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Nine patients with normal karyotype were excluded from the study,
hecause these patients had MLL gene rearrangements that were
not detected by conventional cylogenetics. The remaining 74 were
therefore classified into two subgroups: “ACA group™. comprising
those with additional chromosomal abnormalities other than 11923
iranslocation. and “'non-ACA group”. comprising patients with sole
11923 translocation with MLL gene rearrangements. Three-way
11923 translocations and simple or complex structural chromoso-
mal changes other than 11g23 abnormalities were also included in
the additional chromosomal abnormalities (ACA) group, because
several genelic changes in addition to MLL could be involved in
these cases. as described in previous reports | 16,17

2.4, Sratistical analvsis

The analysis of treatment outcome was updated on 30 September
2007. Event-free survival (EFS) and Overall survival (OS) rates
were estimated by the method of Kaplan-Meier and standard errors
(SEs) with the Greenwood formula, and then were compared with
the log-rank test. Confidence intervals (Cls) were computed with a
95% confidence level. The clinical and biologic [eatures of patients
in the two different subgroups were compared with x* tests for
homogencity. A Cox regression model was used for the multivariate
analysis. P-values, when ciled. are 1wo sided. with a value of 0.05
or less taken 1o indicate statistical significance.

Table |
Eighteen MLL rearranged ALL infants with additional chromosomal ahnormalities
Patient # Karyotype Sex Age WBC, CNS* HSCT Chtcome
tmonth) % 10f/L in CR1
1 46.XX,add(11)(q25) |61/46,XX 111] F 4 193.8 - No BM relapse. DOD
(2nd relapse) after
UBMT
2 26.XYA(4:11)(q21;923).0(2:4)(431:432) | 200) M 3 169.9 - No HBM relapse. TR
46.XY1(4:11 a2 15923)02:4)y31:932) after BMT
(2gter — 2q31::4932 — 4q21::11g23 — cen — | Ipier)
3h 46, X X[ 1X1ish F 2 953.0 + No BM relapse. DOD
ins(4;11)(g21;023.3g23.3RP11-216H7+, MLL5'+. (2nd relapse) after
MLL3 — MLL3 +)| 10] UCBT
4 46.XX.14:11:15)q21:923;922) |V /46, XX | ] F 0 121.6 - RBMT Death in CCR (TRD)
5 46,XX.add(1)(g32).der(2N(2:4)(p17:921),add(4)q21), F 8 1.7 - No CCR
del(11)qg?).add(16)pl 1) | 201
6" 46,XX120]). ish F 2 500.0 - RBMT CCR
ins(4;11)(q21:923.3q23 3(RP11-216H7+,
MLLS +MLL3 +;: MLLS'- MLLY'-)
1 48, XX+ X 1(4;11)(g21:q23),+der(4)(4:1 | (g2 1:23) F 0 4215 — No BM relapse. DOD
[20)
R 46.XY.dert9(9:11)(p22:q13).add(11)(q13) | 201} M ] 4735 + No Induction failure,
TRD aflier RBMT
9 46,XY,1(4:11:5%q21:q22:p11) |20 M 3 1000.0 - UCBT Death in CCR (TRD
after 2" UCBT
because of rejection)
10 46, XX.12:9)ip10;q10).add(7)(p22),add( 9 pl 3). F 7 7 - UCBT CCR
add(1 1 }pl1) [2C]
11 46, XX, 1(4:11:94q21:q23:q22) [ 20] F 9 250.7 UCBT Death in CCR (TR1))
12 46, X X.add(4)q11) 12 {/46.XX |¢] F 5 12.1 + ABMT Relapse. TR after
UCBT
13 46.XY, 1(0:1 1)(p10:q10),add(111g23) |20] M 5 NA NA No (NS relapse. TRD
after REMT
14 48.XY.+X.add(2)(p21).del(2)(p7).+6.deri Tradd( 7)(pl 1) M 2 25.6 - No DO before initial
add(7)(g32).del(1 1gN.add(12Xq13).-17.- therapy
17.add(19)p13). +der(M(2:17)7:g21).+marl
|26
15¥ 46,XYi 204ish ins(10:1 14p12:q23.3q23.3) M 2 537.0 - No BM relapse. CCR
(MLLS+.MLL3'+:MLLS' . MLL3 —) after UBMT in CR2
16 47XX4:11)g21:g23).+7(8)(q10) | 13 F 5 59.0 NA Nao BM relapse. DOD
17 ATXX.#5.0(9:11)(p22;q23) <146, XX |71 F 3 228 - UCRBT CCR
18" 0. XX 10411 j(q21:q23); *1iLish F 0 1082 Na Induction failure.
W4:11:21q21:923:q22) (216H7+; CCR afier UBMT

216H7+ MLLS + MLL3"-; MLL3'+)

F. female: M. male: WBC, white blood cell: BM, hone marrow: CNS, central nervous systeny; CR1, first complete remission: CCR. continuous complete
remission: ABMT. antologous bone marrow transplamation: RBMT. related donar bone marrow transplantation; UCRT, unrelated cord blood transplantation:
UBMT. unrelated bone marrow transplantation; DOD, death of disease: TRD. treatnient related death; NA. data nol available.

* NS disease was diagnosed if more than five leukemic cells/p} were found in cerebrospinal fluid.

" FISH analysis has proven complex chromosomal abnormality in these patients. Cloning of the breakpoint regions revealed that patient #6 had 46. X X.
instd: ] idpter — 42101 1q24.] — 11923 3(MLL3)::11923.3 — 11923, 3¢MLLS 421 » 4qgter:] Ipter — 11g23.3:: 11924.1 —= iqer), and paticnt #15
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3. Results

Among the 74 eligible infants. 18 (24.3%) were clas-
sified as the ACA group, as shown in Tuble |, Four
patients (patients #4, #9, #11, and #18) had three-way
11923 translocation. Other novel translocations were also
abserved in four patients: 1(2;4)(g31:q32) in patient #2,
U9511)(p22:q13) in patient #8,1(2;9)(p10;q10) in patient #10,
and 1(6;11)(p10;q10) in patient #1 3. FISH analysis confirmed
complex structural chromosomal changes in four patients
including insertion of 4q2 1 fragment to 11923 locus and vice
versa resulling in MLL-AF4 fusion gene (patients #3, #6,
and #18) or insertion of 10p12 to 11g23 locus resulting in
MLL-AF10 fusion gene (patient #15). Other frequent chro-
mosomal changes were +X in two patients, involvement in
chromosome 4 in two, chromosome 5 in lwo, chromosome 7
in two, and chromosome 11 except 11923 in four.

The clinical and biologic lindings were compared between
the ACA and non-ACA groups, including age at disease
onset, sex, initial white blood cell (WBC) count, central
nervous system (CNS) involvement, and type of 11q23
translocation. As shown in Tuble 2, the frequency of sole
14;11)y21:923) was significantly higher in the non-ACA
group than in the ACA group. The frequency of positive
central nervous system leukemia or young age at onsel also
tended to be higher in the ACA group than the non-ACA
group, although the difference was not statistically signifi-
cant.

Among the 18 patients in the ACA group, a (otal of 14
events were observed: one leukemic death before initiating
therapy (patient #14); two induction failure (patients #8, and

Non-ACA (N=56): Sy-EF S = 37.1% {85% Cl. 24.0— 50.1)

1 U
ACA (N=1B): 5y-EFS = 19,4% [§5% C1. 0.3 — 35.6)

Event-Free Survival Rate (%)

F=0.0M
L e g e e e

o 1 2 i 4 s 6 7 & 9 10
Years from Diaghosis

Fig. 1. Event-free survival estimates for 74 infants with ALL and MLL gene
rearrangements in the MLL96 and MLL98 studies: a comparison between
patients with additional chromasomal abnormalities and patients with sole
11923 abnormality excluding normal karyotype with MLL gene rearranpe-
ments. Median follow-up period: 78 months (range, 8-124 months).

#18). eight relapses (patients #1, #2, #3, #7, #12, #13, #15,
and #16); three treatment-related deaths (patients #4, #9, and
#11). Only four patients in this group survived without any
evidence of disease (patients #5, #6, #10, and #17) (Tuhle 1).

The EFS and OS rates were also compared between two
groups. The 5-year EFS rate in the ACA group tended to be
worse than that in the non-ACA group, without a statistically
significant difference between two groups (Fig. 1). The 5-
year OS inthe ACA group was significantly worse than that in
the non-ACA group;: 26.7% (95% C1, 4.7-48.8%) vs. 52.1%

Table 2
Comparison in clinical and laboratory findings between the ACA and non-ACA groups
Total number of PL. (%) ACA group number of PL (%) Non-ACA group number of Pt. (%) P-value®
Total number of patients 74 18 56
Age. month 0.136
<3 21(28.4) B(44.4) 13(23.2)
> 3.<6 29(39.2) 7(38.9) 22(39.3)
=6 24(32.4) 3(16.7) 21(37.5)
Sex 0.650
Male 28(37.8) 6(33.3) 22(39.3)
Female 46(62.2) 12(66.7) 34(60.7)
WBC count, x 10%/L 0599
<100 23(3L.1) 6(33.3) 17(30.3)
> 100. <300 29(39.2) 5027.8) 24(429)
>300 21(284) 6(33.3) 15(26.8)
NA 1{1.3) 1(5.6) 0¢0.0)
CNS disease” 0.121
Positive 16(21.6) 6(33.3) 10(17.9)
Negative 52(703) 10(55.6) 12(75.0)
Unknown 6(8.1) 2(11.1) 4(7.D
Karyotype 0.012
4:11)q21:23) 47(63.5) 7(38.9) 40(71.4)
Other 1123 27136.5) 11(61.1) 16(28.6)

ACA. additional chromosomal abnormalities other than 11923 translocation; Pi.. patients: WBC, white blood cell: CNS, central nervous system; NA. data not

available.
" Comparison between two different groups.

" CNS dizease was diagnosed if more than five leukemic cells/L were found in cerebrospinal fluid,
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Fig. 2. Overall survival estimates for 74 infants with ALL and MLL gene
rearrangements in the MLL96 and MLLI8 studies: a comparison between
paticnts with additionyl chromosomal abnormalities and patients with sole
11423 abnurmulity excluding normal karyotvpe with MLL gene rearrange-
ments. Median follow-up peried: 78 months (range. 8—124 months).

Table 3
Multivariate analysis of prognostic factors in AfLL rearrunged ALL infants
Parameter Risk ratio (95% CI) P-value
estimales
Age, less than 6 0.724 2.063 (1.026-4.146) 0.041
months
Additional 0418 1.519 (0.771-2.993) 0.226
chromosoinal
abnormalities
1(4:11)(gq21:923) (1.345 1.413 (0.744-2.683) 0.290
WRC = 300.000/ul. 0.387 1.473(0.771-2.812) 0.239
CNS leukemia 1.166 3.209 (1.497-6.881) 0.002
Registered in the 0.387 1.472(0.756-2.865) 0.254

MLLY8 study

CI. confidence intervals: WBC, white blond cell; CNS. central nervous
system,

(95% CI, 38.4-05.7%) (P =0.022) (Fiz. 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 (Tuhle 3),

4. Discussion

This study demonstated 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 | 1 7|. 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 comprise different treatment cohorts.
Secondly, accurate analyses of karyotypes and MLL gene
rearrangements were not performed in all patients, Thirdly.

the EFS rate in this previous study was too low to 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
11923 (ranslocations: high frequency of +X in (4:11)
and ((11:19), involvements in chromosomes 6, 9, and 12
in del(11)(q23) and other 11q23 {17}. In our study, sev-
eral novel translocations were observed: 1(2:4)(g31:932).
W9:11)(p22:q13), 42;9)(pl0:gl0), and 1(6:11)pliql0).
Other frequent chromosomal changes were +X and involve-
ments of chromosomes 4, 7, and 11. In our study, a three-way
I 1g23 translocation was observed in four paticnts: 1(4;11;15),
W4:11:5), 1(4;:15;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 4g21 frag-
ment to the 11923 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 {i&]. These find-
ings indicate that complex chromosomal changes in leukemic
cells disrupt several genes owing to the “cutand paste” recom-
bination mechanism | 16].

Recently, the functions of the partner genes fused to ML
gene located in 1123 locus have been clarified: AF4 at 4921,
AF9at 9p22, ENL at 19p133, ELL a1 19p13.1, AFX at Xq13,
and AF06g21 at 6q21 are all transcription faclors; CBP at
16p13 is a transeriptional coaclivator; AFlg al 1921 is a
growth factor; and AF/7 at 17921 is a dimerization protein
17]. 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 Tkaros gene is also detected as an additional
alteration n infant ALL {21}, Table | summarizes the genes
at the hreakpoint region of complex chromosomal abnormal-
ities observed in our study, which have been reported only in
hematologic malignancies, such as leukemia or lymphoma
[22-2G1. The function of cach gene varies: PMS/] at 2q3]
and FANCG at 9pl3 are a mismatch or DNA repair gene
123.271; Paxy also located at 9pi3, a differentiation factor
of B-cells; and HOXD13 also located at 2q13, a homeobox
gene {2428, PMLat 13922, usually observed as PMR-RARc
in acule promyelocylic leukemia with 1(15;17), and E2A at
19p13, usually observed as E2A-PBX1T in pre-B ALL with
t(1;19), are both transcription factors | 2437, Other genes
suchas CHIC2 at4g] | 15 associated with exacytosis. SYK and
NR4A3 a1 9g22 are a tyrosine kinase and membrane receptor,
respectively |29, and CCNDI (BCLT) at 11gl3 is associated
with cell cycle j=1]. Thus, if these genes are functionally
disrupted after chromosomal changes. this could promote
leukemogenesss.

In our study, the overall survival was significantly worse in
the ACA group than that in the pon-ACA group, but ACA was
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Table 4
Breakpoint of clyomosones and possible localed genes
Breakpoint Located genes Function Associated translocation Associated disease Reference
1g32 1{1;13)(q32.q14) Diffuse large B-cell lymphoma 2|
2q31 PMSI Mismatch repair gene 1(2;12)(g31.p13) Non-Hodgkin lymphoma. MDS 23
HOXDJ3 Homeobox gene 1(2:11)(g31.p15) Therapy-relaied AML 124}
4411 CHIC2 Exocytosis 1(4:12)i411.p13) AML |35%
Tpll dic(7:9)pl1-13:pl 1) Pre-B ALL {20]
9pi3 FANCG DNA repair H2:9)(plipl3) Pre-B ALL 127}
Purx5 B-cell differentiation 17:9%q11:p13) B-ALL 28]
9q22 SYK Tyrosine kinase 1(5:90q33:q22) Peripheral T-cell lymphoma 1249]
NR4A3 Membrane receptor 19:12)(q22:p12) MDS 129]
Hpll 11114)(pl1:q32) Splenic marginal-zone B-cell lymphoma 0]
11yl3 CCNDI (BCLY) Cell cycle control t(11:14)ql3:q32) Mantle cell lymphoma, others |34]
MYBOV (Cyelin D) Multiple myeloma |22}
15q22 PML Transcription factor W(5:15)(g33:q22) CML 331
t(15;170g22;921) APL |34
16pi| 13;16)(q27;p11) Diffuse large B-cell lymphoma [35]
t16:211pl1:g22) AML 1364
19p13 F2A Transcription factor 11:19)(q23:p13) Pre-B ALL 137]
t2:19)(p11:p13) AML 138]
LYLI Transcription factor 1{7:19)(g34;p13) T-ALL R
t(17;19)(q22:p1 3) ALL 1374

MDS. myelodysplastic syndrome: AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; CML, chronic myclogenous 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 MLLL positive infant ALL | | 7], an analysis of the data from
a greater number of patients treated with identical treatment
protocols is underway 1o address this issue. In our study, the
genes alfected 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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The Role of Hematopoietic Stem Cell Transplantation With Relapsed or Primary
Refractory Childhood B-Cell Non-Hodgkin Lymphoma and Mature B-Cell Leukemia:
A Retrospective Analysis of Enrolled Cases in Japan

Naoto Fujita, mp, rhp,'* Tetsuya Mori, mp, pho,? Telsuo Mitsui, Mp, php,® Hiroko inada, vo, rho,*
Keizo Horibe, mp, php,” and Masahito Tsurusawa, mo, rio® for the Lymphoma Committee of the
Japanese Pediatric Leukemia/Lymphoma Study Group

Background. There nave been excellent treatment resulte
for children with B-cell non-Hodgkin lymphoma (B-NHL) and
mature B-cell leukemia {B-ALL) in the last few decades.
However, a small subset of relapsed or refractory patiems, after
first-line therapy, still have a poor prognosis. Procedure. Thirty-
three patients with relapsed or primary refractory B-NHL/B-ALL
among 327 newly diagnosed patients between 1996 and 2004 were
analyzed retrospectively. Results. After salvage therapy, 18 patients
were chemotherapy-sensitive and 15 patients sufiered from pro-
gression, Amang 18 patients who had a chemotherapy-sensitive

Key words:

childhood; mature B-cell leukemia (B-ALL); non-Hodgkin lymphoma; refractory; relapsed; stem cell transplantation

disease, 4 of 5 patients who underwent hematopoietic stem
cell transplantation {HSCT) during remission survived without
progression, while 3 of 12 patients who did not receive HSCT
were alive wilhout disease progression. Fifteen patients never
sensitive to salvage therapy died. Conclusions. Patients with
relapsed/primary refractory B-NHL/B-ALL have a poor prognosis
with current treatment approaches, while the patients sensitive to
salvage therapy have a respectable chance to achieve a sustained
complete second remission with HSCT. Pediatr Blood Cancer
2008;51:188-192, © 2006 Wiley-Liss. Inc

INTRODUCTION

There have been excellent treatment results for children with
B-cell non-llodgkin lymphoma (B-NHL) and mature B-cell
leukemia (B-ALL) in the last few decades along with the assignment
of highly intensive and sequential chemotherapeutic regimens
stratified according 1o risk |1-5]. However. patients with relapsed or
refractory discasc still have a poor prognaosis. particularly in patients
treuted wilh inlensive first-line therapy. And there are few reports
on treatment in relapsed or refractory pediatric B-NHL/B-ALL. Itis,
therefore, very difficult to assess the role of megutherapy or other
trcatment. In this study, we summarized the results of 33 pediatric
puatients who had relapsed or primary resistant disease ufter first-
line therapy with B-NHL/B-ALL enrolled in a national survey of
Japan, and validate the availability of hematopoietic stem cell
transplantation {HSCT) for thesc paticnts.

In Japan. there have been four study groups for pediatric
hematological tumors: sach as. the Japan Children’s Cancer
and Leukemia Study Group (JCCLSG), the Japan Association of
Childhood Lcukemia Study (JACLS). the Kyushu-Yamaguchi
Children’s Cancer Study Group (KYCCSG) and the Tokyo Child-
ren’s Cancer Study Group (TCCSG). Treatment protocols of these
groups for B-NHL modified French LMBE9 2] or German BEM9(0
|3] consist of short-duration, intensive. alkylating agent therapy
(i.e.. cyclophosphamide) coupled with other agents, such as inter-
mediate- or high-dose methuotrexate, vincristine, anthracyclines,
etoposide and cytarabine. Result in survival rates of these col-
laborative groups with each chemotherapy regimens were 70-80%
in stages 11I-1V.

PATIENTS AND METHODS

We analyzed the data on all children with relapsed/frefractory
B-NHL/B-ALL have been enrolled in four multicenter trials
of childhood NHL. JCCLSG. JACLS. KYCCSG und TCCSG had
enrolled 34 patients (JCCLSG NHL-960 study; 1996-2004),
125 patients (JACLS NHL-9§ study: 1998-2002), 9 patients
@ 2008 Wiley-Liss, Inc.
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(KYCCSG NHL 96 study; 1996-2004) and 139 patients (TCCSG
NHI. 96 study; 1996-2001) respectively. The first-line treatments
used in each study differed, however there were no considerable
diffcrences in therapeutic results. Of the 327 patients included in
these series, 26 patients relapsed after achieving first complete
remission (CR) and 7 patients did not achieve first CR. CR and
partial remission (PR) were defined as previously described [6].
The medical records for thesc 33 patients were retrospectively
collected from each study group. Delails of salvage or second-line
treatment are shown in Table 1. NHI.-BO2 pilot regimen is now
used for the patients with childhood B-NHL/B-ALL in Japan, and
in other cases childhood ALL regimen of each group was vsed
for relapsed B-NHL/B-ALL. Severul patients were treated with
regimens puhlished in parts elsewhere |7-10]. Overall survival
rate (O5) and progression-free survival rare (PFS) were estimated
using the Kaplan-Meier method and dala were compared by
the log-rank test. The prognostic analysis was bused on PFS.
Multvariate Cox model was also firted to adjust the potential effects
of the baseline charactenstics. Results were analyzed as of January
31, 2006.
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Therapy dose/schedule

NHL-B02 pilot

HDMTX 5,000 mg/m* day | in 24 hr infusion |- rescue

A ) Dexamethasone 10 mg/m? (divided doses) days 1-7 then reduce over 4 davs 1
Vineristine 1.5 mg/m® day 2 (maximum: 2.0 mg)
Cyclophosphamide 1,000 mg/m* days 4, 5
Pirarubicin 30 mg/m® days 4, 5 (maximum: 45 mg)
IT MTX 3-12 mg/m? days 1, 8
IT hydrocortisone 10-25 mg/m” days 1, 8
1T cytarabine 6-30 meg/m* days 1, 8
B Vincristine 1.5 mg/m? day 1 (maximum: 2.0 mg)
Dexamethasone 10 mglm2 (divided doses) days 1-5 then reduce over 3 days 10 0
HD Ara-C 2,000 mg/m® every 12 hr days 2—4
Etoposide 150 mg/m’ days 2-5
IT MTX 3-12 mg/m” days 1. 8
IT hydrocortisone 10-25 mg/m” days 1. §
IT cytarabine 6-30 mg/m® days 8

JCCLSG NHL 960

HD Ara-C 2,000 mg/m? days -4

Etoposide 200 mg/m? days 1-4

IT MTX 7.5-1.5 mg/m® day 2

IT hydrocortisone 30-50 mg/m® day 2

JACLS ALL-97

Vineristine 1.5 mg/mz days 1, 8, 15, 22, 29 (maximum: 2.0 mg)

HR Dexamethasone 10 mghn® days 1-7
Pirarubicin 25 mg/m® days 2. 4
Prednisone 40 mglm2 (divided doses) days 829 then reduce over 5 days 10 0
L-asparaginase 10,000 U/m® days 9, 11, 13, 16, 18, 20
IT MTX 8--12 mg/m? days 1, 29
IT hydrocortisone 1525 mg/m” days 1. 29
1T cytarabine 20-30 m;;lm’ days 1,29

F Mitoxantorenc 8 mg/m

days |-3

Cytarabine 500 mg/m® days 1-3, 8-10
Prednisone 40 mg/m? (divided doses) days 1-3, 8-10
Etoposide 200 mg/in® days 8-10

IT MTX 8-12 mg/m” day 1

IT hydrocortisone 15-25 mg/® day 1
IT cylarabine 20-30 mg/m® day |

TCCSG L99
HEX

Vincristine 1.5 mg/m”® days 1, 8, 13, 22, 29 (maximum: 2.0 mg)
Cyclophosphamide 1,000 mg/m® days 1. 30

Prednisone 60 mg/m” (divided doses) days 1-28 then reduce over 7 days to 0
Pirarobicin 20 mg/m® days 2. 3, 31, 32

Prednisone 60 mg/m1 (divided doses) days 829 then reduce over 5 days to 0
L-asparaginase 6.000 Uim® days 1, 3, 5, 7, & 10, 12, 14. |5, 17. 19, 21

IT MTX 6-12.5 mg/m’ days 8, 15, 22

IT bydrocortisone 12-25 mg/m® days 8, 15, 22

IT cytarabine 12-25 mg/m” days 8, 15, 29

Rituximub

Rituximab 375 mg/m” days 1. 8, 15. 22

HDMTX. high dose methotrexated; IT, intrathecal.

RESULTS
Characteristics of Patients

Twenty-three were males and |10 were females with a median age
at onset of 13 years (range |- 16 years). Histological classification
showed 20 Burkitt lymphoma/leukemia (BL), 12 diffuse large
B-cell lymphoma (DLBCL) and one mature B-ALL not further
classified. The dingnosis of B-NHL/B-ALL was based on
histopathology and immunohistochemistry. From 24 of these 33
patients, the histopathological material was reviewed centrally by a
reference laboratory utilized by the study |1 1]. Cytogenetic studies
were performed in 14 putients and showed no abnormality in
5 patients. t(8;14) in 5 patients. and other abnormahities in 4.

Pediair Blood Cancer DOL 10.1002/ph

Murphy's stage was stage | or 1l in 3 cases and stage {1l or IV in
30 cases. Sites of relapse/progress included the primary sites in
23 and new sites in 10 cases. Fifteen had bone marrow (BM)
involvement (include 6 cases with new BM lesion) and 6 had central
nervous system (CNS) disease (include one case with new CNS
lesion). Twenty-eight patients progressed or relapsed in the first
12 months from first diagnosis. Characteristics. details of treatment
and follow-up of the patients with rclapsed or refractory conditions
are shown in the Tables 11 and I11.

Patient Outcome After First Relapse/Progress

After a median follow-up period of 48 months, the 4-year OS and
PFS rates for these patients were 20.8 4+ 8.2% and 20.5=7.2%.
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TABLE H. Characteristics, Treatment, and Qutcome of the Patients With Relapsed B-NIL

Patient Time to Treatment of
number  Stage relapse (months) Histology Site of relapse relapse (Table T) Qurcome
) 1 67 DLBCL Abdomen CHOP [7] I Rit 4 aperation Alive
2 I 18 DLBCL Bone — spleen NHL-BO2 pilot: A, B+Rit+RT Alive
3 I 35 DLBCL Primary site NHL-BOZ2 pilot: A. B Alive
(abdomen) + Neck
4 11 25 BL Primary site (ncek) NIIL-BO2 pilot: A, B+Rit+auto  Alive
PBSCT
3 1 23 DLBCL Primary site JACLS ALL97 HR + auiw PBSCT Alive
(abdomen + neck)
6 v s BL Primary site JCCLSG NHL 960 Alive
(abdomen + CNS)
! m 12 DLBCL Primary site (mediastinum) NHL-BO2 pilot: A, B Died
8 v 6 BL Primary site (BM) CA 100 mg/m” + VP Died
100 mg/m? days 1-3
9 v 5 BL Primary site (BM) ICE [B]+Rit + CBT Died
10 v 7 BL BM CBT Died
11 v ] BL Primary site ALL-REZ BFM 9([9] +RT Died
{ahdomen + CNS)
12 m 4 BL BM Palliatve Died
13 v 6 BI. Primary site (BM) Not available Died
14 111 4 DIRBCL Primary site ICE [R] + Rit + reluted PBSCT Died
[mediastinum + abdomen)
15 v 2 BL Primary site (bone 4+ BM) HD-CA +VP + VCR 4+ Dex +RT + Died
related BMT
16 m g DLBCL CNS Related PBSCT Dicd
17 v 8 B-ALL Primary site (CNS) + BM IACLS ALLY? F+ related BMT Died
18 I 7 BL Primary site ESHAP [10] + Rit + rclated PBSCT  Died
(mediastinum + abdomen)
19 v 6 BL Primary site (BM) TCCSG L9% HEX Died
20 v 5 BL Primary site (EM) TCCSG L99 TIEX + related PBSCT  Died
21 m 5 BL BM + abdomen YP+VCR +PSL Died
22 v 4 BL Primary sitc (neck + BM) NHL-BFM 90(3] Died
23 I ? DLBCL Neck TCCSG L99 HEX Died
24 m 6 BL Primary site RT Died
(abdomen) + BM
25 v 5 BL Primary site (BM) TCCSG LY9 HEX + reluted PBSCT Died
26 111 4 BL BM Not available Died

DLBCL. diffuse large B-cell lymphoma; BL, Burkitt lymphoma; CNS, cantral nervous system: BM, bone marrow; Rit, Rituximab; RT, radiation
therapy; PBSCT, peripheral blood stem cell transplantation; CBT, cord bicod transplantation; BMT. bone marrow transplantation: CA. cytatabine:
VP, ctoposide; HD-CA. high dosc cytarabine; VCR. vincristine; Dex. dexamethasone; PSL. prednisolone.

respectively. Nine of 33 patients are alive and 24 patients died.
Twenty-one paticnts died of their primary disease, and 3 patients
died of therapy-related toxicity. Outcomes according to the kinetics
of response to therapy are depicted in Figure 1. All of 15 cases never
reaching CR or PR died after salvage therapy with or without HSCT.
Ten cases achieved CR and 8 cases achicved PR.

HSCT and Outcome

Among the patients achieving CR or PR, 4 of 5 patients who
underwent HSCTand 3 of the 12 paticnts who did notreceive HSCT
were ahive without disease progression. The other one patient who
underwent HSCT with progression died of lymphoma (Fig. 1)

TABLE HI1. Characteristics, Treatment, and Outcome of the Patients With Primary Refractory B-NHL

Patient number  Stage Histalogy Site of progress Treatinent of progress Cutcome
27 11 DLBCL Abdomen Continuation of Ist-line treatment Alive in CR
28 v DLBCL CNS Continuation of 1st-line treatment + auto PBSCT Alive in PR
29 v BL BM Conrinuation of Ist-line weatment + related BMT Alive in CR
30 v BL BM + head + abdomen Continuation of Ist-line wreatment Died

a1 11 DLBCL Abdomen ICE|8] — Rituximab Died

32 ot BL Abdowien Mot available Died

33 v DLECL Bune -+ CNS + abdomen Continuation of Ist-line treznment Died

CR. complete remission: PR. partiu] remission.

Fediair Blond Coneer QT 10,1002/pby
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(relapsed 26, refractory 7)
Salvage thnrapy
Progress R, PR
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not given n=T (allo :7) nol given progression progression
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Fig. 1. Outcome in patients with relapsed/refractory B-NHL/B-ALL.

Details of treatment and outcome of the patients with HSCT are
shown in Table IV, Disease status at the time of HSCT had an
influence on prognosis, however. neither high-dase chemotherapy
(HDC) regimens nor kind of graft related to. There were three
survivors without disease progression who were not given HSCT.
Two of the survivors had stage 1 or 1l at initial diagnosis
and achieved second remissions after short intensive courses of
chemotherapy. Another patient had stage IV DLBCL and relapsed at
18 months after diagnosis, he reccived a sccond-line treatment
consisting of an intensive chemotherapy according to the NHL-B02
pilot regimen. The patient achieved a CR. however he could not
receive HSCT because of contracting by Aspergillus pneumonia.
Rituximab and local radiotherapy were successful and he continues
in remission 38 months from diagnosis.

Prognaostic Factors

In the multivariate analysis, response to salvage therapy was the
only significant prognostic fuctor. PFS was worse among patients
with poor response to salvage therapy as compared to the other

TABLE 1V. Details of the 13 Patients Treated With HSCT

HSCT for Treatment Resistant Childhood B-NHL 191

(P=10.037). On the contrary the PFS was not associated with
histologic type. time to relapse. BM or CNS involvement.

DISCUSSION

Outcome of children with B-cell NHL/B-ALL has dramatically
improved, while, for relapsed or primary resistant patients, the
chance of cure with currently available therapy is low [12,13]. Also
in this analysis. the 4-year OS and PFS rates for these patients is
about 20%. None of the 13 patients who never reached CR or PR
after salvage therapy was alive whereas, 9 of 18 children undergoing
salvage therapy in CR or PR were alive. In our series, various
retricval chemotherapy regimens were used, making it difficult to
make efficacy comparisons: however. the results of this are in line
with previous reports [14.15] showing that chemoresistance is
associated with a very poor outcome.

For the patients with second CR or PR, HSCT sccms to be an
effective strategy, as shown thuat 4 ol 5 patients who received HSCT
after having achieved a second CR or PR without progress were PFS,
while only 3 of 12 not given HSCT were alive withcut disease.
However, there was no theoretic influence of HDC regimens and
previous reports observed in a small group of pediatric patients
[16,17], so the optimum conditioning regimen in children is under
discussion |18.19]. Previous reports [15.20.21] showed that the
major determinant of sarvival was the remission status of paticnts
before HDC, neither HDC regimens nor type ol graft, and vur results
showed similar findings. In our smdy, 7 cases received chemao-
therapy combined with rituximab but there was no significant
contribution to their response rate (data not shown).

Another finding from this analysis of factors contributing to PFS
reveals that response 1o salvage therapy was the only significant
prognostic factor. It appeuars important to focus on the salvage
therapy. The schedule of a salvage therapy should be tailored to the
known features of the tumor (e.g.. cell resistance) and be sclected of
drugs for use nonoverlapping first-line therapy.

In summary. this stody demonstrates that the prognosis for
patients with relapsed/refractory childhoed B-NHL/B-ALL was
poor. However. for the patients sensitive to salvage therapy, HSCT
seems to be an effective strategy.

Putient number Status before HDC HDC regimen Graft (march of HLA) HSCT Outcome

4 CR BU +L-PAM Autologous PBSCT Alive in CR

5 CR CY +VP+TBI Autologous PBSCT Alive in CR

9 Progress CY + TEPA +TBI Unrelated (4/6) CBT Died of lymphoma
10 Progress L-PAM+CA +TBI Unrelated (6/6) CBT Died of HDC
14 Progress Flu + ATG + L PAM + TBI Related (4/6) PBSCT Dicd of lymphoma
15 Progress BU + L-PAM Unrelated (6/6) BMT Dicd of HDC
16 Progress CY +VP+CBDCA —~MCNU  Allogeneic (not available) PBSCT Died of lymphoma
17 CR Not availabie Sibling (6/6) BMT Died of lymphoma
18 Progress VP +TBI Sibling (6/6) PBSCT Died of lymphoma
20 Progress Flu+ ALG + L-PAM + IDA Related (4/6) PBSCT Died of lymphomsz
25 Progress Not available Sibling (6/6) PBSCT Died of lymphoma
28 PR TEPA +L-PAM Autologous PBSCT Alive in PR
29 PR CY +TBI Sibling (6/6) BMT Alive in CR

HDC. high-dose chemotherapy; BU. buslfan; L-PAM. melphalan; CY, cyclophosphamide; VP, etoposide; TBI, total body irradiation; TEPA, thio-
tepa; CA. cytarabine; Flu, fludarabine; ATG, anti-thymocyie globuline; CBDCA, carboplating MCNU. ranimustine; ALG. anti-lymphocyte
globuline: TDA. idarubicin hydrochloride: PBSCT. peripheral blood stem cell transplantation: CBT. cord blood transplantation; BMT, bone marrow

transplantation.
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