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Outcomes after relapse of childhood B-acute lymphoblastic
leukemia (B-ALL) are poor, and optimal therapy is unclear. The
children’s Oncology Group study AALL0433 evaluated a new

platform for relapsed ALL. Between March 2007 and October 2013
AALL0433 enrolled 275 participants with late bone marrow or very early
isolated central nervous system (iCNS) relapse of childhood B-ALL.
Patients were randomized to receive standard versus intensive vincristine
dosing; this randomization was closed due to excess peripheral neuropa-
thy in 2010. Patients with matched sibling donors received allogeneic
hematopoietic cell transplantation (HCT) after the first three blocks of
therapy. The prognostic value of minimal residual disease (MRD) was
also evaluated in this study. The 3-year event free and overall survival
(EFS/OS) for the 271 eligible patients were 63.6±3.0% and 72.3±2.8%
respectively. MRD at the end of Induction-1 was highly predictive of out-
come, with 3-year EFS/OS of 84.9±4.0% and 93.8±2.7% for patients
with MRD <0.1%, versus 53.7±7.8% and 60.6± 7.8% for patients with
MRD ≥0.1% (P<0.0001). Patients who received HCT versus chemothera-
py alone had an improved 3-year disease-free survival (77.5±6.2% vs.
66.9 + 4.5%, P=0.03) but not OS (81.5±5.8% for HCT vs. 85.8±3.4% for
chemotherapy, P=0.46). Patients with early iCNS relapse fared poorly,
with a 3-year EFS/OS of 41.4±9.2% and 51.7±9.3%, respectively.
Infectious toxicities of the chemotherapy platform were significant. The
AALL0433 chemotherapy platform is efficacious for late bone marrow
relapse of B-ALL, but with significant toxicities. The MRD threshold of
0.1% at the end of Induction-1 was highly predictive of the outcome.
The optimal role for HCT for this patient population remains uncertain.
This trial is registered at clinicaltrials.gov (NCT# 00381680).
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ABSTRACT



Introduction

Childhood acute lymphoblastic leukemia (ALL) is
highly curable,1,2 but 10% of patients will not survive,
primarily because of relapse. After relapse, B-lym-
phoblastic phenotype, longer first remission, and isolat-
ed extramedullary relapse have been associated with
improved chances of salvage.3-6 Minimal residual disease
(MRD) post re-Induction has also been shown to be pre-
dictive of outcome.7,8 Previous studies have shown that
up to one-half of patients with late marrow or very early
isolated extramedullary (IEM) relapse can be
cured.5,9,10,11,12 However, this group is heterogeneous, and
it is challenging to distinguish which patients require
therapies beyond chemotherapy, particularly hematopoi-
etic cell transplantation (HCT).  
The Children’s Oncology Group (COG)11-14 and other

international cooperative groups9,15,16,17,18 have used highly
varied chemotherapy approaches for relapsed ALL with
largely similar outcomes. Although HCT has been suc-
cessfully utilized in relapsed ALL,19-21 there are limited
and conflicting data whether HCT is superior to conven-
tional chemotherapy for late marrow or IEM relapse.22
Patients with HLA-matched sibling donors were previ-
ously reported to have better outcomes than those from
unrela-ted/ alternative donors due to decreased toxici-
ties. However, more recent reports suggest similar HCT
outcomes regardless of the donor type.20,23
COG AALL0433 (NCT# 00381680) for intermediate-

risk first relapse of B-ALL was instituted to evaluate the
efficacy of a hybrid platform, combining elements from
prior COG studies for both bone marrow and IEM
relapse.24-26 Eligible patients overlap considerably with
the S2 group from the Berlin, Franfurt, Muenster (BFM)
relapse trials.15 This report details results from
AALL0433.

Methods

Patient characteristics
AALL0433 enrolled subjects age 1-29.99 years with interme-

diate-risk relapse of B-ALL between March 2007 and October
2013. Eligible patients had late bone marrow or combined mar-
row/ EM relapse ≥36 months from diagnosis, or very early IEM
(CNS/testicular) relapse <18 months from diagnosis. Bone mar-
row relapse was defined as an M3 marrow (>25% blasts) occur-
ring after attaining complete remission (CR) without concurrent
CNS/testicular relapse. Isolated CNS (iCNS) relapse was
defined as cerebrospinal fluid having ≥5 cells/microliter with
blasts or 
clinical or radiologic signs of CNS leukemia. Biopsy was
required to establish the diagnosis of isolated testicular relapse.
Combined relapse was defined as a CNS and/or testicular
relapse with concurrent M2 (≥5% blasts) or M3 marrow.
AALL0433 was approved by the National Cancer Institute
(NCI) and Institutional Review Boards of participating institu-
tions. Informed consent was obtained in accordance with
Department of Health and Human Services Guidelines.

Treatment
AALL0433 utilized chemotherapy beginning with three

intensive blocks from COG AALL01P2 [24], followed by inten-
sification, reinduction, and maintenance from COG
9412/AALL02P225, 26 (Figure 1 and Online Supplementary Table

S1). The duration of therapy was 2 years. iCNS and combined
marrow/CNS patients who did not proceed to HCT received 18
Gy cranial radiotherapy at the beginning of maintenance.
Testicular relapse patients with residual involvement (biopsy-
proven) after Induction-1 were to receive 24 Gy radiotherapy.
Patients were randomized at enrollment to either standard

(Arm A, 1.5 mg/m2, maximum 2 mg) or intensive (Arm B, 2
mg/m2, maximum 2.5 mg) vincristine dosing.  Randomization
was suspended in June 2010 after scheduled interim monitoring
revealed excess peripheral neuropathy in Arm B meeting pre-
defined stopping rules.  The amended study (without random-
ization) re-opened in November 2010.  Since there were no dif-
ferences in outcomes for Arm A pre- and post- randomization
closure, outcome data for the standard arm were pooled
All patients with an HLA matched sibling donor were recom-

mended to proceed to HCT after completing three treatment
blocks. HCT regimens were not prescribed, and were given at
the discretion of treating centers; patients were encouraged to
enroll on concurrent COG HCT study ASCT0431.19

Unrelated/alternative donor HCT was not included in
AALL0433, but outcome data were collected for those who
underwent unrelated/alternative donor HCT per investigator
discretion.

MRD assessment
MRD was performed at two COG reference laboratories

using previously described flow cytometric methods.27-29 MRD
was measured at the end of Induction-1 and Induction-3.
Results were blinded to investigators, as one study objective
was to establish prognostic MRD thresholds for patients with
relapse.

Toxicity assessment
Data on adverse events and clinically significant laboratory 

findings are summarized using NCI Common Terminology
Criteria for Adverse Events (CTCAE) version 4.0. Adverse event
reporting was supplemented with NCI’s Adverse Event
Expedited Reporting System (AdEERS) and MedWatch reports.   

Statistical analysis
Primary outcomes were 3-year event-free survival (EFS) and

overall survival (OS) rates. EFS was defined as time from enroll-
ment to first event (induction failure, induction death, death in
remission, relapse, or second malignant neoplasm [SMN] or
date of last contact for those who were event-free). OS was cal-
culated as time from enrollment to death or last contact for
those alive. Disease-free survival (DFS) and OS for patients on
the standard arm were compared between those receiving
chemotherapy versus HCT (matched sibling or other donor)
post achieving second complete remission (CR2), where CR2
was defined as having <5% blasts in the bone marrow morpho-
logically. For analyses involving HCT in CR2, DFS/OS were
defined from date of CR2; and DFS times for chemotherapy
patients were adjusted by median time to HCT for the cohort. 
Survival rates were estimated using the Kaplan-Meier method

with standard errors of Peto et al.30,31 The two-sided log-rank test
was used for the comparison of the survival curves. The cumula-
tive incidence function for competing risks was used to calculate
cumulative incidence rates, and comparisons were made using the
K-sample test.32 Comparison of proportions was done using the
c2 test or Fisher’s Exact test. P-values <0.05 were considered sta-
tistically significant for all comparisons. All analyses were per-
formed using SAS® version 9.4. Graphics were generated using R
(http://www.R-project.org, version 3.4.0). Data frozen on 06/30/2018
are included in this report. 
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Results

Participants
AALL0433 enrolled 275 subjects between March 2007

and October 2013; four patients were ineligible, not 
meeting inclusion criteria. The median follow-up time was
4.13 years (range: 0.05–9.91). The patient flow and charac-
teristics are given in Figure 2 and Table 1. Of 271 eligible
patients, 185 had bone marrow, 57 had combined marrow/
EM, and 29 had very early iCNS relapse. No patients with
isolated or combined testicular relapse were enrolled. Nine
patients died in Induction-1. Five patients went off protocol
therapy due to induction failure (three with M3 marrow

after Induction-1, two failing to achieve an M1 marrow [<
5% blasts] after Induction-2). Three patients who achieved
CR2 died in Induction-3. Two hundred and fifty-seven
patients (95%) achieved CR2, and 254 completed the three-
block induction in CR2. One hundred and eighty-three
patients (161 late marrow/combined, 22 iCNS) chemother-
apy/radiotherapy per protocol, and seventy-four patients
underwent HCT in CR2 (51 late marrow, 16 combined, and
seven iCNS relapses). Fourty-seven patients received
matched sibling donor HCT as outlined in the protocol but
27 underwent alternative donor HCT. The median time to
transplant from CR2 was 102 days (range: 52-379) for late
marrow and 88 days (range: 27-253) for iCNS relapse.

G. Lew et al.
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Figure 1. Schema. CNS: central nervous system; VCR: Vincristine; CSF: cerebrospinal fluid; ITT: intention-to-treat ; HLA: human leukocyte antigen; SCT: stem cell trans-
plant. 



Treatment outcome
The EFS/OS for all 271 eligible patients were,

63.6±3.0% and 72.3±2.8% at 3 years, and 51.0±3.5% and
62.9±3.3% at 5 years, respectively (Figure 3). The overall
EFS/OS for patients with bone marrow/combined relapse
were 66.3±3.1% and 74.8±2.9% at 3 years, and
52.5±3.7% and 65.1±3.5% at 5 years. Younger patients at
the time of enrollment had superior outcomes compared
to older patients, with 3-year EFS and OS of 68.7±3.6%
and 76.2±3.3% respectively for patients less than 13 years
old versus 54.1±5.3% and 65.1±5.1% for patients greater
than 13 years (P=0.0037 for EFS, P=0.0009 for OS).
The 3-year cumulative incidence of isolated bone mar-

row second relapse was 14.7±2.5%, considering other
sites of relapse, induction failure, induction death, death in
remission and SMN as competing risks. The 3-year cumu-
lative incidence of remission death was 6.0±1.7%, 

considering induction events (induction deaths and induc-
tion failure), relapse and SMN as competing events. Six
patients developed SMN (all therapy-related myeloid
leukemia or myelodysplastic syndrome).

Establishment of MRD threshold
The outcomes of patients with bone marrow or com-

bined marrow/ EM relapse treated on the standard arm
were stratified by MRD levels after Induction-1. Of 122
patients with data available, 62 (51%) had MRD <0.01%,
41 (34%) had MRD >0.1%, and 19 (16%) had levels
between 0.01-0.1%. The 3-year EFS/OS were 84.9±4.0%
and 93.8±2.7% for patients with MRD <0.1%, versus
53.7 ±7.8% and 60.6±7.8% for patients with MRD >0.1%
(P<0.0001) (Figure 4). The most prognostic MRD 
threshold was 0.1%, as there were no significant diffe-
rences in outcome between patients with MRD <0.01%
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Figure 2. CONSORT Diagram. BM: bone marrow; HCT: hematopoietic cell transplantation; CR2: second complete remission; CNS:  central nervous system; Ph-ALL:
Philadelphia chromosome–like acute lymphoblastic leukemia; MPAL: mixed phenotype acute leukemia.



versus those with intermediate MRD levels (0.01-0.1%)
(Online Supplementary Figure S1A).
Seventy of the above patients had end of Induction-3

MRD data; 62 (88.6%) were <0.1% and 8 (11.4%) were
≥0.1%. The eight patients with MRD >0.1% had inferior
outcomes with 3-year EFS 37.5±17.1% and OS
50.0±17.7% compared to 85.1±4.6% and 95.1±2.8% for
those <0.1% (P=0.0007 for EFS; P=0.0105 for OS) (Online
Supplementary Figure S1B).

Hematopoietic cell transplantation
The DFS/OS for patients with bone marrow/combined

relapse who received chemotherapy alone versus HCT
were compared. The DFS analyses for patients receiving
chemotherapy were adjusted by median time to trans-
plant, resulting in 10 chemotherapy patients (six relapses,
three deaths, one withdrawal of consent) being excluded
from these analyses. There were no significant differences
in the DFS/OS between patients receiving matched sibling
donor HCT versus other HCT (Online Supplementary Figure
S2); further analyses combined all HCT patients regardless

of the donor source.
Analyzing patients on the standard arm alone, a signifi-

cant improvement in DFS was seen for HCT over
chemotherapy, with a 3-year DFS of 77.5±6.2% versus
66.9±4.5% (P=0.03) (Figure 5). However, this did not cor-
respond with improved OS (81.5±5.8% for HCT vs.
85.8±3.4% for chemotherapy; P=0.46). When patients on
both vincristine dose arms were included, the 3-year DFS
maintained a trend towards significance (73.1±5.6% for
HCT vs. 65.6±4.0%, P=0.08).
The HCT outcomes at different MRD thresholds were

also examined (Figure 6). In patients with MRD <0.1% at
the end of Induction-1, HCT showed a trend of improved
3-year DFS of 90.7±6.5% versus 74.1±5.8% for
chemotherapy (P=0.07). The difference in 3-year OS was
not significant, 95.5±4.7% for HCT versus 93.1±3.4% for
chemotherapy (P=0.16). In patients with MRD >0.1%
after Induction-1, no benefit was seen for HCT over
chemotherapy for 3-year DFS (HCT 56.3±13.2%,
chemotherapy 55.0±11.1, P=0.23) or 3-year OS (HCT
62.5±12.8%, chemotherapy 70.0±10.3%, P=1.00).
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Table 1. Patient characteristics.
Characteristics                                                                                                            All eligible                      Regimen A                 Regimen B
                                                                                                                                       patients                      Standard VCR            Intensive VCR
                                                                                                                                        n=271                             n=203                        n=68
                                                                                                                                         N (%)                              N (%)                         N (%)

Age at enrollment in years                                                                                                                                                                                                                   
Median                                                                                                                                                       11                                           11                                     11
Range                                                                                                                                                        3-29                                        3-29                                 3-24

Sex – Male                                                                                                                                              152 (56.1)                             109 (53.7)                       43 (63.2)
Race*                                                                                                                                                                                                                                                        
White                                                                                                                                                   208 (76.8)                             154 (75.9)                       54 (79.4)
Black                                                                                                                                                      15 (5.5)                                 12 (5.9)                            3 (4.4)
Other                                                                                                                                                     11 (4.1)                                  9 (4.4)                             2 (2.9)
Unknown                                                                                                                                              37 (13.7)                               28 (13.8)                          9 (13.2)

Ethnicity*                                                                                                                                                                                                                                                 
Hispanic or Latino                                                                                                                             62 (22.9)                               55 (27.1)                          7 (10.3)
Neither Hispanic nor Latino                                                                                                          193 (71.2)                             142 (70.0)                       51 (75.0)
Unknown                                                                                                                                               16 (5.9)                                  6 (3.0)                           10 (14.7)

AALL0433 Stratum                                                                                                                                                                                                                                  
Late isolated bone marrow relapse                                                                                            185 (68.3)                             138 (68.0)                       47 (69.1)
Early isolated CNS relapse                                                                                                             29 (10.7)                               22 (10.8)                          7 (10.3)
Early isolated testicular relapse                                                                                                     0 (0.0)                                   0 (0.0)                             0 (0.0)
Early CNS + testicular relapse                                                                                                        0 (0.0)                                   0 (0.0)                             0 (0.0)
Late combined bone marrow + EM relapse +/- CNS, +/- testicular disease                    57 (21.0)                               43 (21.2)                        14 (20.6)

Chemotherapy                                                                                                                                       183 (67.5)                             139 (68.5)                       44 (64.7)
Late pre-B relapse                                                                                                                                 161                                         123                                    38
Early isolated CNS relapse                                                                                                                   22                                           16                                      6

HCT                                                                                                                                                           74 (27.3)                               55 (27.1)                        19 (27.9)
Matched sibling donor                                                                                                                           47                                           34                                     13
Late pre-B relapse                                                                                                                               42                                           30                                     12
Early isolated CNS relapse                                                                                                                 5                                             4                                       1

Other donor                                                                                                                                              27                                           21                                      6
Late pre-B relapse                                                                                                                               24                                           19                                      5
Early isolated CNS relapse                                                                                                                 3                                             2                                       1

*Self-reported race/ethnic categories per NIH criteria; CNS: central nervous system; EM relapse: extramedullary relapse; Late pre-B relapse: late isolated bone marrow and com-
bined bone marrow + EM relapse in precursor B-ALL; B-ALL:  B-acute lymphoblastic leukemia;  VCR: Vincristine.



Isolated CNS relapse
The 3-year EFS/OS for eligible patients with very early

iCNS relapse were 41.4±9.2% and 51.7±9.3%, respec-
tively. No deaths or induction failures were observed dur-
ing the three induction blocks for iCNS patients. After
completion of Induction-3, seven patients were treated
with HCT, and 22 continued chemotherapy/radiothera-
py. After adjusting DFS/OS times for the chemotherapy
cohort by median time to transplant from CR2 (88 days),
one chemotherapy patient relapsed before that and was
excluded from the DFS/OS analyses. The 3-year DFS/OS
for transplanted patients (n=7) were 71.4±17.0% and
71.4±17.1%, compared to 28.6±9.9% and 42.9±10.8%
for those who received chemotherapy/radiotherapy
(n=21), respectively (P=0.12 for DFS, P=0.18 for OS)
(Online Supplementary Figure S3). Three patients of the 14
of 28 patients who relapsed, recurred in the CNS, 10 in
bone marrow (BM) alone, and one patient in both
BM/CNS.

Vincristine randomization
Planned interim toxicity analysis in 2010 showed an

increase in grade 3 or higher peripheral neuropathy in the
higher-dose vincristine arm 14 of 68 (21%) compared to 3
of 69 (4%) in the control arm (P=0.004). The difference
was primarily reported in patients >13 years old, with an

incidence of 9 of 26 (25%) in the higher-dose arm com-
pared to 1 of 21 (5%) in the control arm. There was no sig-
nificant difference in patients <13, with 2 of 48 (4.2%) in
the standard versus 5 of 42 (11.9%) in the higher-dose arm,
P=0.245. These results led to the suspension, followed by
closure of the vincristine randomization as there was no
evidence of an improved MRD response at the time of
interim analysis (data not shown). At final analysis, there
was a trend toward inferiority of the higher dose arm,
with a 3-year EFS of  70.1±3.5% versus 55.1±6.5% for
standard versus intensive dosing (P=0.091), and OS of 78.6
±3.1% versus 63.6±6.3% (P=0.071) (Online Supplementary
Figure S4).  

Infection/deaths
Eighteen on-study deaths (6.6%) due to toxicity were

reported in patients receiving chemotherapy. All were
due to infection and their sequelae (Online Supplementary
Table S2). Nine occurred in Induction-1, giving an induc-
tion death rate of 3.3%. An additional nine deaths
occurred in patients achieving CR2 – all followed high-
dose cytarabine in the Induction-3 (n=3) or
Intensification-2 phases (n=6). Grade 3 or higher blood-
stream infections were also common in these phases,
with incidences of 23.6%, 29%, and 30.6% in Induction-
1, Induction-3, and Intensification-2, respectively.  
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Figure 3. Overall outcomes for all eligible patients. (A) Event-free survival (EFS)
curves, 3-year and 5-year EFS: 63.6±3.0%, and EFS 51.0%±3.5%, respectively.
(B) Overall survival (OS) , 3-year and 5-year OS 72.3±2.8%, and OS 62.9±3.3%,
respectively. 

Figure 4 Survival curves by 0.1% minimal residual disease (MRD) threshold
after induction-1 for late bone marrow relapse patients on standard arm (Arm
A), with available MRD data. (A) Event-free survival (EFS) curves by 0.1% MRD
threshold, 3-year EFS: 84.9±4.0% for patients with MRD <0.1% versus
53.7±7.8% for patients with MRD ≥0.1% (P<0.0001). (B) Overall survival (OS)
curves by 0.1% MRD threshold, 3-year OS: 93.8±2.7% for patients with MRD
<0.1% and 60.6±7.8% for patients with MRD ≥0.1% (P<0.0001).
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Discussion

Despite the high success rate of treatment for newly
diagnosed childhood B-ALL, survival for those relapsing
after frontline treatment remains poor. In contrast to
newly-diagnosed B-ALL, where therapy is similar across
international study groups, therapies used for relapse are
highly variable. Divergent therapeutic approaches, small-
er patient numbers for clinical trials, and varying utiliza-
tion of HCT make it difficult to compare trial results from
different cooperative study groups.
We report the outcomes from the first Phase 3 trial for

BM and very early IEM relapse of B-ALL from the
Children’s Oncology Group. The 3-year EFS and OS of
63.6% and 72.3% from AALL0433 are similar to the over-
all results reported from the UK ALLR3 trial, which
revealed 3-year progression free survival of 60% and OS
of 72%.18 However, 57% of patients in the R3 study
underwent HCT in the sescond remission as opposed to
continued chemotherapy. In contrast, less than one third
of patients enrolled on AALL0433 received HCT. While
the overall results are broadly similar between studies,
the significant differences in the percentage of patients
recei-ving HCT in the second remission makes it chal-
lenging to compare the relative efficacy of the different
chemotherapy regimens. 
Although the overall outcomes from AALL0433 are 

similar to those reported by other groups, significant
infectious toxicities occurred even after Induction-1, with
half of treatment-related deaths occurring in CR2. The
toxicity death rate from the current study is similar to the
5% (4 of 76) death rate from the 9412 protocol which
served as the framework for AALL0433,25 and also within
the range reported in recent trials for relapsed ALL.10,17,24  
Higher vincristine doses were hypothesized to

improve outcomes. Capping of vincristine dose was
adopted from clinical observations from the 1960’s,33 but
results in a 
relatively lower dose (based on body surface area) for
many older patients with ALL, who are known to have a
higher risk of relapse. However, vincristine intensifica-
tion was not feasible in this non-blinded randomization
due to an unacceptably high incidence of peripheral neu-
ropathy, particularly among patients older than 13 years.
Patients on this trial had significant prior vincristine
exposure during primary therapy, which may have been
a cofactor. Although the randomization was stopped
before meeting statistical endpoints, the higher dose arm
trended toward inferior outcomes. Genetic predictors of
vincristine neuropathy were explored as a secondary
study objective, and polymorphisms in CEP72 were dis-
covered to be associa-ted with neuropathy incidence.34
MRD has been shown to be one of the most important

predictors of outcome in newly diagnosed ALL, but prog-
nostic threshold values after relapse are less clear.  The
end-induction MRD threshold of 0.01% is highly prog-
nostic in frontline ALL trials from COG and European
cooperative groups27,29,35,36 and was also highly prognostic
in the AIEOP REC 2003 relapse trial.8 However, the
UKALL R3 relapse protocol used the same 0.01% thres-
hold, and showed improved progression-free survival for
those receiving mitoxantrone (66%) versus idarubicin
(46%) despite no difference in MRD clearance between
arms.17,18 A higher MRD threshold of 0.1% was highly
predictive of outcome in BFM REZ P95/96/2002.7,37 The
same 0.1% threshold was the strongest predictor of out-

come on AALL0433, and is currently being used to risk-
stratify patients on the successor COG relapse study
AALL1331 (NCT02101853). It is feasible that the optimal
MRD threshold used to stratify risk groups may be higher
in relapse than in newly diagnosed ALL. 
The indications for HCT after late BM or early IEM

relapse of B-ALL are unclear, as randomized trials have
not been feasible in this population. Although there was
an improved 3-year DFS for patients receiving HCT over
chemotherapy in AALL0433, this did not result in
improved OS. Sub-analysis showed improved DFS with
HCT in patients with MRD <0.1% after Induction-1, but
no improvement in those with MRD ≥0.1%, and no
improvement in OS for HCT over chemotherapy regard-
less of the MRD level.   
This is contrary to other reports where HCT improved

outcomes for patients with poor MRD response.38,39
Lower pre-transplant MRD levels correlate with
improved HCT outcomes,19,40 but it is less clear how
MRD kinetics immediately after induction (typically sev-
eral months before HCT) relate to eventual outcomes.
The emergence of immunotherapeutic options (such as
blinatumomab and CAR T-cell therapies) during
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Figure 5 Survival curves by hematopoietic cell transplantation versus
chemotherapy alone, for late bone marrow relapse patients on Arm A. (A)
Adjusted disease-free survival (DFS) curves by hematopoietic cell transplanta-
tion (HCT) versus chemotherapy alone, 3-year DFS: 77.5±6.2% for HCT and
66.9±4.5% for chemotherapy alone (P=0.03). One relapse occurred after 6
years, where only two patients had more than 6 years of follow-up, which result-
ed in DFS for HCT dropping from 77.5% to 38.8%. (B) Adjusted overall survival
(OS) curves by HCT versus chemotherapy alone, 3-year OS: 81.5±5.8% for HCT
and 85.8±3.4% for chemotherapy alone (P=0.46).
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AALL043341-43 may have improved the chances of salvage
and prolonged OS for patients with a second relapse.
The AALL0433 regimen has significant toxicity.

AALL0433 includes 45,000 mg/m2 of high-dose
methotrexate, 12,200 mg/m2 of cyclophosphamide, 2,900
mg/m2 of etoposide, and five courses of high-dose cytara-
bine, which were associated with nine deaths in second
remission. As broadly similar results have been seen in
other recent trials for this patient population with regi-
mens with lower toxicity,5,6 further intensification of tra-
ditional chemotherapeutic agents is unlikely to improve
outcomes for relapsed ALL.  
This study has several limitations. Measurement of

MRD at the time AALL0433 opened was performed as a
research test (with blinded results), but became common
clinical practice by the time of study closure, leading
some investigators to pursue HCT off study. AALL0433
was not powered to formally compare HCT and
chemotherapy, especially for iCNS patients where num-

bers were small (although a similar trend favoring HCT
for iCNS patients was also noted in ALL R3).44
Additionally, vincristine do-sing was not blinded to inves-
tigators or families, so reporting bias is feasible in the inci-
dence of neuropathy reported on the higher dose arm.
Newer therapies for relapsed ALL including

immunotherapies and small molecule inhibitors, are
being actively investigated.45 Many of these therapies
have shown impressive early results in patients with a
second or later relapse and merit testing in patients at the
time of the first relapse. The COG AALL1331 relapse trial
includes a randomization to intensive post-induction
chemotherapy blocks (based upon UKALL R3) versus
replacement with blinatumomab. Immunotherapies will
also be tested in upcoming COG trials for patients with
newly diagnosed ALL (NCT #’s 03914625, 03959085,
03876769). Ultimately, the goal of curing more patients
will result from preventing relapses, and not treating
them.
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Figure 6. Survival curves by hematopoietic cell transplantation versus chemotherapy alone, for late bone marrow relapse patients on Arm A, using a 0.1% minimal
residual disease threshold. (A) Adjusted disease-free survival (DFS) curves for minimal residual disease (MRD) <0.1%, by hematopoietic cell transplantation (HCT)
versus chemotherapy alone, 3-year DFS: 90.7±6.5% for HCT and 74.1±5.8% for chemotherapy alone (P=0.07). (B) Adjusted overall survival (OS) curves for MRD
<0.1%, by HCT versus chemotherapy alone, 3-year OS: 95.5±4.7% for HCT and 93.1±3.4% for chemotherapy alone (P=0.16). (C) Adjusted disease-free survival (DFS)
curves for MRD ≥0.1%, by HCT versus chemotherapy alone, 3-year DFS: 56.3±13.2% for HCT and 55.0± 11.1% for chemotherapy alone (P=0.23). (D) Adjusted OS
curves for MRD ≥0.1%, by HCT versus chemotherapy alone, 3-year OS: 62.5±12.8% for HCT and 70.0±10.3% for chemotherapy alone (P=1.00). 
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