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Design and Methods

Patients

Diagnostic specimens were sent to our laboratory from all eight
Czech pediatric centers that treat children with acute leukemia. All
patients were retrospectively re-evaluated; cases that failed to fulfill
the definition criteria for ALL or AML were excluded and all exclu-
sions are presented in the Results. Patients entered the study after their
parents or guardians had signed informed consent. The study was
approved by the institutional ethics committee.

The prednisone response (<1000 blasts/uL in peripheral blood after
1 week of prednisone pre-phase treatment and one dose of intrathe-
cal methotrexate) was evaluated for all therapeutic protocols used for
ALL except for the POG 9407 protocol."” Complete remission in AML
protocols was defined according to the published CALGB criteria,’
and in ALL protocols as described previously."” The French-American-
British (FAB) leukemia classification has been described previously.*’
All event-free survival data used the duration of life between the date
of diagnosis and the date of event (i.e., death, relapse or secondary
malignancy) or the end of follow-up of cases in remission.

Sample processing

Samples were processed within 24 h of having been collected from
patients. Sample preparation consisted of incubation for 15 min with
monoclonal antibodies at the sample-to-monoclonal antibody volume
ratios recommended by the manufacturers. Red blood cells were then
lysed during incubation for 15 min with ammonium chloride, fol-
lowed by 5 min of centrifugation (500 x g). The supernatant was dis-
carded and the samples were resuspended in phosphate-buffered
saline, and the data was acquired immediately. A Fix & Perm kit (An
Der Grub Bioresearch, Austria) was used for intracellular staining. All
events were acquired and stored in listmode files. A minimum of
20,000 events per tube were acquired at the time of diagnosis.

Treatment protocol selection

Non-infant children indicated to ALL-directed treatment were
recruited into the following treatment protocols: ALL-BFM 1995” (for
those diagnosed before November 1, 2002) or ALL IC BEM 2002° (for

those diagnosed November 1, 2002 or later). Infants fulfilling the cri-
teria for ALL-directed therapy were treated with one of the infant ALL
protocols: POG 9407 (for those diagnosed before December 31,
1999), Interfant 99" (for those diagnosed from January 1, 2000 (some
centers from 1999) to December 31, 2005) or Interfant 2006 (for those
diagnosed from January 1, 2006 onwards). Patients who fulfilled the
criteria for AML-directed therapy were treated according to the AML
BEM 93 protocol® (for those diagnosed before October 31, some cen-
ters before December 31, 1998), the AML BEM 98 protocol’ (for those
diagnosed between November 1, 1998 to January 8, 2004) or the AML
BFEM 2004 protocol (for those diagnosed from January 9, 2004
onwards).

Monoclonal antibodies

CD20 (clone L27) and CD15 were purchased from BD Biosciences
(San Jose, CA, USA). CDla (clone BL6), CD2 (clone 39C1.5), CD3
(clone UCHTT1), CDS5 (clone BL1a), CD7 (clone 8H8.1), CD8 (clone
B9.11), CD10 (clone ALB2), CD13 (clone SJ1D1), CD14 (clone
RMOS52), CD19 (clone J4.119), CD20 (clone B9E9), CD22 (clone
$J10.1H11), CD24 (clone ALB9), CD33 (clone D3HL60.251), CD64
(clone 22), CD65 (clone 88H7), CD117 (clone 95C3), MPO (clone
CLB-MPO-1), TCRab (clone IP26A) and TCRgd (clone IMMUS510)
were purchased from Immunotech (Marseille, France). CD10 (clone
S52/36) and TdT (clone HT-6) were purchased from DAKO (Glostrup,
Denmark). CD79a (clone ZL7-4) was purchased from Serotec. All
reported molecules were assessed in two- to four-color fluorescence,
consistently adhering to the same clone.

Genotype subsets

All cases who received ALL-directed therapy were categorized as
TEL/AMLA1-positive, BCR/ABL-positive or VILL/AF4-positive if one of
these fusion genes was positive by reverse transcription-polymerase
chain reaction (RT-PCR), as described previously."”*> The remaining
cases were separated into hyperdiploid (DNA index 1.16 - 1.6)*° or
non-hyperdiploid without listed gene fusions. Cases without informa-
tion on DNA index are listed separately. Exceptional cases that ful-
filled more than one subset or that could not be categorized because
of missing information are mentioned whenever they could be includ-



ed in the analyses.

All three fusion genes were also investigated in T-ALL, and T-ALL
patients are listed as a separate subset. AML cases and cases with MPAL
treated with AML-directed therapy were investigated for the presence
of AML1/ETO, CBFB/MYH11 and PML/RARA fusion genes using RT-
PCR.M

Other cytogenetic and molecular genetic investigations

Besides MLL/AF4, the presence of other AILL gene rearrangements
(MLL/AF6, MLL/AF9, MLL/AF10, MLL/ENL and MLL/ELL) and the
BCR/ABL breakpoint specification (minor or major BCR/ABL variant)
were assessed using RT-PCR, as described previously.”” Internal tandem
duplication ITD) and D835 activating mutations of the FLT3 gene were
investigated as described previously.™'® Cytogenetic analysis of G-
banded chromosomes and fluorescence i situ hybridization (FISH) were
carried out using already described conventional techniques.”*® FISH
assays with appropriate centromeric and/or locus-specific DNA Vysis
probes (Abbott Molecular, Abbott Park, IL, USA) were performed
according to the manufacturer’s instructions. Complex chromosomal
aberrations were analyzed by mFISH/mBAND, using 24XCyte and/or
XCyte color kit (MetaSystems GmbH, Altlussheim, Germany), respec-
tively. Karyotypes were described according to the ISCN."

Detection of immunoglobulin and T-cell receptor gene
rearrangements

Mononuclear cells from diagnostic bone marrow samples were isolat-
ed using Ficoll-Paque (Pharmacia, Uppsala, Sweden) density centrifuga-
tion. Genomic DNA was isolated using a QlAamp® DNA Blood Mini Kit
(QIAGEN GmbH, Hilden, Germany). Primers and protocols for the
detection of immunoglobulin heavy chain (IGH) rearrangements,
immunoglobulin light chain kappa deletions (KDE), T-cell receptor
gamma (TCRG), T-cell receptor delta (TCRD) and T-cell receptor beta
(TCRB) gene rearrangements have already been described.””" Clonality
of PCR products was confirmed using heteroduplex analysis.”
Sequencing was performed in the ABI PRISM® 310 Genetic Analyzer
with a BigDye™ Primer v3.0 Sequencing Kit (Applied Biosystems, Foster
City, CA, USA). The variable (V), diversity (D) and joining (J) regions of
the immunoreceptor gene were identified by comparing the sequences
to GenBank sequences using the ImMunoGeneTics (IMGT) database
(http:/fimgt.cines.fr, IMGT, European Bioinformatics Institute, Montepellier,
France) and the IGBlast search (htip://www.ncbi.nlm.nih.gov/ighlast/,
National Center for Biotechnology Information, Bethesda, MD, USA).

Statistics

The significance of all frequency comparisons was calculated using
Fisher’s exact test of a 2x2 contingency table. Survival analyses were
computed in Statistica software (Statsoft, Tulsa, USA) and the Kaplan-
Meier survival probabilities are shown. The survival comparisons were
analyzed using the log-rank test and multivariate survival analyses were
computed using a Cox regression model. Principal component analysis

is used to lower data complexity while illustrating similarities and dif-
ferences among cases. The information on all molecules is transformed
into each dimension in a weighted manner so that the most significant
differences and clusters are shown in a three-dimensional image.”
Principal component analysis of the immunophenotypic data (com-
posed of percentages of leukemic cells expressing CD1a, CD2, CD3,
CD4, CD5, CD7, CD8, CD10, CD13, CD14, CD15, CD19, CD20,
CD22, CD33, CD34, CD38, CD45" CD45% CD64, CD65, CD66c,
CD117, HLA DR, NG2 and intracellular CD3, CD7%a, IgM, TdT, and
MPO) were performed using MultiExperiment Viewer (MEV) 4.3 soft-
ware (Microarray software suite TM4, http://www.tm4.org).” Briefly, the
data are transformed to vectors in multidimensional space so that the
best separation of individual patients is achieved. Vectors comprise
weighted information on all antigens. Two- and three-dimensional
views represent a simplified view in which data leading to the most
powerful separation are visible. Patients for whom there was significant
contamination of the leukemic blast gate (greater than 30% non-malig-
nant cells in the best gate by optical scatter) were excluded from the
principal component analysis.

Results

Patients’ characteristics

No patient had a preceding diagnosis of malignant disease or
defined congenital bone marrow failure disease. Two patients
were originally classified and treated as having AML (AML
BEM 98) with a negative MPAL score, but they were excluded
from this study, as their immunophenotype did not fulfill the
definition of AML. The closest known subtype for both cases is
NK/myeloid precursor acute leukemia*® Two other patients
were originally classified as having ALL (non-MPAL according
EGIL), but experienced a lineage switch®* to myeloid leukemia
during the first week of ALL treatment (prednisone prephase,
both classified as prednisone poor responders) and both
patients were excluded from further analyses. Thus, 107
patients with AML or with MPAL treated by AML-directed
therapy and 582 patients with ALL or with MPAL treated by
AlL-directed therapy were used for analyses. ALL-directed
therapy consisted of the following protocols: ALL-BEM 1995
(n=334 patients), ALL IC BEM 2002° (n=224), Interfant 99'
(n=13), Interfant 2006 (n=3) and POG 9407 (n=5). One infant
died on the day of diagnosis prior to assignment to a protocol.
AML treatment protocols included: AML BEM 93¢ (n=16), AML
BEM 98° (n=69) and AML BEM 2004 (n=21). In addition, three
children with Down’s syndrome (two ALL, one AML) were not
treated due to parents’ refusal; these patients were included in
the epidemiological analyses, but were excluded from the sur-
vival analyses. No patient’s lineage category was changed fol-
lowing molecular genetics analysis.



Online Supplementary Table S1A. Key clinical and diagnostic information of the patients.

UPN

BI

B3

B4

BS

B6

B7

B8

B9

BI10

BI1

B12

B13

Bi4

B15

Bi6

BI7

B8

B19

B20

B2l

B22

!

T2

T3

T4

Lineages
involved and
treatment
direction

My/B, treated as
BCP ALL
My/B, treated as
BCPALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/B, treated as
BCP ALL
My/T, treated as
TALL

My/T, treated as
TALL

My/T/B, treated
as T ALL

My/T, treated as
TALL

My/T, treated as
TALL

My/T, treated as
TALL

My/T, treated as
AML

My/T, treated as
AML

My/T, treated as
AML

My/T, treated as
AML

Positive antigens
relevant for treatment
decision
CDI19422+i79a+
CDI9+22+i79a+
CDI19+22+i79a+
CD19+22+i79a+
CDI19+22+i79a+
CD19+22+i79a+
CDI19+22+i79a+
CDI19+22+iT9a+
CDI19+22+iT79a+
CDI19+22+i79a+
CD19+i79a+
CDI19+22+i719a+
CDI19+22+i79a+
CDI9+22+i79a+
CD19+i79%a+
CDI19+22+i79a+
CDI19+22+i79a+
CDI19+22+
CDI19+i79a+
CD19+i79a+
CD19+i79a+
CD19+22+i79a+
CD7+i3+ iMPO low
CD7+i3+ IMPO-
CD7+i3+ iIMPO low,
19+i79a+

CD7+i3+ iMPO-
CD7+i3+ iMPO-
CD7+i3+ IMPO-
CD13+33+11T+HMPO
>30%
CDI134+33+117+MPO
=30%
CD13+33+65+MPO>
Kl

CD1343346541 1T+
MPO=30%

Antigens leading to a positive
MPAL score (EGIL)
CDI9+22479aH1 04244 Td T+
MPO+33+

CDI9+22+779aHI 0244 TdTHI
JHI5433+

CD19+22+79%aH1 024+ TdTHI
3HI5H83+

CD19+22+79%aH1 024+ TdTHI
34334117+
CD19+22+i79a+10+24+TdT+H1
343341174

CDI19+22+4779%H1 0244 TdTHI
3H15433+

CDI9+22+79%a 41 0+2444TdTHI
3HR3IHIITH
CDI9+22+i79aH3HI0+24HTd
THI3HI 5433+
CDI19+22+79a 41 024+ TdTHI
3HI5433+

CDI9+22+79%aH1 0244 TdTHS
HIHMPOHI 3+
CD19+79a+i79aH1 0+24-4Td T+
MPOHI 3433+
CD19+22+79a+lgMH1 0HTdTH
13433465+
CDI9+22+iT9ailg M1 0424+
TdTHMPOHI 5+
CDI9+22+7%HTdT-HI 34334
17415+

CDI9+i79a+Td T+ 3H65415+
CDI19+22+i79a+1 0+24+TdTHI
3H15+33+
CDI19+22+i79a+24HTd T+ 3+3
3HI1TH1 5+

CD19+22+24-HTd T HMPO+H65H

15+

CD19+iT9a-+24 474334654 5+
CDI19+79%+ 24 HTdT+H33+65+1
4H1 5+H64+
CD19+79+24-HTdT+33H65+1
5+

CDI19+22+i 79244 TdTHMP
OHI3H33HO541 5+64+
CD7+i3+TdT+5+HMPOH] 3433
HI174
CDT+H3+10HTATHH33H1 1 T4
5+
CDI19+479a+3HTdTHTCRyd-+H2
HIHBHTHI3+H33H1 1 THI 54

CD7+i3+33+117+15+
CD7+i3+TdTH2HI3HLITHI 5+

CD7+i3+5+33+H6541 17+
IMPO+CD13+15433+1 17479
HIHTATH2HT+
IMPO+CD13+ 1441 5+33 4653
HIOH2HSHTH

iIMPO#13+33 41 | TH3H224T+
IMPOH+CD 13+ 1543316541 1 T4]
943+HT+

Molecular
genelics

TEL/AMLI
TEL/AMLI
TEL/AMLI
TEL/AMLI1
TEL/AMLI
TEL/AMLI
TEL/AMLI
TEL/AMLI1
TEL/AMLI
BCR/ABL
BCR/ABL
hyperdiploid
(negl)
(negl)
(negl)
(negl)
(negl)
(negl)
(negl)
MLL/AF4
MLL/AF4
MLIL/AF4
BCR/ABL
(negl)
(negl)
(negl)
(negl),
FLTITD
(negl)
(neg2)
(neg2)
(neg2)

(neg2},
FLT3ITD

Cytogenetics

47, XX, der(2)ins(5:2)(q?33:q734)1(2:13;5:6)(q734:q712:q3 1:q724
)21 15]/46,XX[5]

tetraploidy[10]/46,XX [1]

not available

46,XY del(12)(p7[9]

46, XX der{(IMNX0N7p1 300 12:21)p1 3:q22)[4]/45.X.-
X.idem[16]

46,XY[13]

not available

46, XX[20]

46.XY[20]

45.XY.-T,4(9:22)(q34:q1 D[9)/46,XY[1]

46, XY 19:22) (34,1 D946, XY[1]

STXY AX Y, H4, Hder(6)del(6)(g22q24), +der(T)ins(7:1 1 Mp1 2:9
132),49, 410+ 14, der( 160t 16; 1 THp13.1;p127),+18,+21 421[12]
not available

46,XX[10]

not available

46,.XX[10]

46,XY,1gh+[20]

46,XX[17]

46, XX, der(3)t(3;11)(q13;923 ), der(3)1(3:7)x2,del( 1 1)(q23),der(19
M3:19)(q13:2)(28)/46,XX[ 1]

46, XX,14:11)(q21:q23)[1)/46.XX[8]

46, XY ins(4;11)(q21;g23).del(11)(g23)[24)/46,XY[1]
46, XX 141 1Hq21:q23)20]

46,XY.1(9;:22)(q34:q1 1)[18]

46, XY .del(7q)[5]/46,XY[20]; deletion of both TEL alleles by
FISH

46,XY[15]

46,XX [14]

46,XY1(6;14)(q726:q73 1)[25]

46,XY[12]

46, XY[18]47.XY . dup(2)p?).+mar[4]

46,XY [20]

46,XY del(5)(ql4933)[11]1/46,XY[3]

47 XX A8[11]/46,XX,+8.-15,-21,+#mar[2]/46,XX [1]

Morphology -
FAB
classification
L2

L2

L1

L1

L1
Ll

Lt

L2

L1

undifferen-
tiated or 1.2
Myeloid or L2
L2

L2

LIl
L2
M2or L2
M4 or L2
M2, Auer rods

MI. Auer rods

Age at
dia- .
gnosis
6.2y
4.9y
7.9y
7.1y
5.5y
14y
34y
6.1y
4.5y
9.1y
3.7y
17y
29y
3.y
43y
24y
1.8y

3.2y

6m

24d

Leuko-
cyte
count at
diagno-
sis

3.1

b
-1

t2
3

Complete remission in ALL and AML patients was evaluated at days 33 and 28 of the treatment, respectively; N/A (prot.): does not apply due to treatment
protocol; N/A (e.d.): not evaluable due to early death; *Complete remission achieved only after imatinib in UPN B10. Molecular genetic codes: (negl) non-
hyperdiploid, BCR-ABL™¢, MLL/AF4™ and TEL/AML1" (neg2) AML1/ETO™:, CBFB/MYH11":, PML/RARA™:. In addition, MLL/AF6, MLL/AF9, MLL/AF10,
MLL/ENL and MLL/ELL rearrangements were negative in all 32 patients, as determined by multiplex PCR; all cases were tested for FLT3-D835-activating
mutations (all patients negative) and for FLT3 internal tandem duplication (FLT3-ITD).



Online Supplementary Table S1B. Key clinical and diagnostic information of the patients.

Complete remission

after induction Prednisone

UPN  Frontline treatment Risk group  treatment response Day 15 BM  Outcome
Bl ALL BFM 95 intermediate yes good Ml alive
B2 ALL IC BFM 2002 standard yes good MI alive
B3 ALL BFM 95 intermediate  yes good M1 alive
B4 ALL IC BFM 2002 intermediate yes good MI alive
B5 ALL IC BFM 2002 standard yes good M2 relapsed, alive
B6 ALL IC BFM 2002 intermediate  yes good M2 alive
B7 ALL IC BFM 2002 standard yes good M2 relapsed, alive after SCT
B8 ALL BFM 95 standard yes good not available relapsed, alive after SCT
B9 ALL BFM 95 standard yes good not available relapsed, alive after SCT

ALL BFM 95, imatinib,
B10 MUD SCT high no* good M3 relapsed, died
BI1  ALL BFM 95 high yes good M3 relapsed, alive after SCT
B12 ALL BFM 95 intermediate N/A (e.d.) good M2 early death (pancreatitis)
B13  ALL BFM 95 standard yes good M1 alive
Bl4  ALL BFM 95 standard yes good Ml alive
BI15 ALL BFM 95 standard yes good MI alive
B16  ALL BFM 95 high yes poor M2 alive
B17  ALL IC BFM 2002 intermediate  yes good M2 alive
BI8 ALL BFM 95 intermediate  yes good M2 alive
B19  death before treatment started N/A (e.d.) N/A (e.d.) N/A (e.d.) N/A (e.d.) early death
B20  Interfant 2003 high yes good M1 relapsed, alive after SCT
B21 POG 9407 N/A (prot.)  yes N/A (prot.)  not available death in CR

early death, disease

B22  Interfant 2003 N/A (e.d.) N/A (e.d.) N/A (e.d.) N/A (e.d.) progression

ALL IC BFM 2002, imatinib
T1 (EsPhALL), MUD SCT high yes poor M3 alive
T2 ALL BFM 95 intermediate  yes good M2 relapsed, died
T3 ALL IC BFM 2002 intermediate  yes good M1 alive
T4 ALL IC BFM 2002 intermediate  yes good M2 alive
TS ALL 1C BFM 2002 intermediate  yes good M2 alive
Té ALL BFM 95 intermediate  yes good M2 alive

AML BFM 98, autologous
Myl SCT high no N/A (prot.) M2 relapsed, died
My2 AML BFM 2004 , MSD SCT  high yes N/A (prot.) Ml alive
My3 AML BFM 98, MSD SCT high yes N/A (prot.) Ml relapsed, died
My4 AML BFM 98 high no N/A (prot.) M2 relapsed, died

Complete remission in ALL and AML patients was evaluated at days 33 and 28 of the treatment, respectively; N/A (prot.): does not apply due to treatment
protocol; N/A (e.d.): not evaluable due to early death; *Complete remission achieved only after imatinib in UPN B10. Molecular genetic codes: (negl) non-
hyperdiploid, BCR-ABL™t, MLL/AF4¢ and TEL/AML1"¢; (neg2) AML1/ETO™:, CBFB/MYH11"¢, PML/RARA™:. In addition, MLL/AF6, MLL/AF9, MLL/AF10,
MLL/ENL and MLL/ELL rearrangements were negative in all 32 patients, as determined by multiplex PCR; all cases were tested for FLT3-D835-activating
mutations (all patients negative) and for FLT3 internal tandem duplication (FLT3-ITD).



Online Supplementary Table S2. Immunoglobulin and T-cell receptor gene rearrangements in MPAL cases. Negative results are labeled '-'. Cases UPN B8,
B9 and T6 were not analyzed due to insufficient material and are excluded from this Table. Abbreviations (negl) and (neg2) are explained in Supplementary
Table S1. Case UPN T2 was analyzed at relapse only, as there was insufficient material at the time of diagnosis.

UPN

Bl
B2
B3
B4
B5
B6
B7
B10
Bll
B12
B13
Bl4
B15
Bl6
B17
BI8
B19
B20
B21
B22
Tl
T2
T3
T4

T5

Myl
My2
My3

My4

IGH
VDI
TEL/AMLI 2
TEL/AMLI 1
TEL/AMLI 1
TEL/AMLI
TEL/AMLI
TEL/AMLI
TEL/AMLI1
BCR/ABL
BCR/ABL
hyperdiploid
(negl)
(negl)
(negl)

(negl)
(negl)
(negl)
(negl)
MLL/AF4 -
MLL/AF4 -
MLL/AF4 1
BCR/ABL :
(negl) -
(negl) -
(negl) -
(negl), -
FLT3ITD

(neg2) -
(neg2) -
(neg2) -
(neg2), -
FLT3ITD

Genotype
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Online Supplementary Figure S1. Event-free survival of (A) TEL/AML1-positive or (B) MLL/AF4-positive patients. All patients received ALL-directed treat-
ment. Bold line: AHL, thin line, non AHL. Time from diagnosis in years is on X-axes. Further details are described in the Patients, Statistics and Results

sections.
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Online Supplementary
Figure S2. Principal com-
ponent analysis of
immunophenotype data.
Each dot represents a
patient and colors were
selected based on the
diagnostic immunophe-
notype classification.
Red: non-mixed BCP-ALL,
orange: MPAL treated as
BCP-ALL, vyellow: non-
mixed AML, turquoise:
MPAL (T/My) treated as
AML, green: MPAL treat-
ed as T-ALL, blue: non-
mixed T-AL.

Online Supplementary Figure
S3. Immunophenotypic prin-
cipal component analysis of
cases that fulfilled treatment
criteria for AML (violet) and
BCP ALL treatment (white or
green). Specimens from
patients treated as having
BCP ALL are shown in green
if this principal component
analysis showed a closer
proximity to AML or in white
(all others). The prognosis of
these patients was analyzed
and is shown in Online
Supplementary Figure S4.

Online Supplementary Figure S4. Event-free survival of
patients treated as having BCP ALL with a closer prox-
imity to AML by principal component analysis (“PCA
BCP closer to myeloid”, represented by green dots in
Online Supplementary Figure S2) compared to other
patients treated as having BCP ALL (“PCA purer BCP”,
represented by white dots in Online Supplementary

Figure S3).

— PCA purer BCP

= PCA BCP closer to myeloid

Online Supplementary Movie 1. Rotation of Online Supplementary Figure S2 in three-dimensional

space.
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