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CLINICAL TRIALS AND OBSERVATIONS

Brief report

Infants with acute lymphoblastic leukemia and a germline MLL gene are highly
curable with use of chemotherapy alone: results from the Japan Infant Leukemia

Study Group

Jun Nagayama, Daisuke Tomizawa, Katsuyoshi Koh, Yoshihisa Nagatoshi, Noriko Hotta, Tomoko Kishimbto, Yoshihiro Takahashi,
Tomoko Kuno, Kanji Sugita, Takashi Sato, Kohji Kato, Atsushi Ogawa, Tatsutoshi Nakahata, Shuki Mizutani, Keizo Horibe, and Eiichi Ishii

Although infants with acute lymphoblas-
tic leukemia (ALL) and a germline MLL
gene have a better prognosis than compa-
rable infants with a rearranged MLL gene,
their optimal therapy is controversial. In 2
consecutive studies, conducted between
1896 and 2002, we treated 22 cases of

motherapy alone. The 5-year event-free
survival rate was 95.5% with a 95% confi-
dence interval of 86.9 to 100%. All 21
infants with precursor B-cell ALL have been
in first complete remission for 3.5 to 8.8
years. Most treatment-related toxicities were
predictable and well tolerated, and neither

growth impairments have been observed.
These results indicate that chemothérapy of
the type described here is both safe and
highly effective against infant precursor B-
cell ALL with MLL in the germiine configura-
tion. (Blood. 2006;107:4663-4665)

infant ALL with germline MLL using che-

Introduction

secondary malignancies nor

physical  © 2006 by The American Society of Hematology

Infants younger than 1 year of age with acute lymphoblastic
leukemia (ALL), who represent 2.5% to 5% of all childhood ALL
cases, still show generally poor responses to treatment.'? This
inferior outcome is closely associated with young age, negative
CD10 on leukemic cells, and positive MLL gene rearrangements.>*
Whether infants with germline MLL can be treated less aggres-
sively than those with rearrangement of this gene is still unclear,
because most study groups have enrolled infants on the same
therapeutic protocol regardless of their MLL gene status.>!! In
those trials, the event-free survival rate for infants with ALL and
positive CD10 expression or lack of 1123 abnormalities ranged
from 52% to 79%, suggesting a worse outcome than seen in
childhood ALL in general, even though some infants with a
rearranged MLL gene might have been inadvertently included in
the better-risk cohort.1-13

The Japan Infant Leukemia Study Group segregated infants
with ALL into 2 subgroups according to their MLL gene status in 2
consecutive studies. Infants with a rearranged MLL gene received
intensive chemotherapy followed by hematopoietic stem cell
transplantation, whereas those with a germline MLL were treated
with chemotherapy alone.''5 As reported here, a highly promising
outcome was obtained in the latter subgroup, providing a rationale
for the design of future studies focusing on infant ALL.

Study design

Between December 1995 and December 2002, all consecutive infants with ALL
and age younger than 12 months were registered and treated on 2 protocols
designated MILL96 and MLL98. Written informed consent, provided according
to the Declaration of Helsinki, was obtained from the parents or guardians of the
patients, and the institutional review boards approved all aspects of this
investigation. Each patient was evaluated with respect to the characteristics of
leukemic cells, including immunophenotype, cytogenetics, and MLL gene
rearrangement. Each patient with positive CD10 expression was assigned to the
chemotherapy subgroup, after confirmation of the MLL gene status by Southern
blot analysis or fluorescence in situ hybridization. If a rearrangement was found,
the patient was excluded from the chemotherapy subgroup. The treatments used
in these 2 studies were identical, consisting of induction, consolidation, and
central nervous system (CNS) prophylaxis, intensification, reinduction, and
maintenance phases (Table 1). The total duration of therapy was 83 to 85 weeks.

The present analysis was performed on October 31, 2005. Overall
survival (OS) was defined as the time from diagnosis to death due to any
cause or to the date of last contact. Event-free survival (EFS) was defined as
the time from diagnosis until the date of an adverse event or, if no such
event occurred, until the date of last contact. Induction failure (including
early death or resistant leukemia), relapse, death during complete remis-
sion, and the development of a second malignancy were considered adverse
events. OS and EFS rates were estimated by the Kaplan-Meier method. The
95% confidence intervals (Cls) for Kaplan-Meier estimates of survival were
calculated by the use of standard errors.

From the Section of Pediatrics, National Kyushu Cancer Center, Fukuoka;
Department of Pediatrics and Developmental Biology, Tokyo Medical and-Dental
University, Tokyo; Department of Pediatrics, University of Tokyo, Tokyo; Department
of Pediatrics, Yamaguchi University, Yamaguchi; Department of Pediatrics, Nara
Medical University, Nara; Department of Pediatrics, Hirosaki University, Hirosaki;
Department of Pediatrics, Osaka Medical College, Suita; Department of Pediatrics,
University of Yamanashi, Chuc; Department of Pediatrics, Hiroshima University,
Hiroshima; Division of Pediatric Hematology/Oncology, Nagoya Red Cross 2nd
Hospital, Nagoya; Division of Pediatrics, Niigata Cancer Center Niigata Hospital,
Niigata; Department of Pediatrics, Kyoto University, Kyoto; Clinical Research Center,
National Nagoya Hospital, Nagoya; and Department of Pediatrics, Saga University,
Saga, Japan.

Submitted November 29, 2005; accepted February 3, 2006. Prepublished online as
Blood First Edition Paper, February 14, 2006, DOI 10.1182/blood-2005-11-4728.

BLOOD, 15 JUNE 2006 - VOLUME 107, NUMBER 12

A complete list of the participating members of the Japan Infant Leukemia
Study Group appears in the “Appendix.”

Supported by the Japan Children’s Cancer Association and a Grant-in-Aid for
Cancer Research from the Ministry of Health and Labor of Japan.

An Inside Blood analysis of this article appears at the front of this issue.

Reprints: Eiichi Ishii, Department of Pediatrics, Faculty of Medicine, Saga
University, 5-1-1 Nabeshima, Saga 849-8501, Japan; e-mail: ishiei@med.
saga-u.ac.jp.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked “advertisement” in accordance with 18 U.S.C. section 1734,

© 2006 by The American Society of Hematology

—183—



4664 NAGAYAMAetal

Table 1. Treatment plan for infant ALL with a germiine MLL gene

BLOOD, 15 JUNE 2006 - VOLUME 107, NUMBER 12

Phase and drug Site, duration

Dosage vTime of dose(s)
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Days 1-14
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Reinduction regimen is the same as that for induction.

DEX indicates dexamethasone; PSL, prednisolone; VCR, vincristing; CPA, cyclophosphamide; DXR, doxorubicin; ASP, L-asparaginase; TIT, triple intrathecal therapy;
VP-186, etoposide; Ara-C, cytarabine; MTX, methotrexate; DNR, daunorubicin; 6-MP, 6-mercaptopurine. The dose of each drug except VCR was reduced by one third in

patients younger than 2 manths and by one fourth in those 2to 4 months of age.

“Each cycle consisted of two courses of regimen A, followed by regimen B. Each regimen was given over 2 weeks. The 12-week course was repeated 4 times. The total

period of maintenance therapy becomes almost 56 weeks.

+Doses were adjusted according to the patient’s age at administration as foliows: 90 days old or younger, MTX 3 mg, hydrocortisone {HDC) 10 mg, Ara-C 6 mg; younger
than 1 year old, MTX 6 mg, HDC 10 mg, Ara-C 12 mg; 1 year and older, MTX 8 mg, HDC 15 mg, Ara-C 20 mg. '

Results and discussion

A total of 101 infants with ALL were registered in the MLL96 or
MLL98 study; 79 with rearranged MLL were assigned to the
hematopoietic stem cell transplantation (HSCT) subgroup and 22
with germline MLL to the chemotherapy subgroup. In the latter, all
but one patient, who had been treated on an acute myeloid leukemnia
(AML)~oriented protocol, received chemotherapy alone (Table 1).
The male-female ratio was 20:2, and the median age at diagnosis
was 9.8 months (range, 3.8-12.0 months). Only 3 patients were
younger than 6 months old at diagnosis. The median white blood
cell count was 21.8 X 10%L (range, 2.8-574.1 X 10°/L). Neither
CNS involvement nor severe hepatosplenomegaly was observed.
By immunophenotyping, 21 patients had precursor B-cell pheno-
type with positive CD10 antigen expression; one infant with
T-lineage ALL (T-ALL) had hyperleukocytosis at diagnosis
(574.1 X 10%L). By cytogenetic analysis, 15 of the patients
including the infants with T-ALL had normal karyotypes, whereas
one had hyperdiploidy, one had inv(11)(p13q23), one had t(1;

19)(q32;p13) and 4 had other chromosomal abnormalities without
an 1123 translocation.

All 22 patients achieved complete remission (CR) after induc-
tion therapy. Subsequently, the 20 patients with precursor B-cell
ALL remained in first CR for 3.5 to 8.8 years (median, 7 years).
The S-year EFS and OS rates for the 21 patients who were treated
on the same protocol were identical, 95.2% (95% CI, 86.7%-
100%). By the intent-to-treat convention, adding the patient who
received AML-oriented chemotherapy and remains in CR, the EFS
and OS estimates are 95.5% (95% CI, 86.9%-100%). The infant
with T-ALL suffered a relapse and died after HSCT. Comparison of
EFS rates by MLL gene status demonstrated a significantly better
result for the patients with germline MLL (P < .001; Figure 1).

The principal grade 3 nonhematologic toxicities (National
Cancer Institute~CTCAE [Common Terminology Criteria for Ad-
verse Events] system) were as follows: induction- phase—liver
dysfunction (n = 11), bacterial infection (n = 8), convulsion
(n = 3), diarrhea (n = 3), and allergic reaction to L-asparaginase
(n = 1); consolidation phase—liver dysfunction (n = 2), bacterial
infection (n = 5), and diarrhea (n = 2); intensification phase—
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Figure 1. Event-free survival rates for infants with ALL treated in the MLL96 or
MLL98 study. Outcome was significantly better in patients with germiine MLL (95.5%)
than in those with rearranged MLL (39.7%, P < .001). The overall result was 52.0%.

liver dysfunction (n = 2) and bacterial infection (n = 3); reinduc-
tion phase—Iliver dysfunction (n = 6) and bacterial infection
(n = T7); and maintenance phase—Iliver dysfunction (n = 7) and
bacterial infection (n = 1). Grade 4 liver dysfunction and hemato-
logic toxicity were observed in | and 4 patients during maintenance
phase, respectively. Long-term sequelae were also evaluated.
Body heights and weights reached the normal ranges in all
patients; median standard deviation (SD) scores for height and
weight were 0.1 SD (= 1.0 t0 0.9 SD) and —0.1 SD (= 1.1 to 1.0 SD),
respectively. A second malignancy was not detected in any patient.

Our results demonstrate the efficacy of chemotherapy alone in
infants with ALL and a germline MLL gene. In previous studies
with a less favorable outcome, an |1¢23 translocation or negative
CDI10 expression was substituted for a demonstrated MLL gene
rearrangement.'!* More precise determination of MLL gene status
in the present study may have enabled us to select a “true” germline
MLL subgroup, contributing to the excellent results. Hilden et al,'®
using reverse transcription-polymerase chain reaction to detect
gene rearrangement, also reported a superior outcome in infants
with germline MLL treated with chemotherapy alone, as did Pui et
al' in infants without the t(4;11). These results support our

References
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conclusion that infant ALL with germline MLL may be highly
curable with chemotherapy alone. Two large multicenter trials of
chemotherapy for infant ALL (INTERFANT99 and POG/COG9407)
are nearing completion, and it will be important in the future to
compare their experience with ours to identify the protocol
elements that are most critical in securing a high EFS rate with
acceptable toxicity.

Despite the relatively small number of patients in this analysis,
the plan of chemotherapy we described appears to be well tolerated
and to yield a very high survival rate. Although rare, infant ALL
carries one of the highest risks for treatment failure among all
lymphoid leukemias. Thus, international cooperation is needed to
compare the advantages and disadvantages of emerging therapies
in controlled clinical trials for this disease.
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Recently, good results for first-line chemotherapy in children

Summary

This report presents a retrospective study of 26 Japanese children with
recurrent anaplastic large cell lymphoma. The first relapses were documented
at a median of 10-5 months after the initial diagnosis. Twenty-four patients
achieved a second remission. After a median follow-up period of 47 months,
18 patients are still alive: 15 patients are in second complete remission (CR),
three patients are in third CR or later. The 5 year overall and relapse-free
survival rates were 61 + 12% and 51 * 12% respectively. The patients who
received allogeneic haematopoietic stem cell transplantation during second
CR showed a superior outcome to other patients.

Keywords: anaplastic large cell lymphoma, relapse, haematopoietic stem cell
transplantation, allogenic bone marrow transplantation, autologous stem cell
transplantation.

Patients and methods

with anaplastic large cell lymphoma (ALCL) have been

reported, with event-free survival rates of 60-81% (Brugieres
et al, 1998; Mora et al, 2000; Seidemann et al, 2001; Williams
et al, 2002; Mori et al, 2003). However, in most of these series,
20-40% of the patients developed recurrent disease. Brugieres
et al (2000) reported that most of the patients with relapsed
ALCL were highly chemosensitive, but that 40% of patients
experienced several relapses. As data concerning ALCL relapses
are limited and heterogeneous, the optimal treatment for
children with relapsed ALCL has yet to be determined. We
report the treatments and outcomes of Japanese children with

ALCL relapses.

doi:10.1111/}.1365-2141.2005.05910.x

We analysed the data on all relapses that occurred in three
registered Japanese series of patients treated for ALCL. The
Japan Children’s Cancer and Leukaemia Study Group
(JCCLSG) included 19 patients treated between 1989 and
2003. The Japan Association of Childhood Leukemia Study
(JACLS) and the Tokyo Children’s Cancer Study Group
(TCCSG) included 23 patients treated between 1998 and 2002
and 54 patients treated between 1990 and 2000 respectively.
The first-line treatments used in each study differed and were
miscellaneous. Of the 96 patients included in these series, 26
patients with relapses were documented (three from JCCLSG,

© 2005 Blackwell Publishing Ltd, British Journal of Haematology, 132, 594-597
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Table 1. Characteristics of the patients and univariate analysis of possible prognostic factors after first relapse.

Characteristics of the patients

Age at diagnosis (years)

Sex

Stage at diagnosis (Murphy’s classification)
Risk factors of EICNHL*

Time to relapse (months)

Follow up (months)

1-17 (median 10)

Male 18, Female 8

1,115 1L IV21

Low/Standard risk 8, High risk 18
1-71 (median 10-5)

8-156 (median 47)

Possible prognostic factors Patients Death 0os P-value Event REFS P-value
Time to relapse
Early relapse (<12 months) 13 6 49 + 15% 0-089 7 46 £ 14% 0232
Late relapse (>12 months) 13 2 76 + 15% 4 61 + 16%
During/after the first-line treatment
Relapse during first-line treatment 7 4 43 + 19% 0-055 4 43 £ 19% 0-259
Relapse after first-line treatment 19 69 + 14% 7 54 + 14%
Year of initial diagnosis
~1995 8 5 38 17% 0-075 5 38+ 17% 0-326
1996~ 18 3 82 + 9% 64 + 12%
Type of first-line treatment
ALL type 10 5 40 + 19% 0121 6 33+ 17% 0-143
B-NHL type 16 3 77 £ 12% 5 66 + 13%
Sites of relapse
Local site alone 12 5 56 = 15% 0-538 6 47 + 15% 0723
New site 14 3 68 + 17% 5 58 + 15%

Abbreviations: EICNHL: European Inter-Group on Childhood non-Hodgkin Lymphoma, OS: overall survival rate, RES: relapse-free survival rate,
ALL: acute lymphoblastic leukemia, B-NHL: B-cell non-Hodgkin lymphoma
*EICNHL high risk factor: skin and/or mediastinum and/or viscera (lung, liver, spleen) mvolvement at initial diagnosis

nine from JACLS and 14 from TCCSG). Medical records were
retrospectively collected from each treatment group. Twenty of
the 26 diagnostic materials were reviewed in each group’s
reference laboratory. The overall survival (OS) rates and
relapse-free survival (RFS) rates were estimated using the
Kaplan-Meier method. Statistical differences in the OS and
RFS rates were tested using the log-rank test. P-values < 0-05
were considered significant.

Results

Patient outcome after first relapse

First relapses documented 1-71 months (median,
10-5 months) after the initial diagnosis. Characteristics of the
patients are summarised in Table 1. Treatments used for first
relapse were heterogeneous. Overall, 24 of the 26 patients
achieved a second complete remission (CR). The two patients
who did not achieve a second CR died of progressive disease
4 months after their first relapse. Among the 24 patients who
achieved a second CR, 15 patients are still alive without further
relapses after a median follow-up period of 13 months
(2-71 months). Three patients died of toxicity after their
second CR. The six remaining patients had a second relapse
3-16 months (median, 55 months) after their first CR. Of

these six relapsed patients, two patients are alive after achieving

were

a third CR and one patient is alive after achieving a fourth CR.
One patient died of toxicity after his fourth CR. The two
remaining patients died of progressive disease. The 5 year OS
and RFS rates were 61 + 12% and 51 + 12%, respectively, with
a median follow-up of 47 months (8-156 months).

Prognostic factors

In the univariate analysis (Table 1), patients who relapsed
during their first-line treatment appeared to have a lower OS
(43 + 19%) than those who relapsed after their first-line
treatment (69 * 14%; P = 0:055), but the difference was not
statistically significant. On the contrary, the RFS rates did not
appear to be associated with relapse during first-line treatment
or with early relapse (<12 months).

Treatment during second CR and outcome

The treatments used during the second CRs and the outcomes
of the patients are shown in Fig 1. Among three treatment
groups (chemotherapy alone, autologous haematopoietic stem
cell transplantation (auto-HSCT), and allogeneic HSCT (allo-
HSCT), there was no significant difference among the possible
prognostic factors. Ten of the 24 patients who achieved a
second CR were treated using chemotherapy alone. Six of these
patients survived without further relapse, one died of treat-
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Fig 1. Outcomes of 26 Japanese children with recurrent ALCL. CR, complete remission; DOD, died of disease; Auto-HSCT, autologous
haematopoietic stem cell transplantation; Allo-HSCT, allogeneic haematopoietic stem cell transplantation; CCR, continuous complete remission;

TRM, treatment-related mortality; VBL, vinblastine.

ment-related toxicity, and three experienced further relapses.
Only three of the eight patients who received auto-HSCT
during their second CR survived without further relapse. Two
patients died of toxicity, and three patients experienced further
relapses. Two of the three patients who experienced a second
relapse following auto-HSCT during their second CR contin-
ued a third CR with the administration of vinblastine. It is
noteworthy that all six patients who received allo-HSCT
during their second CR survived without further relapse, with
a median follow-up period of 42 months (12-124 months).
Five of these patients underwent a total body irradiation-
containing regimen for allo-HSCT. Three patients experienced
chronic graft versus host disease. The 3 year RES rates after the
first relapse were 53 + 17% for the chemotherapy alone group,
33 + 18% for the auto-HSCT group and 100% for the allo-
HSCT group.

Discussion

The present study evaluated the treatments and outcomes of
Japanese children with recurrent ALCL. Although the second-
line therapies used were miscellaneous, responses to chemo-
therapy after the first relapse were very good, as previously
reported (Brugieres et al, 2000). Although Brugieres et al
(2000)reported that an interval of <12 months between the
initial diagnosis and relapse were found to be associated with a
higher risk of failure after relapse, prognostic factors for
recurrent ALCL were not clearly identified in the present study.
As this was a retrospective study spanning over 14 years, the
treatment modalities and the indications for HSCT treatments
have changed during this period. To clarify accurate prognostic
factors in recurrent ALCL children, a prospective study
involving a large number of patients would be necessary.

It was interesting that all the patients who received an allo-
HSCT during their second CR survived without further relapse,
whereas only three of the eight patients who received auto-
HSCT survived without further relapse. Some previous reports
have described the results of high-dose chemotherapy with

auto-HSCT for ALCL patients. The outcome of the patients
varied according to their remission status prior to the auto-
HSCT, being better in the first CR or chemosensitive-relapse
patients (Fanin et al, 1999; Deconinck et al, 2000; Sandlund
et al, 2002; Attarbaschi et al, 2005). Brugieres et al (2000)
reported that patients treated with auto-HSCT during their
second CR did not appear to have a better outcome than other
patients. A small number of experiences concerning the use of
allo-HSCT for the treatment of high-risk ALCL have been
previously reported (Chakravarti et al, 1990; Sandlund et al,
2002; Artarbaschi et al, 2005; Cesaro et al, 2005). Theoretically,
allo-HSCT offers the advantage of a tumour-free graft and the
possible induction of a graft versus lymphoma effect. Although
there has been no clear evidence showing a graft versus
lymphoma effect from allo-HSCT in patients with ALCL, the
results of the present study suggested that allo-HSCT for
recurrent ALCL might have additional therapeutic effects to
those of high-dose chemotherapy. Prolonged anti-tumour
effects, such as a graft versus lymphoma effect or maintenance
treatment with vinblastine, might be more crucial than high-
dose chemotherapy for some recurrent ALCL patients.
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