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With modern chemotherapy, approximately 90% of patients
with pediatric acute lymphoblastic leukemia are now cured.
However, subsets of patients can be identified who remain at

very high risk of relapse with expected 4-year disease-free survival rates
<80%; such patients are appropriate candidates for intensive therapeutic
strategies designed to improve survival. The AALL1131 trial was
designed to determine, in a randomized fashion, whether substitution
with cyclophosphamide/etoposide (experimental arm 1) would improve
the 4-year disease-free survival of children, adolescents, and young
adults with very high-risk B-cell acute lymphoblastic leukemia compared
to a modified Berlin-Frankfurt-Münster regimen (control arm). Patients 1-
30 years of age with newly diagnosed very high-risk B-cell acute lym-
phoblastic leukemia were randomized after induction in a 1:2 fashion to
the control arm or experimental arm 1 in which they were given
cyclophosphamide (440 mg/m2 days 1-5)/ etoposide (100 mg/m2 days 1-
5) during part 2 of consolidation and delayed intensification. Prospective
interim monitoring rules for efficacy and futility were included where
futility would be determined for a one-sided P-value ≥0.7664. The study
was stopped for futility as the interim monitoring boundary was crossed
[hazard ratio 0.606 (95% confidence interval: 0.297 - 1.237)] and the very
high-risk arm of AALL1131 was closed in February 2017. Using data cur-
rent as of December 31, 2017, 4-year disease-free survival rates were
85.5±6.8% (control arm) versus 72.3±6.3% (experimental arm 1) (P-value
= 0.76). There were no significant differences in grade 3/4 adverse events
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Introduction

With modern chemotherapy regimens, approximately
90% of patients with pediatric B-cell acute lymphoblastic
leukemia (B-ALL) are now cured.1,2 However, subsets of
patients remain at very high-risk (VHR) of relapse with an
expected 4-year disease-free survival (DFS) rate <80%.
Current post-induction intensification strategies, which
have focused on optimizing the use of drugs commonly
administered in ALL therapy, have delivered sub-optimal
results for these VHR B-ALL patients. In the absence of a
specific targeted intervention (such as Abl-tyrosine kinase
inhibitors in Philadelphia chromosome-positive ALL),
intensive chemotherapy continues to be the mainstay of
treatment. We hypothesized that further optimization or
intensification of the dose and schedule of established
agents or combination regimens typically used to treat
newly diagnosed ALL patients would probably not
improve outcomes further for VHR B-ALL patients, and
therefore novel or targeted therapies should be investigat-
ed. Given that there was not a molecularly targeted agent
available for this population of patients at the time the
study was conceived, this trial was designed to test the use
of different consolidation strategies, based on drugs not
commonly used in frontline ALL trials, including fractionat-
ed cyclophosphamide and etoposide.
The Children’s Oncology Group (COG) AALL1131 trial

thus aimed to determine, in a randomized fashion, whether
replacing cyclophosphamide, cytarabine, and 6-mercaptop-
urine during consolidation or cyclophosphamide, cytara-
bine, and 6-thioguanine during delayed intensification with
cyclophosphamide and etoposide (experimental arm 1) dur-
ing the consolidation and reconsolidation phases of COG
augmented Berlin-Frankfurt-Münster therapy (control arm)3
would improve the 4-year DFS of children, adolescents, and
young adults with VHR B-ALL. The cyclophosphamide/
etoposide combination was well tolerated in prior relapse
B-ALL studies4,5 and a similar combination of
ifosfamide/etoposide yielded 40% complete remission
rates in children with refractory ALL,6 making cyclophos-
phamide/etoposide an encouraging combination to study.

Methods

COG AALL1131 (NCT02883049), a phase III trial for patients
aged 1-30 years with newly diagnosed high-risk B-ALL opened to
enrollment on February 27, 2012 and the VHR randomization
closed on February 15, 2017. Eligibility criteria included: 1-9 years
of age inclusive with a presenting white blood cell count
≥50x109/L;  ≥10 to <31 years of age with any white blood cell
count; >1 to <31 years of age with testicular leukemia, central
nervous system leukemia (CNS3; ≥5/mL white blood cells and
cytospin positive for blasts in the cerebral spinal fluid and/or clini-
cal signs of CNS leukemia), or steroid pre-treatment in patients
<10 years of age for whom no pre-steroid white blood cell count
was obtained.7 At the end of induction therapy, patients were fur-

ther classified as VHR if they had any of the following criteria: ≥13
years of age; CNS3 leukemia at diagnosis; day 29 bone marrow
minimal residual disease ≥0.01% determined by flow cytometry;7,8

induction failure [>25% bone marrow blasts (M3) on induction
day 29], severe hypodiploidy (DNA index <0.81 and/or <44 chro-
mosomes); intrachromosomal amplification of chromosome 21, or
lysine methyltransferase 2A (KMT2A, formerly mixed lineage
leukemia, MLL) rearrangement. In addition, patients with National
Cancer Institute standard-risk B-ALL, enrolled on the COG study
AALL0932 (NCT01190930) for standard-risk B-ALL (≥1 to <10
years of age with a white blood cell count <50x109/L), were classi-
fied as VHR following induction if they met any of the above VHR
criteria or if they had day 29 bone marrow minimal residual dis-
ease ≥0.01% in the absence of favorable cytogenetics (no trisomies
of chromosomes 4 and 10 and no ETV6/RUNX1 fusion). Patients
with Down syndrome were not eligible for the VHR stratum given
the concern of increased toxicity of the regimen. Toxicities were
graded using the National Cancer Institute’s Common
Terminology Criteria for Adverse Events version 4.0. The study
was approved by the National Cancer Institute, the Pediatric
Central Institutional Review Board, and institutional review
boards at each participating COG institution.
The AALL1131 study was originally designed to investigate the

addition of clofarabine to cyclophosphamide/etoposide as experi-
mental arm 2 versus cyclophosphamide/etoposide (experimental
arm 1) versus the control arm in a 2:2:1 randomization for patients
with VHR B-ALL. The study design was later amended to a 2:1
randomization between experimental arm 1 and the control arm,
retaining those patients initially randomized to experimental arm
1 and the control arm, after the clofarabine arm (experimental arm
2) was closed because of unacceptable toxicity (September 2014).7

Patients classified as VHR were subsequently randomized after
induction in a 1:2 fashion to cyclophosphamide (1 g/m2 day
29)/cytarabine (75 mg/m2 days 29-33 and 36-40)/6-mercaptopurine
(60 mg/m2 days 29-42 consolidation) or thioguanine (60 mg/m2

days 29-42 during part 2 of delayed intensification) (control arm)
or cyclophosphamide (440 mg/m2, days 29-33)/etoposide (100
mg/m2, days 29-33) (experimental arm 1) during part 2 of consoli-
dation and delayed intensification. Both arms included the same
dose and schedule of pegaspargase (2,500 IU/m2) on day 43 and
vincristine (1.5 mg/m2) on days 43 and 50 of consolidation and
delayed intensification. The delayed intensification also included
intrathecal methotrexate on days 29 and 36 on all arms. Patients
with CNS3 leukemia received 1800 cGy of cranial irradiation dur-
ing the first month of maintenance therapy. Any patient with tes-
ticular leukemia at diagnosis that did not resolve by the end of
induction received 2400 cGy testicular irradiation during consoli-
dation. The remainder of the VHR therapy was identical between
the two arms.7 The complete AALL1131 VHR treatment regimen
is shown in Table 1. The study did not capture detailed informa-
tion on patients who underwent hematopoietic stem cell trans-
plantation off protocol therapy. The VHR randomization was
powered (80%) to compare a 4-year DFS of 70% versus 79%
(HR=0.661) using a two-sided log-rank test (a=5%). DFS was
defined as the time from post-induction randomization to first
event (death in remission, relapse, or second malignant neoplasm)
or date of last contact for those who remained event-free. Survival

between the two arms. Substitution of this therapy for very high-risk B-cell acute lymphoblastic
leukemia patients on the Children’s Oncology Group AALL1131 trial (NCT02883049) randomized to
cyclophosphamide/etoposide during part 2 of consolidation and delayed intensification did not improve
disease-free survival.  
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Table 1. AALL1131 very high-risk treatment regimen.
                                        Experimental Arm 1                                                                                                                   Control Arm

                                                                                                            Induction
                                                                                                                                  (same for Exp1 and CA)
                                                                                                                                             IT ARAC D1a
                                                                                                                    VCR (1.5 mg/m2, 2 mg max) D1, 8, 15, 22
                                                                                                                DEX (10 mg/m2/d) D1-14 (<10 years of age)
                                                                                                              PRED (60 mg/m2/d) D1-28 (>10 years of age)
                                                                                                                            DAUN (25 mg/m2) D1, 8, 15, 22
                                                                                                                                 PEG-ASP (2500 IU/m2) D4
                                                                                                                                          IT MTX D8, 29b

                                                                                                   Consolidation Part 1
                                                                                                                                  (same for Exp1 and CA) 
                                                                                                                                       CPM (1 gm/m2) D1
                                                                                                                             ARAC (75 mg/m2) D1-4, D8-11
                                                                                                                                    MP (60 mg/m2) D1-14
                                                                                                                        VCR (1.5 mg/m2, 2 mg max) D15, 22
                                                                                                                               PEG-ASP (2500 IU/m2) D15
                                                                                                                                     IT MTX D1, 8, 15, 22

                                                                                                   Consolidation Part 2
                                                   CPM (1 g/n2) D29                                                                                                                                   CPM (440 mg/m2) D29-33
                                     ARAC (75 mg/m2) D29-32, D36-39                                                                                                                    ETOP (100 mg/m2) D29-33
                                               MP (60 mg/m2) D29-42                                                                                                                     VCR (1.5 mg/m2, 2 mg max) D43, 50
                                   VCR (1.5 mg/m2, 2 mg max) D43, 50                                                                                                                 PEG-ASP (2500 IU/m2) D43
                                          PEG-ASP (2500 IU/m2) D43                                                            

                                                                                                                             Interim Maintenance 1
                                                                                                                                 (same for Exp1 and CA)
                                                                                                 IV MTX (5g/m2) followed by leucovorin rescue D1, 15, 29, 43
                                                                                                                                    MP (25 mg/m2) D1-56
                                                                                                                   VCR (1.5 mg/m2, 2 mg max) D1, 15, 29, 43
                                                                                                                                          IT MTX D1, 29

                                                                                           Delayed Intensification Part 1
                                                                                                                                  (same for Exp1 and CA)
                                                                                                                       VCR (1.5 mg/m2, 2 mg max) D1, 8, 15
                                                                                                                          DEX (10 mg/m2/d) D1-14, D15-21
                                                                                                                                 DOX (25 mg/m2) D1, 8, 15
                                                                                                                                 PEG-ASP (2500 IU/m2) D4
                                                                                                                                             IT MTX D1

                                                                                          Delayed Intensification Part 2
                                                   CPM (1 g/m2) D29                                                                                                                                  CPM (440 mg/m2) D29-33
                                     ARAC (75 mg/m2) D29-32, D36-39                                                                                                                    ETOP (100 mg/m2) D29-33
                                               TG (60 mg/m2) D29-42                                                                                                                     VCR (1.5 mg/m2, 2 mg max) D43, 50
                                   VCR (1.5 mg/m2, 2 mg max) D43, 50                                                                                                                 PEG-ASP (2500 IU/m2) D43
                                           PEG-ASP (2500 IU/m2) D43                                                                                                                                   IT MTX D29, 36
                                                    IT MTX D29, 36                                                                       

                                                                                                                               Interim Maintenance 2
                                                                                                                                  (same for Exp1 and CA)
                                                                                                           IV MTX (100 mg/m2) escalating D1, 11, 21, 31, 41c
                                                                                                                VCR (1.5 mg/m2, 2 mg max) D1, 11, 21, 31, 41
                                                                                                                             PEG-ASP (2500 IU/m2) D2, 22
                                                                                                                                          IT MTX D1, 31

                                                                                          Maintenance (12-week cycles)d
                                                                                                                                  (same for Exp1 and CA)
                                                                                                       MTX (20 mg/m2) D8, 15, 22, 29, 36, 43, 50, 57, 64, 71, 78
                                                                                                                                    MP (75 mg/m2) D1-84
                                                                                                                      VCR (1.5 mg/m2, 2 mg max) D1, 29, 57
                                                                                                                       PRED (40 mg/m2) D1-5, 29-33, 57-61
                                                                            IT MTX D1 (D29 for first 2 cycles for patients who did not receive CNS radiation)

ARAC: cytosine arabinoside; CNS: central nervous system; CPM: cyclophosphamide; DAUN: daunorubicin; DEX: dexamethasone; DOX: doxorubicin; ETOP: etoposide; IT,: intrathecal; MP:
mercaptopurine; MTX: methotrexate; PRED: prednisone; PEG-ASP: pegaspargase; TG: thioguanine; VCR: vincristine; aIntrathecal cytarabine: 1-1.99 years (30 mg), 2-2.99 years (50 mg), ≥3
years (70 mg); bintrathecal methotrexate: 1-1.99 years (8 mg), 2-2.99 years (10 mg), 3-8.99 years (12 mg), ≥9 years (15 mg); cthe methotrexate dose was escalated as tolerated 50 mg/m2

every 10 days; dthe total duration of treatment was 2 years for females and 3 years for males from the start of interim maintenance-1 therapy.



rates were estimated using the method of Kaplan-Meier with stan-
dard errors of Peto et al.9,10 Interim monitoring for efficacy utilized
an at2 spending function and futility monitoring was based on the
method of Anderson and High,11 with the first interim analysis
scheduled for when 20% of the expected DFS events had been
observed. Prospective interim monitoring rules for efficacy and
futility were included where futility would be determined for a
one-sided P-value ≥0.7664. Cumulative incidence rates were com-
puted using the cumulative incidence function for competing risks,
and comparisons were made using the K-sample test.12 Proportions
between the two arms were compared using a c2 test or Fisher
exact test. A P value <0.05 was considered statistically significant
for all comparisons. All analyses were performed using SAS soft-
ware version 9.4 (SAS Institute, Cary, NC, USA). Graphics were
generated with R version 2.13.1 (http://www.r-project.org). 

Results

A total of 732 eligible, evaluable patients were enrolled in
the VHR part of AALL1131 and randomized to either the
control arm (n=242) or experimental arm 1 (n=490) as of the
data freeze for this report (December /31, 2017). The
Consolidated Standards of Reporting Trials  (CONSORT)
diagram for the study is shown in Online Supplementary
Figure S1. Two patients on the control arm and seven on
experimental arm 1 had induction failures and were exclud-
ed from analyses, resulting in 240 and 483 patients, respec-
tively, on the two arms included in this report. There were
no significant differences in patients’ characteristics
between the two arms (Table 2), including no difference in
the proportion of patients with minimal residual disease
<0.01% at the end of consolidation between those in the
control arm (87.4%) and those in experimental arm 1
(87.2%). As of the data cutoff date of December 31, 2016,
20% (n=41) of expected DFS events had occurred, trigger-
ing a scheduled interim monitoring for efficacy and futility.

The 3-year DFS rates were 88.3±6.3% (control arm) versus
81.2±5.6% (experimental arm 1) (P=0.92). The study was
stopped for futility as the interim monitoring boundary was
crossed, indicating non-superiority of experimental arm 1
[hazard ratio 0.606 (95% confidence interval: 0.297-1.237)].
As a result, the VHR sub-study of AALL1131 was perma-
nently closed in February 2017. 
As of December 31, 2017, the date of freezing the data,

the 4-year DFS rates were 85.5±6.8% (control arm) versus
72.3±6.3% (experimental arm 1) (P=0.76) (Figure 1). Table 3
gives the distribution of DFS events by arm. The 4-year
cumulative incidence rates for each type of relapse are sum-
marized in Table 4, by regimen. The cumulative incidence
of isolated bone marrow relapses was significantly different
between the control arm and experimental arm 1
(2.5±1.1% versus 14.5±3.3%, P=0.025). Grade 5 toxicity
rates were 5.0% on the control arm (n=12) and 2.9% on
experimental arm 1 (n=14). Of the 12 grade 5 toxicities
reported among patients on the control arm, six occurred
on therapy. These six deaths were attributed to infection
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Figure 1. Outcomes based on information in the database at December 31,
2017 with additional follow-up, Four-year disease-free survival rates were
85.5±6.8% in the control arm (Contr) versus 72.3±6.3% in experimental arm 1
(Exp 1) (P=0.76).  

Table 2. Patients’ characteristics.
Characteristic                                       VHR CA              VHR Exp1
                                                          N (%), N=242       N (%) N=490

Age
<10 years                                                    97 (40.1%)             196 (40.0%)
≥10 years                                                   145 (59.9%)            294 (60.0%)
Gender
Male                                                            142 (58.7%)            270 (55.1%)
Female                                                        100 (41.3%)            220 (44.9%)
Race
American Indian or Alaska                        4 (1.7%)                  8 (1.6%)
Native
Asian                                                               9 (3.7%)                 20 (4.1%)
Native Hawaiian or                                      5 (2.1%)                  2 (0.4%)
other Pacific Islander
Black or African American                       16 (6.6%)                24 (4.9%)
White                                                           176 (72.7%)            355 (72.5%)
Multiple races                                              1 (.04%)                  6 (1.2%)
Unknown                                                     31 (12.8%)              75 (15.3%)
Ethnicity
Hispanic or Latino                                    78 (32.2%)             133 (27.1%)
Not Hispanic or Latino                           157 (64.9%)            334 (68.2%)
Unknown                                                       7 (2.9%)                 23 (4.7%)
White blood cell count
< 50x109/L                                                  184 (76.0%)            389 (79.4%)
≥ 50x109/L                                                    58 (34.0%)             101 (20.6%)
National Cancer Institute risk
Standard risk                                              66 (27.3%)             143 (29.2%)
High risk                                                     176 (72.7%)            347 (70.8%)
Central nervous system status
CNS 1                                                          191 (80.3%)            410 (84.0%)
CNS 2                                                           35 (14.7%)              56 (11.5%)
CNS 3                                                             12 (5.0%)                22 (4.5%)
Day 29 bone marrow
M1                                                                232 (96.3%)            466 (95.3%)
M2                                                                   7 (2.9%)                 16 (3.3%)
M3 (were excluded in DFS analysis)     2 (0.8%)                  7 (1.4%)
End of induction MRD
MRD < 0.01%                                            114 (47.1%)            207 (42.2%)
MRD ≥ 0.01%                                             128 (52.9%)            283 (57.8%)

VHR: very high-risk; CA: control arm; Exp1: experimental arm 1; CNS: central nervous
system; MRD: minimal residual disease.



(n=4) and multi-organ failure (n=2). Of the 14 deaths report-
ed among patients on experimental arm 1, five occurred
while on therapy and were attributed to infection (n=3),
thrombosis (n=1) and multi-organ failure (n=1). A total of
235 subjects on the control arm and 477 on experimental
arm 1 completed part 2 of consolidation and had toxicity
data submitted. There were no significant differences in
grade 3/4 adverse events or delays in starting the interim
maintenance-1 phase of therapy after consolidation
between the control arm and experimental arm 1 (Table
5A). In addition, a total of 193 subjects on the control arm
and 389 on experimental arm 1 completed part 2 of delayed
intensification and had toxicity data submitted. There were
no significant differences in grade 3/4 adverse events or
delays in starting the interim maintenance-1 phase of ther-

apy after delayed intensification between the control arm
and experimental arm 1 (Table 5B). 
One-hundred and seven patients went off therapy during

consolidation or interim maintenance-1, with the reason
stated being “physician determines it is in the best interest
of the patient” (n=86; 32 in the control arm and 54 in exper-
imental arm 1) or “refusal of further protocol therapy by
patient/parent/guardian” (n=21; 3 in the control arm and 18
in experimental arm 1): Some of these patients may have
proceeded to hematopoietic stem cell transplantation.
Long-term study outcomes may be published in the future
when follow-up data are more mature.

Discussion

The 5-year event-free survival rate for patients with high-
risk B-ALL enrolled in the COG AALL0232 trial (2004 –
2011) randomized to high-dose methotrexate during inter-
im maintenance-1 was 79.6% compared to 75.2% for the
patients in the control arm (Capizzi methotrexate)
(P=0.008) of that study.3 Patients identified as having VHR
B-ALL are predicted to fare worse than high-risk patients
overall and, depending on the specific VHR risk factors,
their 4-year DFS rates can range anywhere from 40 to
80%.8,13-22 Based on the relatively poor outcomes for these
VHR patients, they are candidates for investigation of
novel, more intensive, yet potentially more toxic, therapeu-
tic strategies designed to improve DFS. Based on this
hypothesis, and without mature data from the AALL0232
study available at the time of study development, the COG
high-risk B-ALL study AALL1131 was designed to further
intensify cytotoxic chemotherapy during the consolidation
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Table 5A. Toxicities in patients completing part 2 of consolidation. 
Targeted toxicity                    CA (N=235)       Exp 1 (N=477)      P-value
Grade (Gr)                                      

Gr 4 infection                                 6 (2.6%)                 12 (2.5%)                0.98
Gr 3/4 AST/ALT*
Gr 4 lipase/amylase*                    5 (2.1%)                  8 (1.7%)                 0.68
Gr 3/4 bilirubin*
Gr 3/4 pancreatitis                        5 (2.1%)                  6 (1.3%)                 0.21
Gr 3/4 acute kidney injury                  0                               0                         NA
Gr 3/4 non-hematologic*             5 (2.1%)                 20 (4.2%)                0.12
Delays >14 days in                     64 (27.2%)            102 (21.4%)              0.09
starting interim maintenance            
Grade 3 and 4 targeted toxicities (CTCAE v4.0). *Do not return to grade ≤2 by the time
day 43 vincristine and asparaginase are scheduled to be administered during consol-
idation. CA, control arm; Exp 1, experimental arm 1.

Table 5B. Toxicities in patients completing part 2 of the delayed inten-
sification.
Targeted toxicity                CA (N=193)       Exp 1 (N=389)         P-value
Grade (Gr)

Gr 4 infection                            10 (5.2%)                20 (5.1%)                    0.98
Gr 3/4 AST/ALT*
Gr 4 lipase/amylase*                5 (2.6%)                  4 (1.0%)                     0.21
Gr 3/4 bilirubin*
Gr 3/4 pancreatitis                    2 (1.0%)                  9 (2.3%)                     0.23
Gr 3/4 acute kidney injury       1 (0.5%)                  1 (0.3%)                     0.65
Gr 3/4 non-hematologic*         5 (2.6%)                 15 (3.9%)                    0.40
Delays >14 days in                  49 (25.4%)              84 (21.6%)                   0.16
starting interim maintenance
Grade 3 and 4 targeted toxicities (CTCAE v4.0). *Do not return to grade ≤2 by the
time day 43 vincristine and asparaginase are scheduled to be administered during
delayed intensification. CA, control arm; Exp 1, experimental arm 1.

Table 4. Cumulative incidence rates for types of relapse by randomization arm.
Relapse type                                                             VHR CA                                                                           VHR Exp 1                                  P-value
                                                                 4-year cumulative incidence                                             4-year cumulative incidence                          
                                                        Rate ±SE                                    95% CI                              Rate ±SE                       95% CI                             

Isolated BM                                              2.5±1.1%                                        (0.9%, 5.5%)                               14.5±3.3%                     (8.8%, 21.6%)                         0.025
Isolated CNS                                            2.3±1.2%                                        (0.7%, 5.6%)                                3.9±1.7%                       (1.5%, 8.3%)                          0.880
Combined BM + CNS                            0.9±0.6%                                        (0.2%, 3.0%)                                2.8±2.2%                       (0.4%, 9.6%)                          0.525
Other                                                         1.5±0.9%                                        (0.4%, 4.1%)                                1.4±0.7%                       (0.5%, 3.2%)                          0.817
VHR: very high risk; CA: control arm; Exp 1: experimental arm 1; SE: standard error; 95% CI: 95% confidence interval; BM: bone marrow; CNS: central nervous system.

Table 3. Summary of disease-free survival events by randomization
arm. 
DFS event                                      CA (N=240)               Exp 1 (N=483)

None                                                        212 (88.3%)                     421 (87.2%)
Relapse                                                     16 (6.7%)                          47 (9.7%)
Isolated BM                                                   7                                        32
Isolated CNS                                                 4                                         7
Combined BM + CNS                                 2                                         2
Combined BM + CNS + Other                 0                                         1
Other                                                              3                                         5
Secondary malignancy                            0 (0.0%)                          1 (0.2%)*
Death                                                         12 (5.0%)                          14 (2.9%)
Death on therapy                                         6                                         5
Death in Follow-up                                      6                                         9

CA: control arm; Exp 1: experimental arm 1; BM: bone marrow; CNS: central nervous 
system; *acute myeloid leukemia.



and delayed intensification phases of therapy to improve
the DFS in the VHR subgroup. Two intensification strate-
gies were tested in AALL1131 and compared to the control
arm. The first intensification strategy included the combi-
nation of clofarabine with cyclophosphamide/etoposide, a
promising combination in relapsed ALL23,24 (experimental
arm 2) and cyclophosphamide/etoposide without clofara-
bine (experimental arm 1). This began as a 1:2:2 random-
ization between the control arm and experimental arms 1
and 2, respectively. Experimental arm 2, testing clofara-
bine, was found to be too toxic and not feasible when
given in this combination to newly diagnosed patients
with VHR B-ALL, and this arm of AALL1131 was, there-
fore, closed to further accrual in September 2014.7
AALL1131 thus continued as a two-arm study comparing
the control arm with experimental arm 1 in a 1:2 random-
ized fashion. This randomization was later stopped for
futility when the interim monitoring boundary was
crossed, identifying non-superiority of DFS when consol-
idation and delayed intensification included cyclophos-
phamide/etoposide compared to standard VHR therapy
(modified augmented Berlin-Frankfurt-Münster regimen).
With additional follow-up after closure of the randomiza-
tion, there was even stronger evidence that experimental
arm 1 would never be superior to the control arm with
the reported DFS being 85.5±6.8% for the control arm
compared to 72.3±6.3% for experimental arm 1 (P=0.76).
The 4-year DFS of 85.5±6.8% reported for the control
arm of this study was higher than the 70% we originally
predicted based on data available for patients with VHR
features treated in the preceding B-ALL studies for stan-
dard-risk (AALL0331) and high-risk (AALL0232) patients.
Many patients in these earlier studies did not receive
high-dose methotrexate during interim maintenance-1
which may have resulted in the differences in the DFS
rates we report. Additionally, the definitions of VHR
were expanded in AALL1131 to include groups of
patients at least 13 years of age as well as lower minimal

residual disease thresholds which may also have con-
tributed to differences in the DFS we observed.
In summary, intensification of cytotoxic chemotherapy

by substituting either clofarabine/cyclophosphamide/
etoposide or cyclophosphamide/etoposide for cyclophos-
phamide/cytarabine/6-mercaptopurine (or 6-thioguanine)
during part 2 of consolidation and delayed intensification
did not improve DFS compared to that of patients receiving
standard COG VHR therapy in this study. Future therapeu-
tic studies for pediatric patients with VHR B-ALL could pur-
sue immunologically and/or molecularly targeted therapies
which may have more potential to improve outcomes than
further intensification of cytotoxic chemotherapy.25-27 In this
regard, the COG is currently investigating the tyrosine
kinase inhibitor dasatinib for newly diagnosed high-risk
patients with Philadelphia-like B-ALL harboring ABL-class
lesions (AALL1131, NCT02883049) and ruxolitinib for
newly diagnosed NCI-HR patients with Philadelphia-like B-
ALL harboring CRLF2 rearranged and/or JAK pathway
mutated B-ALL (AALL1521, NCT02723994). Additionally,
the COG plans to bring both inotuzumab ozogamicin
(humanized monoclonal antibody against CD22) and blina-
tumomab (anti-CD19/CD3 bispecific T-cell engager anti-
body) into the next generation of upfront studies for high-
risk and standard-risk B-ALL, respectively, anticipated to
open in 2019.
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