Early transplantation for MLL-r infant ALL
K Koh et al

Because of the limited effectiveness of HSCT and the potential
risk of late effects, alternative strategies with novel targeted
therapies should be explored for infants with MLL-r ALL*'8'°
Recent research has demonstrated that the aberrant epigenetic
status, induced by a reciprocal MLL translocation via the H3K79
methyltransferase DOTIL, has a central role in MLLr
leukemogenesis.’*?? The clinical development of epigenetic
modifiers, such as DNA methyltransferase inhibitors and/or
histone deacetylase inhibitors, is currently in progress. A small-
molecule inhibitor of DOTI1L is also in clinical development.
Meanwhile, HSCT should be restricted to patients at higher risk of
relapse, who are likely to benefit from this treatment modality.?*
This stratification is currently being evaluated in our ongoing
JPLSG MLL-10 study.

In conclusion, short-course chemotherapy and the early use of
HSCT in our study was feasible for infants with MLL-r ALL.
However, given the limited effects of HSCT and the potential risk
of late effects, the indication for HSCT should be restricted to
specific subgroups with poor risk factors, and an alternative
approach incorporating molecular-targeted drugs should be
established in the future.
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Prognostic impact of gained chromosomes in high-
hyperdiploid childhood acute lymphoblastic leukaemia:

a collaborative retrospective study of the Tokyo Children’s
Cancer Study Group and Japan Association of Childhood

Leukaemia Study

Although the prognosis of high-hyperdiploid (HHD) acute
lymphoblastic leukaemia (ALL) is excellent, relapse occurs in
10-15% of cases (Look et al, 1985). A gained chromosome is
commonly found (Heerema et al, 2000; Kawamata et al,
2008), and previous studies reported a correlation between
other chromosome combinations and outcomes. The Pediat-
ric Oncology Group (POG) and Children’s Oncology Group
(COG) demonstrated that the combined gain of chromo-
somes 4, 10 and 17 (termed as triple trisomy) was associated
with a better prognosis (Sutcliffe et al, 2005), and POG data
suggested that +4 and +10 (termed as double trisomy)
patients had a very low risk of relapse (Harris et al, 1992).

In this study, we performed a retrospective analysis with
the Tokyo Children’s Cancer Study Group (TCCSG) cohort
as a test set to investigate the relationship between a combi-
nation of specific chromosome gains and disease outcomes,
and used patients included in the Japan Association of Child-
hood Leukaemia Study (JACLS) as a validation set.

Paediatric ALL patients (aged 1-18 years old) enrolled in
the TCCSG L95-14 (Igarashi et al, 2005) (1 = 597, 1995-99),
L99-15 (Manabe et al, 2008; Hasegawa et al, 2012; Kato et al,
2014) (n = 770, 1999-2003), and JACLS ALL97 (Suzuki et al,
2010) (n = 674, 1997-2002) trials were analysed. Based on

cytogenetic data obtained with the G-banding test, HHD was
defined as a modal chromosome number of 51 or more
(Heerema et al, 2000), and 186 and 75 HHD patients were
analysed from the TCCSG and JACLS cohorts, respectively.

Associations between the gained chromosome pattern and
outcomes were investigated with all two combinations of
each chromosome in the TCCSG cohort. Combinations with
a small number of patients (<25% of all patients, i.e. 47
patients) were excluded. Fifteen combinations were found to
have a significant impact on outcome; the association of
these combinations and outcomes in the JACLS cohort was
analysed for validation (Table SI and Figure S1).

Event-free survival (EFS) was calculated using Kaplan—
Meier estimates, and the log-rank test was used to detect
significant differences. Multivariate analysis was performed
using the Cox proportional hazard regression model. All sta-
tistical analyses were performed with the statistical software r
(version 2.13.0; The R Foundation for Statistical Computing,
Vienna, Austria). A two-sided P-level of <0-05 was consid-
ered significant for all analyses.

The characteristics of the paediatric patients with HHD
ALL are shown in Table I. The median follow-up period was
2160 d in the TCCSG cohorts. The 6-year EFS and overall

Table 1. Characteristics and outcomes of patients with high-hyperdiploidy acute lymphoblastic leukaemia.

Median age at

Median WBC at

n diagnosis, years (range) p diagnosis, x10%1 (range) p 6-year EFS p*
TCCSG cohort
All 186 4 (1-14) 5-8 (0-3-16:5) 797 £ 3:2%
+11 or +17
Yes 135 4 (1-14) 0-85 6-2 (0-3-16-5) 0-29 83-2 = 3-5% 0-027
No 51 3 (1-12) 4.7 (0-8—46-4) 70-8 £ 6:7%
JACLS cohort
All 75 3 (1-15) 5-6 (1-6-970) 86-6 £ 4%
+11 or +17
Yes 56 3 (1-15) 0-63 5-3 (1-6-970) 0-52 91-1 + 3-8% 0-045
No 19 4 (1-9) 6-3 (1-9-60-1) 730 & 10-4%

TCCSG, Tokyo Children’s Cancer Study Group; JACLS, Japan Association of Childhood Leukaemia study; WBC, white blood cell count.

*Log-rank test.

© 2014 John Wiley & Sons Ltd
British Journal of Haematology, 2014, 166, 292-308
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Fig 1. Gained chromosomes in HHD-ALL and their prognostic impact. (A) Frequency of gained chromosomes in 186 HHD-ALL patients in the
TCCSG cohort. Event-free survival in the TCCSG and JACLS cohorts is shown. Concurrent absence of a gain of both chromosomes 11 and 17
was associated with poor outcome in the TCCSG cohort (B) and JACLS cohort (C). (D) Event-free survival of ALL patients with or without dou-
ble trisomy (+4 and +10) in the TCCSG cohort. HHD, high-hyperdiploidy; ALL, acute lymphoblastic leukaemia; TCCSG, Tokyo Children’s Can-
cer Study Group; JACLS, Japan Association of Childhood Leukaemia study.

survival (OS) for HHD patients in the TCCSG cohort was
797 &+ 3:2% and 912 £ 2:3% respectively, compared to
744 + 1-3% and 83-4 & 1-19%, respectively, for non-HDD
patients. The distribution of gained chromosomes in the
TCCSG cohort is shown in Fig 1A. In the JACLS cohort, the
median follow-up period was 2791 d, and the 6-year EFS
and OS was 86-6 + 4-0% and 97-2 £ 2-0%, respectively.

The absence of +11 and -+17 was associated with a poorer
outcome in the TCCSG cohort (Table I and Fig 1B). Fifty-one
of 186 (27-4%) patients with HHD-ALL and no extra copies of
these two chromosomes had a significantly poorer prognosis,
with a 6-year EFS of 70-8 & 6-7% compared to HHD patients
with either +11 or =17 (832 & 3.5%, P = 0-027). However,
no significant difference was observed in OS between the two
groups (835 & 59% with no +11 and no +17, and
94-3 £ 2-1% with =11 or =17, P = 0-09). Mulitvariate analysis
failed to identify these chromosome gains as statistically signif-
icant due to small sample size (Table SIT).

The correlation was concordant with that found in the
JACLS cohort. Nineteen of 75 (25-3%) HHD patients had
neither +11 nor +17, and EFS was inferior to that of
patients with +11 or =17 (73-0 = 10-4% and 91-1 £ 3-8%,
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P = 0-045) (Fig 1C). No significant difference was observed

in age, leucocyte count at
two groups (Table I).

diagnosis, or gender between the

In contrast to the findings of previous studies by the POG
and COG (Harris et al, 1992; Sutcliffe et al, 2005), double/tri-
ple trisomy was not correlated with outcome in our cohort. In

the TCCSG cohort, 105 of

186 (56-5%) patients had both +4

and +10, and EFS at 6 years was 81-2 & 4.2%, whereas EFS of

81 patients without +4 or

+10 was 77-8 + 4-8%, which was

not significantly different (P = 0-64) (Fig 1D).
Based on the finding that the gain of chromosomes is

non-random, it is assumed that the gain of specific chromo-

somes contributes to leukaemogenesis, while the gain of

other chromosomes is a “passenger” event, which is a by-
product of leukaemic cell development.

This study showed an

association between +11 and +17

and EFS probability in two independent patient cohorts, each

of which received differen
and COG showed that +4,
outcome (Heerema et al,

t treatments. Data from the POG
+10, and +17 was associated with
2000; Sutcliffe er al, 2005), and

another report on the Berlin-Frankfiirt-Miinster study cohort
demonstrated that patients with neither +17 nor +18 had

© 2014 John Wiley & Sons Ltd

British Journal of Haematology, 2014, 166, 292-308



poor outcomes (Kawamata et al, 2008). Thus, the gain of
chromosome 17 may be the most important ‘driver’ abnor-
mality in HHD pathogenesis and provide a favourable
phenotype. However, it should be noted that no relapse was
observed in 21 patients with +11 and +17 of the TCCSG
cohort, which suggests that +11 is still associated with better
prognosis even in patients with +17:

Some of our findings were inconsistent with those of pre-
vious studies. This suggests that the association between the
gained chromosome combination and outcome may be influ-
enced by the treatment regimen or ethnicity because most of
the enrolled patients in the present study were Asian. The
significance of the gain of specific chromosomes in HHD
ALL on prognosis should be considered carefully.
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Could a citrus keep the haematologist away?

Anaemia has long been recognized as one of the most impor-
tant prognostic factors in chronic lymphocytic leukaemia
(CLL) (Binet et al, 1981). Many mechanisms can cause anae-
mia in CLL including bone marrow infiltration, auto-immu-
nity, cytotoxic therapy, hypersplenism, inflammation, iron
deficiency and poor nutritional status (Mauro et al, 2002).
Among nutritional causes of anaemia, vitamin B9 and vita-
min B12 deficiencies are often sought, whereas vitamin C
deficiency (hypovitaminosis C) is underestimated (Fain,
2004). Vitamin C, also known as ascorbic acid (AA), is one
of the four main antioxidants (AA, vitamin E, selenium and
B-carotene) available in human alimentation (Fain, 2004).
The pathophysiology of CLL may involve oxidative stress
(Sarmento-Ribeiro et al, 2012). Because of its role in pre-
venting anaemia and its ability to degrade free radicals and
oxidants, we hypothesized that hypovitaminosis C level could
be associated with Binet stage C. Herein, we report a single-
centre study comparing the blood level of vitamin C in
patients with Binet stage A and Binet stage C CLL.

Between June 2012 and November 2012, we performed a
prospective exploratory study of the vitamin C plasma level
in patients followed for CLL at the Department of Hema-
tology of University Hospital of Tours. In order to com-
pare vitamin C plasma level between low and high burden
of disease, we randomly selected 40 patients with Binet
stage A CLL and 40 patients with Binet stage C CLL (Binet
et al, 1981). The only exclusion criterion was ongoing vita-
min C supplementation. The following baseline demograph-
ical and clinical data were recorded for all of the study
patients: age, sex, weight, size, performance status and date
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of CLL diagnosis. The following blood tests were performed
in patients who provided an informed consent: complete
blood cell count, reticulocytes, aspartate aminotransferase,
serum creatinine level, thyroid-stimulating hormone (TSH),
C-reactive protein (CRP), serum iron level, transferrin satu-
ration, ferritin, albumin, folic acid, vitamin B12 and vita-
min C serum levels. To protect AA from light and air
alteration, blood samples were collected in tubes encased in
foil. Results are expressed as mean and confidence intervals,
Wilcoxon’s test was used to test the comparisons between
the two groups. A P value of less than 0-05 was considered
significant.

Baseline data and biological test results of the patients are
presented in Table I. Stage C patients had lower haemoglo-
bin level than stage A patients (107 g/l, vs. 134 g/,
respectively, P < 0-00005). Anaemia was mostly normocytic,
normochromic and hyporegenerative. Platelet count was also
lower in stage C patients than in stage A patients
(111 x 10°/1, vs. 200 x 10°/l, respectively, P < 0-00005).
Thyroid, liver and renal functions, as well as vitamin B9 and
serum iron levels, were normal in both groups. CRP and fer-
ritin levels were significantly higher in patients with Stage C
(10-0 mg/l, vs. 3-0 mg/l, and 431 pg/l, vs. 117 pg/l, respec-
tively, P < 0-05 for both comparisons). There was no statisti-
cal difference in Vitamin B12 level between the two groups.
Vitamin C level was significantly higher in stage A patients
than in stage C patients (587 pmol/l, vs. 37.7 pumol/l,
P < 0-00005). In total, 22 CLL patients (27-5%) had hypovi-
taminosis C including three stage A patients (7-5%) and 19
stage C patients (47-5%).

© 2014 John Wiley & Sons Ltd
British Journal of Haematology, 2014, 166, 292-308



bjh

[esedicipaper

No impact of high-dose cytarabine and asparaginase as
early intensification with intermediate-risk paediatric acute
lymphoblastic leukaemia: results of randomized trial TCCSG

study L99-15

Motohiro Kato,"* Katsuyoshi Koh,'*
Atsushi Manabe,” Tomohiro Saito,*
Daisuke Hasegawa,® Keiichi Isoyama,’
Akitoshi Kinoshita,® Miho Maeda,” Yuri
Okimoto,® Michiko Kajiwara,” Takashi
Kaneko,'® Kanji Sugita,"' Akira
Kikuchi,'* Masahiro Tsuchida'’ and
Akira Ohara'*

'Department of Haematology/Oncology, Saitama
Children’s Medical Centre, Saitama, *Depart-
ment of Paediatrics, the University of Tokyo,
“Department of Paediatrics, St. Luke’s Interna-
tional Hospital, *Department of Health Policy,
National Research Institute for Child Health and
Development, Tokyo, *Department of Paediatrics,
Showa University Fujignoka Hospital,
Yokohama, *Department of Paediatrics,

St. Marianna University School of Medicine,
Kawasaki, " Department of Paediatrics, Nippon
Medical School, Tokyo, *Department of Haema-
tology/Oncology, Chiba Children’s Hospital, Chi-
ba, *Department of Paediatrics, Tokyo Medical
and Dental University, '’Department of
Haematology/Oncology, Tokyo Metropolitan
Children’s Medical Centre, Tokyo, '' Department
of Paediatrics, University of Yamanashi, Yaman-
ashi, "*Department of Paediatrics, Teikyo Uni-
versity, Tokyo, '*Department of Paediatrics,
Ibaraki Children’s Hospital, Ibaraki, and
"“Department of Paediatrics, Toho University,
Tokyo, Japan

Received 7 August 2013; accepted for
publication 18 September 2013
Correspondence: Motohiro Kato, Department
of Haematology/Oncology, Saitama Children’s
Medical Centre. 2100, Magome, Iwatsuki-ku,
Saitama, 339-8551, Japan.

E-mail: katom-tky@umin.ac.jp

*These two authors equally contributed to this

study.

First published online 26 October 2013
doi: 10.1111/bjh.12632

Summary

The Tokyo Children’s Cancer Study Group conducted a randomized con-
trolled study to evaluate the effect of experimental early intensification
using high-dose cytarabine and L-asparaginase in paediatric intermediate-
risk (IR) acute lymphoblastic leukaemia (ALL). A total of 310 IR ALL
patients were randomized to receive either experimental early intensifica-
tion (n = 156) or standard early intensification including standard-dose
cytarabine arm (n = 154) after induction therapy. The experimental arm
consisted of high-dose cytarabine and L-asparaginase, while the standard
arm consisted of standard-dose cytarabine, oral 6-mercaptopurine and
cyclophosphamide. The probabilities of event-free survival at 8 years in the
experimental and standard arms were 72:3 £ 3-7% and 77-5 + 3-5%,
respectively (P = 0-32). The 8-year overall survival rates for these two arms
were 85-0 & 3.0% and 86-9 + 2.8%, respectively (P = 0-72). The frequency
of infectious events was significantly higher in the experimental arm
(66-4%) than in the standard arm (24-6%) (P < 0-001). In conclusion,
experimental early intensification including high-dose cytarabine followed
by L-asparaginase had no advantage over standard early intensification in
paediatric IR ALL patients.

Keywords: acute lymphoblastic leukaemia, child, randomized trial, early
intensification, high-dose cytarabine.
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Introduction

Chemotherapy for paediatric acute lymphoblastic leukaemia
(ALL) typically comprises three phases: remission induction,
consolidation and maintenance(Inaba et al, 2013). The
importance of cach component has been confirmed by sev-
eral clinical trials and provided dramatic improvement of
treatment outcome; however, a certain fraction of ALL
patients still suffer from relapse or severe adverse events, thus
optimal drug doses and administration schedule need to be
determined.

Based on the Goldie-Coldman hypothesis(Goldie &
Coldman, 1979), early reduction of leukaemic cells by
multiple and non-cross resistant agents is essential to prevent
relapse and improve treatment outcome. Consequently, we
hypothesized that optimization of early intensification could
improve the survival probability of paediatric ALL. To con-
firm this hypothesis, we performed a randomized controlled
trial to compare our experimental early intensification with
standard early intensification in the Tokyo Children’s Cancer
Study Group (TCCSG) L99-15 study.

As a standard early intensification, the combination of
¢-mercaptopurine (6MP) and standard doses of cytarabine
(AraC) and cyclophosphamide has been widely adopted in
several study groups, including TCCSG. To optimize this
essential component, we amended the standard early intensifi-
cation to an experimental regimen, which included high-dose
AraC (HD-AraC) followed by L-asparaginase (L-ASP), based
on the ‘Capizzi regimen’, which showed a synergic effect for
relapsed acute myeloid leukaemia (AML) (Capizzi et al, 1988).

To date, no studies have investigated the effectiveness of
early intensification using HD-AraC in intermediate-risk (TR)
ALL, but this drug has become widely employed in the treat-
ment of children with AML (Mayer ef al, 1994; Lie et al,
2005; Ravindranath et al, 2005; Becton et al, 2006; Tomizawa
et al, 2007; Creutzig et al, 2011) and relapsed ALL(Wells et al,
1985; Bernstein et al, 1997; Einsiedel et al, 2005). Previous
studies showed that the addition of HD-AraC to regimens
based on the Berlin-Frankfurt-Muenster (BFM) protocol
failed to improve overall treatment outcomes of paediatric
ALL(Schrappe et al, 2000; Millot et al, 2001); however, some
studies showed that it demonstrated excellent outcomes in
high-risk ALL patients(Arico et al, 2002; Pui et al, 2009).

Here we report the results of the TCCSG 199-15 random-
ized controlled trial to investigate effectiveness of experimen-
tal early intensification with HD-AraC/asparaginase for
children with IR ALL.

Patients and methods

Patients

Between April 1999 and June 2003, 770 children (aged
1-18 years) with previously untreated ALL were consecutively
enrolled in the TCCSG L99-15 study (Fig 1). The protocol was

® 2013 John Wiley & Sons Ltd
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approved by the institutional review boards of the participat-
ing institutions or equivalent organizations. Written informed
consent was obtained from the parents or guardians, and from
the patients when appropriate for their age and conceptual
ability. Sixteen patients were excluded due to severe complica-
tions before starting the treatment (1 = 8) or a lack of data
{(n = 8). Thus, 754 patients were evaluable for analysis.

The diagnosis of ALL was based on the following; mor-
phological, biochemical and flow cytometric features of leu-
kaemic cells, including lymphoblast morphology on May- or
Wright-Giemsa-stained bone marrow smears, negative stain-
ing for myeloperoxidase and reactivity with monoclonal anti-
bodies to  B-lineage-associated or T-lineage-associated
lymphoid differentiation antigens, as described elsewhere
(Toyoda et al, 2000; Manabe et al, 2001; Igarashi et al,
2005). Remission was defined as the presence of <5% blasts
with the recovery of normal haematopoiesis.

The overall outcome of children registered on TCCSG
1.99-15 has been published(Manabe et al, 2008; Hasegawa
ot al, 2011), and the event-free survival of all 754 patients at
4 years was 87-6 & 1-2%.

Risk classification

At diagnosis, patients were tentatively assigned to a standard-
risk (SR), intermediate-risk (IR) or high-risk (HR) group
according to patient age and peripheral blood leucocyte count
(Fig S1). The initial risk grouping was modified after identifi-
cation of the prednisolone (PSL) response, cytogenetic analy-
sis and other clinical features, as previously described
(Manabe et al, 2008; Hasegawa et al, 2011). The PSL response
was defined by the blast cell count in the peripheral blood on
day § after a 7-day exposure to PSL: PSL very good response
(PVGR) with undetectable blasts, PSL good response (PGR)
with a blast cell count of 0-001-0-999 x 101, and predniso-
lone poor response (PPR) with a blast cell count >1.0 x 10%/1.
For B-cell precursor ALL, SR was initially defined as age
1-6 years and a leucocyte count < 20 x 10°/1 at diagnosis.
HR was initially age 9 years or older, or a leucocyte count
>100 x 10%/1. Patients who were neither SR nor HR were ini-
tially defined as IR. Initial SR patients with PPR and initial
HR patients with VGPR were reclassified into the IR group.
Initial TR patients with VGPR/PGR were stratified into the IR
group. IR patients also included T-lineage ALL patients with
PVGR and SR patients with t(1;19) or the TCF3-PBX1I chime-
ric gene. Patients with the Philadelphia chromosome (Ph1) or
11q23 were excluded from the IR group and included in the
haematopoietic stem cell transplantation group.

Treatment protocol

Remission induction therapy for IR patients consisted of
prednisolone, vincristine, E. coli L-asparaginase(L-ASP),
daunorubicin, cyclophosphamide and triple intrathecal (IT)
injections. IR patients who achieved complete remission after
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Stratified to IR group, and randomized (n = 310)
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Received standard arm (s = 3)
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Fig 1. CONSORT diagram of the TCCSG L99-
15 study. IR: intermediate risk.
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Fig 2. Treatment schema for the IR group in the TCCSG L99-15 study. (A) The treatment outline and (B) detailed schedule of the randomized
arm are shown. Abbreviations: R, randomization; pCRT, prophylactic cranial irradiation; WBC, white blood cell count; HD-MTX, high dose
methotrexate; He, high dose cytarabine; L, L-asparaginase; C, cytarabine; CY, cyclophosphamide; IT, intrathecal injection.

induction therapy were randomly assigned into either the
experimental arm or standard arm (Fig 1). In the experimen-
tal arm, 8 doses of HD-AraC (2 g/mz) were given twice a
day (every 12 h) beginning on the evening of day 1, followed
by L-ASP 3 h after the last dose of HD-AraC. Triple-IT
injections were administered on day 1. In the standard arm,
5 doses of standard-dose AraC (75 mg/m”) were given by an
intravenous push once a day from days 1-5, days 812 and
days 15-18. Oral 6MP 60 mg/m® was given from day 1 to
day 21. Cyclophosphamide 1 g/m® was given on day 1, and
two doses of IT-methotrexate were administered on days 1
and 15. The subsequent treatment protocol was identical for
both of the arms (Fig 2, Table S1). Ten patients whose initial
leucocyte count was more than 100 x 10°/1 were allocated to
undergo prophylactic cranial irradiation.

Statistical analysis

The data were analysed as of October 2012. Event-free sur-
vival (EFS) was defined as the time from the initiation of
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therapy to either treatment failure (relapse, death or the
diagnosis of secondary cancer) or to the time of the last fol-
low-up. Overall survival (OS) was defined as the time from
the initiation of therapy to death from any cause or the time
of the last follow-up. The probability of EFS and OS was
estimated by the Kaplan-Meier method and was tested for
significant differences using the log-rank test. A 2-sided
P-value <0-05 was considered statistically significant. Patients
who were inadvertently or intentionally treated by the differ-
ent regimens were analysed according to their randomly
assigned arm (intent-to-treat analysis).

Results

Patient characteristics

In total, 310 (41-1%) of 754 evaluable patients were allocated
to the IR group and randomized, 156 patients to the experi-
mental arm and 154 to the standard arm. The laboratory
and clinical characteristics of these IR patients are shown in

© 2013 John Wiley & Sons Ltd
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Table 1. No feature was significantly different between the

two arms.

Treatment outcomes

The median follow-up period of survivors was 8.6 years. The
estimated 8-year probabilities (4 standard error) of EFS for
patients in the experimental and standard arms were

Table 1. Clinical characteristics of randomized patients.

Patient Experimental Standard
characteristics arm (n = 156) arm (n = 154) P-value
Median age, years (range) 8 (1-16) 8 (1-15) 0-96
male:female, n 88:68 85:69 0-83
WBC at diagnosis, n (%)
<20 x 10°/1 92 (59-0) 92 (59-7) 0-18
20-<50 x 1011 15 (28-8) 43 (27°9)
=50-<100 x 10"/ 17 (10-9) 171
=100 x 10”1 2(1:3) 8 (52)
Immunophenotype, n (%)
non-T 145 143 1-00
T 11 11
CNS
CNS-1 151 (96-8) 150 (97-4) 0-41
CNS-2 0 (0-0) 1(0-6)
CNS-3 4 (2-6) 1 (0-6)
No data 1(0:6) 2(1-3)
Blast in PB on day 8
<1000 143 (91-7) 143 (92.9) 0-83
21000 13 (8:3) 11 (7-1)
Cytogenctics, n (%)
Hyperdiploidy 27 (17-3) 33 (21-4) 0-47
FTV6-RUNXI 13 (8:3) 17 (11:0)
TCF3-PBX1 17 (10-9) 11 (7-1)

WBC, white blood cell count; CNS, central nervous system; PB,
peripheral blood.
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723 4+ 37% and 77'5 & 3-5%, respectively, and were not
significantly different (P = 0-32) (Fig 3A). The estimated 8-
year OS rate was 85-0 £ 3.0% for the experimental arm and
86:9 & 2:8% for the standard arm, and the difference was
not statistically significant (P = 0-72) (Fig 3B).

No significant difference of EFS was observed between the
two arms in patients with hyperdiploidy (77-3 & 8:2% in the
experimental group and 723 4+ 7-9% in the standard group,
P = 0-74), ETV6-RUNXI (84-6 + 10-0% in the experimental
group and 87-5 = 83% in the standard group, P = 0-82) or
TCF3-PBX1] (69-5 &= 13-1% in the experimental group and
90-0 & 8.7% in the standard group, P = 0-22).

The distribution of the relapse site was similar in the two
arms (P = 0-30) (Table ). Isolated bone marrow relapse
was the main cause of treatment failure in both arms. The
incidences of central nervous system (CNS) relapse, whether
isolated or combined, was similar in both arms.

Toxicity

Detailed information regarding toxic adverse effects was
available in 116 patients in the standard arm and 118 in the
standard arm. The frequency of toxicity during early intensi-
fication is shown in Fig 4 and Table II1. No patient in either
arm died in this phase. The standard arm patients required
more red blood cell transfusions (P < 0-001) (Fig 4A),
though the frequency of platelet transfusions was not signifi-
cantly different (Fig 4B). The experimental arm showed a
trend toward a longer duration of severe neutropenia
(<0-005 x10°/1) (median of 11 days), compared to the stan-
dard arm (median of 8 days), although this did not reach
statistical significance (P = 0-08) (Fig 4C). However, the per-
iod before starting the next treatment block, intensification-
2, was shorter in the experimental arm than in the standard
arm, with a median of 33 and 39 days, respectively
(P < 0-001) (Pig 4D).

(%) (B)
100 -

e Standard arm (n = 154)
-------- Experimental arm (n = 156)

7 P=072

Overall survival

e m A A T
0 1 2 3 4 5 6
Years after diagnosis

Fig 3. Bvent-free survival and overall survival of intermediate-risk patients in the TCCSG L99-15 study. (A) The event-free survival curve and
(B) overall survival curve are shown for the experimental and standard arms.
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Table II. Distribution of relapse sites according to treatment arms.

Relapse Experimental arm Standard arm
Total, n 36 30
Bone marrow 25 20
CNS 4 3
Testis 2 2
Bone marrow and CNS 3 3
Bone marrow and testis 0 1
Others 2 1

The distribution of relapse sites was not significantly different
(P = 0-30, paired r-test). CNS, central nervous system.

The frequency of infectious events was significantly higher
in the experimental arm (77 of 116, 66-4%) than in the stan-
dard arm (29 of 118, 24-6%) (P < 0-001), and most of the
infectious events were febrile neutropenia. Of note, the inci-
dence of bacterial sepsis was significantly higher in the experi-
mental arm (23 of 116, 19-8%) than in the standard arm (5 of
118, 4-2%) (P < 0-001). The infections were caused by strep-
tococci in 16 of the 23 experimental patients, most of which
were identified as viridans streptococci. The coagulation
disorder, disseminated intravascular coagulation, was seen in
one patient assigned to the experimental arm. Four patients
had low fibrinogen levels due to the administration of L-ASP,
but thrombotic and haemorrhagic events were not seen.

Discussion

Although the survival probability of paediatric ALL has
improved to around 90%, further optimization of chemo-
therapy is still required. Previous studies showed that

Table ITI. Non-haematological toxicity according to treatment arms.

Experimental Standard

Measure arm (n = 116) arm (n = 118)
Toxicity
Infection 77 29
Febrile neutropenia 51 24
Sepsis 23 5
Meningitis 1 0
Pneumonia 2 0
Liver enzyme 22 26
Coagulation 5 0
Gastrointestinal 7 4
Neurology 2 1
Allergy 0 2

Grade 3/4 adverse events were counted.

augmentation of standard BFM-backbone intensification
chemotherapy with vincristine and L-ASP could provide an
advantage in high-risk ALL(Nachman er al, 1998). In the
L99-15 study, the TCCSG performed a randomized trial to
investigate the effect of experimental early intensification
with HD-AraC and 1-ASP, which showed a synergic combi-
nation(Capizzi et al, 1988), but this combination failed
to improve survival outcome in spite of more frequent
infectious adverse events.

The addition of HD-AraC in early consolidation therapy
for paediatric ALL was implemented in some clinical trials
(Schrappe et al, 2000; Millot et al, 2001); however, the signif-
icance of HD-AraC administered shortly after remission
induction therapy has never been evaluated. The St. Jude
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Fig 4. Haematological toxicity in the random-
ized phase. (A) The number of red blood cell
(RBC) transfusions and (B) platelet transfu-
sions for each of the treatment arms are
shown. (C) The duration of a neutrophil count
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tion-2). The P-value was calculated by a non-
paired #-test.
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total XV(Pui et al, 2009) and Associazione Italiana di
Ematologia ed Oncologia Pediatrica (AIEOP)-ALL95(Arico
et al, 2002) trials employed HD-AraC in the late consolida-
tion phase and showed excellent treatrnent outcomes for HR
patients, whereas the European Organization for Research
and Treatment of Cancer (EORTC) Children’s Leukaemia
Cooperative Group (CLCG) failed to show an advantage of
adding HD-AraC to high-dose methotrexate (HD-MTX)
after early consolidation in a BFM-based protocol, in
increased-risk ALL patients(Millot et al, 2001).

Our study was different from the EORTC-CLCG study in
the timing and dosage of HD-AraC, where HD-AraC (1 g/
m” x 2) was added to HD-MTX as CNS prophylaxis(Millot
et al, 2001). In our study, HD-AraC concurrent with L-ASP
was administered in the carlier phase of treatment and the
dosage was more intensive (2 g/m’ x8), as we hypothesized
that the synergistic effect of HD-AraC followed by L-ASP
would reduce systemic and CNS relapse(Capizzi & Cheng,
1982; Capizzi er al, 1984). However, similar to the results of
the EORTC-CLCG study, our study showed that the treat-
ment outcome of HD-AraC was not superior to that of stan-
dard-dose AraC, while patients in HD-AraC arm had a
higher frequency of infections including bacterial sepsis. A
pharmacokinetic study by showed that the cellular retention
of arabinoside triphosphate, the active metabolite of AraC, in
leukaemic blasts was shorter in blasts from patients with
T-cell ALL and AML compared to non-T ALL(Boos et al,
1996); therefore, the intensive administration of AraC such
as HD-AraC and continuous infusion may not be important
in the treatment of non-high risk ALL.

Although our study could not show survival advantage for
IR ALL, it should be noted that our late intensification phase
was more intensive than that given for similar risk patients
in other study groups. The late intensification, which
included HD-AraC for both arms, may minimize the benefit
of our experimental early intensification. Our results do not
address whether the experimental early intensification would
or would not be beneficial if it was added to a less intensive
treatment backbone.

An advantage of HD-AraC is its ability to reduce the inci-
dence of CNS relapse because of its high penetration into
CNS  regions(Morra et al, 1993; Ritchey eral, 1999).
Contrary to our expectation, however, the frequency of CNS
relapses in the HD-AraC arm was not lower than that in the
SD-AraC arm. The EORTC-CLCG studies showed that
HD-AraC failed to reduce the incidence of CNS relapses
(Millot et al, 2001), suggesting that their treatment protocol
including HD-MTX combined with IT injections was inten-
sive enough to protect against CNS relapses. Our treatment
protocol also contained HD-MTX, intermediate dose -MTX,
IT injections, and HD-AraC in late consolidation therapy, all
of which could serve as CNS prophylaxis(Abromowitch et al,
1988; Morra et al, 1993; Conter et al, 1995), while the
number of patients who received cranial irradiation in our
study was low (3-2% of IR patients). We conclude that

© 2013 John Wiley & Sons Ltd
British Journal of Haematology, 2014, 164, 376-383

HD-AraC/ASP early intensification in paediatric ALL

augmentation of early intensification with HD-AraC and
L-ASP has little effect in reducing CNS relapse if sufficient
CNS prophylaxis, consisting of intravenous MTX and IT
injections, is given in the subsequent chemotherapy.

HD-AraC in early intensification was well-tolerated by
most patients without any treatment-related death. However,
patients in the HD-AraC/L-ASP arm had deeper myelosup-
pression and more serious infections than those in the stan-
dard arm, although the period of recovery was shorter than
that in the standard arm. Earlier start of the next treatment
block failed to reduce the rate of relapse. Previous trials for
paediatric AML showed that the intensive timed Capizzi regi-
men was more effective than standard time Capizzi regimen,
which was similar to our experimental regimen(Smith et al,
2005). From our results, the intensive timed Capizzi regimen
would result in a higher frequency of infectious events,
although it might provide better disease control in paediatric
ALL.

The failure to improve overall outcomes and the occur-
rence of relatively more severe complications prompted us to
abort experimental early intensification. In the subsequent
TCCSG studies, 1.99-1502 and 104-16, treatment protocols
for IR patients have contained only standard BFM-based
carly intensification. Although our experimental early intensi-
fication could not improve survival outcome, our study pro-
vides useful information to establish an optimal treatment
regimen for paediatric ALL.
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Table 1 Results of recently completed clinical trials for acute lymphoblastic leukemia®

Study Years of No. of Age range Event-free survival Survival at Reference
study patients yr) at5yr (%+SE) S5yr (%=*SE)

AIEOP-95 1995-2000 1743 0-17 75.9+1.0 85.5+0.8 Conter et al
BFM-95 1995-2000 2169 0-18 79.60.9 86.3+0.6 Moricke et al
CCG-1900 1996-2002 4464 0-21 76.04:0.7 86.310.6 Gaynon et al
COALL-7 1997-2003 667 0-18 76.741.7 854414 Escherich et al
CPH-95 1996-2002 380 0-18 721423 83.01.9 Stary et al
DCOG-9 19972004 859 1-18 80.61-1.4 86.4:+1.2 Kamps et al
DFCI 00-01 20002004 492 0-18 80.03:2.0 91.01.0 Vrooman et al
INS 98 1998-2003 315 0-18 78.742.3 83.8£2.1 Stark et al
NOPHO-2000 2002-2007 1023 1-15 794415 89.1:1.1 Schmiegelow et al
SJCRH-13B 1994-1998 247 0-18 80.11+2.6 85.742.2 Pui et al
SJCRH-15 2000-2007 498 1-18 85.6£2.9 93.5+1.9 Pui et al
TCCSG-95-14 1995-1999 597 1-15 76.81+1.8 84.9+15 Tsuchida et al
TPOG-2002 2002-2007 788 0-18 774417 83.511.6 Liang et al
UKALL-97/99 1999-2002 938 1-18 80.0+£1.2 88.01.1 Mitchell et al

i
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Fig. 1 Kaplan-Meier analysis of survival for 2,852
children with newly diagnosed acute lympho-
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i blastic leukemia ireated in 15 consecutive
studies at St. Jude Children’s Research
Hospital from 1962 to 2007
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Fig. 2 Estimated frequency of specific genotypes in childhood ALL including recently identified genotypes® -
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LEBERE VI —OBAR IV EEEFEL L THEDS
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TILHRIZBWTIE2H T PCRMRED L3 EHILETT
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T EEERN OB 2 Flow-MRD THEL/ZD
THHREDERL TWS, BRFEIBWTIE, 24
TPCRMRD O U TN LREEZT> TR
FAWD Z S I3RER O capacity 72 5 B S TR Al g8
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3. ARBROBRELTOURDES

MR ALL I3 2EBEI0 I —VIE, EWAS
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FHOBRIIEMREARR BEREARKEZSURIL
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1) BEREARE

AR A JEEL, steroid +vincristine+-L-asparaginase
+anthracycline @ 4 FIOEASAEHENHANEETH
U, 95~98% DEBBEARNPETES, HEEAFE
BT B EDE LI steroid & anthracycline I DWNWT
ThnTEE,

HRERHEINTER steroid BIOZIEPSLTH D=
2, EEEVERE L BIFapESE CNS) BTk
EZHUTDEX 0EANRASNTER., DEX &Mk
ERUCEZHOEEJBFHBNGE I TR
M, ERULAEEBVEBREZEZRDREM>EEND
TCCSG M6 DHELH2Y, DEXEBHAMGEHERE
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1, 0EERETHIEMERCDEX 285754,
WEN ETRPEO 1ERZRETSZ LT, HES
SIREHEFL DD, AWMEREET B I LICHEBL TN
Do .

anthracycline 12 D W T, 2K Children’s Oncology
Group (COG) R UKD/ — T, EERRBEOESR
A BWTIT anthracycline 28 YT, BEHRET
anthracycline 2EUBEEREBAZT O TWEY, R4y
BFM (Berlin-Frankfurt-Munster) 7L — 7O EBE A E
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5HEEGERBEICBVWTIADNR 2 2ECEET RS
2TV, BEVREZEETIERLEERICEILTY
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Bl & 2P EFIAEMABREIC shift up §5 Z & THRE
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BHGE TERRZIEAN—EOEE (10~40%Fit)
TEUBZEMBELNCR>TED, IN5OERIIS
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nia B8 HH3E asparaginase IZYI DB X 5 Z & T, asparagi-
nase OB FEH I ENTERLZDTHBEIN
TW3, $BIEENIZBWTD Erwinie BB SE aspara-
ginase OFE AT EEIC/2 57, asparaginase &1k %
monitoring T& B2 EFIOBENRD N3,

RIZMTIX KBEE @~5¢g/m) BEL O N—TF
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BIENLCERREBRERLZA 5N 5. KE Chil
dren’s Oncology Group (COG) 3 EMEkKRE B s
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AR AR (CNS) I M P At e L BB At
FELICCWED, CNSEETHZTaORTNE,
50%LL Lic CNS BFEMN4A U S, CNSHEETFHICTB L
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