 mg/m® P.O.
Day 2,3 VDS 3 mg/m?
Day | VP16 100 mg'm® 2 h div
AraC 2 gm* 3 hdivgl2 h
Epi 60 mg/m” 1 b div
MH 1.t
Day 1-5 MH i.t
Day 1,2
Day 1 Group D:
Block P: the same as in Group C
Day 1-5 Block D1
Day | Dex 10 mg/m* P.O,
Day 2-5 MTX 3 g¢/m* 24 h div with CFR
Day 2-5 CY 300 mg/m”® = 6 1 hdivgl2h
Day 5 (only day 2,3 in the first course)
Day 1 Epi 80 mg/m* 1 h div
MHC it
Day 1-5 MH i
Day 1 MHC i1
Day 1-3 MH ...
Day 2,3 Block D2
Day 5 Dex 10 mgm® P.O
Day 1 VCR 1.5 mg/m”
AraC 150 mg/m® =< 6 1 hdivql2 h
CY 1 g/m* 2 h div
Epi 80 mg/m® | h div
Day 1-7 MHC it
Day 5-7 MH ..
Day 1,6 MH it
Block D3:
Day 1-5 Dex 10 mg/m® P.O.
Day | VDS 3 mg/m”
Day 2-4 VP16 100 mg/m” 2 h div
Day 2-5 AnaC 2g/m* 3 hdivgl2h
Epi 80 mgm® 1 h div
Day 5 MH i.t.

Day 5 (in the first course)
Day 10in the second course)

Days 1 -5
Days 1
Days | -3
Days 2-4
Days 5
Day |
Day 8 (only in the first course)
Day 1-5
Day 1
Day 2-5
Day 1-3
Day 5
Day 1

Day 8 (only in the first course)

Day 1-5
Day 1
Day 2-4

Day 5

Day 5 (in the first course)
Day 1 (in the second course)
Day 8 (in the second course)
Day 1,8 (in the third course)

Day -5

Day 1

Day 1 -3

Day 2-4

Day 5

Day 1 (in the first course)
Day 8 (in the first course)

Day 1,8 (in the second course)

Day 1-5
Day 1
Day 2-5
Day 1-3
Day 5
Day 1,8

Cranmial wradiauon for patents with CNS mvolvermnent at onset

24 Gy for older than 2 years old
18 Gy for | year old
0 Gy for less than | year old

Cumulatve drug dosage in each group

A B

4 9.4
800 1200

5] 9

0.0 27

0 300

c D
9 1.4
1700 2100
6 9
25.8 288
360 560

PDN, prednisolone; CFR, cirovorum factor rescue; VP16, etoposide; MH, MTX and hydrocortisone; VCR, vincristine; AraC, cytarabine;
q12h, every 12 h; Epi, epirubicing; MHC, MH and AraC; Dex, dexamethazone; VDS, vindesine
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