MEL/TBI and allo-SCT for hematological malignancies

Table 3. Comparison of patient characteristics and outcomes from authors included in the comparison conditioning regimens in allogensic transplantation

No. of recipients/conditioning

Author (reference) Adult/children  regimen Stage (n) Donor  Source{n) OS %yl DFS%{y) TRM%
Blaize et al. {23) Adult 50 AML/CY + TBI CR1 MSD BM 75 (3) 73{3) 8
[RCT] Adult 51 AML/BU + CY CR1 MSD BM 51(3) 49 (3) 27
Ringden et al. {24) Adult 61 AML, ALL, CML/CY + T8B! CR1 (37) MSD BM 80 (3) 68 (3) NR
CP1 {24}
[RCT} Aduit 58 AML, ALL, CML/BU + CY CR1 (36) MSD BM 83(3) 75 {3) NR
CP1{22)
Neudorf et al. (19) Children 150 AM/BU + CY CR1 MRD BM 67 {5) 57 (5) 17
Willemze et al. (21) Children 55 ALL/CY + T8I CR1 MSD BM 74 {5} 73(8) 6
Satwani et al. {33) Children 29 ALL/CY + TBI CRt MRD BM 586 (3) 58.6 (3) 3
Balduzi et al. (34) Children 77 ALL/TBI + atoposide, CR1 MRD BM 56.4 (5) 86.7 (5) 9.1
BU + CY + etoposide
Bardigoni et al. (13) Children 116 ALL/CA + MEL + TBI CR2 MSD BM NR 64.8 (7) 224
Gorden et al. (35) Children 27 ALL/CA + TBI CR2 MRD BM (26) NR 59 {5) 37
PB (1}
Bleakley et al. {36) Children 20 AL/CY + T8I CR2Z {17) MSD BM 60 (8) 55 {8} 20
CR3 (1)
Relapse {2}
Abrahamsson et al. {37)  Children 18 AMU/NR CR2 MRD BM NR 72 {5) ]

RCT, randomized contralted trial; CML, chronic myelogenous leukemia; BU, busulfan; CA, cytosine arabinoside; NR, not reported; MSD, matched sibling donor; MRD,
matched related donor; BM, bone marrow; PB, peripheral blood; 0S, overall survival.

Inagaki et al. (25) also reported that a condi-
tioning regimen comprising MEL and TBI may
provide sufficient antileukemic effects against
advanced pediatric hematological malignancy.
However, our study was a retrospective analysis
of transplants performed in four centers over a
relatively long time span. As selection or exclu-
sion criteria were determined according to the
decisions of individual physicians, patients in our
study were not consecutive and some form of
selection bias may have been present.

The rate of TRM in this study was also low,
occurring in only 1 (2%) patient, and none of our
patients died before engraftment, despite the high
incidence of mucosal injury and febrile episodes.
Helenglass et al. reported that the relapse rate
after marrow transplantation is reduced in
patients given TBI and MEL compared with
TBI and CY (7). However, this benefit was offset
by the nephrotoxicity of MEL, resulting in a high
incidence of TRM (40.7%). In that study, all
patients received cyclosporine (8 mg/kg/day) as
GVHD prophylaxis. On the other hand, our
patients received only MTX or low-dose cyclo-
sporine (1-3 mg/kg/day) plus MTX as GVHD
prophylaxis, which might have reduced the
incidence of severe renal toxicities among our
patients. Such a regimen combined with recent
progress in supportive care might further reduce
transplant mortality to <5%. Five of our
patients developed idiopathic interstitial pneu-
monitis or bronchiolitis obliterans (NCI grade
23). All these patients received only MTX as

GVHD prophylaxis. Previous reports have sug-
gested that MTX is associated with an increased
risk of interstitial pneumonia (26, 27). Consider-
ing the low risk of relapse in patients who
received low-dose cyclosporine and MTX, we
recommend abandoning MTX alone as GVHD
prophylaxis in this setting. Although Cavet et al.
(28) reported two adult patients who developed
constrictive pericarditis after transplantation
conditioning involving MEL and TBI, our
patients did not develop pericardial constriction
or restrictive cardiomyopathy (28). This compli-
cation should be considered when older patients
receive transplant conditioning involving MEL
and TBL

Previous reports have suggested that MEL is
likely to have more carcinogenic potential than
CY in non-transplant settings (29-31). One of
our patients developed a secondary malignant
neoplasm (osteosarcoma). Kulkarni et al. re-
ported that the risk of developing secondary
malignant neoplasms is not any higher when
transplant conditioning is performed with MEL/
TBI than with CY/TBI (32). Although the choice

" of conditioning regimen does not seem to play an
important role in the development of secondary
malignant neoplasms, diligent monitoring involv-
ing long-term follow-up is required.

Relapse was the most common cause of
treatment failure, with 10.8% of patients in the
CR1 and CR2 groups experiencing relapse,
compared to 53.8% of patients with advanced-
stage disease. This represents a considerable
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problem to overcome among non-CR patients.
Patients in non-CR may require a regimen with
additional chemotherapeutic agents or immuno-
therapy after allo-SCT.

In conclusion, our findings suggest that the
MEL/TBI regimen is a relatively well-tolerated
and effective regimen before transplantation,
particularly for patients in CR1 or CR2. How-
ever, the limitations of this study are the retro-
spective nature of the analysis and the
involvement of non-consecutive patients. Further
large-scale and prospective studies are thus
needed to better evaluate the efficacy of this
regimen.
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We previously demonstrated that out-
come of pediatric 11q23/MLL-rearranged
AML depends on the translocation part-
ner (TP). In this multicenter international
study on 733 children with 11q23/MLL-
rearranged AML, we further analyzed
which additional cytogenetic aberrations
(ACA) had prognostic significance. ACAs
occurred in 344 (47%) of 733 and were
associated with unfavorable outcome (5-
year overall survival [OS] 47% vs 62%,
P < .001). Trisomy 8, the most frequent
specific ACA (n = 130/344, 38%), indepen-

Introduction

dently predicted favorable outcome within
the ACAs group (OS 61% vs 39%,
P = .003; Cox model for OS hazard ratio
(HR) 0.54, P =.03), on the basis of re-
duced relapse rate (26% vs 49%, P < .001).
Trisomy 19 (n = 37/344, 11%) indepen-
dently predicted poor prognosis in ACAs
cases, which was partly caused by refrac-
tory disease (remission rate 74% vs 89%,
P =.04; OS 24% vs 50%, P <.001; HR
1.77, P = .01). Structural ACAs had inde-
pendent adverse prognostic value for
event-free survival (HR 1.36, P =.01).

Complex karyotype, defined as = 3 abnor-
malities, was present in 26% (n = 192/733)
and showed worse outcome than those
without complex karyotype (OS 45% vs
59%, P = .003) in univariate analysis only.
In conclusion, like TP, specific ACAs have
independent prognostic significance in
pediatric 11q23/MLL-rearranged AML, and
the mechanism underlying these prognos-
tic differences should be studied. (Blood.
2011;117(26):7102-7111)

Pediatric acute myeloid leukemia (AML) is a clinically and
genetically heterogeneous disease. In addition to the patient’s
initial response to treatment, its prognosis is largely determined by
the presence of cytogenetic abnormalities and genetic lesions.!
Several recurrent cytogenetic abnormalities, such as 11q23/MLL-
rearrangements, predict outcome in myeloid neoplasms and acute

leukemia.” So far, > 60 different translocation partners (TPs)
have been identified, and new partners are still being reported to
add to the diversity of MLL-rearranged leukemia.®? The authors of
a recent international study'® highlighted the heterogeneity of
11923/MLL-rearranged pediatric AML by demonstrating that out-
come is dependent on TPs. This study also revealed that additional
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Figure 1. Flow chart showing the presence and type
of ACAs in 756 pediatric patients with 11q23/MLL-

incomplete
rearranged AML. Complete karyotypes were not avail- 2

able for 23 patients, and they were therefore excluded
from analyses. The presence or absence of ACAs was
determined for 733 patients for whom complete karyo-

7103

- complete

types were available. In the cohort having ACAs balanced z/
karyotype was coded for 25 patients; the remaining had e F
an unbalanced karyotype. The types of aberrations were /f/ /
coded as numerical, structural, or both, and the number e /
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further coded in other figures. EEE 25
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cytogenetic aberrations (ACAs) were an independent adverse
prognostic factor,'® but so far, it is unknown which additional
aberration(s) determine this unfavorable outcome signature.

The authors of a recent large study in an adult AML cohort!!
showed that additional cytogenetic abnormalities in t(9;11)(p22;
q23) AML did not affect outcome. However, the Berlin-Frankfurt-
Miinster group showed that children with t(9;11)(p22;q23) with
additional aberrations had lower rates of overall survival (OS) than
those with other subgroups of AML.¢

To date, no large studies have been undertaken to study the
prognostic relevance of specific ACAs in pediatric MLL-rearranged
AML. In this multicenter international study, we retrospectively
analyzed data from a large cohort (n = 733) to determine which
ACAs contribute to the prognostic effect in pediatric MLL-
rearranged AML.

Patients and methods
Patients

Patients’ data collected in the retrospective international study by Balgo-
bind et al'® were included in this study. In summary, data from 756 patients
with 11q23/MLL-rearranged pediatric AML were collected from 11 collab-
orative study groups—the Berlin-Frankfurt-Miinster Study Group (Ger-
many and Austria); the Japanese Pediatric Leukemia/Lymphoma Study
Group (Japan); the Leucémies Aigués Myéloblastiques de I’Enfant Cooper-
ative Group (France); the Czech Pediatric Hematology Working Group
(Czech Republic); the St Jude Children’s Research Hospital (United
States); the Associazione Italiana Ematologia Oncologia Pediatrica (Italy);
Research Center for Pediatric Oncology and Hematology (Belarus); the
Children’s Oncology Group (United States); the Nordic Society for
Pediatric Hematology and Oncology (Denmark, Finland, lceland, Norway,
and Sweden); the Dutch Children’s Oncology Group (The Netherlands);
and 2 centers of the Medical Research Council (United Kingdom). Patients
were treated by national/collaborative group AML trials.'??2 The treatment
protocols were approved according to local law and guidelines and by the
institutional review boards of each participating center, with informed
consent obtained from the patients’ parents or legal guardians in accordance
with the Declaration of Helsinki.

Inclusion criteria for the current analyses were diagnosis between
January 1, 1993, and January 1, 2005; younger than 18 years of age at
diagnosis; and involvement of 11q23 or MLL as determined by G-, Q-, or

R-banded karyotyping; FISH; or RT-PCR. Exclusion criteria were second-
ary AML after congenital BM failure disorders, aplastic anemia, previous
chemotherapy or radiotherapy for other diseases, and previous myelodys-
plastic syndrome (MDS). Patients with Down syndrome were included if
they met the other inclusion criteria. All clinical data obtained at initial
diagnosis, data on treatment (therapy protocol, including HSCT), and all
events during follow-up were checked for consistency and completeness.'?

Cytogenetic analysis

All karyotypes were centrally reviewed by 2 cytogeneticists (J.H., S.C.R.)
and assigned to 11q23/MLL-rearranged groups on the basis of TP.'Y All
karyotypes were designated according to the International System for
Human Cytogenetic Nomenclature 2005.23

To analyze ACAs, data from all patients with incomplete karyotypes
were excluded. For all cases included in the analysis, the number of
aberrations was counted. Each aberration separated from the rest of the
karyotype by a comma was counted as one abnormality (regardless of its
complexity), every aberration was counted only once (if present in multiple
clones), and constitutional aberrations were excluded. Triploidy and
tetraploidy were counted as 1 aberration (1 event). In this cohort of
11q23/MLL-rearranged cases, ACAs cases were defined as having 2 or
more aberrations, including the 11q23/MLL-rearrangement (n = 344). All
cases with 3 or more aberrations were considered having a complex
karyotype, consistent with previously used definitions.?*? Numerical
aberrations were defined as Joss or gain of a full chromosome. Balanced
translocations were defined as translocations in which no material seemed
to be gained or lost as determined by conventional karyotyping. Structural
aberrations were defined as aberrations resulting from breakpoints within a
chromosome. In all unbalanced translocations we described which material
was lost and gained and also whether 11q23 was involved. The presence of
a balanced overall karyotype was defined as a karyotype with 2 complete
copies of all autosomes and complete copies of sex chromosomes without
any additional material (2n). Definitions used for cytogenetic classification
are summarized in supplemental Table 1 (available on the Blood Web site;
see the Supplemental Materials link at the top of the online article).

Statistical analyses

Complete remission (CR) was defined as < 5% blasts in the BM, with
regeneration of trilineage hematopoiesis plus absence of extramedullary
disease.’® Early death was defined as any death within the first 6 weeks of
treatment. Treatment of patients who did not obtain CR within the specified
time in the protocol was considered a failure on day 0. OS was measured
from the date of diagnosis to the date of last follow-up or death from any
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Table 1. Distribution of ACAs by translocation partner and clinically relevant parameters

ACAs type
n ACAs, n (%) Numerical, n (%) Structural, n (%) Both, n (%)
TP group )
9p22 316 148 (47) 84 (57)* 40 (27) 24 (16)*
10p12 96 48 (50) 13 (27)* 26 (54)* 9 (19)*
6q27 35 17 (49) 8 (47) 7 (@41 2 (12)*
19p13 30 10 (33) 6 (60)* 1 (10)* 3 (30)*
19p18.1 34 13 (38) 5 (38)* 4 (31) 4 (31)
19p13.3 25 13 (52) 5 (38) 4 (31)* 4 (31
1921 24 6 (25) 2 (33)* 3 (50)* 1(17)*
4q21 13 8(62) 2 (25) 4 (50) 2 (25)
10p11.2 12 7 (58) o 5 (71)* 2 (29)*
17q21 12 3 (25) 1 (33)" 1(33) 1(33)
other 136 71 (52) 14 (20) 35 (49)* 22 (31)*
733
Sex
Male 358 171 (48) 78 (46) 63 (37) 30 (18)
Female 375 173 (46) 62 (36) 67 (39) 44 (25)
733
Age,y
<2 344 143 (42) 45 (31)t 68 (48)t 30 (1)t
2-9 219 115 (53) 57 (50)t 35 (30)t 23 (20)t
=10 170 86 (51) 38 (4t 27 (31)t 21 (24)t
733 )
WBC, x10%/L
< 20 339 175 (52) 84 (49)t 51 (29)t 40 (23)t
20-99 203 87 (43) 28 (32)t 40 (46)t 19 (22)
=100 171 73 (43) 25 (34)t 35 (48)t 13 (18)t
713
FAB
MO 23 12 (52) 6 (50) 3(25) 3(25)
M1 39 20 (51) 9 (45) 7(35) 4 (20)
M2 32 12 (38) 7(58) 4(33) . 1(8)
M4 134 49 (37) 21 (43) 21 (43) 7(14)
M5 446 217 (49) 88 (41) 83 (38) 46 (21)
M7 19 15 (79) 7 (47) 2 (13) 6 (4)
n.d. 7 5(71) 0 2 (40) 3(60)
700
Overall . 344 (47) 140 (41) 130 (38) 74 (22)

ACAs (%) indicates number of cases with additional aberrations and percentage within this group; Numerical (%), number of cases with only numerical additional
aberrations and percentage of specific group (row); Structural (%), number of cases with only structural additional aberrations and percentage of specific group (row); Both (%),
number of cases with both numerical and structural additional aberrations and percentage of specific group (row); and TP group, site of translocation on partner chromosome

ACA indicates additional cytogenetic aberrations; dx, diagnosis; FAB, French American British morphology classification subtype; n.d., not determined; TP, translocation

partner; and WBC, white blood cell count.
*Values significantly different at the P < .01 level (x?).
tValues significantly different at the 1P < .05 level (x?).

cause. Event-free survival (EFS) was calculated from the date of diagnosis
to the first event or to the date of last follow-up. Events included
nonremittance, relapse, secondary malignancy, or death from any cause.
Cumulative incidence of relapse (CIR) was calculated from the date of CR
to the first relapse. Refractory disease was included in the EFS and CIR
analyses by arbitrarily setting the event date on day 0. For OS, EFS, and
CIR analyses, patients who did not experience an event were censored at the
time of last follow-up.

The Kaplan-Meier method was used to estimate the 5-year probabilities
of OS and EFS, and survival estimates were compared by the log-rank test.
The Gray test for competing risks was used for CIR analysis. Multivariate
analyses were performed with the Cox proportional hazards model.
Continuous variables known to be of prognostic value in AML were
categorized according to cutoff points (eg, > 2 or 10 years of age, white
blood cell [WBC] count < 20 X 10%L or > 100 X 10%L]). The ¥? or
Fisher exact test was used to compare differences in proportions of
variables among groups; the Mann-Whitney U test was used for continuous
variables. All P values are descriptive and explorative and were considered

significant if = .05. All statistical data were analyzed by the use of SAS-PC,
Version 9.1 (SAS Institute Inc).

Results
Distribution of ACAs

Of the 756 patients, 733 (97%) had complete karyotypes, and their data
were included in the study (see flowchart in Figure 1). There were no
significant differences in the patients included (n = 733) and not
included (n = 23) in this study with respect to sex, age, WBC count, and
TP group (data not shown). ACAs were found in 344 (47%) of 733 cases
(Figure 1). The number of additional aberrations ranged from 0 to
15 (mean, 1.2 additional aberrations; supplemental Figure 1).

There were 3 or more aberrations (including the 11q23/MLL-
rearrangement) in 192 of 733 (26%) cases, which were therefore
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Table 2. Number of aberrations by 1123 translocation pariner and clinically relevant parameters
Number of aberrations
0 1 2 3 4 5 >5 All
TP group
9p22 168 (44)* 75 (49) 33 (41) 19 (43) 7 (28) 14 (33)* 316 (43)
10p12 1(14) 47 (12) 19 (13)* 12 (15)* 7 (18)* 5 (20)* 5(12)" 96 (13)
6g27 1(14)" 17 (4) 7(5) 1(1) 9 (21) 35 (5)
19p13 20 (5)* (2)* 4 (5) 1(2)" 4 1 (2 30 (4)
19p13.1 1(14) 20 (5)* (5)* 2(3)" 1(2) 3(12) 34 (5)
19p13.3 12 (3) 7 (5) 3(7) 2 (8) 1 (2 25 (3)
1g21 18 (5) 32 1(1)* 1(2)" 1(2) 24 (3)
4g21 5(1)* 201 4 (5) 1(2)* 1(4)* 13 (2)
10p11.2 5(1)* 2(1)" 3 (4)* 2(8)* 12 (2)
1721 92 1(1)" 1(1)* 1(2) 12 (2)
Other 4(57) 61 (16)* 26 (17) 19 (24)* 11 (25)* 4 (18)* 11 (26)* 36 (19)
733
Sex
Male 187 (49)t 89 (59)t 35 (44)t 13 (30)t 11 (44)t 23 (53)t 358 (49)
Female 7 (100)t 195 (51)t 63 (41)t 45 (56)t 31 (70)t 14 (56)t 20 (47)t 375 (51)
733
Age,y
<2 4 (57)* 197 (52)* 61 (40)* 39 (49) 12 (27)* 16 (64)* © 15(35)" 344 (47)
2-9 104 (27)* 49 (32)* 29 (36)* 22 (50)* 5 (20) 10 (23)" 219 (30)
=10 3 (43)* 81 (21) 42 (28) 12 (15)* 10 (23)* 4 (16)* 18 (42)" 170 (23)
: 733
WBC, x109/L .
<20 5(71) 159 (42) 76 (50) 39 (49) 23 (52) 16 (64) 21 (49) 339 (46)
20-99 1(14) 115 (30) 38 (25) 20 (25) 14 (32) 5(20) 10 (28) 203 (28)
=100 1 (14) 97 (25) 34 (22) 19 (24) 7 (16) 2(8) 11 (26) 171 (23)
713 (97)
FAB
MO 11 (3)* 4(3) 23 3(7)* 1(4)" 2(5) 23 (3)
M1 9 (5 12.(8) 45 1@y 3(7) 9 (5)
M2 1(14)* 19 (5)* 7(5) 2(3)" 3(7) 32 @
M4 2 (29)* 83 (22) 25 (16)* 12 (15) 5(11) 2 (6)* 5(12)* 134 (18)
M5 4 (57)" 225 (59 97 (64)* 54 (68)* 24 (55) 17 (68)* 25 (58)* 446 (61)
M7 41y 3(2) 2 (3 4 (9 6 (14)* 19 (3)
n.d. 2 (1) 1(1)* 1(1)* 1(2)* 1(4) 1(2)* 7 (1)
700 (95)
Overall 7(1) 382 (52) 152 (21) 80 (11) 44 (8) 25 (3) 43 (6) 733

The number of aberrations indicates total number of aberrations in the karyotype, including 11g23/MLL-rearrangement, percentages per group shown in parentheses (per

column).

dx indicates diagnosis; FAB, French American British morphology classification subtype; n.d., not determined; TP, translocation partner; and WBC, white blood cell count.

*Significantly different at the P < .01 level (x?).
1Significantly different at the P < .05 level (x?).

defined as complex karyotypes. Of the 344 cases with ACAs,
140 (41%) had numerical ACAs only, 130 (38%) had structural
ACAs only, and 74 (22%) had both numerical and structural ACAs
(Figure 1). There were 25 (7%) cases of ACA that had only
balanced structural abnormalities in their karyotypes (Figure 1).

Distribution of ACAs in clinically relevant groups

Tables 1 and 2 show the distribution of ACAs by TP group and clinically
relevant parameters (sex, age, WBC count, and FAB [ie, French-
American-British] subtype). TP groups 9p22 and 19p13 were character-
ized by arelatively high frequency of numerical ACAs, whereas groups
10p12, 10p11.2, and 4q21 showed greater prevalence of structural
ACAs (P <<.001; Table 1). Also, there were significant differences in
the number of aberrations among TP groups: the 6¢q27 group had a
relatively high number of ACAs (P = .002), whereas groups 9p22,
19p13, and 1g21 had a lower number of ACAs (Table 2).

ACAs were less likely to occur in young children (< 2 years of age)
than in children 2-9 years of age or 10 years or older (42% vs 53% vs
51%, P = .02; Table 1). However, structural ACAs were more frequent

in children <2 years of age than in children 2-9 years of age or
10-18 years of age (48% vs 30% vs 31%, P < .01; Table 1). There was a
greater prevalence of highly complex karyotypes (> 5 aberrations) in
children 10-18 years of age than those younger than 2 years or 2-9 years
of age (11% vs 4% vs 5%, P = .02, Table 2).

Although the number of patients with FAB M7 was small,
ACAs were more likely to occur in patients with AML FAB M7
compared with those with other FAB types (79% vs 46%,
P = .008), whereas patients with AML FAB M2 and M4 had the
lowest occurrence of ACAs (Table 1). Also, patients with AML
FAB M7 seem to have a higher number of aberrations than those
with other FAB morphologies (P = .003; Table 2).

Specific recurrent aberrations

Trisomy 8 was the most frequently occurring numerical abnormal-
ity (130/733, 18% of all cases and 38% of ACA cases, Figure 2A).
In addition, trisomy 4, 6, 13, 19, and 21 were recurrent ACAs (at
least 15 cases each). Two cases with Down syndrome were
included in this study. However, because constitutional aberrations
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A Figure 2. Frequency (number of cases) of numerical and structural
ACAs. (A) Numerical ACAs. Gains are shown on the positive y-axis, and
140 losses are shown on the negative y-axis. Chromosomes are on the x-axis.
mgain (full}  @loss(fll} | (B) Structural ACAs The short arms (p) of the chromosomes are shown on
1o the positive y-axis and the long arms (q) on the negative y-axis. Lightest
shades are used for losses, medium-shaded colors are used for gains, and
100 the darkest-shaded colors for breakpoints of balanced translocations.
5 Chromosomes are on the x-axis. Balanced 1123 translocations are not
5% included in the figure.
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were not included in the additional aberrations, they were not Figure 2B shows the collective analysis of structural ACAs per
included in the trisomy 21 group. Only 11 patients had losses of chromosome arm but does not include breakpoints involved in
full chromosomes, collectively accounting for 25 monosomies balanced 11q23/MLL-translocations. However, the figure includes
(Figure 2A). unbalanced 11q23/MLL-translocations in which chromosomal

Table 3. Univariate survival analysis of the complete cohort (n = 733)

Complete cohort
n EFS P (log-rank) os P (log-rank) CIR P (Gray)
Additional aberrations .002t <.001% < .001t
Absent 389 0.48 0.62 0.38
Present 344 0.38 047 0.52
No. of aberrations < .001t < .001% 001t
2 152 0.39 0.50 0.50
3 80 0.45 0.53 0.48
=3 192 0.37 .018* 0.45 .003% 0.53 < .001t
4 44 0.40 0.50 0.53
5 25 0.36 0.43 ) 0.60
>5 43 0.18 < .001% 0.25 0.61
Type .001F .003% <.001%
Numerical 140 0.47 0.56 0.41
Structural 130 0.32 0.43 0.59
Both 74 0.31 0.40 0.59
Trisomy
4 20 0.43 72 0.52 .87 0.52 .93
6 36 0.35 .43 0.35 .029* 0.54 .65
8 130 0.53 <.001t 0.61 .003% 0.35 <.001t
13 18 0.49 52 0.64 41 0.40 37
19 37 0.17 .003t 0.24 < .001t 0.54 .88
21 35 0.19 007t 0.28 015* 0.69 .014*

CIR, indicates 5-year cumulative incidence of relapse; EFS, 5-year event-free survival estimates; n, number of patients; OS, 5-year overall survival estimate; P (Gray),
P value from the Gray test; and P (log-rank), P value from log-rank test.

*Significant at P < .05 level.

1Significant at P < .01 level.
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Figure 3. Survival curves obtained from univariate analysis comparing patients with ACAs to patients without ACAs and comparing patients with complex
karyotype with all patients with < 3 aberrations. (A-C) Patients with ACAs are compared to patients without ACAs. (D-F) Patients with complex karyotype are compared to

patients with < 3 aberrations. EFS (A,D), OS (Survival; B,E), and CIR (C,F).

material was lost or gained. Chromosomes 1 and 11 were most
frequently involved in structural ACAs. Analysis of specific
breakpoints showed that 11q23 was the only breakpoint found
more than 10 times (data not shown).

Univariate analysis of the prognostic impact of ACAs
on survival

Table 3 summarizes results of the univariate analysis of survival
parameters. The EFS and OS estimates of patients with ACAs were
significantly lower than those without ACAs (EFS 38% vs 48%,
P = .002; OS 47% vs 62%, P < .001; Figure 3). CIR estimates of
patients with ACAs were significantly greater than for those
without ACAs (52% vs 38%, P < .001; Figure 3). Patients with
complex karyotypes had significantly worse outcomes than those
without complex karyotypes (EFS 37% vs 46%, P = .02; OS 45%
V8 59%, P = .003; CIR 53% vs 42%, P < .001; Figure 3).

The presence of trisomy 8 (n = 130) was a favorable prognostic
factor (EFS 53% vs 29% for patients without trisomy 8, P < .001;
OS 61% vs 39% for patients without trisomy &, P = .003; CIR 35%
vs 62% for patients without trisomy 8, P < .001; Figure 4).
Survival differences are mainly explained by reduced relapse rate
in trisomy 8 patients (relapse rate 26% vs 49% for patients without
trisomy 8, P < .001; Figure 4). The presence of trisomy 19
(n = 37) and trisomy 21 (n = 36) was an unfavorable prognostic
factor (EFS 17% vs 40% for patients without trisomy 19, P = .003;
OS 24% vs 50% for patients without trisomy 19, P < .001; CIR
54% vs 51% for patients without trisomy 19, P = .88; and EFS
19% vs 40% for patients without trisomy 21, P = .007; OS 28% vs
50% for patients without trisomy 21, P = .02; CIR 69% vs 50% for
patients without trisomy 21, P = .01; Figure 4). Both trisomies 19
and 21 were present in 15 patients. Survival curves for patients
with either trisomy 19 or 21 were not different from those for
patients with both trisomies 19 and 21 (Figure 4). Combined
trisomy 19 and trisomy 8 was present in 23 patients. These patients

showed a survival curve intermediate to that of trisomy 8 and
trisomy 19 cases (EFS 30%, data not shown). The survival
disadvantage of patients with trisomy 19 seems to be determined by
refractory disease (probability of CR 74% for patients with trisomy
19 vs 89% for patients with other ACAs, as calculated over the
fraction of patients who survive beyond the first 6 weeks after
diagnosis, P = .04) rather than relapse. In addition, patients with
trisomy 19 had a significantly greater incidence of early death
(16% vs 3.3% in other ACA cases, P = .004), which could not be
explained by adverse clinical prognostic factors such as greater
WBC or age. Structural aberrations were diverse and randomly
distributed among TP groups and survival analysis of patients with
specific breakpoints was not feasible because none of the break-
points was involved > 10 times.

Multivariate analyses of the prognostic impact of ACAs
on survival

Table 4 summarizes results of the multivariate survival analysis.
Cox proportional hazards mode] for EFS, OS, and relapse inci-
dence of the full cohort (n = 733) showed that trisomy 8 and
trisomy 19 were independent prognostic factors at P < .05 for EFS
(hazard ratio [HR] 0.57, P = .02; and HR 1.77, P = .01) and OS
(HR 0.54, P = .03; and HR 2.11, P = .002; Table 4). Structural
aberrations as a general finding predicted EFS (HR 1.39, P = .01;
Table 4). The TPs identified by Balgobind et al'® (10p12, 6q27,
1921, and 10p11.2) remained significant independent prognostic
factors in these models. Trisomy 8, 19, and 21 were not significant
factors in the model for the prediction of relapse incidence.
Complexity of the karyotype, tested by different cutoff values
(= 2 aberrations, = 3 aberrations, and > 5 aberrations), was not a
significant factor for outcome in all models and was therefore
excluded from the final model. A separate analysis of t(9;11)(p22;
q23) cases showed that they did not differ considerably from the
complete cohort (supplemental Figure 2 and supplemental Table 2).
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Figure 4. Comparison of survival curves obtained from univariate analysis for patients with trisomy 8, trisomy 19, and those with trisomy 21 and defined by strata
of occurrence of trisomy 19 and trisomy 21. For curves A-l, patients with a specific trisomy are compared with patients with other ACAs. Patients with trisomy 8 are shown in
parels A-C, patients with trisomy 19 in panels D-F, and patients with trisomy 21 in panels G-l. The strata of occurrence of trisomy 19 and trisomy 21 are shown in panels J-L. EFS

(A,D,G,J), OS (Survival; B,E,H,K), and CIR (C,FI,L).

Discussion

The heterogeneity of pediatric AML is mainly determined by
specific karyotypes and molecular aberrations, which have become
important prognosticators.!->681127-3 Tn addition, within distinct
groups such as 11q23/MLL-rearranged AML, we have reported that
additional cytogenetic aberrations are of prognostic relevance.!® In
the present exploratory study, we identified trisomy 8, trisomy 19,
and trisomy 21 to be recurrent ACAs of prognostic significance in
pediatric 11q23/MLL-rearranged AML. Multivariate analysis

showed that only trisomy 8 and trisomy 19 as additional aberrations
were of independent prognostic value. Notably, the adverse out-
come for 11q23/MLL-rearranged AML patients harboring trisomy
19 was because of refractory disease and early death rather than an
increased rate of relapse. Complex karyotype was a frequent
finding (26%) and a negative prognostic factor in univariate
analysis only.

Trisomy 19 in AML is an aberration that is rarely found as the
sole aberration.?* In infants with AML it is associated with
t(7;12)(q36;p13) and t(7;12)(q32;p13).>> In most of such cases it
can seem to be the sole aberration because of the cryptic ¢(7;12).3
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Table 4. Multivariate survival analysis of the complete cohort by use of the Cox proportional hazards model
Cox proportional hazards model
EFS 0s Relapse incidence
HR Cl P HR Cl P HR Cl P

TP

9p22 1 reference 1 reference 1 reference

other 1.15 (0.87-1.51) 328 1.13 (0.82-1.57) 461 1.17 (0.92-1.47) 195

10pi12 1.36 (1.01-1.83) 042 1.62 (1.16-2.27) .005% 1.76 (1.36-2.29) .000t

6qg27 2.29 (1.54-3.39) .000t 2.72 (1.77-4.19) 0001 2.78 (1.80-4.33) .0001

19p13 1.06 (0.62-1.80) .832 1.44 (0.82-2.51) 204 0.88 (0.57-1.37) 579

19p13.1 1.1 (0.69-1.79) 867 0.97 (0.53-1.77) 931 1.04 (0.71-1.53) 841

19p13.3 1.06 (0.60-1.88) .832 1.64 (0.90-3.00) 105 1.18 (0.71-1.94) 522

1q21 0.12 (0.03-0.49) 003t 0.00 0.68 (0.44-1.05) .080

4q21 1.46 (0.74-2.88) 276 2.04 (1.02-4.09) 043~ 1.84 (0.99-3.43) .054

10p11.2 212 (1.10-4.08) 024 2.56 (1.24-5.32) .011* 1.37 (0.67-2.78) 384

17q21 1.14 (0.53-2.43) 743 1.15 (0.47-2.82) .763 1.28 (0.68-2.42) 446
Trisomy

No 1 reference 1 reference 1 reference

trisomy

8 0.57 (0.36-0.92) 0227 0.54 (0.32-0.94) .028* 0.79 (0.56-1.12) .188

19 1.77 (1.13-2.78) .012* 2.11 (1.31-3.42) 002t 1.15 (0.68-1.94) .596

21 1.35 (0.85-2.13) 198 1.25 (0.76-2.03) 377 0.98 (0.60-1.60) .926
Type

No 1 reference 1 reference 1 reference

ACAs )

numerical 1.16 (0.83-1.63) 376 117 (0.84-1.62) 353 1.09 (0.81-1.47) .588

structurat 1.39 (1.07-1.80) 013" 1.27 (0.98-1.63) .068 113 (0.90-1.43) .288

Results are of 3 independent analyses.

ACA indicates additional cytogenetic aberrations; Cl, 95% confidence interval; EFS, event-free survival; HR, hazard ratio; and OS, overall survival.

*Significant at P < .05 level.
1Significant at P < .01 level.

Trisomy 19 has been described as an additional aberration with
adverse prognostic significance in adult AML.!"' It has been
postulated that a gene dosage effect of the DNA methyltransferase
1 located on 19p13.2 contributes to the hypermethylation found in
patients with MDS and thereby to prognosis.’¢ Future studies may
reveal whether this mechanism also contributes to aberrant methyl-
ation found in pediatric 11q23/MLL-rearranged AML.37

In our study, trisomy 8 was found to be an independent
favorable prognostic factor. Kok et al*® identified a gene expression
signature with high HOXA gene expression in adult AML patients
with AML with trisomy 8 as the sole abnormality, which clustered
together with patents with MLL-rearranged AML. This finding may
suggest similarities in the biology of these diseases. In contrast, in
pediatric MDS, trisomy 8 is recognized as a positive prognostic
factor, possibly because of differences in apoptosis regulation
between cells with trisomy 8 and cells with other abnormalities.3%4¢
To date, it is not clear how trisomy 8 influences the biology of
MLL-rearranged AML.

Interestingly, in our study, although 26% of all cases of
11q23/MLL-rearranged had complex karyotypes, this ACA was not
an independent prognostic factor. Although the use of definitions
on complex karyotypes is not uniform, the occurrence of complex
karyotypes in pediatric AML cohorts has been reported to range
from 7% to 15%.25-1441 A Cancer and Leukemia Group B study on
adult de novo AML showed that patients with increased number of
aberrations had significantly worse outcome than those with
normal karyotypes.*? Recently, Gohring et al*3 used a new defini-
tion of “structural complex karyotype,” defined as a karyotype with
= 3 chromosomal aberrations including at least one structural
aberration. This specific karyotype independently predicted very
poor survival in a cohort of 192 children with advanced MDS.43

Although all the cases of complex karyotype in our study fit
their definition, we did not find the presence of such karyotype to
be associated with the poor prognosis that was reported in pediatric
advanced MDS.*3 Only some studies have specifically shown a
correlation between complexity of the karyotype and outcome in
pediatric AML.2614334 EFS rates for patients with complex
karyotype have ranged from 29% to 42% in these studies, which is
comparable with the EFS obtained in our study. Alternatively, a
strong negative association between monosomal karyotype, de-
fined as a karyotype with at least 2 monosomies or 1 monosomy
combined with at least 1 structural aberration, and outcome was
described in adult AML.* This monosomal karyotype was only
present in 1.5% (n = 11) of our cases and therefore it was not
possible to evaluate the predictive value in our pediatric 11q23/MLL-
rearranged AML cohort.

Although we have added additional prognostic factors in our
study, the multivariate models still point out that previously
determined risk factors (among which the TPs) retain their
independent prognostic significance irrespective of ACA status.

A limitation of our study is the variety of treatment regimens,
although all protocols had a similar backbone, including intensive
chemotherapy with cytarabine/anthracycline. Unfortunately, num-
bers were too small to do specific analyses for different protocols,
or to draw any meaningful conclusion regarding provided treat-
ment and outcome.

In separate analysis of t(9;11)(p22;q23) cases, we confirmed
most of the findings from the complete cohort, regarding frequent
recurrent aberrations and predictive factors. In addition, FAB M5
morphology was still recognized as independent favorable prognos-
tic factor in this group of patients.
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In conclusion, in this exploratory study we have identified
specific ACAs as novel independent prognostic variables in
pediatric 11q23/MLL-rearranged AML, which can be identified by
conventional karyotyping. Future studies should be aimed to test
the associations found in this study in different patient cohorts. Our
findings may also guide further studies that unravel the biologic
differences that determine outcome differences in 11q23/MLL-
rearranged AML as well as future treatment stratification.
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Continuous and High-Dose Cytarabine Combined Chemotherapy in Children with
Down Syndrome and Acute Myeloid leukemia: Report from the Japanese Children’s
Cancer and Leukemia Study Group (JCCLSG) AML 9805 Down Study
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Background. The aim of the JCCLSG AML 9805 Down study was to
evaluate the effect of continuous and high-dose cytarabine combined
chemotherapy on the survival outcome of acute myeloid leukemia
(AML) with Down syndrome (DS). Procedure. From May 1998 to
December 2006, DS patients with newly diagnosed AML were
enrolled. Remission induction therapy consisted of two courses of
pirarubicin, vincristine, and continuous-dose cytarabine (AVC1).
The patients who achieved complete remission (CR) after two courses
of AVC1 were subsequently treated with mitoxantrone and continu-
ous-dose cytarabine (MC), etoposide and high-dose cytarabine (EC)
and pirarubicin, vincristine, and continuous-dose cytarabine (AVC2).

Key words:

AML; Clinical trials; Down syndrome

Results. Twenty-four patients were enrolled. Al patients were younger
than 4 years and diagnosed as having acute megakaryoblastic leuke-
mia. Twenty-one patients achieved CR. Three patients died during
remission induction therapy due to serious infection. No toxic deaths
were observed during remission. All but one patient maintained CR
without serious complications. The 5-year overall and event-free sur-
vivals were 87.5% =+ 6.8% and 83.1% =+ 7.7%, respectively.
Conclusions.Continuous and high-dose cytarabine combined chemo-
therapy with reduced intensity would be effective in DS children with
AML. Pediatr Blood Cancer © 2011 Wiley-Liss, Inc.

INTRODUCTION

Down syndrome (DS) is one of the most common chromosomal
abnormalities andisassociated with anincreasedrisk of leukemia[1].
The clinical and biological features of acute myeloid leukemia
(AML) in DS children are quite different from those in children
without DS: younger age, lower white blood cell count, and high
incidence of acute megakaryoblastic leukemia [2,3]. Before
the 1990s, most patients with AML with DS (AML-DS) received
suboptimal therapy, resulting in poor outcomes. In 1992, high rates of
event-free survival (EFS) with intensive AML treatment were
reported from the pediatric oncology group (POG) [4]. After recog-
nition of the favorable outcome of AML-DS patients treated with the
AML protocol, recruitment to collaborative studies for AML-DS
patients increased, but it became apparent that treatment-
related toxicity was high in most series [5-7]. Since then, several
collaborative groups have adapted their AML protocols for AML-DS
by reducing the dosage of chemotherapeutic agents [6].

We report herein the results of the Japanese Children’s Cancer and
Leukemia Study Group AML 9805 Down study, which evaluated
the feasibility, efficacy, and safety of continuous and high-dose
cytarabine combined chemotherapy, which was adapted for DS
patients by reducing dose intensity.

PATIENTS AND METHODS
Patients

Between May 1998 and December 2006, 24 AML patients with
DS entered the Japanese Children’s Cancer and Leukemia Study
Group AML 9805 Down study after informed consent was obtained.
Neonates with transient myeloproliferative disorder (TMD), defined
as appearance of myeloid blasts within the first months of life, and
those with spontaneous remission were not included. All children
and adolescents less than 18 years of age with no prior treatment
were eligible. The initial diagnosis of AML and its subtypes
was determined according to the FAB classification by institution
pathologists, with central review for most cases.

© 2011 Wiley-Liss, Inc.

DOI 10.1002/pbc.22943

Published online in Wiley Online Library
(wileyonlinelibrary.com).

Therapy

The scheme of treatment for the JCCLSG AML 9805 Down study
is shown in Table I. Remission induction therapy consisted of two
courses of AVC1 (cytarabine (Ara-C) 100 mg/m?/day continuous
infusion on days 1-7, pirarubicin 25 mg/m? by 60 min infusion on
days 2, and 4, and vincristine (VCR) 0.7 mg/m? on day 7).

Patients who achieved complete remission (CR) after two courses
of AVC1 were subsequently treated with MC (Ara-C 100 mg/m*/day
continuous infusion on days 1-5 and mitoxantrone (MIT) 3.5 mg/m?
by 60 min infusion days 2—4), EC (high-dose Ara-C 1 g/m? every
12 hr on days 1-5, and etoposide 66 mg/m” by 2 h infusion on days
2-4)and AVC2 (Ara-C 100 mg/mzlday continuous infusion on days
1-5, pirarubicin 35 mg/m” by 60 min infusion on day 2, and VCR
0.7 mg/m* on day 5).
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TABLE 1. Treatment Regimen of the JCCLSG AML9805 Down Study

Regimen Administration Daily dose Days
Induction
AVCI Cytarabine IV (24 h) 100 mg/m? 1-7
Pirarubicin IV (1 h) 25 mg/m® 2-4
Vincristine v 0.7 mg/m? 7
Methotrexate 1T Age-adjusted® 1
Cytarabine IT Age-adjusted® 1, (5, 10)°
Hydrocortisone IT Age-adjusted® 1, (5,10)°
Consolidation
MC Cytarabine IV (24 h) 100 mg/m? 1-5
Mitoxantrone IV(1h 3.5 mg/m* 2-4
EC Cytarabine IV (2 h) 1gx2/m? 1-5
Etoposide IV (2 h) 66 mg/m* 2-4
AVC2 Cytarabine IV (24 h) 100 mg/m* 1-5
Pirarubicin IV(1h) 35 mg/m? 2
Vincristine v 0.7 mg/m> 5
Methotrexate IT Age-adjusted” 1
Cytarabine 1T Age-adjusted® 1
Hydrocortisone IT Age-adjusted” 1

Recommended interval of each cycle was 4 weeks. “The doses were adjusted according to patient’s age as follows: younger than 1 year, methotrexate
(MTX) 5 mg, cytarabine (Ara-C) 10 mg, hydrocortisone (HDC) 10 mg; younger than 2 years, MTX 8 mg, Ara-C 20 mg, HDC 15 mg; younger than
3 years, MTX 10 mg, Ara-C30 mg, HDC 20 mg; 3 years and older, MTX 12 mg, Ara-C 40 mg, HDC 25 mg. "For CNS-positive patients. The doses
were adjusted according to patient’s age as follows: younger than 1 year, cytarabine (Ara-C) 20 mg, hydrocortisone (HDC) 10 mg; younger than
2 years, Ara-C 30 mg, HDC 15 mg; younger than 3 years old, Ara-C 50 mg, HDC 20 mg; 3 years and older, Ara-C 70 mg, HDC 25 mg.

Prophylactic treatment for central nervous system (CNS) leuke-
mia was performed by intrathecal injection of Ara-C, methotrexate,
and hydrocortisone on the first day of AVC1 and AVC2. An absolute
neutrophil count of more than 1,500/pL and a platelet count of more
than 75,000/l were the criteria for starting the first course of
consolidation therapy, and an absolute neutrophil count of more than
1,500/uL and a platelet count of more than 100,000/l were the
criteria for starting the second course.

Definitions and Statistics

Evaluation of each treatment was performed on the 28th day.
Treatment response was defined as follows: CR, less than 5% blasts
in the bone marrow; partial remission (PR), less than 15% blasts; and no
response (NR), more than 15% blasts or progressive disease at other sites.

CNS involvement was diagnosed if more than 5 leukocytes/pL
were identified in the cerebrospinal fluid (CSF) in combination with
detectable leukemic cells in the cytospin and/or with neurological
symptoms (e.g., cranial nerve palsy).

EFS was calculated from the date of the first day of chemotherapy
to last follow-up or to the first event (early death, resistant leukemia,
relapse, or death from any cause). The EFS time of patients with an
induction failure was calculated as zero. Toxicity was graded according
to the Common Terminology Criteria for Adverse Events version 3.

Univariate comparisons of the survival data were performed using
the log-rank test. The Statistical Analysis Software (SAS) computer
program was used for the analysis. Follow-up data were actualized as
of July 31, 2009.

RESULTS
Patient Characteristics

The relevant initial clinical and hematological data of the
24 patients in this study are shown in Table II. Males predominated,

Pediatr Blood Cancer DOI 10.1002/pbc

and all patients were younger than 4 years (median age, 17 months).
The median white blood cell count was 6,500/l (range 500—
70,900/uL). All patients showed FAB M7 morphologically. No
patients had CNS involvement. One patient had an extramedullary
mass (skin) at initial diagnosis. Cytogenetic analysis of leukemic
blasts was available for 22 patients. Favorable cytogenetics, such as
inv (16) and t (8; 21), were not observed. Six patients had normal
karyotypes with constitutional trisomy 21 only. The remainder had
complex karyotypes with aneuploidy and translocation. GATA1
mutation was confirmed only in one patient.

Seven patients had ahistory of TMD. No patients of them received
cytarabine therapy. Nine patients had documented congenital heart
disease. Most patients had either surgically repaired defects or
asymptomatic atrial septal defect or ventricular septal defect with
normal function.

Overall Outcome

Overall, 21 (87.5%) of 24 patients achieved first remission.
One patient relapsed with an isolated extramedullary mass after
cessation of chemotherapy. The patient has been in third remission
after chemotherapy, electron beam irradiation and cord blood cell
transplantation following reduced intensity conditioning. The other
20 patients remain in first CR. Estimated 5-year OS and EFS were
87.5% 4 6.8% and 82.6% =+ 7.9%, respectively (Fig. 1). No
patients with secondary malignancy and severe cardiotoxicity were
observed. Median follow-up period for all patients was 75 (range, 0—
131) months.

Treatment-Related Mortality

Three deaths occurred that were not related to leukemia during
induction therapy. Two of them occurred during the initial induction
therapy, and the other occurred during second induction therapy.
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TABLE II. Patients’ Characteristic in the JCCLSG AML 9805
Down Study (N = 24)

Characteristic No %
Age, months

Median 17 —

0-12 4 17

12-24 12 46

24-36 4 17

36-48 4 17
Sex

Male 19 79

Female 5 21
History of TMD

Yes 7 29

No 13 54

Unknown 4 17
Hepatomegaly

Yes 10 42

No 12 50

Unknown 2 8
Splenomegaly

Yes 10 42

No 12 50

Unknown 2 8
WBC, x10°/L

Median 6.5 —

Range 2.8-70.9 —
Hb, g/dL

Median 8.1 —

Range 3.2-11.8 —
Plt, x10°/L

Median 26 —

Range 3-139 —
Cytogenetics

Trisomy 8 5 21

Monosomy 7 4 17

Additional 21 2 8

Toxic Events

The incidence of grade 3 or 4 toxicity during induction and each
intensification phase of therapy is shown in Table III. Three patients

Therapy for Myeloid Leukemia of Down Syndrome 3

died during remission-induction therapy. One death was attributable
to intracranial hemorrhage with disseminated intravascular
coagulation, and the others were due to sepsis. The rate of induction
death was 12.5%. No toxic deaths were observed during remission.

Prognostic Factors

Extramedullary invasion at initial diagnosis was a significant
prognostic factor for 5-year EFS on univariate analysis (P =
0.046). Other factors, including sex, initial age, initial WBC, history
of TMD, and chromosomal abnormality, were not significant.

DISCUSSION

The results of the JCCSLG AML 9805 Down study, which
was conducted to evaluate the efficacy and safety of continuous
and high-dose cytarabine combined chemotherapy with reduced
intensity for AML-DS patients were presented. All patients enrolled
in our study were younger than 4 years and had a phenotype of acute
megakaryocytic leukemia (AMKL), which was consistent with
previous reports for AML-DS. The number of patients was limited,
but this regimen appears to be highly effective because there were no
non-responders, and only one patient relapsed.

Contemporary clinical trials for AML-DS children are summar-
ized in Table IV [5-11]. Treatment strategies for AML-DS are based
onreduced intensity for AML non-DS, such as BFM and our study, or
on a specifically designed strategy, such as the AT/DS study and the
AML99 Down study in Japan [8,9]. The EFS of these studies,
including the present study, has been between 80% and 90%.

The key drugs for the treatment of AML-DS are anthracyclines,
cytarabine, and etoposide; it was also confirmed by in vitro studies
that AMKL-DS blasts were significantly more sensitive to these
drugs than non-DS AML cells [12]. AMKI.-DS blasts are especially
sensitive to cytarabine, possibly to the effect of the GATA 1 mutations
and trisomy 21 on the levels of cytarabine-metabolizing enzymes
[13].

In the BFM 98 DS study, with a 3-year EFS of 89%, high-dose
cytarabine (3 g/mz) was used as intensification [6]. The authors
reported that a high cure rate could be achieved in DS patients with
therapy protocols including high-dose cytarabine. However,
they also mentioned that it should be confirmed whether a dosage
of 3 g/m® of cytarabine is necessary because of its toxicity. In

L
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— Event free survival
e Overall survival
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Fig. 1.

Actuarial survival rate for the JCCLSG AML 9805 Down study. Of the 24 patients, 22 achieved CR. One patient relapsed. Two patients died

during induction therapy. One patient died as a result of sepsis during the first CR. The 5-year overall survival (OS) was 87.5%, and the 5-year EFS

was 82.6%.
Pediatr Blood Cancer DOI 10.1002/pbc
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TABLE IIL Severe Adverse Events in the JCCLSG AMLY805 Down Study (Grade III-IV)

Adverse events AVCIl-1no. n=24(%) AVCl-2no. n=22(%) MCno. n=21(%) ECno. n=21(%) AVC2no. n =21 (%)
ALT/AST 5 23 2 9 0 0 1 5 0 0
Gastrointestinal 9 41 5 23 5 24 2 10 2 10
Renal 0 0 0 0 0 0 0 0 0 0
Cardiac 0 0 0 0 0 0 0 0 0 0
Pulmonary 1 5 0 0 0 0 0 0 0 0
Neurology 0 0 0 0 0 0 0 0 0 0
Pain 1 5 1 5 0 0 0 0 1 5
Fever/infection 14 (2) 64 9 (1) 41 11 52 15 71 7 33
Others 0 0 0 0 0 0 0 0 0 0

Number of patients who died.

our JCCLSG AML9805 Down study, 1 g/m? of cytarabine with
etoposide was used for intensification. Serious non-hematological
adverse effects, including infection, were not more frequent in this
phase than in the other phase of this study (Table III). The dosage of
1 g/m*usedinthe present study may be sufficient for the treatment of
AML-DS.

In the Japanese trial AML 99 Down study, the 4-year EFS was
83%, and treatment-related mortality was only 1.4%, which is much
lower than that of recent reports for AML-DS [9]. However, relapse
andinduction failure were more frequent than in other reports with an
intensive regimen. The regimen consisted of simple repeating of
intermediate doses of pirarubicin and etoposide, so it is possible to
reduce the rate of relapse and resistant disease using continuous and
high-dose cytarabine combined chemotherapy, as in the JCCLSG
AML9805 Down study.

As for other types of leukemia, risk-oriented therapy is proposed
if any prognostic factors are identified in AML-DS. Inthe CCG 2891
study, patients with AML-DS who were older than 2 years had an
increased risk of relapse [5]. However, in the BFM 98 DS study and in
the Japanese AML 99 Down study, there was no difference in out-
come between those 2 years or younger and those older than 2 years
[6,9]. The present study also did notidentify age olderthan2 yearsasa
risk factor, because all 7 patients older than 2 years survived without
relapse after completing this protocol.

Forcytogenetic factors, monosomy 7 isknowntobe arisk factorin
children with AML. {14,15]. In AML-DS, the presence of monosomy
7 adversely affected the outcome in the previous two Japanese trials,
but not in the CCG 2891 study [5,8,9]. In the present study, four
patients were found to have monosomy 7, and they all maintained
remission. Continuous and high-dose cytarabine combined

TABLE IV. Comparison of Recent Clinical Trials for AML-DS

chemotherapy mightaffectintensification, which negates risk factors
such as age and monosomy 7.

Itisimportant to note that only one patient relapsed in the present
study. Moreover, the cumulative doses of anthracycline and etopo-
side in this JCCLSG AML9805 Down study were lower than in other
recent reports with intensive regimens for AML-DS. No patients had
developed secondary cancer or cardiac insufficiency at the time of
this analysis. The survival of DS patients has become longer, and it
would be more important to decrease the late toxicity by reducing the
cumulative doses of antileukemic drugs for AML-DS patients.

On the contrary, treatment-related mortality occurred in 3 of
24 patients (12.5%), which is more frequent than in other recent
reports with intensive regimens for AML-DS. All three patients died
from infection during the initial and second courses of this protocol.
We could not identify any risk factors for toxicity in these patients,
such as age or cardiac disease, compared with the patients who were
successfully treated by this protocol. Serious non-hematological
adverse effects, including infection, were more frequent during
the remission induction phase than during the intensification phase.
Induction therapy with combined continuous cytarabine might be
toxic for AML-DS patients, although the inductionrate ishigh. On the
other hand, toxicity during the intensification phase including high-
dose cytarabine was tolerable.

On the basis of the results of the previous Japanese trials and the
present study, we have designed a risk-oriented therapy protocol for
our next trial with AML-DS. Patients with M2, M3 marrow after
induction therapy by pirarubicin, intermediate-dose cytarabine, and
etoposide classified into a high-risk group will receive the continuous
and high-dose cytarabine combined regimen of this JCCSLG
AML9805 Down study.

Registry Daunorubicin Ara-C Etoposide TRM (0N EFS
Study (year) N (mg/m?) (mg/m?) (mg/m?) (%) (%) (%)
BEMO98 for DS 1998-2003 67 220-240 23-29,000 950 5 91 89 (3y)
BFM93 NA 51 220-400 23,000 950 4 70 68 (3y)
NOPHO AML93 1988-2002 41 300 48,600 1,600 5 NA 85 (8y)
MRC AML10/12 1988-2002 46 670 10,600 NA 15 74 74 (5y)
CCG 2861/2891 1989-1999 160 320 15,800 1,600 4 79 77 (6y)
POG 9421 1995-1999 57 100 20,700 0 NA 79 (3y)
AT/Down 19871997 33 100400 4,200 2,700 9 NA 80 (8y)
AML99 DS 2000-2004 72 250 3,500 2,250 1 84 83 (4y)
JCCLSG 9805DS 19982006 24 190 12,600 200 125 88 83 (5y)

TRM, treatment-related mortality; OS, overall survival; EFS, event-free survival; NA, not evaluated.

Pediatr Blood Cancer DOI 10.1002/pbc
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