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infer that the first episode of delayed MTX elimination does not
predict subsequent high MTX levels in later HDMTX courses. This
is also supported by the study of Hempel et al., in which they
showed that glomerular toxicity at the end of HDMTX can be
completely reversed until the next HDMTX course [12].

The last finding was that the first HDMTX courses had a great
incidence of liver and gastrointestinal toxicities followed by a sharp
reduction of the incidence in later courses. These results may be
explained by the plasma folate concentrations in HDMTX courses.
Valik et al. [23] reported a severe encephalopathy occurred at the
first HDMTX course but not the second course in a male with
acute leukemia, where pretreatment plasma folate concentrations
were low before the first HDMTX course and then 10-fold higher
before the second course. In addition, Sterba et al. [24] showed the
plasma folate concentrations increase significantly with increasing
number of HDMTX courses in children with ALL and NHL, and
they suggested that the increasing folate baseline concentration
could be caused by repetitive LV administration. Similar result was
reported in osteosarcoma patients [25]. Consequently, low frequen-
cies of gastrointestinal and liver toxicity in later HDMTX courses in
our study may be explained by the difference of pretreatment folate
levels according to HDMTX courses, although plasma folate levels
were not available in our study. In contrast to the non-hematological
toxicities, incidence of hematological toxicity showed few changes
by the HDMTX courses and plasma MTX levels, suggesting that
hematological toxicity was more affected by CPA and THP than
HDMTX. This finding shows the need of prophylaxis and
countermeasure for patients with neutropenia to prevent developing
severe infections throughout the HDMTX courses.

In this study we employed a 24-hr infusion of HDMTX.
However, recent studies have shown the efficacy of 4-hr infusion of
HDMTX for childhood B-NHL. Woessmann et al. [26] compared
the 4-hr infusion and 24-hr infusion of HDMTX in the NHL-
BFM9S5 study and concluded that a 4-hr infusion is not inferior to,
but less toxic than, a 24-hr infusion for low- and intermediate-risk
patients. In addition, Cairo et al. [27] have reported that a 4-hr
infusion of HDMTX resulted in a favorable outcome for high-risk
BNHL patients in the FAB/LMB96 study. Consequently, 4-hr
infusion of HDMTX should be considered in our next studies.

In summary, we did not find evidence for relation between
plasma MTX levels and MTX-related toxicities except nephrotoxi-
city. This suggests that when high blood MTX levels are associated
with nephrotoxicity, the occurrence of other developing toxicities
should be taken into consideration. In addition, the first HDMTX
administration was associated with a great incidence of gastroin-
testinal and liver toxicities followed by a reduction of the incidence
in later courses. Hence, these findings suggest that the first episode
of severe non-hematological toxicity does not predict the
recurrence of severe toxicities in later courses.
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Summary

To evaluate haematopoietic stem cell transplantation (HSCT) in children
and adolescents, we reviewed the records of 47 patients who were
<18 years, had relapsed or refractory anaplastic large cell lymphoma, and
received HSCT between 1990 and 2010. At HSCT, complete remission
(CR) was less common in allogeneic HSCT recipients (n = 24) than in
autologous HSCT recipients (n = 23) (P = 0-01). The autologous and allo-
geneic HSCT groups differed in terms of 5-year event-free survival (EFS)
(38% vs. 50%, P = 0-63), cumulative incidence of progress or relapse (49%
vs. 28%, P =0-25), and treatment-related mortality (12% vs. 25%,
P = 0-40). However, these differences were not significant. Patients with
non-CR at autologous HSCT had a significantly lower EFS rate (14% vs.
48%, P = 0-03). Conversely, although those with non-CR at allogeneic
HSCT had a lower EFS rate, this was not significant (44% vs. 63%,
P = 0-26). Reduced-intensity conditioning regimens were used for three of
the 16 allogeneic HSCTs received by patients with non-CR. These three
patients achieved CR, surviving 32-65 months after HSCT. These results
demonstrated that allogeneic HSCT might be a treatment option for
patients who do not achieve CR through conventional chemotherapy.

Keywords: anaplastic large cell lymphoma, children, adolescents, haemato-
poietic stem cell transplantation, reduced-intensity conditioning.
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Anaplastic large cell lymphoma (ALCL) is rare in children,
accounting for 10-15% of childhood non-Hodgkin
lymphoma cases (Murphy, 1994). The event-free survival
(EFS) rate is 65-75% in children and adolescents receiving a
first-line strategy based on short-pulse chemotherapy over a
period of 3-6 months (Brugieres et al, 1998, 2009a; Seide-
mann et al, 2001; Le Deley et al, 2010). Accordingly, the
relapse rate is approximately 30% in most study series. The
treatment of relapsed and refractory ALCL remains a matter
of debate. Patients with relapsed ALCL have a 30-60%
chance of survival under current treatment strategies, which
include high-dose chemotherapy with haematopoietic stem
cell transplantation (HSCT) and long-term treatment with
vinblastine (Brugieres et al, 2000, 2009b; Williams et al,
2002; Mori et al, 2006; Woessmann et al, 2006; Stockklaus-
ner et al, 2008; Gross et al, 2010). In contrast, patients who
experience ALCL progression during first-line chemotherapy
have extremely poor outcomes (Woessmann et al, 2006) and
autologous or allogeneic HSCT is required as the most
appropriate therapy.

Some evidence is available regarding the roles of autolo-
gous and allogeneic HSCT in paediatric ALCL. However,
data are limited to several HSCT case series and case
reports. In particular, few reports have been published
regarding allogeneic HSCT for paediatric ALCL. We previ-
ously reported a retrospective analysis of 26 paediatric
patients with recurrent ALCL in Japan (Moxi et al, 2006).
In that study, only three of the eight patients who received
autologous HSCT while in their second complete remission
(CR) survived without further relapse. In contrast, all six
patients who received allogeneic HSCT while in their
second CR survived without further relapse. However, our
previous study included too few patients for us to discuss
the efficacy of HSCT for relapsed or refractory childhood
ALCL.

In the present study, we sought to evaluate the efficacy of
HSCT for relapsed or refractory ALCL in children and ado-
lescents. We performed a further retrospective analysis of 47
patients who received autologous or allogeneic HSCT for
relapsed or refractory ALCL between 1990 and 2010.

Patients and methods

Patients and transplantations

This study was approved by the institutional ethics committee
of National Kyushu Cancer Centre. Data on patients who had
undergone HSCT were collected from the registries belonging to
the Transplant Registry Unified Management Program system
of the Japan Society for Hematopoietic Cell Transplantation.
The study included 47 patients who had a diagnosis of relapsed
or refractory ALCL and received HSCT at age <18 years
between March 1990 and September 2010. Twenty-three
patients received autologous HSCT and 24 patients received
allogeneic HSCT. Refractory disease was defined as progression
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during fist-line treatment. Reduced-intensity conditioning
(RIC) regimens were defined as (a) total body irradiation of
<500 cGy as a single fraction or <800 cGy if fractionated, (b)
<9 mg/kg of busulfan, (c) <180 mg/m’ of melphalan, (d)
<10 mg/kg of thiotepa, or (e) the BEAM regimen (carmustine,
etoposide, cytarabine and melphalan), according to previous
reports (Yaniv & Stein, 2008; Giralt et al, 2009; Ohta et al, 2010;
Luger et al, 2012). All other conditioning regimens were defined
as myeloablative conditioning (MAC) regimens.

Statistical analysis

Overall survival (OS), EFS, cumulative incidences of relapse
and treatment-related mortality (TRM) were estimated using
the Kaplan-Meier method. The Mann-Whitney U test, x’-
test, and Fisher’s exact test were used to assess differences in
patient characteristics. The level of statistical significance was
set at P < 0-05. All analyses were performed using spss ver-
sion 11.0 (SPSS Inc., Chicago, 1L, USA).

Results

Autologous HSCT

The patients’ characteristics are shown in Table I. Twenty-
three patients received autologous HSCT for relapsed or
refractory disease as their first transplantation. The median
follow-up duration for survivors after autologous HSCT was
154 (range: 9-224) months. The median age at HSCT was 15
(range: 7-18) years. Sixteen patients had achieved CR at HSCT
and seven patients had residual disease. Bone marrow and
peripheral blood were the stem cell sources in three and 20
patients, respectively. Engraftment was observed in 23 (100%)
cases, occurring at a median of 12 d. The 5-year cumulative
incidence of relapse was 49% = 11% (Fig 1A). Treatment-
related death occurred in three of the patients who received
autologous HSCT and the 5-year cumulative incidence of
TRM was 12% =+ 9% (Fig 1B). Two of the three patients died
of infectious complications and one patient died of multiple
organ failure. The 5-year OS and EFS rates were 51% =+ 11%
and 38% + 10%, respectively (Fig 2A, B). We observed 5-year
EFS rates of 48% =+ 13% and 14% = 13% for patients with
CR and non-CR, respectively, at autologous HSCT (Fig 3A),
which constituted a significant difference (P = 0-03).

Allogeneic HSCT

Twenty-four patients received allogeneic HSCT for relapsed
or refractory disease (Table I). The median follow-up
duration for survivors after allogeneic HSCT was 68 (range:
32-212) months. The median age at HSCT was 13-5 (range:
3-18) years. Of the 24 patients, four had received previous
autologous HSCT. Eight patients had achieved CR at HSCT
and 16 patients had residual disease (Table I). The sources of
stem cells were bone marrow in 13 patients, cord blood in

© 2014 John Wiley & Sons Ltd
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Table 1. Characteristics of patients with relapsed or refractory ALCL
according to the receipt of autologous or allogeneic HSCT.

Autologous Allogeneic P
Patients (n) 23 24
Age at HSCT (years)
Median 15 13.5 0.27
Range 7-18 3-18
Sex
Male 17 21 0-24
Fernale 6 3
Stage at diagnosis
1 0 0:36
I 3 4
m 11 6
v 4 8
Unknown 4 6
Disease status at HSCT
CR2/CR=>3 14/2 5/3 0-01
Non-CR 7 16
Conditioning
TBI/TLI based mn 17/1 0-06
Non-TBI based 15 6
Stem cell source
BM 3 13
PB 20 5
CB 0 6
Donor
MRD - 7
MUD - 2
MMRD - 6
MMUD - 7
Unknown - 2

HSCT, haematopoietic stem cell transplantation; CR, complete
remission; BM, bone marrow; CB, cord blood; PB, peripheral blood;
MRD, matched related donor; MUD, matched unrelated donor;
MMRD, mismatched related donor; MMUD, mismatched unrelated
donor; TBI, total body irradiation; TLI, total lymphoid irradiation.

six patients and peripheral blood in five patients. Seven
patients had human leucocyte antigen (HLA)-matched
related donors, and two patients received stem cells from
HLA-matched unrelated donors. Thirteen patients had HLA-
mismatched donors. Engraftment was observed in 21 (88%)
cases, occurring at a median of 17 d. Two patients died of
infection and one died of disease progression before engraft-
ment. The 5-year cumulative incidence of relapse was
28% + 10% (Fig 1A). Treatment-related death occurred in
five patients; four patients died of infectious complications
and one patient died of acute graft-versus-host disease
(GVHD). The 5-year cumulative incidence of TRM was
25% =+ 10% (Fig 1B). Acute GVHD of any grade occurred
in 13 patients, nine of whom had grade II-IV GVHD. The
5-year OS and EFS rates were 54% 3 10% and 50% + 10%,
respectively (Fig 2A, B). Seven of 24 patients had multiple
relapses before their HSCT; the 5-year EFS rates among
patients with and without multiple relapses were

© 2014 John Wiley & Sons Ltd
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43% + 19% and 53% =+ 12%, respectively (P = 0-67). We
observed 5-year EFS rates of 63% =+ 17% and 44% + 12%
among patients with CR and those with non-CR respectively,
at allogeneic HSCT (Fig 3B), which did not constitute a
significant difference (P = 0-13).

At HSCT, CR was less common among allogeneic HSCT
recipients than it was among autologous HSCT recipients
(P =0-01). However, there were no significant differences
between the autologous and allogeneic HSCT patients in
terms of cumulative incidence of relapse (P = 0-25), cumula-
tive incidence of TRM (P = 0-40), 5-year OS (P = 0-95) or
5-year EFS (P = 0-63).

RIC regimens

Of the 24 patients in the allogeneic group, four underwent
allogeneic HSCT using RIC. Their outcomes are shown in
Table II. One of the four patients died of bacterial infection
and the other three patients survived in CR without relapse
after allogeneic HSCT. Interestingly, none of these three
patients were in CR at HSCT.

Discussion

Currently, the efficacy and toxicity of HSCT are poorly
defined for childhood cases of relapsed or refractory ALCL.
Evidence is. especially lacking in regards to the efficacy and
toxicity of allogeneic HSCT. The present study included 23
patients who underwent autologous HSCT and 24 patients
who underwent allogeneic HSCT. Each of the patients was a
child or adolescent who had relapsed or refractory ALCL and
underwent HSCT in Japan. This report comprises the largest
cohort concerning allogeneic HSCT for relapsed or refractory
ALCL in childhood.

The Berlin-Frankfiirt-Miinster (BFM) cohort had efficacies
of autologous HSCT (77% OS and 59% EFS among 39 chil-
dren with relapsed ALCL) that lie at or above the upper range
of previously reported series (Woessmann et al, 2011). In
national case series from the United Kingdom and France, one
of six and nine of 15 patients stayed in continuous CR (Bru-
gieres et al, 2000; Williams et al, 2002; Woessmann et al,
2011). The Center for International Blood and Marrow Trans-
plant Research (CIBMTR) has reported another large series of
autologous HSCTs that were performed for ALCL, noting an
EFS of 35% in 24 patients (Gross et al, 2010). Previously, we
have reported a retrospective analysis of relapsed ALCL, which
included 26 patients in Japan (Mori et al, 2006). Three of the
eight patients who underwent autologous HSCT survived in
continuous CR. In the current study, the 5-year OS rate, EFS
rate and cumulative incidence of relapse among the 23
patients who underwent autologous HSCT were 51%, 38%
and 49%, respectively. These results are similar to the findings
of a previous CIBMTR report (Gross et al, 2010). In a study
of 64 adult and paediatric cases of autologous HSCT for
ALCL, Fanin et al (1999) reported that disease status at HSCT
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Table II. Details and outcomes of patients treated with reduced intensity conditioning and allogeneic HSCT.

Status Age at Stem cell  Conditioning GVHD aGVHD  Extensive Follow-up
Patients at HSCT HSCT (years) Donor source regimen prophylaxis (Grade) ¢GVHD  Outcome (months)
1 PR 3 UD CB TLI 2 Gy, Flu, Mel ~ Tac, MTX  0I - CR 32
2 PR 9 UD CB Flu, Mel Tac, MTX O - CR 65
3 CR 18 UD BM Flu, Mel, ATG Tac, MTX 0 NA TRM 5
4 PR 16 uD BM Bu, Flu Tac, MTX  TI + CR 33

HSCT, haematopoietic stem cell transplantation; CR, complete remission; PR, partial remission; UD, unrelated donor; BM, bone marrow; CB,
cord blood; TLI, total lymphoid irradiation; Bu, busulfan; Flu, fludarabine; Mel, melphalan; ATG, antithymocyte globulin; GVHD, graft-versus-
host disease; Tac, tacrolimus; MTX, methotrexate; aGVHD, acute GVHD; ¢cGVHD, chronic GVHD; TRM, treatment-related mortality; NA, not

applicable.

had predictive value for OS and EFS. In the current study, the
EFS of the patients with CR at autologous HSCT was signifi-
cantly higher than that of the patients with non-CR at autolo-
gous HSCT. Brugiéres et al (2000) reported that an interval of
<12 months between diagnosis and relapse was associated
with a higher risk of failure for the treatment of relapsed
ALCL, including autologous HSCT. However, our cohort did
not provide sufficient data to compare the risk of failure with
the interval between diagnosis and relapse.

The role of allogeneic HSCT has not been defined for cases
of childhood ALCL. The currently available evidence is lim-
ited to a few reports. The BFM group reported a series of 20
paediatric patients who underwent allogeneic HSCT for
relapsed or refractory ALCL, finding a 75% 3-year EFS
(Woessmann et al, 2006). Twelve of the patients in this study
were in CR at HSCT. The CIBMTR has reported another large
series of allogeneic HSCTs that were performed for ALCL,
observing an EFS of 46% for 12 relapsed or refractory patients
(Gross et al, 2010). Giulino-Roth et al (2013) also reported
the cases of 13 paediatric patients with ALCL, eight of whom
underwent autologous HSCT and five of whom underwent
allogeneic HSCT. The OS and disease-free survival rates were
83% and 77%, respectively. Although our previous study
noted that all six patients who underwent allogeneic HSCT
during their second CR survived without further relapse
(Mori et al, 2006), 5-year OS and EFS rates were limited to
54% and 50% in the present study. Patients who underwent
allogeneic HSCT while in CR accounted for only eight of the
24 cases. Indeed, the rate of CR at HSCT was lower in the
current study than in previous reports of allogeneic HSCT. In
the present study, we found no significant difference in EFS
according to disease status (CR or non-CR) at allogeneic
HSCT. However, the low CR rate at allogeneic HSCT might
be associated with the survival rate in the current study,
which was lower than the rates noted in previous reports.

In the present study, we observed a 25% TRM rate among
patients who underwent allogeneic HSCT for relapsed and
refractory disease. Although the cumulative incidence of
TRM for allogeneic HSCT was higher than that for autolo-
gous HSCT, the difference was not significant (P = 0-40)
(Fig 1B). Several investigations have shown that RIC
followed by allogeneic HSCT has the potential to reduce

© 2014 John Wiley & Sons Ltd
British Journal of Haematology, 2015, 168, 557-563

TRM and long-term toxicity in cases of malignant and non-
malignant diseases (Carella et al, 2000; Dreger et al, 2003;
Jacobsohn et al, 2004; Bradley et al, 2007). The BFM cohort
of allogeneic HSCTs included one case in which an RIC regi-
men was administered to a patient with ALCL. The RIC regi-
men comprised total lymphoid irradiation (2 Gy),
fludarabine and melphalan (Brugiéres et al, 2000). Another
case in which an RIC regimen [thraco-abdominal irradiation
(2 Gy), fludarabine and melphalan] was used has also been
reported (Ohta et al, 2010). Both of these patients survived
in continuous CR following allogeneic HSCT. In the present
study, four patients received an RIC regimen followed by
allogeneic HSCT. Of these four patients, three were in
non-CR at allogeneic HSCT, yet survived in CR for
32-65 months without relapse after HSCT. These results sug-
gest that RIC for relapsed or refractory ALCL may be useful
in cases involving allogeneic HSCT, regardless of disease sta-
tus. However, there are only a few reports of allogeneic
HSCT using an RIC regimen for paediatric ALCL. Further
evaluations of the efficacy of RIC are necessary and should
include larger numbers of patients and a prospective design.

The treatment of relapsed or refractory ALCL remains a
matter of debate. Recent studies have reported the efficacies of
second-line treatments for relapsed or refractory ALCL,
including vinblastine monotherapy, brentuximab vedotin and
crizotinib. Brugitres et al (2009b) studied 36 paediatric
patients treated with weekly vinblastine for relapsed or refrac-
tory ALCL, finding that this treatment was highly efficacious,
with a CR rate of 83%. Furthermore, the 5-year EFS rate was
30%, at which time all but two of the patients had stopped vin-
blastine for more than 2 years. In adults, a phase II trial of
brentuximab vedotin was conducted in patients with relapsed
or refractory systemic ALCL. Fifty of 58 patients (86%)
achieved an objective response, including 33 patients (57%) in
CR (Pro et al, 2012). The Children’s Oncology Group reported
a phase I study of crizotinib for paediatric patients with refrac-
tory ALCL, finding that seven of nine children acheived CR
following crizotinib monotherapy (Mossé et al, 2013). Autolo-
gous and allogeneic HSCTs are associated with high rates of
toxicities and TRM. Consequently, it will be necessary to spec-
ulate about the selection of second-line treatments for relapsed
or refractory ALCL in children and adolescents.
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In conclusion, both autologous and allogeneic HSCT can
offer the prospect of durable disease-free survival for relapsed
and refractory ALCL in childhood and adolescence. Patients
with CR at the time of autologous HSCT had significantly
greater EFS than patients with non-CR at the time of autolo-
gous HSCT. Our results suggest that allogeneic HSCT might
provide a better outcome for patients who are resistant to
chemotherapy after relapse, and those with non-CR at the
time of HSCT. Furthermore, an RIC regimen followed by
allogeneic HSCT might even be useful for these patients.
However, the small number of patients in our cohort pre-
vented us from investigating the efficacy of allogeneic HSCT
with an RIC regimen. In the new era of molecular target
drugs, the best candidates for autologous and allogeneic
HSCT remain to be clarified by further analyses and prospec-
tive studies of relapsed or refractory ALCL in childhood and
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Improved Treatment Results of Children With B-Cell Non-Hodgkin Lymphoma:
A Report From the Japanese Pediatric Leukemia/Lymphoma Study
Group B-NHLO03 Study
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Background. Previous Japanese studies of childhood B-cell non-
Hodgkin lymphoma (B-NHL) have shown a favorable outcome,
though the study size was too small to effectively assess the efficacy
and safety of treatment for childhood B-NHL. Procedure. We
performed a nation-wide prospective B-NHLO3 study to assess the
efficacy and safety of short-pulse intensive chemotherapy for
children with B-NHL. They were stratified into four treatment groups
according to disease stage, tumor resectability and bone marrow/
CNS involvement: Group 1 with all resected stage I/1l, Group 2 with
non-resected stage I/1l, Group 3 with stage Il & CNS-negative stage
1V, and Group 4 with CNS-positive stage IV & Burkitt leukemia.
Treatment duration was 2 courses for Group 1, 4 courses for Group 2,
and 6 courses for Groups 3 and 4, respectively. CNS irradiation was

B-NHLO3; childhood;

Key words:

omitted in all patients. Results. The follow-up time ranged from 0.8 to
88 months, with a median of being 45 months. For 321 patients
analyzed in this study, overall survival and event-free survival (EFS) at
4 years was 92.7% and 87.4%, respectively. The 4-year EFS
according to treatment group were 94% for Group 1 (n=17), 98%
for Group 2 (n =103), 84% for Group 3 (n =111), and 78% for Group
4 (n=90). There was no significant difference in outcome by
histology. Therapy-related death occurred in three patients in
remission. Conclusions. Our nationwide large-scale study resulted
in a cure rate above 90% with <1% toxic death in childhood B-NHL.
Pediatr Blood Cancer 2014;61:1215-1221.
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INTRODUCTION

Childhood B-cell non-Hodgkin Lymphoma (B-NHL) consists
mainly of two histological subtypes, namely Burkitt lymphoma
(BL), which includes Burkitt leukemia (B-ALL), and diffuse large
B-cell lymphoma (DLBCL). The cure rate of childhood BL has
been markedly improved over the past 30 years, and long-term
event-free survival (EFS) of patients has reached to approximately
90%. This is largely due to prospective studies of European and
North American groups that developed a short intensive chemo-
therapy regimen, including a high-dose methotrexate (HDMTX), an
intermediate dose of cyclophosphamide (CPA), and anthracy-
clines [1-6]. Although DLBCL is a distinct disease entity from BL,
the treatment is the same as that for patients with Burkitt histology,
and excellent outcome has been reported [1-6]. Previously most
clinical experiences of childhood B-NHL were reported by
European and North American study groups, and there were few
data on Japanese or Asian patients with B-NHL. In the1990s, we
conducted group-wide trials for childhood B-NHL [7-10]: Horibe
et al. showed a 4-year EFS with 70% for 57 patients (BL 31, B-ALL
17, DLBCL 9) [8], Kikuchi et al. showed a 6-year EFS with 82% for
91 patients (BL 45, B-ALL 9, DLBCL 26, others 11) [10], and
Tsurusawa et al. showed a 7-year EFS with 93% for 30 patients with
DLBCL [9]. In addition, Lee et al. has recently shown a 5-year EFS
with 95% for 61 patients (BL 46, DLBCL 15) [11]. However, the
treatment duration of these studies was relatively long and the
number of patients was small compared to the European and North
American studies [1-6].

Here, we report on the results of the nation-wide large
prospective study for children with B-NHL. The primary object
was to evaluate the efficacy and safety of short-pulse intensive
chemotherapy regimen designed by the Japanese Pediatric
Leukemia/Lymphoma Study Group (JPLSG).

© 2014 Wiley Periodicals, Inc.

DOI 10.1002/pbc.24975

Published online 13 February 2014 in Wiley Online Library
(wileyonlinelibrary.com).

PATIENTS AND METHODS

Study Design and Diagnostic Criteria

The B-NHLO3 study was a prospective nonrandomized trial
that investigated the efficacy and safety of short-pulse intensive
chemotherapy in childhood B-NHL. The chief aim was to improve
the outcomes of patients enrolled in the B-NHLO3 study to the level
of those of European and North American studies.
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of this article.
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The diagnosis of B-NHL was based on histopathology,
immunocytochemistry, and cytogenetics. All histopathological
specimens were first classified by the institutional pathologist
and finally each of them were reviewed by a group of seven
pathologists of a central pathological review committee according
to WHO classification, that is, BL or Burkitt-like lymphoma (BLL),
DLBCL, mediastinal large B-cell lymphoma (MLBCL), and
mature B-cell neoplasm, NOS (not otherwise specified) [12]. A
mature B-cell phenotype was primarily defined as positive for C20
and/(or) CD79a and negative for CD3 and terminal deoxynucleo-
tidyl transferase. When an immunophenotype study was not
available, specific translocations (8;14)(q24;q32), t(2;8)(p11;q24),
1(8;22)(q24;q11) at cytogenetic analysis were included. CNS
involvement was diagnosed by the presence of one or more of
the following: any blasts with FAB L.3 morphology in CSF, isolated
intracerebral mass, or intra-spinal extension. The clinical stage was
defined by Murphy’s classification [13].

Treatments

The treatment outline is shown in Figure 1 and chemotherapy
regimens are shown in Table I. They were stratified into four
treatment groups according to disease stage, tumor resectability and
bone marrow/CNS involvement: Group 1 with all resected stage I/
11, Group 2 with non-resected stage Vil, Group 3 with stage IIl &
CNS-negative stage IV, and Group 4 with CNS-positive stage IV &
B-ALL. All groups except Group 1 received a pre-phase therapy of
prednisolone (PSL), vincristine (VCR), CPA and it (intrathecal)
MTX to reduce tumor volume. As shown in Figure 1, Group 1
received two courses (1A x2), Group 2 received 4 courses
(2A x 2+ 2B X 2), Group 3 received 6 courses (3A x 4+ 3B x 2),
and Group 4 received 6 courses (4Al x 24+4A2x2+4B x 2),
respectively. No patients received prophylactic cranial irradiation.
Patients with CNS involvements received HDMTX (5 g/m?) plus an
extended it regimen (14 times), but no therapeutic cranial
irradiation. The schedule of HDMTX administration was identical

Children with B-NHL (18 <y.0.)

v v
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resected not resected
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Fig. 1. Treatment framework of the B-NHLO3 study. Patients were stratified into four treatment groups according to disease stage, tumor
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resectability, and BM/CNS involvement. All groups except Group 1 received pre-phase therapy. Group 1 received two courses of chemotherapy,
Group 2 received 4 courses, Groups 3 and 4 received 6 courses, respectively. When patients in Group 2 or 3 did not achieve CR or CRu during the
first 2 or 3 courses, they received salvage therapy consisting of 4B and 4A1/2 courses.

Pediatr Blood Cancer DOI 10.1002/pbc



TABLE 1. B-NHL03 Treatment Schedules

Treatment of Childheod B-NHL 1217

Regimen Administration Daily dose Days
Pre-phase
Prednisolone Orally 30 mg and 60 mg/m> Days 1-3 and 4-7
Vincristine v 1 mg/m? Day 3
Cyclophosphamide v 150 mg/m? Days 4-6
Methotrexate TIT 12 mg/m? Day 1, (4)*
Hydrocortisone TIT 25 mg/m”* Day 1, (4)*
Cytarabine TIT 30 mg/m? Day (4)*
Regimen 1A
Prednisolone Orally 60 mg/m” Days 1-5
Methotrexate v 1 g/m® Day 1
Vincristine v 1.5 mg/m® Day 2
Cyclophosphamide v 250 g/m* x 2 Days 24
THP-adriamycin v 30 mg/m? Days 3, 4
Methotrexate DIT 12 mg/m? Day 1
Hydrocortisone DIT 25 mg/m’® Day 1
Regimen 2A
Same as 1A except for dexamethasone Orally 10 mg/m*® Days 1-7
Methotrexate IV 24 bours with LV rescue 3g/m? Day 1
Regimen 3A
Same as 2A except for t.i.r at day 1
Regimen 4A1
Same as 3A except for methotrexate IV 24 hours with LV rescue 5 g/m? Day 1
Methotrexate TIT 12 mg/m? Day 1, (5).* 8
Hydrocortisone TIT 25 mg/m? Day 1, (5),* 8
Cytarabine TIT 30 mg/m® Day 1, (5),* 8
Regimen 4A2
Same as 4A1 except for cyclophosphamide v 1 g/m? Days 4, 5
Regimen 2B
Methotrexate IV 6 hours 500 mg/m? Day 1
Cytarabine clv 150 mg/m? Days 1-5
Methotrexate DIT 12 mg/m* Day 1
Hydrocortisone DIT 25 mg/m?® Day 1
Regimen 3B
Same as 2B except for TIT at day I, and cytarabine cIlv 150 mg/m? Days 1-6
Etoposide v 100 mg/m? x 2 Days 3-5
Regimen 4B
Same as 3B except for without methotrexate, Orally 10 mg/m?® Days 1-7
DIT at day 1 and TIT at day 8, and dexamethasone
Cytarabine v 2g/m*x 2 Days 24
Etoposide v 150 mg/m? Days 2-5
Vincristine v 1.5 mg/m? Day |

LV, leucovorin; IV, intravenous; cIV, continuous intravenous; DIT, double intrathecal; TIT, triple intrathecal. “For CNS positive patients.

to that of the B-NHL960 study [9]: HDMTX was administered for
the first 24 hours, and 12 hours later, leucovorin (LV) 15 mg/m? was
given orally every 6hours, for a total of seven doses [9]. Blood
MTX concentration was measured 24, 48, and 72 hours after the
MTX administration. When patients showed delayed MTX
clearance (=0.2 M after 72hours), LV rescue was continued
until MTX concentration level decreased to less than 0.2 uM.
Induction failure (IF) was defined as patients who did not
achieve complete remission (CR) or unconfirmed remission (CRu)
until the last evaluation time (before the second course of 2A in
Group 2, before the third course of 3A in Group 3, before the second
course of 4A1 in Group 4). When patients in Group 2 or 3 were
evaluated to have progressive disease or no response during the first
2 or 3 courses, they received salvage therapy consisting of regimens
4B and 4A1/2. The cumulative dose of cytotoxic drugs for treatment
groups was as follows: CPA 3 g/m?, THP 120 mg/m? for Group 1;
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CPA 3.45 g/m?, THP 120 mg/m? for Group2; CPA 6.45 g/m?, THP
240mg/m?, VP16 0.6g/m? for Group 3; CPA 7.45g/m?, THP
240 mg/m?®, VP16 1.2 g/m? for Group 4.

Statistical Analysis

Final statistical analyses were performed based on data obtained
in June 2012. Overall survival (OS) was defined as the time between
diagnosis and death from any causes, and EFS was defined as the
time to first events defined as an occurrence of induction failure,
relapse at any site, death from any causes, or second malignant
neoplasm. For patients who did not experience an event, EFS was
defined as the time to the last follow-up. Survival curves were
prepared using the Kaplan-Meier method and standard errors (SEs)
with the Greenwood formula. The significance of differences in
survival outcomes was determined by means of the log-rank test.



1218 Tsurusawa et al.

STATA® statistical analysis software (version 11.0; StataCorp LP,
College Station, TX) was used for all computations.

RESULTS

Patients

The protocol was conducted in 112 hospitals of the JPLSG after
approval by each institution’s review board, and written informed
consent was provided by patients or legal guardians before
treatment. Between November 2004 and January 2011, 346 cases
of newly diagnosed B-NHL were enrolled in this study. Of these, 25
cases were excluded: 14 due to ineligible pathology, 8 for late
enrollment, 2 for ineligible clinical stage, and 1 for prior
chemotherapy. A total of 321 cases of four treatment groups
were analyzed (Fig. 2).

Patient characteristic are shown in Table II. There were few
protocol deviations: 10 patients in the Group 3/4 skipped or
postponed HDMTX therapy in the A course, 5 because of retention
of ascites or pleural effusion, 2 because of renal dysfunction, 2 due
to septic infection, and one for stomatitis.

Registration

EFS and OS

The follow-up time ranged from 0.8 to 88 months, with a median
47 months. For the 321 patients analyzed in this study, 4-year OS
was 92.7% == 1.4% and 4-year EFS was 87.3% =+ 1.8% (Fig. 3A).
There was no significant difference in outcome by gender (4-year
EFS, male 87.5% +2.2% vs. female 87.0% = 3.8%, P=0.864).
The 4-year OS and EFS according to treatment subgroup were
100% and 94.1% == 5.7% for Group 1, 100% and 98.6% = 1.4% for
Group 2, 93.6% =2.3% and 83.6% +3.5% for Group 3, and
82.1% == 4.1% and 77.8% == 4.4% for Group 4 (Fig. 3B). The 4-year
OS and EFS according to clinical stage were 100% and
97.7% +2.3% for stage I, 100% and 97.8% =+ 2.0% for stage II,
92.0% +2.9% and 82.9% =+ 4.0% for stage 111, 84.6% == 5.8% and
71.8% == 7.2% for stage IV. The 4-year OS and EFS of B-ALL were
86.2% =4.0% and 83.6% £=4.3%. The 4-year EFS by histology
was 86.1%+2.6% for BL/BLL, 87.3%+3.5% for DLBCL,
92.1% +4.3% for others, and 100% for MLBCL (P=0.717)
(Fig. 3C). When we analyzed the outcome of patients who had BM
or CNS disease, the 4-year EFS was 83.8% =+ 4.3% for patients
(n=74) with BM involvement only (BM-+/CNS—), 60.0% =+ 1.5%

346
Not eligible 25
ineligible pathology 14
ineligible clinical stage 2
late enrol Iment 8
v prior chemotherapy 1
Eligible
321
v v
Group 1 Group 2 Group 3 Group 4
17 103 11 90
relapse 1 relapse 1 IF* (8) IFF (5
death 3 (1) death 3 (2)

relapse 6 (1) relapse 12 (3)

second cancer 1

Fig. 2. Patient flow chart and events according to the treatment group. There were 40 events which consisted of each one in Group 1 and 2, 18 in
Group 3, and 20 in Group 4. Number in parentheses indicates events occurred during protocol chemotherapy. Number in parenthesis indicates
events occurred during protocol chemotherapy. *IF, induction failure defined as patients did not achieve complete remission or unconfirmed

remission at the last evaluation time in group 3/4.
Pediatr Blood Cancer DOI 10.1002/pbc
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TABLE II. Patients Characteristics
Therapy groups Gl G2 G3 G4 Total (%)
No. of patients 17 103 111 90 321
Sex
Male 12 72 90 71 245 (76)
Female 5 31 21 19 76 (24)
Age
04 2 12 18 16 48 (15)
5-9 3 45 42 39 129 (40)
10-14 8 42 42 27 119 (37)
15— 4 4 9 8 25 (8)
Histology
BL/BLL/B-ALL 5 33 62 80 180 (56)
DLBCL 12 58 26 5 101 31.4)
MLBCL 0 0 2 0 2 (0.6)
Others 0 12 21 5 38 (12)
Primary sites
Thorax 5 30 7 1 43
Head & neck 5 39 12 2 58
Peripheral lymph nodes 0 3 3 0 6
Abdomen 7 29 75 11 122
Mediastinum 0 0 8 0 8
B-ALL 0 0 0 73 73
CNS 0 0 0 2 2
Other tumor site 0 2 5 0 7
Not specified 0 0 1 1 2
BM involvement 0 0 22 80 102 (32)
CNS involvement 0 0 0 38 38 (12)

BL, Burkitt lymphoma; BLL, Burkitt-like lymphoma; B-ALL, Burkitt leukemia; DLBCL, diffuse large B-cell lymphoma, MLLBCL, mediastinal

large.

for patients (n = 10) with CNS involvement only (BM~, CNS+),
and 75.0% +8.2% for patients (n=28) with BM and CNS
involvements (BM+/CNS+), (P=0.102) (Fig. 3D). Outcome by
treatment response to initial A courses were as follows: The 4-year
OS and EFS for patients who achieved CR (n=236) or CRu
(n=154) at the last evaluation time were 95.7% =+ 1.6% and
93.5% =+ 1.6%, and 96.1% =+ 2.7% and 86.9% =+ 4.6%, respectively,
while the 4-year OS and EFS for patients (n=13) who did
not achieve CR/CRu was 69.2% +12.8% and 15.4% +10.1%
(P < 0.001), respectively.

Treatment Failure Events

Forty patients experienced an event and 25 have died (Fig. 2). The
cause of death was tumor progression in 14, infection in 7, stem cell
transplantation-related death in 3, and pulmonary bleeding in 1. The
40 events consisted of 13 induction failures, 6 deaths, 20 relapses,
and one second cancer. Of thel3 patients (6 in Group 3 and 7 in
Group 4) who failed the initial treatment, 4 patients in Group 3
received salvage therapy and achieved CRu. At the time of the last
analysis, 8 patients (4 in Group 3 and 4 in Group 4) were alive
without tumor. Death in remission occurred in 3/321 (1%) patients:
two died of infection and one died of pulmonary bleeding. The
longest duration before relapse from the start of therapy was
38.9 months in DLBCL and 13.6 months in Burkitt histology.
Relapse sites were 10 in local, 6 in BM, 2 in BM+CNS, one in
local 4+ CNS, and one in CNS. All CNS relapse occurred in patients
with BL, but not with DLBCL. Thus, isolated CNS failure was only
one among 38 patients with CNS involvement. Of the 20 relapsed
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patients, 11 died and 9 survived without tumor. A second cancer
occurred among the patients who failed the initial treatment:a ~ 12-
year-old male with BL developed a secondary malignancy with acute
myeloid leukemia (FAB M5) 17 months after the initial diagnosis.

Toxicity

Acute toxicity of treatment courses (A and B) was evaluated by
the scale of NCI-CTC version 2.0., and rates of acute toxicity Grade
3 among patients in Groups 2, 3, and 4 are shown in Supplemental
Table 1. Anemia and neutropenia were the most frequent
hematological toxicities with grade III or IV in all groups. In
particular, grade IV neutropenia occurred in almost all patients
(>98%) during A courses. In nonhematologic toxicity, infection
was the single most frequent occurring with grade III or IV at least
once in 70% of patients although the rate of grade IV infection was
very small (<1%). Stomatitis and hepatotoxicity were also
frequent, occurring with grade HI or IV at least once in 20-35%
and 24-38% of patients, respectively. The rate of renal toxicity
grade III was very low. Leukoencephalopathy was reported in two
patients of Group 3, and their MRI findings disappeared within
2 months without neurological symptoms. The overall incidence of
renal insufficiency associated with tumor lysis syndrome was 2 out
of 96 (2%) in Group 4, and these required assisted renal support
with continuous hemodiafiltration.

DISCUSSION

During the last two decades, the survival outcome of children
with B-NHL has been markedly improved through consecutive
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Fig. 3. Kaplan-Meier curves for OS and EFS of all patients (A). Kaplan—-Meier curves for EFS according to treatment group (B), histology (C),

and BM/CNS involvement (D).

clinical trials in large study groups, and the cure rate of childhood
B-NHL has reached 90% [1-6]. In the present study, we showed an
excellent survival outcome with 4-year OS 93% in children with
B-NHL. In our study, the 4-year EFS 84% of Group 3 patients was
considerably lower than the 4-year EFS 90% of intermediate risk
group in the FAB/LMB96 study [5] or the 6-year EFS 88% of stage
11T patients in the BEM90 study [2], whereas, the 4-year EFS 78% of
Group 4 patients compared favorably with the 4-year EFS 79%
of high-risk group in the FAB/LMB96 study [5] and the 6-year
EFS 74% of stage IV/B-ALL patients in the BFM90 study [2].
This outcome was obtained via the short-intensive chemotherapy
regimen based on COPAD (CPM, VCR, PSL, and ADR) regimen
plus the HDMTX of the lymphomas malin B (LMB) studies [3]. We
omitted cranial irradiation for all patients, because recent studies
have suggested the possibility of deleting radiotherapy in treating
CNS diseases as well as CNS prophylaxis [2,3,5,9]. However,
having no experience in administrating 8 g/m?> HDMTX, we
employed 5 g/m® HDMTX over 24 hour-infusion and not the 8 g/m?
HDMTX over 4hour-infusion in the LMB protocols for treating
patients with CNS disease [3,5]. The treatment result for CNS
disease was satisfactory, because CNS failure was only one of 38
patients with primary CNS disease in the present study.

This suggests that the 5 g/m> HDMTX over 24 hour-infusion is
equally as effective to the CNS-positive disease as the aforemen-
tioned 8 g/m2 HDMTX over 4 hours infusion, and reinforces the
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possibility that CNS irradiation could be omitted without
jeopardizing the outcome of patients with CNS disease by using
systemic and it MTX therapy [3,5,9].

The treatment of DLBCL as well as BL was another important
focus of our study, because the incidence of DLBCL in childhood
B-NHL is relatively more frequent than that of Western countries:
the number of DLBCL was almost similar to that of BL (excluding
B-ALL) in the present study and our recent national survey for
childhood hematological malignancies has shown that the ratio of
DLBCL to BL was 0.79 [14]. In our study, according to the strategy
that DLBCL was treated by short-pulse chemotherapy as well as
BL [15], we followed the same protocol, and achieved a favorable
outcome of 4-year EFS with 87% for DLBCL which was not
inferior to that of BL. This outcome can be partly explained by
shared biological features, that is, that more than half of childhood
DLBCL has the molecular subtypes of BL [16].

Several factors associated with poor outcome in the high-risk
group in childhood B-NHL have been reported. Cairo et al. has
shown a significantly inferior outcome (4-year EFS 61% % 6%) of
the subgroup of children with combined BM and CNS involvement
at diagnosis as compared with children with BM or CNS only [5].
However, our results in Group 4 showed that the outcome (4-year
EFS 75% =+ 8%) of this subgroup with BM+/CNS+ was not
significantly inferior than that of the subgroup with BM-+
(83% £ 4%) or CNS+ (60% == 1%). Failure to initial therapy is



@

also known to be a strong, unfavorable prognostic factor. Past
studies in LMB 89/96 have shown that non-responders to pre-phase
therapy (COP regimen) suffer a significantly inferior outcome as
compared with responders or incomplete responders [3,5]. In our
study, an appropriate evaluation of tumor regression just after pre-
phase therapy was difficult for many patients, such that we
compared the outcome according to response at the final evaluation
time after two or three courses of therapy. These results showed that
4-year EFS of patients who did not achieve CR/CRu was only
15% + 10%, which was as dismal as the outcome of poor-
responders to COP regimen in the FAB/LMB 96 study [5]. To
rescue the poor-responders in our study, we employed salvage
therapy with high-dose Ara-C and VP16 to patients who did not
achieve remission after 2 or 3 courses of therapy in Group 2 or 3, as
in the BFM90 or FAB96 study [2,4]. As a result, 4 of 6 patients in
Group 3 received salvage therapy and survived without tumor. This
response rate was similar to that of FAB96 study, in which 10 out of
16 patients who received the second phase treatment intensification
after the consolidation phase were alive. Thus, our results
reconfirmed the efficacy of the salvage therapy.

Management of acute toxicity by short-pulse intensive
chemotherapy is essential to successfully carry out the treatment
protocol for childhood B-NHL. In our study, grade IV neutropenia
occurred in almost all patients, but the rate of grade IV infection was
quite low. Consequently, therapy-related death was less than 1% in
all patients, and 2.1% in Group 4 patients. These results show the
safety and feasibility of our treatment protocol. Anthracycline
cardiotoxicity and secondary malignancy by alkylating agents
are serious late events in pediatric cancer treatment [17,18]. To
reduce the risk of cardiotoxicity, we employed THP-adriamycin
(pirarubicin) instead of ADR. Pirarubicin is a derivative of ADR
with reportedly less cardiotoxicity in adults [19-24]. Recently, we
have reported that no significant cardiac dysfunction was detected
in long-term survivors of children with acute lymphoblastic
leukemia who received THP treatment [25-27]. In the present
study, there were no patients with cardiac insufficiency or cardiac
myopathy during the 7-year observation period. These results
suggest that late-onset cardiotoxicity induced by pirarubicin is
uncommon in childhood lymphoid malignancies, at least up to the
cumulative dose of 240 mg/m?. In our study, there was one male
with a second cancer with acute myeloid leukemia, although the
correlation between his second cancer and the protocol treatment is
uncertain because he was resistant to the pre-phase followed by
arbitrary treatment.

As shown above, chemotherapy-related toxicity of our protocol
treatment was within acceptable range. However, a 6-course
treatment for Group 3 seemed to be more intensive as compared
with a 4-course treatment for intermediate risk group in the FAB96
study [4]. In order to reduce the total dose of cytotoxic drugs
without impairing the survival outcome, new approaches including
targeted monoclonal antibody therapy in combination with
chemotherapy [28,29], are needed for children with an advanced
or resistant disease in coming studies.

In conclusion, our nationwide study resulted in a cure rate above
90% with <1% toxic death in childhood B-NHL.
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Table 1 Chemotherapy drug, dose, and schedule in each course of ALCL99

Course and Drug Dose and Schedule
Prephase
Dexamethasone 5 mg/m* on days 1 and 2; 10 mg/m* on days 3 to 5
Cyclophosphamide 200 mg/m? on days 1 and 2
Triple intrathecal injection Day 1
Course A
Dexamethasone 10 mg/m? on days 1to 5
Methotrexate Random assignment* on day 1
Ifosphamide 800 mg/m® on days 1 to 5
Cytarabine 150 mg/m?* X2 on days 4 and 5
Etoposide 100 mg/m? on days 4 and 5
Course B
Dexamethasone 10 mg/m? on days 1to 5
Methotrexate Random assignment* on day 1
Cyclophosphamide 200 mg/m? on days 1 to 5
Doxorubicin 25 mg/m? on days 4 and 5

All patients received a 5-days prephase followed by six alternating courses (A and B)

administered every 21 days.

* Arm MTX1 included methotrexate 1 g/m? in 24-hour infusion with triple intrathecal
injection at day 1 and leucovorin rescue (15 mg/m?) at 42, 48, and 54 hours. Arm
MTX3 included methotrexate 3 g/m? in 3-hour infusion with no intrathecal injection and
leucovorin rescue (15 mg/m? every 6 hours) starting at 24 hours and ending when

the methotrexate level was <0.15 ym/L.

Additionally, high-risk patients could enter the second randomized trial before the first
course B, which randomly assigned patients to receive or not receive a vinblastine
injection (6 mg/m?) during the five latter courses and then weekly for a total duration

of treatment of 1 year.
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Patients analyzed
International study!! (n = 175)
Japanese registration (n = 24)

Patients analyzed
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Participant flow in ALCL99-R1 study. ALCL, anaplastic large cell lymphoma.
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Table 2 Comparison of patient characteristics with Japanese registration

International Japanese
Stady*v registration
Total number of patients 352 44 P
Characteristics No. (%) No. (%)
Male sex 221 (59%) 21 (48%) 0.053
Median age at diagnosis 11.2 10.3 -
“B” symptom 197 (56%) 27 (61%) 0.464
Site of disease
Peripheral lymph node 308 (88%) 32 (73%) 0.008
Mediastinal involvement 167 (47%) 14 (32%) 0.050
Visceral involvement 162 (46%) 12 (27%) 0.018
Lung lesion 75 (21%) 5 (11%) 0.121
Liver involvement 49 (14%) 2 (5%) 0.080
Spleen involvement 64 (18%) 2 (5%) 0.022
Skin lesion 68 (19%) 10 (23%) 0.592
Soft tissue mass 55 (16%) 10 (23%) 0.230
Bone lesion 58/309 (19%) 12 (27%) 0.186
Bone marrow involvement 42 (12%) 4 (9%) 0.579
St. Jude stage I1I, IV 262 (74%) 36 (82%) 0.284

Table 3 Comparison of outcome and event with Japanese registration

International Study'? Japanese registration
Total number of patients 352 44
Median follow-up time 44 months 42 months
2-year EFS 74.1% 79.3%
2-year 0S 92.5% 95.2%
MTX1 arm MTX3 arm MTX1 arm MTX3 arm
n =175 n =177 n =24 n =20
Complete remission 155 (89%) 154 (87%) 23 (96%) 17 (85%)
2-year EFS 74.5% 85.0%
73.6% 74.59
0 % P = 0.6534
2-year OS o o 100% 90.0%
90.1% 94.9% P = 0.0735
Events 51 51 6 5
Progression 6 0 0
Toxic death as first event 1 3 0 0
Relapse 42 42 6 5
CNS relapse 2 0 0 0
Deaths 19 13 0 3

08, overall survival; EFS, event-free survival
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Fig. 2 (A) Overall survival, and (B) eventfree survival of the patients registered in Japan.
(C) OS, and (D) EFS by treatment arm. MTX, methotrexate. IT, intrathecal injection.
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