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Background

Failure of remission-induction therapy is a rare but highly adverse event in children and 
adolescents with acute lymphoblastic leukemia (ALL).

Methods

We identified induction failure, defined by the persistence of leukemic blasts in blood, 
bone marrow, or any extramedullary site after 4 to 6 weeks of remission-induction 
therapy, in 1041 of 44,017 patients (2.4%) 0 to 18 years of age with newly diagnosed 
ALL who were treated by a total of 14 cooperative study groups between 1985 and 2000. 
We analyzed the relationships among disease characteristics, treatments administered, 
and outcomes in these patients.

Results

Patients with induction failure frequently presented with high-risk features, including 
older age, high leukocyte count, leukemia with a T-cell phenotype, the Philadelphia 
chromosome, and 11q23 rearrangement. With a median follow-up period of 8.3 years 
(range, 1.5 to 22.1), the 10-year survival rate (±SE) was estimated at only 32±1%. An 
age of 10 years or older, T-cell leukemia, the presence of an 11q23 rearrangement, and 
25% or more blasts in the bone marrow at the end of induction therapy were associ-
ated with a particularly poor outcome. High hyperdiploidy (a modal chromosome num-
ber >50) and an age of 1 to 5 years were associated with a favorable outcome in pa-
tients with precursor B-cell leukemia. Allogeneic stem-cell transplantation from 
matched, related donors was associated with improved outcomes in T-cell leukemia. 
Children younger than 6 years of age with precursor B-cell leukemia and no adverse 
genetic features had a 10-year survival rate of 72±5% when treated with chemo-
therapy only.

Conclusions

Pediatric ALL with induction failure is highly heterogeneous. Patients who have T-cell 
leukemia appear to have a better outcome with allogeneic stem-cell transplantation 
than with chemotherapy, whereas patients who have precursor B-cell leukemia without 
other adverse features appear to have a better outcome with chemotherapy. (Funded by 
Deutsche Krebshilfe and others.)
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Current treatment for acute lym-
phoblastic leukemia (ALL) can effect a cure 
in approximately 80% of children with the 

disease.1-9 The leading cause of treatment failure 
is relapse, for which a number of risk factors have 
been identified, with inadequate therapy being one 
of the most important.10-19 A small but significant 
percentage of patients do not have a complete 
remission after 4 to 6 weeks of induction chemo-
therapy.20-23 Among patients with initial induction 
failure, some never have a complete remission and 
most others have early relapse. Because of the 
rarity of induction failure, affected patients have 
been collectively considered to be a very-high-risk 
patient subgroup and are offered allogeneic hema-
topoietic stem-cell transplantation as the treatment 
of choice.24

Our intergroup collaboration has identified 
marked clinical heterogeneity in a number of high-
risk pediatric ALL subtypes, including those char-
acterized by the Philadelphia chromosome,25 an 
11q23 chromosomal rearrangement,26 and hypo-
diploidy.27 We examined the outcomes in patients 
0 to 18 years of age with ALL who had induction 
failure to identify distinct patient subgroups with 
different outcomes, related to disease characteris-
tics and treatments administered.

Me thods

Study Conduct and Study Patients

We performed a retrospective analysis of data from 
14 cooperative study groups (Table 1 in the Sup-
plementary Appendix, available with the full text 
of this article at NEJM.org) in Europe, North Amer-
ica, and Asia. From January 1985 through Decem-
ber 2000, the study groups had enrolled in clini-
cal trials a total of 44,017 children and adolescents 
with newly diagnosed ALL. The enrollment peri-
od was chosen to allow for sufficient follow-up. 
Each study group was asked to identify all pa-
tients who fulfilled the individual study group’s 
definition of induction failure during that period. 
Individual patient data were then collected to form 
a common database that included information on 
predefined clinical, biologic, and genetic character-
istics, as well as data on treatments, early treat-
ment responses, and survival outcomes. All data 
were reviewed for completeness and consistency. 
The median follow-up time for surviving patients 
was 8.3 years (range, 1.5 to 22.1); 80% of the pa-
tients without an event were followed for more 
than 5 years, and only 3% of the deaths occurred 

beyond 5 years. By general agreement, none of the 
participating groups are identified with their data 
sets in this report. All the clinical trials from which 
data were used in this analysis had previously re-
ceived approval from the relevant institutional re-
view boards or ethics committees, and written in-
formed consent had been obtained from patients 
who were 18 years of age or from parents or guard-
ians of patients who were younger than 18 years 
of age.

Study Group Definitions of Induction Failure

The response to induction therapy was evaluated 
between 28 and 43 days after treatment initiation. 
Induction failure occurred in 1041 patients (2.4%). 
The rate varied slightly among the study groups, 
ranging from 1.4% to 4.9%, since the duration and 
the intensity of induction therapy, as well as the 
definition of induction failure, differed among the 
study groups (Table 1 in the Supplementary Ap-
pendix).

The most commonly used definition of induc-
tion failure was the persistence of leukemic blasts 
in the bone marrow (M2 marrow, defined as mar-
row with 5 to 24% blasts, or M3 marrow, defined 
as marrow with ≥25% blasts, as compared with 
M1 marrow, defined as marrow with <5% blasts 
[generally considered to reflect remission]) or 
leukemic blasts found at an extramedullary site at 
the end of induction therapy (Table 2 in the Sup-
plementary Appendix).

The Children’s Cancer Group (CCG), the Chil-
dren’s Cancer and Leukaemia Group (CCLG), and 
the Pediatric Oncology Group (POG) used a more 
stringent definition of induction failure: M3 mar-
row at 28 or 29 days after treatment initiation or 
M2 or M3 marrow after extended induction thera-
py, at 43 days. For a better comparison with data 
from the other study groups, data from patients 
with M2 marrow at 28 or 29 days were obtained 
from the CCG and CCLG; however, these data were 
not available from the POG.

Finally, for a diagnosis of complete remission 
to be made, some study groups required not only 
an M1 marrow (i.e., marrow with <5% blasts) but 
also unequivocal signs of regeneration in the bone 
marrow. Other study groups even required nor-
mal cellular bone marrow with trilineage hema-
topoiesis.

Treatment after Induction Failure

Treatment strategies for patients with induction 
failure differed among the study groups (Table 3 in 
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the Supplementary Appendix). Seven study groups 
assigned these patients to the highest-risk treat-
ment group, whereas other study groups enrolled 
such patients in an alternative trial of leukemia 
therapy or treated them with individualized ther-
apy. Although the indications for allogeneic trans-
plantation during the first period of complete 
remission varied among the study groups, induc-
tion failure was a consensus indication for alloge-
neic transplantation. HLA-matched, related-donor 
transplantation was generally the preferred meth-
od among various alternatives to chemotherapy 
alone. The lack of information on the availability of 
donors precluded us from determining whether 
all patients with a suitable donor underwent allo-
geneic transplantation. In a few cases, an autolo-
gous transplantation was performed according to 
institutional guidelines.

Statistical Analysis

Differences in the distribution of individual fea-
tures among subgroups of patients were ana-
lyzed by means of the chi-square test for categor-
ical variables and the Mann–Whitney U test for 
continuous variables. Because the definition of 
complete remission, the time of evaluation, and 
the therapeutic strategies used after induction 
failure differed among the study groups and were 
changed over time by some study groups, data on 
the final status with respect to complete remis-
sion were not uniformly available. Thus, the sta-
tistical analysis of treatment results was based 
on survival instead of event-free survival. Survival 
was defined as the time from diagnosis to death 
from any cause or to the last follow-up assess-
ment. Data for patients who were lost to follow-
up were censored at the time of the last contact. 
The Kaplan–Meier method28 was used to esti-
mate survival rates, with standard errors calcu-
lated according to Greenwood’s method. Differ-
ences were compared with the use of a two-sided 
log-rank test.29 The Mantel–Byar test was used to 
compare survival between patients who under-
went transplantation and those who were treated 
with chemotherapy. Only data from patients who 
survived at least 6 months (the median time to 
transplantation) are included in the figures. The 
Cox proportional-hazards model was used for 
multivariate analyses of prognostic factors.30 Es-
timated hazard ratios were reported as relative risks 
with 95% confidence intervals.

Stepwise regression was used to select the fea-
tures with the highest prognostic value within the 

following three subgroups: patients with T-cell 
lineage leukemia, those with precursor B-cell 
leukemia without the mixed-lineage leukemia 
gene (MLL) rearrangement, and all patients with 
cytogenetic data. Factors that were significant at 
a level of 5% or less were then included in a final 
model together with the bone marrow status at 
the end of induction (M3 vs. other) and occur-
rence of allogeneic stem-cell transplantation (yes 
or no). All tests were descriptive and explorative. 
For ease of interpretation, no alpha correction was 
performed.

Although 13% of the patients with induction 
failure were positive for a BCR-ABL1 rearrangement 
(Table 1), this subgroup was excluded from the 
outcome analysis to avoid misleading conclusions 
for current patients, because this study did not 
include any patients who had received a tyrosine 
kinase inhibitor, a therapy that has significantly 
improved the early outcome of patients with this 
genotype.31-34

R esult s

Characteristics of the Study Patients

The 10-year survival rate (±SE) was 32±1% for all 
patients with induction failure and 35±2% for pa-
tients who did not have the BCR-ABL1 rearrange-
ment. As compared with an unselected pediatric 
population with ALL,35 our cohort of 1041 patients 
had a greater number of unfavorable presenting 
features, including male sex, age older than 6 years 
at the time of diagnosis (median, 8.1 years), high 
leukocyte counts (median, 42×109 per liter), T-cell 
leukemia, central nervous system (CNS) involve-
ment, 11q23 chromosomal rearrangement, and 
t(9;22)(BCR-ABL1). In univariate analysis, these 
high-risk presenting features (except male sex and 
CNS involvement) were associated with a reduced 
rate of survival (Table 1).

Reflecting the wide heterogeneity of this 
cohort, some patients who were negative for 
t(9;22)(BCR-ABL1) actually had low-risk presenting 
features: a leukocyte count of less than 20×109 
per liter in 31% of the patients, age of 1 to 5 years 
at diagnosis in 33%, and high hyperdiploidy (>50 
chromosomes) in 11%. Patients with high-hyper-
diploid ALL had the best outcome, with a 10-year 
survival rate of 71±6% (Fig. 1). Most patients with 
high-hyperdiploid ALL had an M1 or M2 marrow 
at the end of induction (31 patients) and an ex-
cellent survival rate (70±8%), and even those 
with M3 marrow (12 patients) had a survival rate 
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of 50±14%; 12 patients without data for bone 
marrow status had a survival rate of 92±8%. The 
10-year survival rate was also excellent (73±13%) 
for 11 of the 300 patients tested (4%) who car-
ried the genetic aberration ETV6-RUNX1 (the fusion 
of the ETS variant 6 [ETV6] and Runt-related 
transcription factor 1 [RUNX1] genes); this preva-
lence is lower than the prevalence (21%) of an 
average population with ALL.35

Early Treatment Response

Early response to initial chemotherapy was deter-
mined in peripheral blood or bone marrow at vari-
ous time points according to the study guidelines 
(Table 4 in the Supplementary Appendix). Among 
285 patients with data on the peripheral-blood blast 
count at 8 days (after 1 week of treatment with 
prednisone and one dose of intrathecal methotrex-
ate), 57% had a blast count higher than 1×109 per 

Table 1. Survival Rate of Patients with Remission-Induction Failure, According to Presenting Features.*

Baseline Characteristic
Patients 

(N = 1041)
10-Year  

Survival Rate P Value

no./total no. (%) %

All patients

t(9;22)(BCR-ABL1) status <0.001

Positive 110/815 (13) 11±3

Negative 705/815 (87) 35±2

No data 226/1041 32±3

t(9;22)(BCR-ABL1)–negative patients

Sex 0.08

Male 427/705 (61) 32±2

Female 278/705 (39) 39±3

Age at diagnosis <0.001

<1 yr 44/705 (6) 29±7

1–5 yr 236/705 (33) 52±3

6–9 yr 150/705 (21) 33±4

10–13 yr 169/705 (24) 25±3

14–18 yr 106/705 (15) 16±5

Leukocyte count at diagnosis <0.001

<20 (×109/liter) 215/704 (31) 42±4

20 to 49 (×109/liter) 77/704 (11) 38±6

50 to 99 (×109/liter) 113/704 (16) 43±5

100 to 199 (×109/liter) 99/704 (14) 33±5

≥200 (×109/liter) 200/704 (28) 23±3

Cell lineage <0.001

B-cell 387/628 (62) 41±3

T-cell 241/628 (38) 28±3

NCI criteria† <0.001

B-cell lineage

Standard risk 166/593 (28) 60±4

High risk 189/593 (32) 26±3

T-cell lineage

Standard risk 50/593 (8) 30±7

High risk 188/593 (32) 27±3

CNS leukemia 0.23

Yes 44/684 (6) 32±7

No 640/684 (94) 35±2
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liter (indicating a poor response to prednisone), a 
percentage approximately five times that in an aver-
age population with ALL.35 M3 marrow was noted 
in 80% of the patients after 1 week of induction 
therapy and in 69% after 2 weeks. Remarkably, 12% 
of patients had M1 marrow 2 weeks after diagnosis, 
but they had not undergone complete remission by 
the end of the induction. Treatment response after 
1 or 2 weeks of induction chemotherapy lacks prog-

nostic value in patients with induction failure (Ta-
ble 4 in the Supplementary Appendix).

Disease Burden at the End of Induction 
Therapy

The rate of survival was lower among patients 
with M3 marrow at the end of induction therapy 
than among those with M1 marrow and extramed-
ullary disease or M2 marrow (Table 1, and Fig. 1 

Table 1. (Continued.)

Baseline Characteristic
Patients 

(N = 1041)
10-Year  

Survival Rate P Value

no./total no. (%) %

Karyotype‡ <0.001

Normal 159/514 (31) 36±4

11q23/MLL 50/514 (10) 16±5

High hyperdiploidy 55/514 (11) 71±6

Other 250/514 (49) 30±3

Bone marrow status at end of induction§ <0.001

M1 22/620 (4) 45±11

M2 282/620 (45) 41±3

M3 316/620 (51) 26±3

Complete remission according to protocol criteria¶ <0.001

Yes 389/520 (75) 48±3

No 131/520 (25) 14±3

Period of diagnosis 0.04

1985–1988 44/705 (6) 27±7

1989–1992 172/705 (24) 28±3

1993–1996 237/705 (34) 38±3

1997–2000 252/705 (36) 39±3

* Plus–minus values are 10-year survival estimates ±SE. For all 1041 patients, the 10-year survival rate was 32±1%, the 
median age at diagnosis was 8.1 years, and the median leukocyte count at the time of diagnosis was 42×109 per liter. 
P values were calculated with the use of the log-rank test. CNS denotes central nervous system.

† According to National Cancer Institute (NCI) criteria, standard-risk patients were 1 to 9 years of age with a leukocyte 
count of less than 50×109 per liter; all other patients were high-risk.

‡ Cytogenetic or molecular genetic information was available for 624 patients — initially in 608 patients and after ad-
ditional analysis in the other 16 patients; BCR-ABL1 was found in 14 of these 16 patients and rearrangement of the 
mixed-lineage leukemia gene (MLL) was found in 2. T-cell ALL was diagnosed in 7 of the patients with BCR-ABL1 and 
in 12 of the patients with MLL rearrangement. The 110 patients with positive t(9;22)(BCR-ABL1) status were excluded 
from the analysis. High hyperdiploidy was defined by a modal chromosomal number (the most frequent count of chro-
mosomes in a given patient) above 50.

§ Bone marrow status at the end of induction was defined by the study groups (Table 2 in the Supplementary Appendix) 
as follows: M1, less than 5% blasts; M2, 5 to 24% blasts; and M3, 25% or more blasts. The Pediatric Oncology Group 
(POG) had data on patients with M3 bone marrow status only. Exclusion of the POG data resulted in a total of only 
546 patients with data: 22 patients (4%) had M1 status, 282 patients (52%) had M2 status, and 242 patients (44%) 
had M3 status. Survival estimates remained unchanged. The small percentage of patients with M1 marrow (4%) were 
considered to have had induction failure despite this “remission” status because persisting leukemic blasts were found 
at the other sites: mediastinal mass in 7 patients; CNS, lymph nodes, liver, kidney, spleen, or parotid glands in 12 pa-
tients; and peripheral blood in 3 patients.

¶ Most study groups checked the remission status of patients again at predefined times after the end of induction. 
Exceptions were the Children’s Cancer Group (CCG), the POG, and the St. Jude Children’s Research Hospital study 
group, which evaluated remission only at the end of induction. Patients in these three studies, as well as patients in 
other studies with missing data, are excluded here.
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in the Supplementary Appendix). Patient subgroups 
with the worst outcomes included patients 6 years 
of age or older with M3 marrow (10-year survival 
rate, 22±5%) (Fig. 1B in the Supplementary Ap-
pendix) and patients of any age with T-cell ALL and 
M3 marrow (10-year survival rate, 19±4%) (Fig. 2C 
and Table 5 in the Supplementary Appendix).

Treatment after Induction Failure

Data on whether a complete remission was 
achieved were available for 520 patients (Table 1). 
The 10-year survival rate was significantly higher 
among the 389 patients in whom a late remission 
was achieved than among the 131 patients who 
never had a remission according to protocol crite-
ria (48±3% vs. 14±3%, P<0.001).

Effect of Transplantation on Survival

A total of 198 patients underwent hematopoietic 
stem-cell transplantation, whereas 427 received 
chemotherapy only. The 10-year survival rate was 
43±4% among patients who underwent transplan-
tation, as compared with 41±3% among patients 
who did not undergo transplantation. Patients who 
received a transplant were further categorized ac-
cording to whether the donor was an HLA-matched, 

related donor or any other type of donor (because 
all other donor types yielded results similar to one 
another) (Table 6 in the Supplementary Appendix). 
The effect of transplantation on the outcome dif-
fered across major prognostic subgroups of pa-
tients: in children younger than 6 years of age with 
precursor B-cell ALL (without MLL rearrange-
ment), chemotherapy alone yielded significantly 
higher rates of survival than did transplantation 
(P = 0.007) (Fig. 2A). In patients 6 years of age or 
older with precursor B-cell ALL (without MLL re-
arrangement), receipt of a transplant from a 
matched, related donor appeared to improve the 
outcome, whereas other types of allogeneic trans-
plantations resulted in worse outcomes (Fig. 2B), 
partly owing to transplantation-related death, 
which accounted for 6 of the 17 deaths in that 
group. Among patients with T-cell ALL, any type 
of transplantation, as compared with chemother-
apy, yielded better, albeit not significantly better, 
rates of survival (Fig. 2C).

Prognostic Factors for Survival

In patients with precursor B-cell ALL without MLL 
rearrangement, the factors that were independent-
ly associated with a poor prognosis included a leu-

Normal karyotype, 36±4% (N=159, 98 deaths)

11q23/MLL, 16±5% (N=50, 42 deaths)

High hyperdiploid, 71±6% (N=55, 16 deaths)

Other chromosomal aberrations, 30±3% (N=250, 171 deaths)

t(9;22)/BCR-ABL1, 11±3% (N=110, 97 deaths)
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Figure 1. Kaplan–Meier Analysis of Survival in the 624 Study Patients with Induction Failure Who Had Genetic Data, 
According to Genetic Abnormality.

Ten-year survival estimates (±SE) are shown, along with the total numbers of patients with data and the total numbers 
of deaths. MLL denotes the mixed-lineage leukemia gene.
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kocyte count of 100×109 per liter or more, an age of 
6 years or older or 10 years or older, and stem-cell 
transplantation from other than matched, related 
donors (Table 2). In T-cell ALL, male sex and M3 
marrow at the end of induction therapy were ad-
verse prognostic factors, and the use of any allo-
geneic stem-cell transplantation was associated 
with a favorable trend (hazard ratio for death, 0.7; 
95% confidence interval, 0.5 to 1.0; P = 0.07).

In a separate Cox-regression analysis that in-
cluded the 448 patients with data on transplanta-
tion and leukemic-cell genetic abnormalities, in-
dependent adverse prognostic factors were an age 
of at least 10 years, M3 marrow at the end of the 
induction phase, T-cell disease, and the presence 
of MLL rearrangement.

The outcome in infants (<1 year of age) with 
precursor B-cell ALL and induction failure who did 
not have an MLL rearrangement or BCR-ABL1 fusion 
was similar to the outcome in children 1 to 5 years 
of age (10-year survival rates, 65±13% and 63±4%, 
respectively) (Table 5 in the Supplementary Appen-
dix). In contrast, the 10-year survival rate among 
infant patients with an MLL rearrangement, as 
compared with older patients, was very poor (4±4% 
vs. 26±8%, P = 0.06; data not shown).

Time Trends in Survival

The 10-year survival rate among patients with in-
duction failure increased over time by approximate-
ly 10% (Table 1) but varied among patient sub-
groups. Among patients with precursor B-cell ALL, 
the 10-year survival rate improved from 34±5% 
before 1993 to 47±4% between 1993 and 2000 
(P = 0.02). This improvement was due mainly to 
better results with chemotherapy. Among patients 
with T-cell ALL, the 10-year survival rate did not 
improve significantly over time with chemother-
apy, but in the most recent period, the rate did 
increase, from 20% before 1993 to 31% between 
1993 and 2000 (P = 0.02), probably owing to the 
increased use of allogeneic transplantation.

Discussion

Induction failure is rare, occurring in only 2 to 
3% of all patients, but it constitutes one of the 
most unfavorable outcomes in pediatric ALL. In our 
large retrospective series of patients with induction 
failure, we observed great clinical and biologic 
heterogeneity. Among these patients, as compared 
with an unselected population of children and 
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Figure 2. Estimates of Overall Survival in Patients with Induction Failure, 
According to Treatment.
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of patients with data and the total numbers of deaths. Only data from pa-
tients who survived at least 6 months are included. Overall survival is 
shown for patients with precursor B-cell leukemia (without a rearranged 
mixed-lineage leukemia gene [MLL]) who were younger than 6 years of age 
(Panel A) and who were 6 years of age or older (Panel B). Also shown is the 
overall survival among patients with T-cell leukemia (Panel C). SCT denotes 
stem-cell transplantation.
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adolescents with ALL, the conventional adverse 
prognostic factors such as high leukocyte count, 
older age, positivity for t(9;22)(BCR-ABL1), and 
T-cell phenotype were more prevalent and con-
ferred an even worse prognosis.6,12,18,35-39 Indeed, 
the clinical and biologic characteristics of the pa-
tients in our study and the course of the disease 
were similar to those in patients with relapse dur-
ing receipt of therapy, another group of patients 
with a highly unfavorable prognosis.40-44

The patient subgroup with the best outcomes 
comprised patients with precursor B-cell ALL and 
either an age of less than 6 years or high hyper-
diploidy. Together, these factors accounted for 

approximately 25% of all patients with induction 
failure and were associated with a 10-year survival 
rate above 50%. Although the favorable prognosis 
of high hyperdiploidy is well recognized in un-
selected patients with precursor B-cell ALL,18,45-47 
this association has not been reported in patients 
with induction failure. Why did patients with high 
hyperdiploidy have a relatively favorable prognosis 
despite the failure of remission-induction therapy? 
It is unlikely that many of these patients were 
misdiagnosed as having induction failure, because 
hematogones (benign immature B-cell precursors 
that may be mistaken for leukemic cells) should 
not preferentially occur in patients with high hy-

Table 2. Prognostic Factors for Survival, According to Hazard Ratio for Death.*

Prognostic Factor†
No. of  

Patients
Hazard Ratio for Death 

(95% CI) P Value

B-cell lineage, t(9;22)(BCR-ABL1)–negative patients‡

M3 bone marrow at the end of induction 97 0.9 (0.6–1.3) 0.62

Leukocyte count ≥100×109 per liter 49 1.7 (1.1–2.5) 0.01

Age 6–9 yr 56 2.4 (1.5–3.8) 0.001

Age ≥10 yr 103 2.6 (1.8–4.0) <0.001

SCT with matched, related donor 35 1.0 (0.6–1.8) 0.97

Other allogeneic SCT 38 2.1 (1.3–3.5) 0.003

T-cell lineage, t(9;22)(BCR-ABL1)–negative patients§

M3 bone marrow at the end of induction 99 1.6 (1.1–2.2) 0.01

Male sex 143 1.4 (1.0–2.0) 0.05

Any allogeneic SCT 86 0.7 (0.5–1.0) 0.07

All patients with cytogenetic data¶

M3 bone marrow at the end of induction 163 1.5 (1.2–2.0) 0.002

MLL 43 1.9 (1.2–2.8) 0.004

T-ALL 165 1.6 (1.2–2.2) 0.001

Age ≥10 yr 150 1.4 (1.0–1.8) 0.03

High hyperdiploidy 51 0.7 (0.4–1.2) 0.23

SCT with matched, related donor 61 0.8 (0.5–1.2) 0.28

Other allogeneic SCT 43 1.3 (0.8–1.9) 0.27

* Only patients with information on whether they had undergone stem-cell transplantation (SCT) are included. MLL-
positive patients are excluded because the MLL status was available for less than 46% of the patients. In the Cox re-
gression, the following features were explored as possible prognostic factors in the model: age (<1 year, 6 to 9 years, 
and ≥10 years), leukocyte count (<20×109 per liter, >50×109 per liter, and ≥100×109 per liter), sex, involvement of the 
central nervous system or lymph nodes, enlargement of liver and spleen, presence of mediastinal mass, presence of  
cytogenetic aberrations (MLL rearrangement, high hyperdiploidy with modal chromosomal number of 50 or more), 
treatment period (years during which patients were treated), study groups (in three strata according to treatment results), 
and time to transplantation as a time-dependent variable. CI denotes confidence interval.

† In each case, the comparator group is the obverse of the noted criterion. For age 6 to 9 years and age 10 years or older, 
the comparison is with age 1 to 5 years. For SCT with matched, related donor, other allogeneic SCT, and any allogeneic 
SCT, the comparison is with chemotherapy.

‡ A total of 297 patients had B-cell lineage, t(9;22)(BCR-ABL1)–negative status and known SCT status, with a 10-year- 
survival rate of 47±3%.

§ A total of 225 patients had T-cell lineage, t(9;22)(BCR-ABL1)–negative status and known SCT status, with a 10-year- 
survival rate of 28±3%.

¶ A total of 448 patients had cytogenetic data and known SCT status, with a 10-year survival estimate (±SE) of 36±2%.
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perdiploidy. The relatively favorable outcome in 
patients with high hyperdiploidy may be due to 
the increased sensitivity of the blast cells to metho-
trexate and mercaptopurine,45,48 drugs that are 
generally not used during remission induction but 
are used at high doses after remission.

The time at which the response was evaluated 
in these patients also did not have a prognostic 
effect, most likely because the number of patients 
in each study group was too small to show a sta-
tistical difference (Tables 1 and 2 in the Supple-
mentary Appendix). The Dana–Farber Cancer In-
stitute Consortium has reported that outcomes 
are not adversely affected by a hypocellular bone 
marrow at the end of induction therapy or by a 
delay in reaching complete remission (defined as 
normal cellular M1 marrow, a neutrophil count 
of >1×109 per liter, a platelet count of >100×109 
per liter, and no extramedullary disease).21 Our 
current analysis showed that among patients with 
induction failure, the patients with an M3 marrow, 
as compared with those with an M1 or M2 mar-
row, had a poor outcome. The degree of leukemic 
involvement in bone marrow at the end of the in-
duction phase was inversely correlated with the 
rate of subsequent complete remission (81% in 
patients with M1 or M2 marrow but only 61% in 
those with M3 marrow) and with 10-year survival 
rates (41±3% with M1 or M2 marrow vs. 26±3% 
with M3 marrow). Patients who did not have a 
complete remission after a brief course of addi-
tional therapy, as specified in the treatment pro-
tocol, (i.e., 25% of all patients with initial induc-
tion failure) had an extremely poor prognosis 
(Table 1).

The extremely poor prognosis of patients with 
t(9;22)(BCR-ABL1) and induction failure in the era 
before imatinib therapy was available has been 
described.21,23,25,49 A recent study34 showed im-
proved early outcomes with intensive chemother-
apy and imatinib treatment in patients with ALL 
who were positive for t(9;22)(BCR-ABL1); the nine 
patients who were positive for t(9;22)(BCR-ABL1) 
and had induction failure had a rather favorable 
outcome. However, the long-term efficacy of this 
treatment approach as compared with allogeneic 
transplantation still needs to be determined. It is 
conceivable that further improvement can be made 
if the most effective chemotherapy is combined 
with a new generation of tyrosine kinase inhibi-
tors and if transplantation in special subgroups is 
guided by minimal residual disease level.50-52

Modifications of chemotherapy have reduced 

the rate of recurrence among patients with high-
risk ALL but have not yet been shown to improve 
the outcomes in patients with induction failure.53 
Several studies have shown that matched-donor 
transplantation improved the outcomes in patients 
with induction failure,23,24,35,54 but the number of 
patients in each of these studies was too small to 
determine which patient subgroups had the great-
est benefit from transplantation.

Our retrospective analysis has the advantage of 
including large numbers of patients but is limited 
by the heterogeneity of the protocols guiding the 
patients’ treatment. Thus, unmeasured variables 
could influence the findings. However, our data 
suggest that allogeneic transplantation may be as-
sociated with improved outcomes in patients with 
T-cell ALL who have not had a complete remission 
with induction chemotherapy. This observation is 
consistent with prior reports of improved out-
comes in patients with high-risk T-cell ALL receiv-
ing transplantation after the first remission.55,56 
The number of patients with MLL rearrangement in 
whom induction therapy failed is too small in our 
study to allow us to determine the role of alloge-
neic transplantation in this subgroup. Allogeneic 
transplantation failed to improve the outcome in 
patients with 11q23–MLL rearrangement in a pre-
vious large study from our intergroup collabora-
tion26 but showed some benefits in high-risk sub-
groups of infants younger than 1 year of age with 
MLL rearrangement in the Interfant-99 study 
(ClinicalTrials.gov number, NCT00015873).57 Fi-
nally, our analysis showed no benefit of allogeneic 
transplantation in patients younger than 6 years 
of age who had precursor B-cell ALL and induc-
tion failure and no high-risk cytogenetic features 
― an observation with considerable clinical im-
plications, since transplantation is generally con-
sidered to be the standard of care for such patients.

This work is dedicated to James B. Nachman, M.D. (1948–
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