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abstract

PURPOSE Children’s Oncology Group (COG) AALL0331 tested whether intensified postinduction therapy that
improves survival in children with high-risk B-cell acute lymphoblastic leukemia (ALL) would also improve
outcomes for those with standard-risk (SR) ALL.

PATIENTS AND METHODS AALL0331 enrolled 5,377 patients between 2005 and 2010. All patients received
a 3-drug induction with dexamethasone, vincristine, and pegaspargase (PEG) and were then classified as SR
low, SR average, or SR high. Patients with SR-average disease were randomly assigned to receive either
standard 4-week consolidation (SC) or 8-week intensified augmented Berlin-Frankfurt-Münster (BFM) con-
solidation (IC). Those with SR-high disease were nonrandomly assigned to the full COG-augmented BFM
regimen, including 2 interim maintenance and delayed intensification phases.

RESULTS The 6-year event-free survival (EFS) rate for all patients enrolled in AALL0331 was 88.96%6 0.46%,
and overall survival (OS) was 95.54% 6 0.31%. For patients with SR-average disease, the 6-year continuous
complete remission (CCR) and OS rates for SC versus IC were 87.8% 6 1.3% versus 89.1% 6 1.2% (P = .52)
and 95.8% 6 0.8% versus 95.2% 6 0.8% (P = 1.0), respectively. Those with SR-average disease with end-
induction minimal residual disease (MRD) of 0.01% to , 0.1% had an inferior outcome compared with those
with lower MRD and no improvement with IC (6-year CCR: SC, 77.5%6 4.8%; IC, 77.1%6 4.8%; P = .71). At
6 years, the CCR and OS rates among 635 nonrandomly treated patients with SR-high disease were 85.55%6
1.49% and 92.97% 6 1.08%, respectively.

CONCLUSION The 6-year OS rate for . 5,000 children with SR ALL enrolled in AALL0331 exceeded 95%. The
addition of IC to treatment for patients with SR-average disease did not improve CCR or OS, even in patients with
higher MRD, in whom it might have been predicted to providemore value. The EFS and OS rates are excellent for
this group of patients with SR ALL, with particularly good outcomes for those with SR-high disease.

J Clin Oncol 38:602-612. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most
common childhood malignancy. Clinical trials have
improved event-free survival (EFS) and overall survival
(OS) for the National Cancer Institute (NCI) standard-
risk (SR) subgroup of patients (age 1-9.99 years; initial
WBC , 50,000/mL) by adding postinduction in-
tensification blocks, which improved survival in pa-
tients with NCI high-risk (HR) disease.1-7 Patients in
the predecessor Children’s Cancer Group (CCG) 1991
SR ALL trial with a good early morphologic response to
induction chemotherapy had a 5-year EFS of 90.7%
and OS of 96.0%.8 Given these data, it is important to
balance attempts to improve outcome with treatment
intensification against risk of additional toxicities.

With the development of improved risk stratification,
Children’s Oncology Group (COG) AALL0331 was

designed to test graduated intensifications in children
with NCI SR B-cell ALL (B-ALL), with the goal of im-
proving EFS and OS without unacceptable added
toxicity.9 Patients received a 3-drug, 4-week
dexamethasone-based induction and were risk strat-
ified at the end of induction therapy into SR-low, SR-
average, and SR-high subgroups based on presence
of favorable or unfavorable sentinel somatic genetic
lesions, early response assessed by both bone marrow
morphology and end-induction minimal residual dis-
ease (MRD), and presence of CNS leukemia at
diagnosis.9-13 Patients with SR-average disease were
randomly assigned to receive the standard 4-week
low-intensity oral consolidation regimen from CCG
1991 or the augmented consolidation shown to im-
prove EFS of patients with HR ALL in CCG 1882 and
1961.7,8,14 Patients with SR-high ALL were non-
randomly assigned to receive full augmented
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postinduction therapy with 2 interim maintenance (IM) and
delayed intensification (DI) phases, whereas those with SR-
low disease received the CCG/COG SR ALL backbone with
or without intensified pegaspargase (PEG) therapy.7,8,15

This report describes the overall outcome of COG
AALL0331, the results of the SR-average random assign-
ment, and the outcome for patients with SR-high disease.
SR-low results will be reported separately.

PATIENTS AND METHODS

Patients with newly diagnosed SR B-ALL were eligible for
AALL0331. CNS status was defined based on CSF obtained
before beginning therapy as CNS1 (no blasts on cytospin),
CNS2 (CSF WBC , 5/mL with blasts on cytospin), or CNS3
(CSF WBC $ 5/mL with blasts on cytospin and/or clinical
signs of CNS involvement). Traumatic lumbar punctures
were evaluated with the Steinherz/Bleyer algorithm to de-
termine CNS2 or 3.16 AALL0331 was approved by the NCI
Central Institutional Review Board and the institutional
review boards of participating institutions. Informed con-
sent for study participation was obtained from a parent or
guardian before starting protocol therapy in accordance
with US Department of Health and Human Services
guidelines, with a second consent for postinduction ran-
dom assignment.

Induction Therapy and Risk Group Stratification

Eligible patients received a 3-drug induction with in-
trathecal (IT) cytarabine on day 1; weekly intravenous (IV)
vincristine (VCR) for 4 doses; oral dexamethasone for 28
days; 1 dose of intramuscular PEG on day 4, 5, or 6; and IT
methotrexate (MTX) for 2 to 4 doses (Table 1). Bone
marrow (BM) aspiration was performed on days 8 and 15 (if
the day-8 marrow was M2/M3) to determine response by
local morphology, and MRD testing was performed at day
29 using flow cytometry at 1 of 2 COG reference labora-
tories.17 Rapid early response (RER) was defined as , 5%
BM blasts (M1) by day 15 based on local morphologic
interpretation and an M1 BM with MRD , 0.1% at day 29.
Slow early responders (SERs) had an M2 (5%-25%) or M3
(. 25%) BM on day 15 and/or positive MRD ($ 0.1% to,
1%) at day 29. For patients with M3 marrow at day 29,
induction was considered to have failed, and they were
taken off protocol therapy. Patients with an M2 marrow or
an M1 marrow with MRD $ 1% at day 29 received an
extended induction with 2 additional weeks of therapy and
continued on study as SERs if they achieved day-43 M1
marrow and MRD, 1%. Those not achieving these criteria
were removed from protocol therapy. All patients were
initially required to have central testing for triple trisomies of
chromosomes 4, 10, and 17 (TT) and BCR-ABL1, ETV6-
RUNX1, or KMT2A rearrangement (KMT2A-R) using
fluorescence in situ hybridization; this practice was per-
formed at approved local laboratories, with central review
after 2007.

After induction, patients were classified into 1 of 3 risk
groups: SR low (RER, CNS1, and favorable cytogenetics of
TT or ETV6-RUNX1 fusion), SR average (no unfavorable
genetic features [BCR-ABL1, KMT2A-R, or hypodiploidy
with , 44 chromosomes], RER, and CNS1 or 2 [patients
with favorable genetics who were RERs and CNS2]), or SR
high (KMT2A-R and RER, anyone with CNS3 at diagnosis,
and SERs by morphology or MRD, along with a subset of
patients with defined steroid pretreatment; Fig 1). Patients
with overt testicular leukemia were not eligible. Patients
with BCR-ABL1 fusion or hypodiploidy did not continue to
receive therapy after induction. Patients with Down syn-
drome were included in the random assignment.

Risk-Adjusted Postinduction Therapy

Patients with SR-low disease were randomly assigned to
regimens with or without 4 additional doses of PEG at
approximately 3-week intervals, with the backbone of
standard consolidation (SC) and initially standard IM with
weekly oral MTX. After the amendment (described in
“Amendments That Changed Protocol Therapy”), the IM
backbone changed to IV escalating MTX. All patients with
SR-low disease received standard DI and maintenance
(Table 1).

Patients with SR-average disease were randomly assigned
initially in a 2-by-2 factorial design to 1 of 4 treatment
regimens: SS (SC and standard IM and DI), SA (SC with
intensified IM [AIM] and DI [ADI]), IS (intensified consol-
idation [IC] and standard IM/DI), and IA (IC, AIM, and ADI).
IC was identical to the augmented Berlin-Frankfurt-
Münster (BFM) consolidation used in COG AALL0232,18

AIMwas identical to the Capizzi-style escalating IVMTX and
PEG, and DI incorporated additional doses of VCR and
PEG, as used in CCG 1961 and AALL0232.14,18

Patients with SR-high disease were nonrandomly assigned
to receive full augmented BFM therapy, as administered in
CCG 1961, including IC, AIM1, ADI1, AIM2, ADI2, and
maintenance.14 CNS3 patients underwent 18-Gy cranial
irradiation. In all arms of AALL0331, the length of therapy
from the start of IM1 was 2 years for girls and 3 years
for boys.

Amendments That Changed Protocol Therapy

In 2008, the results of CCG 1991 became available,
showing that escalating IV MTX without leucovorin rescue
improved EFS compared with standard IM with oral MTX.8

AALL0331 amendment 2C replaced the oral MTX IM phase
with escalating IV MTX for all patients with SR-average
disease. This change affected evaluation of the IM in-
tensification question but retained the SR-average ran-
domized question between standard and augmented
consolidation (SS IV [SC] v IS IV [IC]). All patients with SR-
average disease received IM with IV escalating MTX and
standard DI. This amendment also changed dexametha-
sone administration in DI to discontinuous dosing (days 1-7
and 15-21), rather than a continuous schedule (days 1-21),
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TABLE 1. Overview of Therapy for AALL0331
Phase and Regimen Dose Schedule

Induction

IT cytarabine Age adjusted Day 0

Dexamethasone 3 mg/m2 per dose twice a day Days 1-28

VCR 1.5 mg/m2 (2-mg maximum) Days 1, 8, 15, 22

PEG 2,500 units/m2 Day 4, 5, or 6

IT MTX Age adjusted Days 8, 29 (CNS3, days +15, 22)

Extended induction

VCR 1.5 mg/m2 (2-mg maximum) Days 29, 36

Dexamethasone 3 mg/m2 per dose twice a day Days 29-42

Daunorubicin 25 mg/m2 Day 29

Pegaspargase 2,500 units/m2 Day 32, 33, or 34

SC

VCR 1.5 mg/m2 (2-mg maximum) Day 1

Mercaptopurine 75 mg/m2 Days 1-28

IT MTX Age adjusted Days 1, 8, 15

IC

Cyclophosphamide 1,000 mg/m2 Day 1, 29

VCR 1.5 mg/m2 (2-mg maximum) Days 15, 22, 43, 50

Cytarabine 75 mg/m2 Days 1-4, 8-11, 29-32, 36-39

PEG 2500 units/m2 Days 15, 43

Mercaptopurine 60 mg/m2 Days 1-14, 29-42

IT MTX Age adjusted Days 1, 8 (CNS3, days +15, 22)

IM

Dexamethasone 3 mg/m2 per dose twice daily Days 1-5, 29-33

Mercaptopurine 75 mg/m2 per day Days 1-50

Oral MTX 20 mg/m2 per dose Days 1, 8, 15, 22, 29, 36, 43,50

VCR 1.5 mg/m2 (2-mg maximum) Days 1, 29

IT MTX Age adjusted Day 29

IM IV

VCR 1.5 mg/m2 (2-mg maximum) Days 1, 11, 21, 31, 41

IV MTX 100 mg/m2 (escalated by 50 mg/m2

per dose, barring toxicity)
Days 1, 11, 21, 31, 41

IT MTX Age adjusted Day 31

AIM (SR high)

VCR 1.5 mg/m2 (2-mg maximum) Days 1, 11, 21, 31, 41

IV MTX 100 mg/m2 (escalated) Days 1, 11, 21, 31, 41

PEG 2,500 units/m2 Days 2, 22

IT MTX Age adjusted Days 1, 31

SDI

VCR 1.5 mg/m2 (2-mg maximum) Days 1, 8, 15

Doxorubicin 25 mg/m2 Days 1, 8, 15

PEG 2,500 units/m2 Day 4, 5, or 6

Dexamethasone 5 mg/m2 per dose twice daily Days 1-7, 15-21

IT MTX Age adjusted Days 1, 29

(continued on following page)
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because of increased rates of osteonecrosis in AALL0232
with continuous dexamethasone during DI.18

When the results of AALL0232 demonstrated that high-dose
MTX was superior to Capizzi MTX,18 amendment 7 (May
2011) changed therapy for patients with SR-high disease
who had not yet begun maintenance cycle 2. They then
received an additional IM phase with high-dose MTX.

Toxicity Assessment

Adverse events and clinically significant laboratory findings
were collected using NCI Common Terminology Criteria for
Adverse Events (CTCAE; version 3.0) until December 2010,
when the reporting was changed to version 4.0 and prior
CTCAE (version 3.0) data were mapped to CTCAE (version
4.0). Additional reporting was done through the NCI Ad-
verse Event Expedited Reporting System. Required
reporting included all nonhematologic nontargeted toxic-
ities of grade $ 3, all hematologic and nonhematologic
toxicities that resulted in hospitalization or delay in therapy
of $ 1 week, all nontargeted CNS toxicities of grade $ 2,
peripheral neuropathies of any grade, and all cases of

osteonecrosis (avascular necrosis) of grade $ 1 confirmed
by imaging.

Statistical Analysis

Patients were randomly or nonrandomly assigned to
postinduction therapy based on end-induction risk as-
signment. EFS was defined as time from enrollment to first
event (induction failure, death during induction, death in
remission, relapse, or second malignant neoplasm) or date
of last contact for those who were event free. OS was
calculated as time from enrollment to death or last contact
for those who were alive. CCR was defined as time from
random assignment to first event (relapse, death in re-
mission, or second malignant neoplasm) or last contact for
those who were event free. The SR-average random as-
signment (1:1 using permuted blocks) was designed to
enroll 1,450 patients, with the aim of a 5% improvement in
CCR from 86% to 91% (relative hazard rate, 0.6253; 4-year
minimum follow-up, a = 5% [1-sided test]; expected event
horizon, 147). The upper efficacy stopping boundaries
used the a(time)2 spending function. The lower futility

TABLE 1. Overview of Therapy for AALL0331 (continued)
Phase and Regimen Dose Schedule

Cyclophosphamide 1,000 mg/m2 Day 29

Cytarabine 75 mg/m2 Days 29-33, 36-40

Thioguanine 60 mg/m2 Days 29-42

ADI

VCR 1.5 mg/m2 (2-mg maximum) Days 1, 8, 15, 43, 50

Doxorubicin 25 mg/m2 Days 1, 8, 15

PEG 2,500 units/m2 Day 4, 5, or 6, 43

Dexamethasone 5 mg/m2 per dose twice daily Days 1-7, 15-21

IT MTX Age adjusted Days 1, 29, 36

Cyclophosphamide 1,000 mg/m2 Day 29

Cytarabine 75 mg/m2 Days 29-32, 36-39

Thioguanine 60 mg/m2 Days 29-42

AIM2

Same as AIM1 (SR high) (escalated; starting dose = 2/3
maximum MTX dose in AIM1)IV MTX

DI2 (SR-high only)

Same as ADI1 (SR high)

Maintenance (12-week cycles)

VCR 1.5 mg/m2 (2-mg maximum) Days 1, 29, 57

Dexamethasone 3 mg/m2 per dose twice daily Days 1-5, 29-33, 57-61

Mercaptopurine 75 mg/m2 per day Daily

Oral MTX 20 mg/m2 per dose Weekly

IT MTX Age adjusted Day 1

Abbreviations: ADI, intensified delayed intensification; AIM, intensified interim maintenance; DI, delayed intensification; IC, intensified
consolidation; IM, interim maintenance; IT, intrathecal; IV, intravenous; MTX, methotrexate; PEG, pegaspargase; SC, standard consolidation;
SDI, standard delayed intensification; SR, standard risk; VCR, vincristine.
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boundaries were based on testing the alternative hypoth-
esis at the 0.005 level.19 The cumulative power to detect
a difference by the last (fourth) interim analysis was 89.6%.
If a difference of that relative hazard size exists, there is an
approximately 43% chance of stopping at the second in-
terim analysis and approximately 73% chance of stopping
at the third interim analysis. The event horizon was
achieved, and the randomization results were released by
the data monitoring committee. A total of 594 patients with

SR-high disease enrolled during this time would allow es-
timation of 6-year CCR andOS rates, with amaximumstandard
error of 2.1%. Survival rates were estimated using the Kaplan-
Meier method, with standard errors of Peto et al.20 Survival
curves were compared using the log-rank test. Cumulative
incidence rateswere computedusing the cumulative incidence
function for competing risks, and comparisons between groups
were conducted using the K-sample test.21,22 Comparison of
proportions used the x2 test or Fisher’s exact test. All analyses
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(n = 70)

Induction
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SR-average random
assignment
(n = 1,500)
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(n = 4)
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postinduction

(n = 259)

Off protocol therapy
at end of induction

(n = 1,052)

ALL0331

Did not complete therapy   

FIG 1. CONSORT diagram. *Incorrect consent/missing informed consent at study entry (12), incorrect diagnosis (12), incorrect timing to the start of therapy
(12), no/insufficient samples (11), no testicular exam prior to enrollment (5), ineligible for classification study (4), received prior therapy before enrolling on
this study (3), IRB record issues (3), started therapy prior to enrolling on classification study (2), samples not sent to an approved cytogenetics lab (2), no CNS
status determined at enrollment (2), no repeat diagnostic marrow within a week prior to enrollment (1), no signature on the short consent in patient’s native
language (1). COG, Children’s Oncology Group; HR, high risk; IA, IC with AIM and ADI; IS, IC and standard IM/DI; LRA, low-risk with additional doses of
pegaspargase; LRS, low-risk standard; LTFU, lost to follow-up; SA, SC with AIM and ADI; SMN, second malignant neoplasm; SS, SC and standard DI/IM.
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were performed using SAS software (version 9.4; SAS Institute,
Cary, NC). Graphics were generated using R software (version
3.0.1; http://www.r-project.org).

RESULTS

Patients

AALL0331 enrolled 5,377 patients between April 2005 and
May 2010. Data current as of June 30, 2017, are included
in this report. Seventy patients were ineligible, 4 were not
evaluable for induction, and 259 were not evaluable for
postinduction therapy (very HR [VHR] feature, n = 131;
death during induction, n = 25; induction failures, n = 39;
Fig 1). A total of 5,303 patients were eligible and evaluable
for induction, with 5,044 eligible and evaluable for post-
induction therapy; 1,052 patients ended protocol-directed
therapy at the end of induction, most (86%) because they
refused further protocol therapy; 3,992 patients continued
with postinduction therapy (SR low, n = 1,857; SR average,
n = 1,500; and SR high, n = 635). Characteristics of the
5,303 eligible and evaluable patients are listed in Table 2.
Median age was 3.96 years, and 54% were boys; 91% of
patients were CNS1, 8% CNS2, and 1% CNS3; median
WBC was 7,300/mL.

Overall Outcome

Twenty-five patients died during induction (0.47%). Of the
remaining 5,278 patients, 5,171 (98.0%) had an M1
marrow at day 29. For all eligible and evaluable patients in
AALL0331, the 6-year EFS and OS rates were 88.96% 6
0.46% and 95.54% 6 0.31%, respectively (Fig 2). Ten-
year outcomes were similar: EFS, 87.28% 6 1.03% and
OS, 94.33%6 0.72%. The 6-year cumulative incidence of
isolated CNS relapse was 2.04% 6 0.20%, isolated BM
relapse was 4.47% 6 0.29%, and combined relapse was
0.84% 6 0.13%.

TABLE 2. Eligible Patient Characteristics (N = 5,303)
Characteristic No. (%)

Age, years

Median 3.96

Range 1.00-9.98

WBC count

Median 7.30

Range 0.10-49.98

Age group, years

, 2 439 (8.3)

$ 2 to , 6 3,687 (69.5)

$ 6 to , 10 1,177 (22.2)

Sex

Female 2,453 (46.3)

Male 2,850 (53.7)

Race

Asian 251 (4.7)

Black 322 (6.1)

White 3,992 (75.3)

Other 738 (13.9)

Ethnicity

Hispanic or Latino 1,076 (20.3)

Not Hispanic or Latino 3,989 (75.2)

Unknown 238 (4.5)

CNS status

1 4,821 (91.0)

2 424 (8.0)

3 54 (1.0)

Day-8 BM

M1 2,282 (43.2)

M2 1,534 (29.1)

M3 1,330 (25.2)

Not available 135(2.5)

Day-15 BM

M1 2,543 (48.3)

M2 335 (6.4)

M3 77 (1.5)

Not applicable 2,287 (43.4)

Not available 25 (0.5)

Day-29 BM

M1 5,174 (98.8)

M2 23 (0.4)

M3 6 (0.1)

Not available 35 (0.7)

(continued in next column)

TABLE 2. Eligible Patient Characteristics (N = 5,303) (continued)
Characteristic No. (%)

Down syndrome

Yes 141 (2.7)

No 5,162 (97.3)

Cytogenetics

Favorable 2,730 (51.5)

Neutral 2,412 (45.5)

Unfavorable 161 (3.0)

Day-29 MRD, %

, 0.01 4,120 (80.7)

$ 0.01 to , 0.1 542 (10.6)

$ 0.1 to , 1 331 (6.5)

$ 1 to , 5 78 (1.5)

$ 5 38 (0.7)

Abbreviations: BM, bone marrow; MRD, minimal residual disease.
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IC Does Not Improve Outcome in SR-Average B-ALL

A total of 1,500 patients with SR-average disease were
randomly assigned, 745 to SC and 755 to IC. The 6-year
CCR rate for those randomly assigned to SC was 87.8% 6
1.3%, as compared with 89.1%6 1.2% for those randomly
assigned to IC (P = .52; Fig 3A). These patients had 180
events (Table 3), including 163 relapses, 7 second ma-
lignancies, and 10 deaths in remission. The 6-year OS rate
was 95.78% 6 0.79% with SC and 95.15% 6 0.83% with
IC (P = 1.0; Fig 3B). The 6-year CCR rates for SC versus IC
before amendment 2C were 86.10% 6 1.68% versus
89.69%6 1.45% (P = .086) and 91.06%6 1.94% versus
87.96% 6 2.19% (P = .15) after amendment 2C.

Newer data from COG have refined the definition of SR-
average B-ALL as follows: patients with day-8 peripheral
blood MRD , 1% and end-induction MRD , 0.01%; this
definition was used in the recent COG AALL0932 trial
(ClinicalTrials.gov identifier NCT01190930). The impact of
SC versus IC was reassessed using this refined definition
(n = 540 patients), with overall SR-average 6-year CCR and
OS rates of 91.23% 6 1.31% and 97.49% 6 0.72%,
respectively. IC also provided no benefit to this subgroup,
with a 6-year CCR rate for SC versus IC of 90.8% 6 1.9%
versus 91.6% 6 1.8% (P = .99) and 6-year OS rate of
97.62%6 1.01% with SC versus 97.36%6 1.03% with IC
(P = .655; Appendix Figs A1A and A1B, online only). The 6-
year CCR rates using the refined definition for SC versus IC
before amendment 2C were 88.48% 6 3.13% versus
93.46% 6 2.33% (P = .31) and 92.78% 6 2.35% versus
90.05% 6 2.63% (P = .35) after amendment 2 (Appendix
Figs A2A and A2B, online only).

Because they were considered SR average in the
AALL0331 classification system, but not in the refined
AALL0932 classification system, we looked specifically
at the outcome of those with SR-average disease with

end-induction MRD of 0.01% to, 0.1%. As expected, this
group (n = 179) had a less favorable outcome than those
with MRD , 0.01%, with 6-year CCR and OS rates of
77.25% 6 3.39% and 91.42% 6 2.25%, respectively.
However, there was no benefit for IC in this subset, with
a 6-year CCR of 77.46%6 4.79% for SC versus 77.07%6
4.80% for IC (P = .71).

The 6-year cumulative incidences of isolated CNS, BM,
and combined relapses for the SR-average group were
3.09% 6 0.45%, 5.18% 6 0.59%, and 1.2% 6 0.29%,
respectively. There was no significant difference in these
rates based on SC versus IC (isolated CNS, 3.91%6 0.88%
v 3.62%6 0.84%; P = .82; isolated BM, 5.88%6 1.08% v
4.69% 6 0.96%; P = .50; combined, 1.48% 6 0.56% v
1.03% 6 0.46%; P = .53).

The IC regimen was associated with significantly more
hematologic and infectious toxicities, with an incidence of
grade 3 to 4 neutropenia in SC of 12.7%, compared with
62% (P, .0001) in the IC regimen. Similarly, the incidence
of febrile neutropenia was 2.8%with SC versus 29%with IC
(P, .0001); incidence of other infections was 4.7% versus
23% (P , .0001). However, there was no excess non-
relapsemortality, with 2 deaths in the SC group and 1 death
in the IC group.

PatientsWith SR-High Disease FareWell With Augmented

BFM Therapy

Among 635 patients with SR-high disease nonrandomly
assigned to receive augmented BFM therapy, the 6-year
CCR rate was 85.55% 6 1.49% and 6-year OS rate was
92.97%6 1.08% (Figs 4A and 4B). These patients had 96
events (Table 3).

For patients classified as SERs because of day-29 MRD $

0.1%, the 6-year CCR and OS rates were 80.42%6 2.28%
and 90.52% 6 1.68%, respectively. Patients who were
CNS3 had 6-year CCR and OS rates of 84.43% 6 6.53%
and 92.86% 6 4.61%, respectively. For patients with SR-
high disease, the 6-year cumulative incidence of isolated
CNS relapse was 2.73% 6 0.65%; isolated BM relapse,
7.38%6 1.06%; and combined relapse, 0.65%6 0.32%.

Nonrelapse Mortality

An additional 25 deaths in remission occurred among
3,992 patients (0.63%) during postinduction protocol
therapy, 5 during IC (SR high), 2 during IM (SR low),
7 during DI (standard DI, n = 6; ADI, n = 1), 1 during
ADI2 (SR high), 1 during IM2 (SR high), and 9 during
maintenance.

DISCUSSION

Patients with NCI SR ALL comprise two thirds of children
with B-ALL.23 Although intensifications that improve out-
come for those with NCI HR disease often improve EFS and
OS for those at SR, the morbidity of intensified treatment
must be balanced with the overall high cure rate in patients
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FIG 2. Event-free survival (EFS) and overall survival (OS; 6-year EFS,
88.96% 6 0.46%; 6-year OS, 95.54% 6 0.31%).
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with SR disease.1,2,4,6,24-31 For this reason, COG has elected
to treat patients at SR with a 3-drug induction and allocate
intensive blocks of postinduction therapy based on the risk
of relapse, now defined by sentinel somatic genetic ab-
normalities and early treatment response.9,10 The United
Kingdom group has taken a similar approach,30 but most
other major groups in high-income countries worldwide
administer a 4-drug induction, intensive consolidation, and
high-dose MTX to most children with ALL.32,33

This report describes results of a strategy to study post-
induction treatment intensification among . 5,000 chil-
dren with SR B-ALL. Overall outcomes were outstanding,
with 10-year EFS and OS rates of 87.28% 6 1.03% and
94.33% 6 0.72%, respectively. Surprisingly, the intensive

augmented BFM consolidation that COG has found to be
highly effective in improving outcome of patients at HR7,14

did not improve EFS or OS for the children with SR-ALL and
RER to therapy (the SR-average group) studied here. This is
an important result, indicating that many children can be
spared the toxicities associated with IC without compro-
mising a survival benefit. These results also have impli-
cations for treatment of children with ALL in low- or middle-
income countries.

Another important finding of this study is that patients with
SR-average disease with low-level end-induction MRD ($
0.01% to, 0.1%) had an inferior outcome compared with
those with MRD , 0.01%.10,13,17,34 Moreover, IC did not
improve this outcome, potentially because these patients
only received 1 aspect of the augmented BFM regimen,
whereas those with SR-high disease received multiple in-
tensifications. Notably, the outcome of patients with SR-
high disease with MRD $ 0.1%, whose treatment was
intensified beyond consolidation, was at least as good as
that of the patients with SR-average disease with low-level
MRD randomly assigned to IC. On the basis of these
results, COG now treats all patients with day-29 MRD $

0.01% with several intensified phases of postinduction
therapy.

Several treatment amendments occurred during the study
that may have influenced results. In 2008, after the out-
come results of CCG 1991 were unblinded, the AALL0331
IM phase was amended for patients with SV-average dis-
ease to include escalating IV MTX rather than weekly oral
MTX.8 Interestingly, there was a trend toward better EFS
and OS in those with SV-average disease in the IC arm
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FIG 3. Random assignment of patients in standard-risk average (SR-average) group by consolidation regimen. Comparison of (A) complete continuous
remission (CCR; 6-year CCR for standard consolidation [SC], 87.8%6 1.3% v 89.1%6 1.2% for intensive consolidation [IC]; P = .52) and (B) overall survival
(OS) rates (6-year OS, 95.78% 6 0.79% for SC v 95.15% 6 0.83% for IC; P = 1.0).

TABLE 3. Events in AALL0331 by Refined Risk Groups

Event

Stratum

SR Low SR Average SR High Total

None 1,750 1,320 539 3,609

Relapse 26 67 31 124

SMN 1 4 3 8

Death 9 8 8 25

Relapse (off therapy) 63 96 48 207

SMN (off therapy) 4 3 3 10

Death (off therapy) 4 2 3 9

Total 1,857 1,500 635 3,992

Abbreviations: SMN, second malignant neoplasm; SR,
standard risk.
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before amendment 2A, but no such trend remained after
amendment 2A.

One important difference between AALL0331 and the
CCG 1991 trial is that the patients with SR-low and SR-
average disease in AALL0331 received only 1 IM phase,
as compared with 2 IM phases in CCG 1991.8 Because of
the MRD data used for risk group classification in
AALL0331, it is hard to definitively compare results;
however, the outcome for patients with SR-low and SR-
average disease in AALL0331 was quite favorable with
this approach.

Although patients with SR-high disease had a favorable
outcome with the augmented BFM therapy administered
postinduction in COG AALL0331, this outcome was inferior
to that in the rest of the patients at SR. Almost all of the
patients with SR-high disease would now be treated with

even more intensive therapy, including high-dose MTX with
leucovorin rescue.18

In summary, patients with newly diagnosed NCI SR ALL
and rapid response to induction did not benefit from a 2-
month postinduction phase of IC therapy. On the basis of
these results, along with those from CCG 1991, the current
COG treatment of patients with end-induction MRD ,
0.01% includes SC and 2 IM phases with escalating IVMTX
and VCR that flank DI.8 Patients with SR ALL who respond
more slowly to induction have excellent outcomes treated
postinduction with full augmented BFM-based therapy.
The current COG approach to these latter patients is
treatment on HR or VHR protocols. Taken together, these
results suggest that further intensifying conventional ther-
apy will not improve cure rates and that novel approaches
are needed.
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APPENDIX
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FIG A1. Standard-risk average group: limited to those with day-8 minimal residual disease (MRD) , 1% and day-29 MRD , 0.01% by consolidation
regimen. (A) Complete continuous remission (CCR; 6-year CCR for standard consolidation [SC] v intensified consolidation [IC], 90.8%6 1.9% v 91.6%6

1.8%; P = .99) and (B) overall survival (OS) rates (6-year OS for SC v IC, 97.62% 6 1.01% v 97.36% 6 1.03%; P = .655).
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FIG A2. Standard-risk average group (6-year complete continuous remission [CCR] limited to those with day-8 minimal residual disease [MRD], 1% and
day-29 MRD, 0.01%) by (A) consolidation regimen before amendment 2C (88.48%6 3.13% v 93.46%6 2.33%; P = .31) and (B) consolidation regimen
after amendment 2C (92.78% 6 2.35% v 90.05% 6 2.63%; P = .35).
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