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Abstract
Background—We sought to better define the role of hematopoietic cell transplantation (HCT) in
first remission (CR1) for high-risk pediatric acute myeloid leukemia (AML).

Procedures—Outcomes were compared among patients aged less than 21 years with
cytogenetically defined poor-risk AML treated with chemotherapy, matched related (MRD), or
unrelated donor (URD) transplantation in CR1. Poor-risk cytogenetics was defined as monosomy
7/del7q, monosomy 5/del 5q, abnormalities of 3q, t(6;9)(p23;q34), or complex karyotype.
Included are patients treated on Children’s Oncology Group trials or reported to the Center for
International Blood and Marrow Transplant Research from 1989 to 2006.

Results—Of the 233 patients, 123 received chemotherapy, 55 received MRD HCT, and 55
received URD HCT. The 5-year overall survival from the time of consolidation chemotherapy or
transplant conditioning was similar: chemotherapy (43% ± 9%), MRD (46% ± 14%), or URD
(50% ± 14%), P = 0.99. Similarly, multivariate analysis demonstrated no significant differences in
survival [(reference group = chemotherapy); MRD HR 1.08, P = 0.76; URD HR 1.13, P = 0.67]
despite lower relapse risk with URD HCT (HR = 0.43, P = 0.01).
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Conclusions—Our findings do not provide support for the preferential use of HCT over
chemotherapy alone for children with cytogenetically defined poor-risk AML in CR1.
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INTRODUCTION
The optimal role of allogeneic hematopoietic cell transplantation (HCT) for pediatric acute
myeloid leukemia (AML) in first remission is unclear [1–3]. While HCT more effectively
prevents relapse than chemotherapy alone [1,4], much of its benefit is offset by the risk of
treatment related mortality (TRM) and late effects [5,6]. Many cooperative groups now limit
its use to children at higher risk for relapse [7–9]. For instance, in its ongoing phase III trial,
the North American Children’s Oncology Group (COG) assigns only children with high-risk
disease, defined by cytogenetics, FLT3 mutation status and by minimal residual disease, to
HCT with an HLA matched related (MRD), unrelated donor (URD) or other alternative
donor [10].

The benefit of HCT to children with high-risk disease, however, remains uncertain. A cross-
study analysis, published in 2008, comprised of COG and the Medical Research Council
(MRC) phase III trials, comparing bone marrow transplant (BMT) and chemotherapy alone,
failed to demonstrate a survival benefit to children with poor-risk AML treated with BMT
[5]. However, this study was limited by relatively small number of poor-risk patients who
received BMT.

Therefore, we sought to better understand the role of HCT for pediatric AML patients with
high-risk disease in first complete remission (CR1). Using data from COG trials and data
reported to the Center for International Blood and Marrow Transplant Research (CIBMTR),
we compared clinical outcomes in pediatric patients with poor-risk cytogenetics treated in
CR1 with chemotherapy, MRD, or URD HCT.

METHODS
Study Population and Treatments

This analysis includes patients (aged <21 years) who were treated with either HCT or
chemotherapy alone for AML with poor-risk cytogenetics in CR1 between 1989 and 2006.
Data for patients who received chemotherapy and MRD HCT were obtained from COG
trials: CCG 2891, POG 9421, CCG 2961, and AAML03P1 which allocated subjects with a
HLA matched family donor to HCT in CR1, regardless of disease risk. The cohorts from
trials CCG 2891 and CCG 2,961 have been previously included in a comparison of
outcomes by treatment with either chemotherapy or matched-related bone marrow transplant
by cytogenetic risk group [5]. The details of treatment on these trials have been previously
reported [11–14]. Patients in CR1 proceeded to HCT after the second cycle of induction
chemotherapy except those enrolled on AAML03P1, who proceeded to HCT after three
cycles of chemotherapy (two cycles of induction and one cycle of intensification) [13].

Data for additional HCT patients with poor-risk AML in CR1 were obtained from the
CIBMTR. These patients received either a MRD or URD transplant during the same period
as the COG trials. It is plausible that most patients who received URD HSCT were enrolled
on the above-mentioned COG trials and received URD HSCT in the absence of a matched
sibling. Transplants using any hematopoietic stem cell source were included. URD
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transplants were categorized by the degree of HLA matching as either matched URD or
mismatched URD [15].

Risk Group Definitions
Poor-risk cytogenetics was defined by presence of any of the following abnormalities in the
absence of the favorable cytogenetic abnormalities t(8;21)(q22q22), inv(16)(p13;q22), and
t(15;17)(q22;q21): monosomy 7, deletion of 7q (del(7q)), monosomy 5, deletions of 5q,
abnormalities of 3q, t(6;9)(p23;q34), and complex karyotype: defined as five or more
cytogenetic abnormalities [16–18]. The cytogenetic abnormality del(7q) was included
because the data collection forms used by the CIBMTR during the study period grouped
del(7q) and monosomy 7 together. Therefore, to maintain consistency del(7q) was included
as a poor-risk abnormality for the COG cohort.

Statistical Methods
Descriptive characteristics of patient- and disease-related factors were prepared. Differences
in proportions were analyzed using the χ2 test or the Fisher’s exact test. Differences in
medians were analyzed using the Wilcoxon rank-sum test.

To account for the time to transplantation, overall survival (OS), treatment-related mortality
(TRM), and the cumulative incidence of relapse are defined from the end of induction or
intensification cycle one (AAML03P1) for the patients treated with either chemotherapy or
HCT on the COG studies, or the time of HCT for patients registered through the CIBMTR,
to an event. OS is defined as time to death from any cause. The Kaplan–Meier method was
used to calculate estimates of OS separately for patients with poor-risk disease treated with
either chemotherapy only, MRD HCT, or URD HCT [19]. The log rank test was used to
compare OS outcomes [20]. The Cox proportional hazards model was used to estimate
hazard ratios (HRs) for OS [20]. Methods of competing events were used to calculate
estimates of TRM and relapse [21]. TRM is defined as time to death in CR where relapses
were competing events. Relapse is defined as time to relapse where deaths without a relapse
were competing events. Gray’s test was used to compare the cumulative incidence or relapse
and TRM. Competing risk regression models were used to estimate HRs for TRM and
relapse risk in univariate and multivariate analyses [22]. The log-rank test was also used to
compare clinical outcomes within treatment groups stratified by time period. Children lost to
follow-up were censored at their date of last known contact. All patient outcome data were
analyzed using an “as treated” analysis.

The incidence rates of acute and chronic graft versus host disease (GVHD) among the MRD
and URD patients were calculated to describe the acute and chronic morbidities associated
with MRD and URD for poor-risk patients [23].

Because del(7q) has been shown to confer an improved prognosis compared to monosomy 7
a sensitivity analysis was performed to compare outcomes of del(7q) and monosomy 7
patients among the COG patients for whom it could be distinguished which subjects had
del(7q) and which had monosomy 7 [24].

Human Subjects
All COG studies were reviewed and approved by the institutional review boards (IRBs) of
participating COG institutions and appropriate written informed consent/assent was obtained
before treatment. Consent for reporting/research participation to the CIBMTR was obtained
by transplant centers. Separate approvals were granted from the IRB of the Tufts Medical
Center/Tufts University School of Medicine for the analysis of de-identified cytogenetic
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data and from the IRBs of the Medical College of Wisconsin and the National Marrow
Donor Program.

RESULTS
Patient, Disease, and Treatment Characteristics

A total of 233 patients were included in this study of which 123 were treated with
chemotherapy, 55 with MRD HCT and the remaining 55, with URD HCT (Table I).
Children in the chemotherapy group were more likely to be 2 years of age or younger, and to
be of African-American race. There was a higher proportion of patients with a high white
blood cell (WBC) count at diagnosis in the chemotherapy group. There was a similar
distribution of monosomy 5 or del5q, abnormal 3q, and t(6;9) among the treatment groups.
Children treated with chemotherapy were more likely to have a complex karyotype and less
likely to have monosomy 7 or del(7q).

Of the URD transplants, 40% were HLA-matched and 60%, HLA-mismatched. Bone
marrow was the predominant graft; peripheral blood stem cells were the graft for 6
transplants, and umbilical cord blood was the graft source for 10 transplants. Three of the
cord blood units were 4/6 human leukocyte antigen matched and six of the cord blood units
were 5/6 human leukocyte antigen matched. The average cell dose of the cord blood units
was 3.6 × 107 total nucleated cells per kilogram. Characteristics of one cord blood unit were
not reported.

Results of Univariate Analysis
The results of the univariate analysis are shown in Table II and Figure 1. Overall survival
from the start of conditioning or consolidation chemotherapy was not significantly different
for those treated with chemotherapy alone (43 ± 9% at 5 years), MRD HCT (46 ± 14%), or
URD HCT (50 ± 14%), (P = 0.99, Fig. 1). The pattern of treatment failure, however,
differed by treatment group. Relapse rates were significantly lower and TRM rates were
significantly higher with URD HCTs. The 5-year cumulative incidence of relapse was 61 ±
9%, 51 ± 13%, and 30 ± 12%, after chemotherapy, MRD, and URD transplant respectively
(P ≤ 0.001). The corresponding 5-year TRM rates were 7 ± 5%, 13 ± 9%, and 23 ± 11% (P
= 0.005). African-American race and a WBC count ≥50,000/μl at diagnosis were associated
with significantly lower OS and higher relapse risk. Among the COG cohort for which
patients with del(7q) (n = 28) and monosomy 7 (n = 17) could be identified, the OS (50 ±
19% vs. 41 ± 24%, P = 0.54) was not significantly different.

Results of Multivariate Analysis
The results of multivariate analysis are shown in Table III. Consistent with the results of
univariate analysis, there were no differences in overall survival between the three treatment
groups. The only factor significantly associated with overall survival was patient race; the
effect of patient race was independent of treatment type. Overall mortality risks were higher
in African Americans. Other factors such as age, WBC at diagnosis, and treatment period
were not significantly associated with survival.

Unlike the results of univariate analysis, there were no statistically significant differences in
TRM risks between the three treatment groups (Table III). In a competing risks regression
model relapse risks were lower after URD transplantation (HR 0.43, P = 0.01) but not MRD
transplantation (HR 0.82, P = 0.42) when compared to chemotherapy only.
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Results by Time Period
Because of changes in clinical practice during the time period over which patients in this
study were treated, OS, RR, and TRM results were stratified by time period within each
treatment group and compared (Table IV). There was no significant difference in OS, RR, or
TRM within the treatment groups by time period. There was a non-significant reduction in
TRM and improvement in OS for those treated with URD over time.

Graft Versus Host Disease
As expected, rates of GVHD were higher among URD HCT recipients than MRD recipients.
The rates of grade II–IV acute GVHD were 27% and 45% among the MRD and URD
groups, respectively (P = 0.06). The rates of chronic GVHD were 17% and 39%,
respectively, (P = 0.01). Nearly half of the URD HCT recipients with chronic GVHD had
extensive disease.

Causes of Death
There were a total of 30 deaths attributed to TRM (chemotherapy, n = 9, MRD, n = 7, and
URD n = 14). There were no predominant causes of death in any of the groups; causes
included infection, interstitial pneumonitis, adult respiratory distress syndrome and GVHD
and organ failure (HCT only).

DISCUSSION
This study demonstrates that for children with AML in CR1 with poor-risk cytogenetic
abnormalities, treatment with HCT or chemotherapy alone on COG trials CCG 2891, POG
9421, CCG 2961, and AAML03P1 achieve comparable OS. Our observations confirm and
extend the findings of others [5,25]. In an earlier report from the COG [5], nine recipients of
MRD HCT were compared to 38 recipients of chemotherapy alone and significant
differences in survival were not observed between the two poor-risk groups. In the recent
report from the Berlin-Frankfurt-Munster group (AML-BFM98) [25], a subgroup analysis of
30 patients with poor-risk disease as defined by the COG study also did not observe
significant survival differences among those with (n = 11) and without a matched sibling
donor (n = 19). We defined poor-risk cytogenetics to be as consistent as possible with the
COG’s earlier study [5] but there are distinctions between the definitions used. We included
del7q and t(6;9) as poor risk abnormalities and included only cytogenetics to define poor
risk; we did not use the blast count at day-15 in our risk definition. Several trials led by the
pediatric cooperative groups worldwide have utilized MRD HCT for children with poor-risk
cytogenetic abnormalities [1,7,13,25], and others have assigned treatment with MRD, URD,
or other alternative donor HCT for these high-risk patients in the absence of a clear
advantage for HCT over chemotherapy [8–10,26,27]. The current analysis challenges the
convention that HCT should be offered for AML patients in CR1 with poor-risk
cytogenetics as the only adverse risk factor.

Given that consolidation chemotherapy, MRD HCT, and URD HCT, appear to offer
children with poor-risk cytogenetics similar hope for survival, it is important to consider
health related quality of life and cost. The recent report from the BFM study group
highlights the burden of toxicity associated with the transplantation procedure as compared
to chemotherapy alone and in the absence of a survival advantage after MRD or URD HSCT
[25]. Further, transplant recipients are at risk for chronic GVHD the risk of which varies by
donor source and degree of donor-recipient HLA-match. In severe cases, chronic GVHD can
be associated with compromise of physical function, and altered health-related quality of life
(HRQL) [28]. Chronic GVHD is also a risk factor for late mortality for those that survive at
least 2 years after HCT [29]. There is insufficient evidence to draw conclusions regarding
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the costs of treatment with chemotherapy compared to HCT with AML [30]. A pediatric
specific cost-effectiveness analysis is needed.

Although there was no significant difference in survival, our findings highlight the
protection against relapse that can be achieved through allogeneic HCT, specifically URD
HCT. Recipients of URD HCT had nearly half the relapse risk than the children treated with
chemotherapy. Unfortunately, the protection against relapse for URD HCT recipients was
offset by higher risk of TRM. While one could debate about the relative merits of a graft-
versus-leukemia effect from transplantation [31], TRM is high even with substantial
improvements in supportive care in the current era [32,33] and higher TRM diminishes the
anti-leukemia benefit.

There is no “standard” definition of poor-risk cytogenetics in pediatric AML [34]. We chose
to define poor-risk cytogenetics according to the definitions used by the MRC and the COG
at the times the studies were conducted so that the results would complement the results of
previous studies comparing the treatment effect of BMT compared to chemotherapy by
cytogenetic risk group [5,16,25]. We therefore included complex cytogenetics (≥5
cytogenetic abnormalities) in our definition of poor-risk although complex cytogenetics has
been found to be associated with a poor prognosis by some pediatric study groups [18,34]
but not others [17]. We additionally included t(6;9) in our definition of poor-risk as this
translocation has been associated with inferior survival [17,18]. However, there are several
other cytogenetic abnormalities that should be considered in future definitions of poor-risk.
Specific MLL rearrangements have been identified as high-risk by the partner chromosome
that translocates with 11q23 [35]. Other poor-risk abnormalities include abnormal 12p,
t(7;12)(p36;q13) and t(5;11)(q35;p15.5) [17,18,34]. Due to the data collection forms used at
the time to the transplants we were unable to identify these abnormalities in subjects drawn
from the CIBMTR.

A limitation is that we were unable to distinguish between monosomy 7 and del(7q)
abnormalities in all of the patients in our cohort. Although we explored the differences in
survival among monosomy 7 and del(7q) patients for which we could differentiate the
specific cytogenetic abnormality (the COG patients) in a sensitivity analysis, del(7q) has
been demonstrated to be an intermediate risk abnormality and should be classified as such in
future analyses [24].

There are several limitations when performing retrospective comparisons but we have
performed a carefully controlled analysis. When comparing three different treatment options
it is important to ensure comparable groups of patients. We adjusted for imbalances in
patient characteristics in the three groups through the conduction of a multivariate survival
analysis. In addition, the start time for analyses was the start of consolidation for the
chemotherapy only group and for the HCT group, start of transplant conditioning. We
remind the reader that the favorable survival reported here for this high risk group of
pediatric AML patients should not be compared to reports of overall survival from the
diagnosis AML. Another limitation is the assignment of HLA-match for the URD cohort.
Newer techniques of HLA typing and the wide spread adoption of allele-level HLA typing
in recent years has lowered TRM risks after URD HCT. During the course of this study, less
stringent HLA-matching guidelines were employed.

Because of the changes in HLA-typing and other treatment practices over time that have
likely contributed to improvements in survival for children with AML treated with both
chemotherapy and HCT we considered the effect of time period of treatment in our analysis.
We included time period as a variable in both the univariate and multivariate analyses but
did not find a significant association of time period with OS, RR, or TRM in either analysis.
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We further explored the effect of time period by comparing OS, RR, and TRM within each
treatment group by time period. Although OS improved and TRM decreased in more recent
years for those treated with URD HCT the improvement was not statistically significant.
However, the comparisons of outcomes by time period within treatment group are limited by
the small numbers of patients in each treatment group, particularly for those treated with
MRD or URD HCT.

High-risk AML is no longer defined solely by cytogenetics, but is also defined by response
to therapy, minimal residual disease status at the end of induction, and the presence of
molecular mutations such as FLT3 mutations with high allelic ratios [34]. Our analysis
included patients treated over a 15-year time period during which the COG trials’ risk
stratification evolved which prohibited us from testing for these relatively recent definitions
of high risk AML. Minimal residual disease status and FLT3 mutation status was not
collected at the time most of the patients in this analysis were treated. We caution the reader
to remember that our findings apply only to those with poor risk cytogenetics, not all high-
risk AML patients. The size of the current analysis is a strength. Previous analyses and
reviews have been limited in their ability to compare treatments for these patients given that
they comprise a small subset of patients on any one study [1,5,12,25]. To our knowledge this
is the largest description of pediatric AML patients with poor-risk cytogenetics. As data
accrues, the role of HCT in the presence of adverse risk factors such as response to induction
therapy and the presence of molecular mutations should be examined. In the mean time, our
observations do not support the routine use of HCT in CR1 for AML in children and
adolescents with poor-risk cytogenetics and should only be offered in the setting of carefully
controlled clinical trials designed to incorporate the relatively new adverse risk factors.
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Fig. 1.
Overall survival (A), relapse risk (B), and treatment related mortality (C) by treatment
group.
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