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abstract

PURPOSE We aimed to study prognostic factors and efficacy of allogeneic hematopoietic stem-cell trans-
plantation (allo-HSCT) in first remission of patients with noninfant childhood acute lymphoblastic leukemia (ALL)
with 11q23/KMT2A rearrangements treated with chemotherapy regimens between 1995 and 2010.

PATIENTS AND METHODS Data were retrospectively retrieved from 629 patients with 11q23/KMT2A-rearranged
ALL from 17 members of the Ponte-di-Legno Childhood ALL Working Group. Clinical and biologic charac-
teristics, early response assessed by minimal residual disease at the end of induction (EOI) therapy, and allo-
HSCT were analyzed for their impact on outcomes.

RESULTS A specific 11q23/KMT2A translocation partner gene was identified in 84.3% of patients, with the most
frequent translocations being t(4;11)(q21;q23) (n 5 273; 51.5%), t(11;19)(q23;p13.3) (n 5 106; 20.0%),
t(9;11)(p21_22;q23) (n5 76; 14.3%), t(6;11)(q27;q23) (n5 20; 3.8%), and t(10;11)(p12;q23) (n5 14; 2.6%);
41 patients (7.7%) had less frequently identified translocation partner genes. Patient characteristics and early
response varied among subgroups, indicating large biologic heterogeneity and diversity in therapy sensitivity
among 11q23/KMT2A-rearranged ALL. The EOI remission rate was 93.2%, and the 5-year event-free survival
(EFS) for the entire cohort was 69.1%6 1.9%, with a range from 41.7%6 17.3% for patients with t(9;11)-positive
T-ALL (n5 9) and 64.8%6 3.0% for patients with t(4;11)-positive B-ALL (n5 266) to 91.2%6 4.9% for patients
with t(11;19)-positive T-ALL (n5 34). Low EOI minimal residual disease was associated with favorable EFS, and
induction failure was particularly predictive of nonresponse to further therapy and relapse and poor EFS. In
addition, EFS was not improved by allo-HSCT compared with chemotherapy only in patients with both t(4;11)-
positive B-ALL (n 5 64 v 51; P 5 .10) and 11q23/KMT2A-rearranged T-ALL (n 5 16 v 10; P 5 .69).

CONCLUSION Compared with historical data, prognosis of patients with noninfant 11q23/KMT2A-rearranged ALL
has improved, but allo-HSCT failed to affect outcome. Targeted therapies are needed to reduce relapse and
treatment-related mortality rates.

J Clin Oncol 41:1404-1422. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Contemporary risk-adapted treatment on the basis of
genetics and minimal residual disease (MRD) has
improved survival rates to . 90% in childhood acute
lymphoblastic leukemia (ALL).1,2 Rearrangements of
the KMT2A gene (formerly MLL), involving . 100
translocation partner genes (TPGs), are detected in
approximately 5% of childhood ALL.3-9 Although
KMT2A rearrangements confer an inferior outcome in
infant ALL, their prognostic impact in children age
$ 1 year is less clear.9-16 In fact, there is no consensus
among study groups regarding risk stratification,

significance of different TPGs, and indication for al-
logeneic hematopoietic stem-cell transplantation (allo-
HSCT) in first complete remission (CR1). In our pre-
vious study (1983-1994), we found that noninfants
with KMT2A-rearranged ALL had a superior outcome
compared with their infant counterparts irrespective of
the type of KMT2A rearrangement.13,14 However, small
numbers precluded meaningful analyses of allo-
HSCT, and the impact of MRD was not
assessed.13,14 To address these issues, we initiated
this study of noninfants with 11q23/KMT2A-rear-
ranged ALL, treated on contemporary, mostly
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MRD-based protocols, including allo-HSCT in CR1 for
selected patient cohorts.17-20

PATIENTS AND METHODS

Data on characteristics, treatment, response including
MRD, allo-HSCT, and outcomes of patients with 11q23/
KMT2A-rearranged ALL age 1-18 years and treated be-
tween 1995 and 2010 were collected from 17 members of
the Ponte-di-Legno Childhood ALL Group (Data Supple-
ment, online only). 11q23/KMT2A rearrangements were
defined by an 11q23-involving chromosomal aberration
detected by conventional cytogenetics and/or KMT2A-split
signal fluorescence in situ hybridization analyses and/or
different polymerase chain reaction–based methodologies
and/or Southern blots.4,5,7,21-23 The TPG was defined by the
most informative method. Patients with 11q23/KMT2A
deletions were excluded.13,14,24-26

Diagnosis was performed according to standard criteria.8,27

CR was defined as , 5% blasts in bone marrow and
no extramedullary disease. Detection of MRD, on the basis
of either immunoglobulin and T-cell receptor gene
rearrangements or flow cytometry, was performed at the
end of induction (EOI).28-30

Written informed consent was obtained from legal guard-
ian(s) or patients, as appropriate. Trials and registries were
conducted according to the Declaration of Helsinki and
approval of local ethics committees. For nontrial/
nonregistry patients, retrospective data collection was
performed with institutional review board approval.

Statistical Analysis

Event-free survival (EFS) was calculated from the date of
diagnosis to the date of first event (resistant disease, re-
lapse, second malignant neoplasm, and death) and

censored at the last follow-up for patients without events.
Overall survival (OS) was defined as the time from diagnosis
to death from any cause or last follow-up. EFS and OS
curves were estimated by the Kaplan-Meier method with
standard errors calculated by the Greenwood formula and
compared by the log-rank test. For allo-HSCT analysis,
Kaplan-Meier curves were adjusted to account for the
waiting time to allo-HSCT. The influence of allo-HSCT was
also analyzed with the inclusion of a time-dependent var-
iable in Cox models and the Mantel-Byar test. Cumulative
incidence functions for competing events were constructed
by the method of Kalbfleisch and Prentice, including Gray’s
test. The Cox proportional hazard model was used for
multivariable analyses.

RESULTS

Patients With 11q23/KMT2A Rearrangements

Among the 686 patients selected, 57 were excluded (Data
Supplement). Therapies are shown in the Data
Supplement.10,11,31-63 The male:female ratio was 1:1; the
median age was 4.7 years, and the median leukocyte count
was 82.9 3 109/L; 535 patients (85%) had B-ALL, and 82
(13%) had T-ALL (Table 1 and Data Supplement). EOI
MRD was , 0.05% in 56%, 0.05 to , 0.5% in 23%, and
$ 0.5% in 21% of patients (Table 1).

Among the 619 patients with EOI status data, four (0.6%)
died during induction and 38 (6.1%) had induction failure (IF;
19 subsequently achieved CR); thus, the CR rate at EOI was
93.2% and the ultimate CR rate was 96.2%. With a median
follow-up of 5.8 years (range, 0.1-17.5 years), the 5-year EFS
probability (5y-pEFS) of the total cohort was 69.1% 6 1.9%
and the 5-year OS probability (5y-pOS) was 76.6% 6 1.7%.
The 5-year probability of cumulative incidence of resistance
or relapse (5y-pCIRR) was 22.4% 6 1.7% (resistance,

CONTEXT

Key Objective
Although 11q23/KMT2A rearrangements have poor outcomes in infant acute lymphoblastic leukemia (ALL), their impact in

noninfants is unclear. This international collaboration addressed outcomes and prognostic factors of noninfant 11q23/
KMT2A-rearranged ALL treated with contemporary protocols, including allogeneic hematopoietic stem-cell trans-
plantation for selected subgroups.

Knowledge Generated
This study demonstrated great clinical heterogeneity among childhood noninfant 11q23/KMT2A-rearranged ALL. Low end of

induction minimal residual disease was associated with favorable event-free survival (EFS), and induction failure was
predictive of resistant disease, relapse, and poor EFS. In addition, EFS was not improved by transplantation compared with
chemotherapy alone in patients with both t(4;11)/KMT2A::AFF1-positive B-ALL and 11q23/KMT2A-rearranged T-ALL.

Relevance (S. Bhatia)
Allogeneic hematopoietic stem-cell transplantation does not influence outcomes in patients with noninfant 11q23/KMT2A-

rearranged ALL, presenting the need for alternative targeted therapies.*

*Relevance section written by JCO Associate Editor Smita Bhatia, MD, MPH, FASCO.
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TABLE 1. Characteristics, Treatment Response, and Outcomes of the Entire Cohort With 11q23 Rearrangements and by the Specific Translocations t(4;11), t(11;19), t(9;11), t(6;11), and t(10;11)

Parameter

All 11q23-Positive
Patients t(4;11)-Positive Patients t(11;19)-Positive Patients t(9;11)-Positive Patients t(6;11)-Positive Patients t(10;11)-Positive Patients

B-ALL B-ALL T-ALL B-ALL T-ALL T-ALL B-ALL

No. % No. % No. % No. % No. % No. % No. % No. %

All 629 100 266 100 70 100 34 100 65 100 9 100 19 100 14 100

Therapy era

1995-1999 121 19 70 26 10 14 8 24 7 11 2 22 3 16 2 14

2000-2004 171 27 67 25 15 21 14 41 23 35 2 22 7 37 2 14

2005-2010 337 54 129 48 45 64 12 35 35 54 5 56 9 47 10 71

Sex

Male 314 50 123 46 32 46 22 65 37 57 3 33 8 42 7 50

Female 315 50 143 54 38 54 12 35 28 43 6 67 11 58 7 50

Age, years

Median 4.7 9.2 2.3 9.0 1.8 3.4 10.6 1.6

Range 1.0-17.6 1.0-17.7 1.0-16.1 2.4-16.8 1.0-13.9 1.1.-13.3 2.1-17.8 1.0-5.9

1- , 2 185 29 47 18 32 30 0 0 35 54 3 33 0 0 9 64

2- , 6 158 25 52 20 14 23 9 26 27 42 5 56 3 16 5 36

6- , 10 79 13 43 16 5 14 10 29 2 3 0 0 6 32 0 0

10- , 15 144 23 84 32 16 27 12 35 1 2 1 11 6 32 0 0

$ 15 63 10 40 15 3 6 3 9 0 0 0 0 4 21 0 0

Leukocyte count (3 109/L)

Median 82.9 173.5 43.1 144.6 31.5 18.4 24.4 20.5

Range 0.5-1,148.0 1.0-1,148.0 1.0-1,132.0 6.7-496.0 0.5-684.0 2.0-256.0 2.8-588.0 5.1-288.4

, 100.0 349 55 87 33 49 70 16 47 48 74 7 78 17 89 13 93

$ 100.0 280 45 179 67 21 30 18 53 17 26 2 22 2 11 1 7

Immunophenotype

B-lineage 535 85 266 100 70 100 65 100 14 100

T-lineage 82 13 34 100 9 100 19 100

Others/unknown 13 2

Initial CNS involvement

Yes 37 6 21 8 3 4 2 6 5 8 2 22 0 0 0 0

No 576 94 241 92 65 96 31 94 57 92 7 78 19 100 13 100

Prednisone response

Available 247 39 110 41 31 44 16 47 23 65 3 33 7 35 6 43

GPR 196 79 90 82 31 100 4 25 19 83 1 33 5 71 5 83

PPR 51 21 22 18 0 0 12 75 4 17 2 67 2 29 1 17

(continued on following page)
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TABLE 1. Characteristics, Treatment Response, and Outcomes of the Entire Cohort With 11q23 Rearrangements and by the Specific Translocations t(4;11), t(11;19), t(9;11), t(6;11), and t(10;11)
(continued)

Parameter

All 11q23-Positive
Patients t(4;11)-Positive Patients t(11;19)-Positive Patients t(9;11)-Positive Patients t(6;11)-Positive Patients t(10;11)-Positive Patients

B-ALL B-ALL T-ALL B-ALL T-ALL T-ALL B-ALL

No. % No. % No. % No. % No. % No. % No. % No. %

BM response day 15

Available 347 55 156 59 39 56 22 65 36 55 4 44 11 58 6 43

, 5% blasts 230 66 109 70 32 82 8 36 27 75 0 0 5 45 4 67

$ 5%-24% blasts 65 19 31 20 7 18 1 5 8 22 4 100 1 9 1 17

$ 25% blasts 52 15 16 11 0 0 13 59 1 3 0 0 5 45 1 17

Remission status at EOI

Availablea 615 98 259 97 69 99 34 100 63 97 9 100 18 95 14 100

CR 577 94 247 95 67 97 30 88 62 98 8 89 14 78 13 93

Induction failure 38 6 12 5 2 3 4 12 1 2 1 11 4 22 1 7

MRD at EOI

Available 331 53 128 48 39 56 10 29 38 58 6 67 7 37 12 86

, 0.5% 259 78 93 73 37 95 5 50 36 95 3 50 7 100 10 83

$ 0.5% 69 21 34 27 1 3 5 50 2 5 3 50 0 0 2 17

Not classifiableb 3 1 1 1 1 3 0 0 0 0 0 0 0 0 0 0

MRD at EOI

Available 331 53 126 47 39 56 10 29 38 43 6 67 7 37 12 86

, 0.05% 186 56 64 51 27 69 3 30 24 63 1 17 5 71 9 75

$ 0.05% 122 37 59 47 5 13 7 70 11 29 5 83 2 29 2 17

Not classifiableb 23 7 5 4 7 18 0 0 3 8 0 0 0 0 1 8

Eligibility for allo-HSCT

Availablec 386 61 174 65 41 59 26 76 38 58 7 78 15 79 8 57

Indication 247 64 138 79 18 44 16 62 20 53 7 100 11 73 2 25

No indication 139 36 36 21 23 56 10 38 18 47 0 0 4 27 6 75

allo-HSCT in CR1 107 28 65 37 7 17 10 38 7 18 2 29 5 33 0 0

With indicationd 102 95 64 98 7 100 8 80 6 86 1 100 5 100 0 0

No/unknown indicatione 5 5 1 1 0 0 2 20 1 14 1 0 0 0 0 0

Outcomes

5y-pEFS 193 69.1 (1.9) 92 64.8 (3.0) 19 73.5 (5.4) 3 91.2 (4.9) 19 71.8 (5.7) 5 41.7 (17.3) 6 68.4 (10.7) 3 77.9 (11.3)

5y-pOS 147 76.6 (1.7) 80 70.0 (2.9) 10 84.9 (4.4) 1 97.1 (2.9) 14 81.4 (4.9) 4 53.3 (17.3) 5 72.4 (10.6) 1 92.9 (6.9)

Events

Death before CR 10 1.6 (0.5) 5 1.9 (0.8) — — — — 1 1.5 (1.5) 1 11.1 (11.1) 1 5.3 (5.3) — —

Resistance to therapy 14 2.2 (0.6) 2 0.8 (0.5) 1 1.4 (1.4) 1 2.9 (2.9) 1 5.3 (5.3) 1 7.1 (7.1)

(continued on following page)
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TABLE 1. Characteristics, Treatment Response, and Outcomes of the Entire Cohort With 11q23 Rearrangements and by the Specific Translocations t(4;11), t(11;19), t(9;11), t(6;11), and t(10;11)
(continued)

Parameter

All 11q23-Positive
Patients t(4;11)-Positive Patients t(11;19)-Positive Patients t(9;11)-Positive Patients t(6;11)-Positive Patients t(10;11)-Positive Patients

B-ALL B-ALL T-ALL B-ALL T-ALL T-ALL B-ALL

No. % No. % No. % No. % No. % No. % No. % No. %

Death in CR1 39 6.2 (1.0) 19 7.2 (1.6) 4 5.9 (2.9) 1 2.9 (2.9) 5 7.7 (3.3) 2 22.2 (15.1) 1 5.3 (5.3) — —

Related to allo-HSCTf,g 14 2.2 (0.6) 7 2.7 (1.0) 1 1.5 (1.5) 1 2.9 (2.9) 1 1.5 (1.5) 1 11.1 (11.1) — — — —

Others 25 4.0 (0.8) 12 4.5 (1.3) 3 4.3 (2.5) — — 4 6.2 (3.0) 1 11.1 (11.1) 1 5.3 (5.3) — —

Relapse 125 20.2 (1.6) 63 24.2 (2.7) 14 19.2 (4.8) 1 2.9 (2.9) 12 19.0 (5.0) 2 25.0 (17.3) 3 15.8 (8.7) 2 14.9 (10.2)

Isolated BM 82 13.1 (1.4) 45 20.7 (2.5) 7 8.6 (3.4) 1 2.9 (2.9) 4 6.2 (3.0) 1 11.1 (11.2) 2 10.5 (7.3) 1 7.8 (7.8)

Isolated CNS 12 1.9 (0.6) 2 0.8 (0.5) 3 4.4 (2.5) — — 3 4.6 (2.6) — — — — 1 7.1 (7.2)

Isolated testes 11 1.8 (0.5) 3 1.2 (0.7) 3 4.7 (2.7) — — 2 3.1 (2.2) — — — — — —

Combined BM/CNS 9 1.5 (0.5) — — 1 1.5 (1.5) — — 2 3.5 (2.5) — — — — — —

Combined BM/others
(without CNS)

5 0.8 (0.4) 2 0.8 (0.6) — — — — — — — — — — — —

Other relapse sites 6 1.0 (0.4) 2 0.8 (0.5) — — — — 1 1.6 (1.6) 1 13.9 (14.6) 1 5.3 (5.3) — —

Secondary neoplasms 5h 1.1 (0.3) 3 1.1 (0.1) — — — — 1 2.9 (3.0) — — — — — —

Abbreviations: 5y-pEFS, probability of 5-year event-free survival; 5y-pOS, probability of 5-year overall survival; ALL, acute lymphoblastic leukemia; allo-HSCT, allogeneic hematopoietic stem-cell
transplantation; BM, bone marrow; CNS, central nervous system; COG, Children’s Oncology Group; CR, complete remission; CR1, first complete remission; EOI, end of induction; GPR, good prednisone
response; MRD, minimal residual disease; PPR, poor prednisone response.

aDeath in induction before CR: n 5 4; CR status at EOI not available: n 5 10.
bSemiquantitative MRD results that could not be assigned to either category with the cutoff value applied.
cInformation on eligibility for allo-HSCT was not available for the following protocols: COG: AALL0232and AALL0331; DFCI: 00001 and 05001; FRALLE: F2000; NOPHO: NOPHO 2000 and NOPHO 92;

and SJCRH: Total XIIIB/BH, Total XV, and Total XVI.
dHLA-matched donor, n 5 59; HLA-mismatched donor, n 5 14; and unknown HLA compatibility, n 5 29.
eHLA-matched donor, n 5 4; unknown HLA compatibility, n 5 1.
fUnless indicated otherwise, the data refer to patients with available information on the respective criteria.
gCumulative incidences (standard error in brackets) are indicated at 5 years except for the secondary neoplasms that were calculated at 10 years.
hAcute myeloid/myelomonocytic leukemia, n 5 2; renal cell carcinoma, n 5 1; melanoma, n 5 1; and CNS tumor, n 5 1.
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2.2% 6 0.6%; relapse, 20.2% 6 1.6%). Two thirds of re-
lapses were isolated bone marrow relapses (5y-CI, 13.1% 6
1.4%); 5y-CI rates of isolated testicular, isolated central
nervous system, or combined central nervous system relapse
were 3.6% 6 1.1%, 1.8% 6 0.5%, and 1.5% 6 0.5%,
respectively. The 5y-CI of death in CR1 was 6.2% 6 1.0%;
approximately one third were allo-HSCT–related (14 of 39;
36%; Table 1 and Figs 1A-1C). Five patients developed a
second malignant neoplasm as a first event (10-year cu-
mulative incidence, 1.9% 6 0.5%).

A specific TPG was reported in 530 of 629 patients (84.3%),
with the most frequent translocations being t(4;11)(51.5%),
t(11;19)(20.0%), t(9;11)(14.3%), t(6;11)(3.8%), and
t(10;11)(2.6%; Table 1); 7.7% had other TPGs (Data
Supplement). Some TPGs were lineage-restricted (t(4;11):
266 of 267B-ALL; t(10;11): 14 of 14 B-ALL; t(6;11): 19 of 20
T-ALL), whereas others were variable (t(11;19): 70 of
104 B-ALL; t(9;11): 65 of 74 B-ALL; Table 1).

t(4;11)(q21;q23)/KMT2A::AFF1. Patients with t(4;11)-pos-
itive ALL were significantly older with 46.6% age$ 10 years
compared with 13.3% of other patients with 11q23/
KMT2A-rearranged B-ALL (P , .001), with age peaks in
early childhood and adolescence (Table 1 and Data
Supplement). The male:female ratio showed a female
preponderance in younger patients (, 10 years 0.71,
$ 10 years 1.07). Patients with t(4;11)-positive B-ALL had
leukocyte counts $ 100 3 109/L more often than other
patients with 11q23/KMT2A-rearranged B-ALL (67.3% v
26.7%; P , .001), which was more pronounced in ado-
lescents (, 10 years 56.3%, $ 10 years 79.8%).

Consistent with their inferior early response, t(4;11)-positive
patients had a worse 5y-pEFS (64.6% 6 2.9%) and 5y-pOS
(70.0% 6 2.8%) and higher 5y-pCIRR (24.9% 6 2.7%)
compared with other patients with 11q23-rearranged B-ALL
(73.5% 6 3.3%, P 5 .039; 84.5% 6 2.7%, P , .001;
19.4% 6 3.0%, P 5 .13, respectively; Table 1 and Figs 1D-
1F). Survival postrelapsewas particularly poor in t(4;11)-positive
B-ALL with a 5y-pOS of 12.9% 6 4.5% (n 5 63, 53 deaths)
compared with 38.1% 6 11.4% in other 11q23-rearranged
B-ALL (n 5 32, 16 deaths; P 5 .0011; Data Supplement).

t(11;19)(q23;p13.3)/KMT2A::MLLT1. There was a higher
proportion of patients with leukocyte counts $ 100 3 109/L
at presentation in patients with t(11;19)-positive T-ALL (n5
34) compared with patients with B-ALL (n 5 70; 52.9% v
30.0%; P 5 .023, Table 1). Age distribution also differed
significantly (Table 1 and Data Supplement). Response to
induction therapy was poor in patients with t(11;19)-positive
T-ALL (Table 1) despite their excellent outcome: 5y-pEFS
91.2% 6 4.9%, 5y-pOS 97.1% 6 2.9%, and 5y-pCIRR
5.9%6 4.1% v 73.5%6 5.4% (P5 .032), 84.9%6 4.4%
(P 5 .076), and 20.6% 6 5.0% (P 5 .04), respectively, in
those with t(11;19)-positive B-ALL (Table 1 and Figs 1D-1I).

Comparison of patients with t(11;19)-positive B-ALL with
patients with t(4;11)-positive B-ALL revealed similar age

peaks in early childhood and adolescence (Data Supple-
ment). Patients with t(11;19)-positive B-ALL had significantly
less hyperleukocytosis (P , .001) and better early response
than patients with t(4;11)-positive B-ALL (Table 1). Although
not translating into a lower rate of resistance/relapse
(P 5 .47), EFS tended to be higher (P 5 .14) and OS was
significantly better (P 5 .007) in patients with t(11;19)-pos-
itive than in patients with t(4;11)-positive B-ALL (Figs 1D-1F).

t(9;11)(p21-22;q23)/KMT2A::MLLT3. Nine patients with
t(9;11)-positive T-ALL had inferior EOI MRD results and
worse 5y-pEFS (41.7% 6 17.3%) and 5y-pOS (53.3% 6
17.3%) rates compared with the 65 patients with t(9;11)-
positive B-ALL (71.8%6 5.7%, P5 .022; 81.4%6 4.9%,
P 5 .044; Table 1 and 1D-1E and 1G-1H). However, the
5y-pCIRR (25.0% 6 17.3% v 19.0% 6 5.0%) was not
significantly different (P 5 .67) between the two cohorts
(Table 1 and Fig 1F/1I).

The age distribution of t(9;11)-positive B-ALL was different
from that of patients with t(4;11)-positive B-ALL, with 83.1%
and 23.7% of patients age, 3 years, respectively (P, .001;
Data Supplement). Patients with t(9;11)-positive ALL were
significantly less often to have leukocyte counts$ 1003 109/
L compared with those with t(4;11)-positive B-ALL (26.2% v
67.3%; P, .001, Table 1). EOI MRD was significantly lower
in t(9;11)-positive patients compared with patients with
t(4;11)-positive B-ALL (MRD: , v $ 0.5%; P 5 .005,
Table 1). EFS, OS, and CIRR of patients with t(9;11)-positive
ALL were superior to those with t(4;11)-positive B-ALL al-
though the differences were not significant (Figs 1D-1F).

t(6;11)(q27;q23)/KMT2A::MLLT4. This small group com-
prised only 19 patients with T-ALL who were distributed
across all ages (Data Supplement). Only 10.5% had leu-
kocyte counts of $ 100 3 109/L compared with 22.2% in
patients with t(9;11)-positive T-ALL and 52.9% in patients
with t(11;19)-positive T-ALL (P 5 .006, Table 1).

The IF rate was 22.2%, the 5y-pEFSwas 68.4%6 10.7%, the
5y-pOS was 72.4% 6 10.6%, and the 5y-pCIRR was
21.1% 6 9.6% (Table 1 and Figs 1G-1I). These outcomes
were significantly inferior to those with t(11;19)-positive T-ALL
(P5 .030, .0083, .10), but EFS andOSwere superior to those
with t(9;11)-positive T-ALL, although not statistically
significant (P 5 .22, .31; Table 1 and Figs 1G-1I).

t(10;11)(p12;q23)/KMT2A::MLLT10. All 14 t(10;11)-positive
patients were age, 6 years, with 64.3% age, 2 years, and
therefore, younger than patients with t(4;11)-positive B-ALL
(P , .001; Data Supplement). Only 7.1% had leukocyte
counts$ 1003 109/L, which was lower than that in patients
with t(4;11)-positive B-ALL (P, .001; Table 1). Patients with
t(10;11)-positive B-ALL had a 5y-pEFS of 77.9%6 11.3%, a
5y-pOS of 92.9% 6 6.9%, and a 5y-pCIRR of 22.1% 6
11.8%, for which EFS and OS were not significantly
different from those in patients with t(4;11)-positive B-ALL
(EFS: P 5 .14; OS: P 5 .083; Table 1 and Figs 1D-1F).
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FIG 1. Outcomes of (A-C) all patients with 11q23/KMT2A-rearranged ALL and those with (D-F) B-ALL or (G-I) T-ALL according to the type
of 11q23/KMT2A rearrangement: (A, D, and G) 5-year EFS; (B, E, and H) 5-year OS; and (C, F, and I) 5-year cumulative incidence of
treatment failure. 5y-pEFS, probability of 5-year event-free survival; 5y-pOS, probability of 5-year overall survival; ALL, acute lymphoblastic
leukemia; EFS, event-free survival; OS, overall survival; SE, standard error. (continued on following page)
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11q23/KMT2A rearrangements with other and unknown
TPGs. Outcomes of 41 patients with other 11q23/KMT2A
translocations and 99 without a known TPG are shown in
the Data Supplement and Figures 1D-1I.

Prognostic Factors

11q23/KMT2A-rearranged B-ALL. The 5y-pOS of 76.6% 6
1.9% in 11q23/KMT2A-rearranged B-ALL was only slightly
higher than the 5y-pEFS of 68.96 2.0, because of not only
high treatment-related mortality, accounting for 24% of the
events, but also poor survival after relapse. The postrelapse
5y-pOS of the 114 patients with B-ALL who relapsed was

only 24.1%6 4.5% (81 deaths, Data Supplement). Time to
relapse was prognostically significant with a 5y-pOS of
14.1% 6 4.3% for relapses occurring within 18 months of
initial diagnosis (n5 69, 60 deaths) versus 41.6%6 9.6%
for later relapses (n 5 45, 21 deaths; Data Supplement).
The effect of time to relapse was not apparent in t(4;11)-
positive patients (5y-pOS after very early v later relapse:
12.8% 6 4.9% v 12.1% 6 10.3%; P 5 .22; Data Sup-
plement) but was greater in other 11q23-rearranged pa-
tients (n 5 16, 12.5% 6 8.3% v n 5 16, 91.7% 6 8.0%;
P 5 .0001; Data Supplement).
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FIG 1. (Continued).
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TABLE 2. Treatment Outcome of Patients With 11q23-Rearranged ALL According to Initial Characteristics, Response, and Therapy
11q23-Rearranged B-Lineage ALL

Parameter No.a 5y-pEFS, % (SE) P b 5y-pOS, % (SE) P b 5y-CI Relapse, % (SE) P b 5y-CI Resistance, % (SE) P b 5y-CI Death in CR1, % (SE) P b

ALL B-lineage patients 535 68.9 (2.0) 76.6 (1.9) 21.7 (1.8) 1.3 (0.5) 5.8 (1.0)

Type of 11q23 rearrangement .33 .006 .39 .082 .37

t(4;11)/KMT2A::AFF1 266 64.8 (3.0) 70.0 (2.9) 24.2 (2.7) 0.8 (0.5) 7.2 (1.6)

t(11;19)/KMT2A::MLLT1 70 73.5 (5.4) 84.9 (4.4) 19.2 (4.8) 1.4 (1.4) 5.9 (2.9)

t(9;11)/KMT2A::MLLT3 65 71.8 (5.7) 81.4 (4.9) 19.0 (5.0) 0.0 (0.0) 7.7 (3.3)

t(10;11)/KMT2A::MLLT10 14 77.9 (11.3) 92.9 (6.9) 14.9 (10.2) 7.1 (7.1) 0.0 (0.0)

t(v;11q23)/KMT2A::v. TPGc 36 74.9 (7.2) 85.8 (5.9) 11.2 (5.4) 5.6 (3.9) 5.6 (3.9)

KMT2A 1 without known TPG 84 71.6 (5.0) 80.2 (4.6) 23.6 (4.8) 1.2 (1.2) 1.2 (1.2)

Therapy era .010 .025 .037 .75 .70

1995-1999 103 61.2 (4.8) 69.9 (4.5) 29.1 (4.5) 1.9 (1.4) 6.8 (2.5)

2000-2004 133 63.8 (4.2) 71.1 (4.0) 24.2 (3.7) 1.5 (1.1) 6.8 (2.2)

2005-2010 299 73.9 (2.6) 81.9 (2.3) 18.0 (2.3) 1.0 (0.6) 5.1 (1.3)

Sex .43 .61 .21 .72 .85

Female 268 71.0 (2.8) 77.2 (82.6) 19.2 (2.5) 1.5 (0.7) 5.7 (1.4)

Male 267 66.8 (2.9) 76.1 (2.7) 24.1 (2.7) 1.1 (0.6) 6.0 (1.5)

Age, years .23 .003 .84 .20 .003

1-5 309 71.5 (2.6) 81.1 (2.3) 21.7 (2.4) 1.9 (0.8) 2.9 (1.0)

6-9 62 67.6 (6.0) 76.8 (5.5) 19.5 (5.1) 1.6 (1.6) 8.1 (8.1)

$ 10 164 64.6 (3.8) 68.3 (3.7) 22.5 (3.3) 0.0 (0.0) 10.5 (2.4)

Leukocyte count (3 109/L) .018 .0018 .51 .35 .029

, 100.0 290 72.6 (2.7) 81.2 (2.4) 20.9 (2.4) 1.7 (0.8) 3.8 (1.1)

$ 100.0 245 64.5 (3.1) 71.2 (2.9) 22.7 (2.7) 0.8 (0.6) 8.3 (1.8)

Initial CNS involvement .063 .27 .11 .40 .98

No 489 69.7 (2.1) 76.9 (1.9) 21.2 (1.9) 1.2 (0.5) 6.0 (1.1)

Yes 33 54.0 (8.8) 68.7 (8.2) 33.9 (8.6) 3.0 (3.0) 6.1 (4.2)

NCI risk groupd .018 .0030 .26 .77 .16

SR 183 74.4 (3.3) 82.9 (2.9) 19.6 (3.0) 1.1 (0.8) 3.8 (1.4)

HR 352 66.0 (2.6) 73.3 (2.4) 22.8 (2.3) 1.4 (0.6) 6.9 (1.4)

Prednisone response .46 .34 .71 .68 .97

GPR 182 67.9 (3.5) 75.4 (3.2) 21.7 (3.1) 0.5 (0.5) 7.7 (2.0)

PPR 27 63.0 (9.3) 66.2 (9.2) 18.5 (7.7) 0.0 (0.0) 7.4 (5.2)

(continued on following page)
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TABLE 2. Treatment Outcome of Patients With 11q23-Rearranged ALL According to Initial Characteristics, Response, and Therapy (continued)
11q23-Rearranged B-Lineage ALL

Parameter No.a 5y-pEFS, % (SE) P b 5y-pOS, % (SE) P b 5y-CI Relapse, % (SE) P b 5y-CI Resistance, % (SE) P b 5y-CI Death in CR1, % (SE) P b

BM response on day 15 .076 .032 .59 < .001 .53

, 5% blasts 210 67.6 (3.3) 75.6 (3.0) 23.8 (3.0) 0.0 (0.0) 7.2 (1.8)

5%-24% blasts 59 67.3 (6.2) 77.1 (5.6) 22.5 (5.6) 3.4 (2.4) 3.4 (2.4)

$ 25% blasts 26 47.2 (10.2) 59.4 (10.0) 33.5 (10.1) 11.5 (6.4) 3.8 (3.9)

Remission status at EOI < .001 < .001 .48 < .001 .80

CR 501 71.5 (2.0) 78.4 (1.9) 21.9 (1.9) 0.0 (0.0) 6.0 (1.1)

Induction failure 23 33.2 (10.1) 50.1 (11.3) 13.8 (7.8) 26.1 (9.4) 4.7 (4.8)

MRD at EOI (PCR 1 FCM) .0020 .0045 .16 < .001 .49

, 0.5% 239 77.1 (2.8) 84.2 (2.4) 17.0 (2.5) 0.0 (0.0) 5.1 (1.4)

$ 0.5% 55 57.9 (6.9) 67.9 (6.7) 25.4 (6.2) 5.5 (3.1) 7.6 (3.7)

MRD at EOI (PCR 1 FCM) .0037 .0001 .12 .024 .15

, 0.05% 173 78.9 (3.2) 87.6 (2.5) 15.8 (2.9) 0.0 (0.0) 4.1 (1.5)

$ 0.05% 100 63.9 (4.9) 70.3 (4.7) 22.9 (4.3) 3.0 (1.7) 8.2 (2.8)

allo-HSCT performed in CR1e .12 .25 .12 — .94

Yes 83 69.6 (5.1) 72.9 (5.0) 18.4 (4.3) — 10.9 (3.4)

No 73 71.1 (5.3) 77.7 (4.9) 24.8 (5.1) — 4.1 (2.4)

11q23-Rearranged T-Lineage ALL

Parameter No.a 5y-pEFS, % (SE) P b 5y-pOS, % (SE) P b 5y-CI Relapse, % (SE) P b 5y-CI Resistance, % (SE) P b 5y-CI Death in CR1, % (SE) P b

All T-lineage patients 82 73.1 (4.9) 79.1 (4.5) 8.6 (3.1) 7.3 (2.9) 8.5 (3.4)

Type of 11q23 rearrangement .001 .0058 .12 .17 .19

t(11;19)/KMT2A::MLLT1 34 91.2 (4.9) 97.1 (2.9) 2.9 (2.9) 2.9 (2.9) 2.9 (2.9)

t(6;11)/KMT2A::MLLT4 19 68.4 (10.7) 72.4 (10.6) 15.8 (11.7) 5.3 (5.3) 5.3 (5.3)

t(9;11)/KMT2A::MLLT3 9 41.7 (17.3) 53.3 (17.3) 25.0 (17.3) 0.0 (0.0) 22.2 (15.1)

t(v;11q23)/KMT2A::v. TPGc 6 66.7 (19.2) 83.3 (15.2) 0.0 (0.0) 16.7 (16.7) 16.7 (17.0)

KMT2A 1 without known TPG 14 57.1 (13.2) 57.1 (13.2) 21.4 (11.4) 21.4 (11.4) 14.3 (9.8)

Therapy era .50 .33 .65 .084 .20

1995-1999 14 85.7 (9.4) 92.9 (6.9) 7.1 (7.3) 0.0 (0.0) 0.0 (0.0)

2000-2004 34 73.5 (7.6) 79.3 (7.0) 5.9 (4.1) 14.7 (6.2) 5.9 (4.1)

2005-2010 34 67.4 (8.1) 73.3 (7.6) 12.0 (5.6) 2.9 (2.9) 14.7 (6.2)

(continued on following page)
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TABLE 2. Treatment Outcome of Patients With 11q23-Rearranged ALL According to Initial Characteristics, Response, and Therapy (continued)
11q23-Rearranged T-Lineage ALL

Parameter No.a 5y-pEFS, % (SE) P b 5y-pOS, % (SE) P b 5y-CI Relapse, % (SE) P b 5y-CI Resistance, % (SE) P b 5y-CI Death in CR1, % (SE) P b

Sex .83 .29 .59 .12 .18

Female 39 71.5 (7.3) 73.8 (7.1) 10.5 (5.1) 2.6 (2.6) 12.8 (5.4)

Male 43 74.4 (6.7) 83.7 (5.6) 7.0 (3.1) 11.6 (4.9) 4.7 (3.3)

Age, years .23 .20 .26 .34 .27

1-5 28 64.1 (9.1) 71.2 (8.6) 7.3 (5.1) 10.7 (6.0) 14.3 (6.8)

6-9 17 88.2 (7.8) 94.1 (5.7) 5.9 (5.9) 11.8 (8.1) 0.0 (0.0)

$ 10 37 73.0 (7.3) 78.1 (6.9) 16.2 (6.2) 2.7 (2.7) 8.1 (8.1)

Leukocyte count (3 109/L) .58 .99 .68 .95 .22

, 100.0 53 75.3 (5.8) 78.9 (5.7) 7.7 (3.7) 7.5 (2.7) 5.7 (3.2)

$ 100.0 29 69.0 (8.6) 79.3 (7.5) 10.3 (5.8) 6.9 (4.8) 13.8 (6.5)

CNS involvement .88 .89 .26 .55 .56

No 76 73.6 (5.1) 80.1 (4.6) 8.0 (3.1) 7.9 (3.1) 7.9 (3.1)

Yes 4 75.0 (21.7) 75.0 (21.7) 25.0 (25.0) 0.0 (0.0) 0.0 (0.0)

NCI risk groupd .92 .74 .45 .74 .92

SR 22 72.4 (9.6) 77.0 (9.0) 10.0 (3.9) 9.1 (6.3) 9.1 (6.3)

HR 60 73.3 (5.7) 79.9 (5.2) 8.8 (4.9) 6.7 (3.2) 8.3 (3.6)

Prednisone response .66 .85 .24 .17 .20

GPR 12 75.0 (12.5) 74.1 (12.9) 16.7 (11.3) 0.0 (0.0) 0.0 (0.0)

PPR 23 69.6 (9.6) 78.3 (8.6) 4.8 (4.9) 13.0 (7.2) 13.0 (7.2)

BM response on day 15 .26 .44 .17 .077 .28

, 5% blasts 18 88.9 (7.4) 88.9 (7.4) 11.1 (7.6) 0.0 (0.0) 0.0 (0.0)

5%-24% blasts 6 66.7 (19.2) 66.7 (19.2) 16.7 (17.0) 0.0 (0.0) 16.7 (16.7)

$ 25% blasts 26 69.2 (9.1) 76.9 (8.3) 0.0 (0.0) 19.2 (7.9) 11.5 (6.4)

Remission status at EOI < .001 .021 .77 < .001 .19

CR 66 80.2 (4.9) 83.1 (4.7) 9.2 (3.6) 0.0 (0.0) 10.6 (3.8)

Induction failure 14 35.7 (12.8) 57.1 (13.2) 7.1 (7.5) 42.9 (13.7) 0.0 (0.0)

MRD at EOI (PCR 1 FCM) .009 .038 .73 .21 .024

, 0.5% 19 94.4 (5.4) 94.4 (5.4) 5.6 (5.6) 0.0 (0.0) 0.0 (0.0)

$ 0.5% 12 58.3 (14.2) 66.7 (13.6) 8.3 (8.4) 8.3 (8.3) 25.0 (13.3)

MRD at EOI (PCR 1 FCM) .025 .039 .160 .44 .17

, 0.05% 12 100 (0.0) 100 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

$ 0.05% 20 64.6 (10.8) 69.3 (10.5) 15.4 (8.5) 5.0 (5.0) 15.0 (8.2)

(continued on following page)
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TABLE 2. Treatment Outcome of Patients With 11q23-Rearranged ALL According to Initial Characteristics, Response, and Therapy (continued)
11q23-Rearranged T-Lineage ALL

Parameter No.a 5y-pEFS, % (SE) P b 5y-pOS, % (SE) P b 5y-CI Relapse, % (SE) P b 5y-CI Resistance, % (SE) P b 5y-CI Death in CR1, % (SE) P b

allo-HSCT performed in CR1e .69 .49 .89 — .26

Yes 16 68.8 (11.6) 75.0 (10.8) 18.8 (10.2) — 12.0 (8.5)

No 10 100 (0.0) 100 (0.0) 0.0 (0.0) — 0.0 (0.0)

NOTE. Bold values indicate statistical significance at P , .05.
Abbreviations: 5y-CI, 5-year cumulative incidence; 5y-pEFS, probability of 5-year event-free survival; 5y-pOS, probability of 5-year overall survival; ALL, acute lymphoblastic leukemia; allo-HSCT,

allogeneic hematopoietic stem-cell transplantation; BM, bone marrow; CNS, central nervous system; COG, Children’s Oncology Group; CR, complete remission; CR1, first complete remission; EOI, end of
induction; FCM, flow cytometry; GPR, good prednisone response; HR, high-risk; MRD, minimal residual disease; NCI, National Cancer Institute; PCR, polymerase chain reaction; PPR, poor prednisone
response; SR, standard-risk; TPG, translocation partner gene; v, variant.

aData refer to patients with available information on the respective criteria.
bDistribution of survival functions and cumulative incidences was compared with the log-rank test or Gray’s test, respectively, except for data on allo-HSCT, which were compared with the Mantel-Byar

test.
cThe t(v;11q23)/KMT2A-v. TPG groups include the patients with t(6;11)-positive B-ALL and t(4;11)-positive T-ALL.
dNCI-SR, age $ 1 and , 10 years, and WBC , 50 3 109/L; NCI-HR, age $ 10 years, or WBC $ 50 3 109/L.
eAdjusted for waiting time to allo-HSCT and including only patients eligible for allo-HSCT; information on eligibility was not available for the following protocols: COG: AALL0232 and AALL0331; DFCI:

00001 and 05001; FRALLE: F2000; NOPHO: NOPHO 2000 and NOPHO 92; and SJCRH: Total XIIIB/BH, Total XV, and Total XVI.
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Treatment during the later era (2005-2010 v 1995-2005)
was associated with superior EFS and OS, mainly because
of lower relapse events. Considering the different distri-
bution of t(4;11)-positive patients in the later and earlier
treatment periods (Table 1), multivariable analysis in-
cluding t(4;11) status and treatment era showed inde-
pendent significance for improved EFS and OS of the later
era (data not shown).

Although older age did not significantly influence relapse or
EFS in the whole group of 11q23-rearranged B-ALL, it was
significantly associated with inferior OS. This was partly at-
tributable to not only a significantly higher death in CR rate
but also the exceptionally poor survival after relapse in pa-
tients age $ 10 years (postrelapse 5y-pOS: age$ 10 years:
9.4% 6 5.1% [n 5 36, 32 deaths], , 10 years: 31.7% 6

5.8% [n 5 78, 49 deaths]; P , .001; Data Supplement).

This was especially true for t(4;11)-positive patients (age
$ 10 years: postrelapse 5y-pOS: 3.3%6 3.3% [n5 30, 29
deaths]; Data Supplement) although the number of relapses
in the corresponding group with other 11q23 rearrange-
ments was too small for evaluation (Data Supplement).
Multivariable analysis for risk of reduced postrelapse survival
revealed independent significance of age $ 10 years and a
time to relapse of , 18 months with hazard ratios of 2.45
(P , .001) and 2.58 (P 5 .0032), respectively.

Poor response assessed morphologically on day 15, at EOI,
and byMRDwas predictive of resistant disease and related to
poor EFS and OS (Table 2). The prognostic impact of re-
sponse to induction was also evident in t(4;11)-rearranged
B-ALL (Data Supplement and Figs 2C-2D) or other 11q23
rearrangements (Data Supplement) although statistical sig-
nificance was not reached for all response parameters.
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FIG 2. Outcomes of (A and B) patients with 11q23/KMT2A-rearranged T-ALL and (C and D) patients with t(4;11)/KMT2A-AFF1–rearranged
B-ALL according to MRD levels at the EOI with a cutoff of 0.5% or 0.05%blasts, respectively. (A and C) 5-Year EFS; (B and D) 5-year OS. 5y-pEFS,
probability of 5-year event-free survival; 5y-pOS, probability of 5-year overall survival; ALL, acute lymphoblastic leukemia; EFS, event-free survival;
EOI, end of induction; MRD, minimal residual disease; OS, overall survival; SE, standard error.
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The overall outcomes of the 535 patients with 11q23/
KMT2A-rearrangedB-ALLwith regard to initial characteristics
and response and by 11q23/KMT2A rearrangement status
(t(4;11)-positive v others) are shown in the Data Supplement.

Multivariable analyses were performed with t(4;11) status,
sex, age, leukocyte counts, and remission status at EOI as
covariates, with and without MRD. In both models, IF
remained an independent poor prognostic factor for EFS, OS,
and treatment failure because of resistance/relapse, although
only partly reaching statistical significance (Data Supple-
ment, with additional analyses in the Data Supplement).

11q23/KMT2A-rearranged T-ALL. Analyses of the 82 pa-
tients with 11q23/KMT2A-rearranged T-ALL were limited
by small numbers of patients and events (Table 2). Con-
sidering these limitations, no prognostic effect was evident,
except for the presence of t(11;19) (Figs 1G-1I) and good
morphologic and MRD response at EOI, which were as-
sociated with superior EFS and OS (Figs 2A and 2B). IF and
EOI MRD $ 0.5% indicated a higher cumulative risk of
resistance and death in CR1, respectively (Table 2).

Because of the limited number of events in patients with
available MRD data, multivariable analysis was performed
in a model including t(11;19) status, leukocyte counts, and
remission status at EOI without MRD (Table 3). The
t(11;19) showed favorable independent significance for EFS
and OS, with borderline significance for treatment failure
because of resistance/relapse. In addition, IF was signifi-
cantly associated with inferior EFS and treatment failure.

Allogeneic Hematopoietic Stem-Cell Transplantation

The role of allo-HSCT was evaluated in patients with t(4;11)-
positive B-ALL and the entire T-ALL cohort, including only
those patients who were eligible for allo-HSCT according to

the protocol (Data Supplement). There were no significant
differences in EFS or OS between the 64 patients with t(4;11)-
positive B-ALL who underwent allo-HSCT and the 51 patients
who received chemotherapy alone (Figs 3A and 3B). When
the analyses were stratified by EOI MRD (, 0.05% or
$ 0.05%), there were also no differences between the
groups (Data Supplement). Results were also not statistically
different for the 16 and 10 patients with 11q23/KMT2A-
rearranged T-ALL who received either allo-HSCT or che-
motherapy only, respectively (Figs 3C and 3D). Cox regres-
sion analyses, including allo-HSCT as a time-dependent
variable, did not show an advantage for allo-HSCT in t(4;11)-
positive B-ALL, but rather indicated a disadvantage for
11q23/KMT2A-rearranged T-ALL (data not shown).

DISCUSSION

This study reports the largest cohort of children age$ 1 year
with a wide variety of 11q23/KMT2A-rearranged ALL sub-
groups (Data Supplement). With a median presenting leu-
kocyte count of 82.9 3 109/L, 11q23/KMT2A-positive
patients had markedly higher leukocyte counts compared
with the general ALL population. The 5-year EFS for the
entire cohort was 69.1%, but differed according to TPGs and
immunophenotype. Overall, the results were superior to the
outcomes of not only noninfants in our previous study but
also infant 11q23/KMT2A-rearranged B-ALL.10,13,14,16 For
11q23-rearranged B-ALL, the outcome was improved over
the years, likely because of combinations of better che-
motherapies (such as augmented Berlin-Frankfurt-Münster
regimens, high-dosemethotrexate at 5 g/m2 given repeatedly
over 24 hours as a continuous infusion, and use of dexa-
methasone), MRD- and immunophenotype-based stratifi-
cations, and advances in supportive care.64,65 Notably,
deaths in CR1 accounted for 23% of postremission events,

TABLE 3. Multivariable Cox Regression Analysis of the Patients With 11q23-Rearranged T-Lineage ALL for Event-Free Survival, Overall Survival, and
Cumulative Incidence of Treatment Failure

Parameter (n 5 66)

Event-Free Survival Overall Survival Treatment Failurea

HR 95% CI P HR 95% CI P HR 95% CI P

Type of KMT2A rearrangement

t(11;19)/KMT2A::MLLT1-negative 1 1 1

t(11;19)/KMT2A::MLLT1-positive 0.12 0.03 to 0.48 .003 0.08 0.01 to 0.63 .017 0.159 0.02 to 1.17 .071

Leukocyte count

, 100.0 3 109/L 1 1 1

$ 100.0 3 109/L 2.77 0.89 to 8.62 .079 1.27 0.32 to 5.08 .74 3.67 0.72 to 18.68 .18

Remission status at EOI

CR 1 1 1

Induction failure 3.68 1.30 to 10.42 .014 1.58 0.41 to 6.13 .51 4.25 1.22 to 14.88 .023

NOTE. Bold values indicate statistical significance at P , .05. Because of the lack of events in the group of patients with low MRD levels (, 0.5% and
, 0.05% blasts) at EOI, MRD could not be included in the multivariable Cox regression analysis.
Abbreviations: ALL, acute lymphoblastic leukemia; CR, complete remission; EOI, end of induction; HR, hazard ratio; MRD, minimal residual disease.
aTreatment failure includes resistant disease (no achievement of CR according to the respective protocol criteria) and relapse.
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similar to other high-risk ALL.65,66 For patients with B-ALL,
survival was generally poor postrelapse, especially in ado-
lescents, t(4;11)-positive patients, and those experiencing
very early relapses.Most deaths after relapse occurred within
the first few months postrelapse, indicating that high mor-
tality from relapse therapy and failure to achieve a second
remission were crucial issues. Notable exceptions were
those subgroups with rearrangements other than t(4;11) and
relapse$ 18 months after diagnosis. These 16 patients had
a 5y-pOS of 91.7% 6 8.0% postrelapse.

Our data highlight the heterogeneity among childhood
noninfant ALL with 11q23/KMT2A rearrangements, which
has not been hitherto clearly documented.12-14,18,67-73 The

heterogeneity is also reflected in the different age distributions
depending on the TPG. The peak incidence in early child-
hood observed in all B-ALL subgroups indicates a bridge to
infant ALL, in which most patients have 11q23/KMT2A
rearrangements. The second peak observed in adolescence
for t(4;11)- and t(11;19)-positive B-ALL is likely related to
different disease biology, which is, at least in t(4;11)-positive
patients, also indicated by different age-dependent patient
characteristics (sex distribution and leukocyte count). Un-
surprisingly, among the B-ALL cohort, t(4;11)-positive pa-
tients had the highest proportion of high EOI MRD, the lowest
EFS, and highest risk of resistance and relapse. The most
frequent 11q23 translocations in T-ALLs were t(11;19),
t(6;11), and t(9;11). Age distribution significantly differed
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FIG 3. Outcomes of (A and B) patients with t(4;11)/KMT2A-AFF1–rearranged B-ALL and (C and D) patients with 11q23/KMT2A-rearranged
T-ALL according to therapy performed (allo-HSCT or chemotherapy only, adjusted by waiting time to allo-HSCT [landmark of 0.54 years]): (A and
C) 5-year EFS and (B and D) 5-year OS. 5y-pEFS, probability of 5-year event-free survival; 5y-pOS, probability of 5-year overall survival; ALL, acute
lymphoblastic leukemia; allo-HSCT, allogeneic hematopoietic stem-cell transplantation; CR1, first complete remission; EFS, event-free survival;
OS, overall survival; SE, standard error.
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from that of B-ALL without an evident peak incidence in early
childhood. Notably, t(11;19)-positive T-ALLs differed from
their B-ALL counterpart with respect to clinical characteris-
tics, including age and sex. As t(6;11)- and t(9;11)-positive
T-ALL subgroups, response to induction therapy was par-
ticularly poor in patients with t(11;19)-positive T-ALL. How-
ever, in contrast to the t(6;11)- or t(9;11)-positive T-ALLs,
t(11;19)-positive T-ALL had excellent outcomes (5y-pEFS
91.2% and 5y-pOS 97.1%). These data confirm the results of
our previous study and others suggesting a good outcome for
t(11;19)-positive T-ALL.16 Comparison of our cohort with
published infant 11q23/KMT2A-rearranged ALL suggested
that the differences and similarities between cohorts partly
reflect the age-dependent incidences of the different 11q23/
KMT2A rearrangements.10,11,16 Interestingly, young children
age 1-2 years showed some similarities with infants, which
also distinguished them from older patients, such as the well-
known female predominance and the small proportion of
T-ALL (2.2%). Regarding other features, however, this young
age group differed from infants, showing a divergent relative
distribution of various 11q23 translocations (lower proportion
of t(4;11) and t(11;19) and higher proportion of t(9;11)), less
frequent hyperleukocytosis, and better outcomes than those
of their Interfant-06 counterparts.13 In the Interfant-99 and
Interfant-06 studies, age-related prognostic differences were
also observed, with increasing age being associated with
improved outcomes.13,14 This effect seemed to continue
beyond the first birthday. Conceivably, in 11q23/KMT2A-
rearranged childhood ALL, patient age at diagnosis may
reflect time from the prenatal evolution until clinical mani-
festation of the leukemia, therefore reflecting the aggres-
siveness of disease. The underlying biology of these different
progressions, however, is unclear.

Our study showed no benefit of allo-HSCT in the two large
subgroups of t(4;11)-positive B-ALL and 11q23/KMT2A-
rearranged T-ALL. These data, however, have limitations
because of presumed heterogeneity in selection of patients
on the basis of different allo-HSCT eligibility criteria. In
addition, analyses stratified by MRD at EOI to control for a
potential MRD-related bias between patients treated with

allo-HSCT or chemotherapy resulted in very small sub-
groups. Nevertheless, these data show that routine allo-
HSCT in CR1 is not indicated for patients with 11q23/
KMT2A-positive ALL. Whether pretransplant consolidation
with novel immunotherapeutics can induce a deeper MRD
remission for and less toxicity of a subsequent successful
allo-HSCT remains to be determined.

Apart from the genetic- and phenotype-based subgroup
analyses, which limited the power of the results within the
minor genetic subgroups, further limitations of our study
include the retrospective collection of data over a 15-year
period. An unknown number of patients with 11q23/KMT2A-
rearranged ALL might have beenmissed by the participating
groups because of different screening methods. Moreover,
chemotherapies, risk stratification, and allo-HSCT conduc-
tion were heterogeneous, and comparison of allo-HSCT and
chemotherapy only was not based on a randomized study.

In conclusion, results from noninfants with 11q23/KMT2A-
rearranged ALL in our study were superior to those of cor-
responding patients with infant ALL and had improved in
comparison with our historical cohort.16,17 Nevertheless,
outcomes remain clearly inferior to those of childhood ALL
overall, and for most relapsed patients, their chances of
rescue were extremely low. Despite the heterogeneity, no
genetic subgroup could be identified with an excellent
prognosis, with the exception of t(11;19)-positive T-ALL.
Although early therapy response was shown to be prog-
nostically important, the superior outcome of 11q23/KMT2A-
rearranged patients with favorable EOI status appeared to
remain below the 90%-95% level expected from other MRD-
defined low-risk ALL subgroups.47 Moreover, as no benefit
was shown from allo-HSCT in both t(4;11)-positive B-ALL and
11q23/KMT2A-rearranged T-ALL, alternatives to conven-
tional treatments are required for improved outcomes.74-80 As
our cohort of patients stems from a preimmunotherapy era,
this may be eventually achieved through novel immuno-
therapeutic approaches including blinatumomab or inotu-
zumab ozogamicin, as well as chimeric antigen-receptor
T cells and improved procedures of allo-HSCT.
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