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Abstract
Risk adapted therapy has been the cornerstone of treatment for pediatric B-precursor acute
lymphoblastic leukemia (B-ALL). Recently, age (>13 years at diagnosis) has been identified as a
very high-risk feature for chemotherapy treated pediatric B-ALL patients. Whether age at time of
transplant is associated with poor outcomes in adolescents and young adults (AYA) is unknown.
We hypothesized AYA receiving allogeneic hematopoietic cell transplantation (allo-HCT) would
have greater relapse and inferior survival. We reviewed the outcomes in 136 consecutive patients
(ages 0 to 30 years) with B-ALL who received myeloablative allo-HCT at our institution. Fifty-
eight percent (n=79) were children <13 years of age and 42% (n=57) were AYA 13 to 30 years of
age. Overall survival at 5-years was significantly lower in the AYA group [HR 1.74, 95% CI:
1.04–2.95; p=0.03]. In addition, AYA patients had a greater risk of transplant related mortality
(TRM) at 1-year [HR 2.23, 95% CI: 1.01–4.90, p=0.05] but no difference in relapse [RR 0.85,
95% CI 0.41–1.76; p=0.66]. Based on this analysis, AYA patients undergoing allo-HCT for B-
ALL have significantly inferior survival and greater TRM compared to children <13 years but no
difference in relapse suggesting allo-HCT may overcome relapse in AYA. Further improvements
in peri-transplant care are needed to limit complications in AYA patients.
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INTRODUCTION
Advances in the treatment of patients with pediatric B-precursor acute lymphoblastic
leukemia (B-ALL) have led to dramatic improvements in both overall survival (OS) and
disease free survival (DFS).(1) Despite these advances, cooperative group trials continue to
identify subgroups of B-ALL patients with a greater risk for relapse following
chemotherapy.(2, 3) These findings have resulted in intensification of therapy for patients
deemed at high or very high-risk of relapse and conversely, de-escalation of therapy for
those with a lower risk for relapse. Older age (≥10 years) at diagnosis has long been
associated with an increased risk of B-ALL relapse (4, 5) and recently the Children's
Oncology Group (COG) has identified age ≥13 years at the time of diagnosis as a very high-
risk feature. On the CCG 1961 study, multimodal chemotherapy regimens in older (10–15
year old and >16 years) patients resulted in 3-year post-relapse survival of 35.4% and
14.7%, respectively compared to 48.6% for patients <10 years (p=0.001).(6)

Worse outcomes in chemotherapy treated older children and young adults with B-ALL were
reported by several studies (7–9), leading to recognition that the adolescent and young adult
(AYA) patient group has unique needs and challenges. There are a number of possible
explanations to account for the inferior outcomes seen in AYA patients. These include poor
chemotherapy compliance (10, 11) and a greater proportion of AYA patients with adverse
risk factors, such as the Philadelphia chromosome (Ph+) or newly recognized high-risk
mutations in IKAROS (12), JAK (13) and/or CRLF2 mutations/rearrangements. (14, 15)
Whether these factors translate into inferior transplant outcomes is unknown. At present,
there is a lack of data on the impact of age on allo-HCT outcomes for pediatric/AYA B-
ALL. The AYA group has been variably defined with ages spanning from 13–15 years up to
25–40 years.(16–19) Here, we tested the hypothesis that AYA patients (defined between
ages 13–30) would be at higher risk for relapse following allo-HCT compared to those
younger than age 13.

PATIENTS AND METHODS
Study Design and Patient Characteristics

One hundred twenty-seven patients, ages 0 to 30 years, diagnosed with B-ALL underwent
myeloablative allo-HCT at the University of Minnesota between 1995 and 2010. Patients
who received a prior allo-HCT were excluded from this analysis. All patients and/or their
parents or guardians signed consent to participate on institutional review board approved
transplant protocols and outcomes were subsequently reviewed retrospectively. For the
purpose of this analysis, we defined the adolescent and young adult (AYA) group as ages 13
to 30 years. See Table 1 for complete patient characteristics.

Seventy-four (58%) patients were younger than 13 years of age at the time of allo-HCT and
53 (42%) patients were 13–30 years old. The median age at allo-HCT for those <13 years
was 5.74 (range, 0.47 – 12.53) years compared to 17.70 (range, 13.05 – 29.37) years for the
AYA. The majority of patients were male for both groups. The median follow-up was 5.96
(range, 1.0 – 13.61) years for patients <13 years and 4.16 (1.0 – 14.07) years for the AYA.
Prior to transplant, 20 (27%) patients <13 years were in first complete remission (CR1), 45
(60%) were in second complete remission (CR2) and 9 (12%) were in third complete
remission (CR3), compared to 22 (42%) in CR1, 25 (47%) in CR2 and 6 (11%) in CR3 for
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the AYA group (p=0.22). There was a trend toward a shorter duration of first remission
(CR1) with more early relapses (<36 months from diagnosis) in patients <13 years
(n=32/45) compared to AYA patients (n=13/25) (p=0.06). For patients transplanted in CR2,
there was no difference in time from relapse to transplant between the two age groups
(p=0.19).

Time from initial diagnosis to transplant was similar between the two groups, with a median
of 963.5 (range, 93 – 3711) days for patients <13 years and 593 (range, 80 – 4832) days for
the AYA (p=0.43). Not surprisingly, patients <13 years of age were less likely to have been
exposed to cytomegalovirus (CMV) prior to transplant compared to those ≥13 years (38%
vs. 62%, p=0.01). Thirteen patients (18%) <13 years had a malignant clone with a
Philadelphia chromosome rearrangement (Ph+; 9;22 translocation) compared to 6 (11%) of
the AYA and 6 patients (8%) <13 years had mixed lineage leukemia rearrangements (MLL-
R) compared to 5 (9%) of the AYA. Routine testing for other high-risk mutations, such as
IKAROS, JAK and CRLF2 were not performed in these 127 patients.

Donor selection and Conditioning Regimens
Stem cell sources included HLA matched related donor (MRD) bone marrow, matched
unrelated peripheral blood stem cell (PBSC), matched or mismatched unrelated donor
(MURD or MMURD) bone marrow, and unrelated umbilical cord blood (UCB). Half of the
patients received unrelated UCB with the remaining receiving either matched related or
unrelated bone marrow grafts (n=34, 46% and n=21, 40%, respectively) or PBSC (n=2, 3%
and n=5, 10%, respectively) (Table 1). More AYA patients received two umbilical cord
blood units (p≤0.01). This difference is consistent with our intuitional cord blood selection
criteria, where older patients are more likely to weigh more and require greater cell doses
provided by two cord blood units.

All patients received myeloablative conditioning consisting of cyclophosphamide (120 mg/
kg) +/− fludarabine (75 mg/m2) and total body irradiation (TBI; 1320 cGy) in 96%. The
remaining 4% received busulfan/cyclophosphamide/fludarabine or etoposide/TBI. Graft-
versus-host-disease (GVHD) prophylaxis was primarily cyclosporine based (n=122, 95%),
with T cell depletion by elutriation in five patients.

Statistical Methods
Five outcomes were studied: OS, DFS, transplant related mortality (TRM), GVHD and
relapse. The Kaplan-Meier method was used to estimate OS and DFS, while cumulative
incidence was used to estimate TRM, GVHD and relapse.(20, 21) Cox multiple regression
models were conducted for OS and DFS. Competing risk regression was employed for
TRM, GVHD and risk of relapse. Age (<13 years versus ≥13 years) was the primary factor
being considered for each endpoint in both univariate and multivariate regression. Other
covariates used in the models included: number of prior remissions at the time of
transplantation, gender, CMV status, bone marrow versus UCB, HLA matching (in the case
of double cord transplant, the matching of the engrafting cord was used), year of transplant,
presence of Philadelphia chromosome (Ph+) and MLL-R mutations. The backward method
was used to determine the final model with a p-value of ≤0.05 considered significant in all
statistical tests. Statistical analysis was performed with Statistical Analysis System statistical
software version 9.2 (SAS Institute).

Burke et al. Page 3

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2014 January 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



RESULTS
Neutrophil Engraftment and Survival

Engraftment by day 42 post-HCT (defined as 3 consecutive days with an ANC>500/μl)
occurred in 70 (95%) patients <13 years and 48 (91%) AYA patients. In univariate analysis,
patients <13 years had a significantly greater OS at 5-years compared to the AYA (62%,
95% CI 50–70% vs. 39%, 95% CI 26–53%; p=0.03, Figure 1). This finding was confirmed
in a multivariate analysis that demonstrated a significant reduction in OS for the AYA group
(HR 1.74, 95% CI: 1.04–2.95; p=0.03, Table 2). In contrast, 5-year DFS was not
significantly different between patients <13 years compared to the AYA in either univariate
(52%, 95% CI 40–63% vs. 40%, 95% CI 26–53%; p=0.18) or multivariate analyses (RR
1.39, 95% CI 0.85–2.25; p=0.18).

Treatment Related Mortality and GVHD
In multivariate analysis, the cumulative incidence of TRM at 1-year was higher in AYA
patients compared to those <13 years (28%, 95% CI 16–41% vs. 14%, 95% CI 6–21%;
p=0.04, Figure 2). As well, in the multivariate analysis older age was associated with a 2-
fold increase in TRM (RR 2.23, 95% CI: 1.01–4.90, p=0.05, Table 2) and HLA 6/6 UCB
matching lead to 3-fold decrease in TRM compared to 4/6 matched UCB transplants (RR
0.31, 95% CI: 0.13–0.78; p=0.01). TRM did not differ in the two groups based on the
number of complete remissions (CR) prior to transplant. There were no significant
differences in TRM based on gender, graft source (marrow vs. UCB), presence of GVHD, or
for CMV seropositivity prior to HCT. CMV-positive AYA patients had a non-significant
increase in TRM compared to those <13 years who were CMV-positive (36%, 95% CI 20–
53% vs. 14%, 95% CI 2–27%, p=0.07) whereas there was no difference in TRM for CMV-
negative AYA and younger patients (15%, 95% CI 0–30% vs. 13%, 95% CI 3–23%,
p=0.82).

Comparing TRM among the two primary graft sources separately (bone marrow and UCB),
revealed significantly greater TRM at 1-year in bone marrow recipients who were AYA
compared to patients <13 years of age (41%, 95% CI 22–60% vs. 13%, 95% CI 3–24%,
p=0.01). There was no significant difference in TRM between AYA patients and those <13
years who received UCB (15%, 95% CI 2–29% vs. 14%, 95% CI 3–25%, p=0.86). Age
(<13 versus ≥13 years) was not a factor in the development of either grade II–IV (31%, 95%
CI 21–42% vs. 41%, 95% CI 27–55%; p=0.26) or III–IV (11%, 95% CI 4–18% vs. 8%, 95%
CI 1–15%; p=0.59) acute GVHD or chronic GVHD (7%, 95% CI 1–12% vs. 15%, 95% CI
5–25%; p=0.06) in univariate or multivariate analyses (Table 2).

Analyzing TRM based on the year of allo-HCT revealed no difference between AYA
patients and those <13 years who received HCT between 1990 and 2000 (27%, 95% CI 5–
48% vs. 21%, 95% CI 5–37%, p=0.63). Patients who were transplanted more recently
(between 2000 and 2005) showed a significant difference in TRM between younger patients
compared to AYA (10%, 95% CI 2–18% vs. 29%, 95% CI 14–43%, p=0.03) reflecting an
overall decline in TRM in the past several years for a children <13 years, but no change for
AYA patients.

Causes of TRM for the AYA patients (n=18) included organ failure (n=5), infection (n=5),
GVHD (n=4), graft failure (n=2), hemorrhage (n=1) and veno-occlusive disease (VOD)
(n=1) compared to GVHD (n=4), infection (n=4), organ failure (n=2), hemorrhage (n=1) for
the patients <13 years of age (n=11).
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Relapse
There was no significant difference in relapse at one year between patients <13 years and
AYA (24%, 95% CI 14–34% vs. 19%, 95% CI 8–30%; p=0.72, Figure 3). In univariate
analysis, patients who received allo-HCT in CR1 (n=42) had a lower incidence of relapse at
1-year (10%, 95% CI 1–18%) compared to those in CR2 (n=70; 30%, 95% CI 19–41%) or
CR3 (n=15; 20%, 95% CI 0–40%) (p=0.05). Keeping age in the statistical model (<13 years
vs. AYA), disease status (CR1 vs. ≥ CR2) remained the most significant risk factor for
relapse in multivariate analysis (RR 5.72, 95% CI: 1.37–23.81; p=0.02). In addition, relapse
was significantly less in non-MLL-R patients (RR 0.18, 95% CI: 0.04–0.76; p=0.02).

DISCUSSION
Although risk stratification for chemotherapy treatment in pediatric B-ALL has identified
higher risk patients, the impact of age on transplant outcomes in pediatric and young adults
with B-ALL undergoing allografting is unknown. In this analysis of 127 patients with B-
ALL who received an allo-HCT at a single center, we identified AYA patients as having a
reduced OS likely due to increased TRM. This is the first report to identify the age, <13
versus ≥13 to 30 years, as having inferior HCT outcomes in B-ALL with patients over age
13 having a 2-times greater transplant related mortality. As well, age ≥13 years has recently
been recognized by the COG as a very high-risk factor associated with a higher relapse rate
and worse DFS following chemotherapy treatment in newly diagnosed patients with B-ALL
compared to younger patients. (Meenakshi Devidas, personal communication). In contrast to
this finding in newly diagnosed patients, our results on allo-HCT for pediatric/AYA B-ALL
show that the relapse rate following myeloablative conditioning is similar and independent
of patients' age.

Myeloablative allo-HCT for pediatric leukemia has been associated with a risk of TRM
ranging between 10–30% depending on recipient factors (remission status and performance
status), donor type and conditioning regimen.(22, 23) As advancements have occurred in
donor selection, conditioning regimens, infection monitoring/prophylaxis, and
immunosuppression, rates of TRM have declined in pediatric patients.(23, 24) This
increased risk of TRM in AYA is not likely the direct result of more treatment since
remission status prior to transplantation was similar between the two groups. As well, these
two groups had a similar number of patients with early versus late relapses, and the time
from diagnosis to transplant was relatively shorter in the AYA group. Whether the increased
TRM is also related to unique biologic factors present in the AYA group or due to factors
not identified in this analysis is not clear and thus will require continued investigation into
methods of minimizing transplant related toxicities.

Consistent with prior studies, disease status (CR1 vs. CR2) at the time of HCT, irrespective
of age dramatically increased the risk of future relapse.(25–29) We also found a
significantly greater relapse rate in patients with MLL-R. Abnormalities of 11q23 in B-ALL
have been associated with high-risk of relapse in infants (30), but there continues to be
uncertainty about the prognostic significance of 11q23 identified in non-infant B-ALL.(31,
32) A large international study incorporating 11 cooperative groups and single institutions
cited outcomes for non-infant MLL-R B-ALL ranging in EFS from 33 to 100% based on a
variety of clinical features.(32) In our cohort, there was no significant difference between
the two age groups regarding presence of either Ph+ or MLL-R and thus neither cytogenetic
abnormality can likely account for the inferior outcomes seen in our AYA cohort.

In summary, we identified that AYA patients with B-ALL have significantly inferior OS
compared to children due to greater TRM. This identifies a new subgroup of B-ALL patients
in the AYA population in need of further improvements in their peri-transplant care. Our
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data support the allotransplant graft-versus-leukemia effect mediated relapse protection and
provide rationale for investigations to identify new pre-transplant risk factors that may
allocate older age patients to allo-HCT in CR1 or CR2, rather than CR3 where outcomes are
found to be significantly worse.(6, 25)
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Figure 1.
Overall Survival; The cumulative incidence of overall survival for patients <13 years was
62% compared to 39% for patients ≥13 years.
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Figure 2.
Transplant Related Mortality; The cumulative incidence of transplant related mortality for
patients <13 years was 14% compared to 28% for patients ≥13 years.
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Figure 3.
Relapse; The cumulative incidence of relapse for patients <13 years was 24% compared to
19% for patients ≥13 years.
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Table 1

Patient Characteristics

Factor Age<13 Age 13–30 p-value

N 127 74 53

Age <.01

Median (range) 9.97 (0.47–29.37) 5.74 (0.47–12.53) 17.70 (13.05–29.37)

Gender 0.82

 Male 80 46 (62%) 34 (65%)

Donor source 0.96

Bone Marrow 55 34 (46%) 21 (40%)

 Related Donor 32 17 (50%) 15 (71%) 0.08

 MURD 19 15 (44%) 4 (19%)

 MMURD 4 2 (6%) 2 (10%)

Related PBSC 7 2 (3%) 5 (10%)

Umbilical Cord Blood 65 38 (51%) 27 (51%)

 Single 42 33 (87%) 9 (33%) <.01

 Double 23 5 (13%) 18 (67%)

CR Status 0.22

CR1 42 20 (27%) 22 (42%)

CR2 70 45 (60%) 25 (47%)

CR3 15 9 (12%) 6 (11 %)

Recipient CMV 0.01

 Negative 66 46 (62%) 20 (38%)

 Positive 61 28 (38%) 33 (62%)

Ph + .33

 Yes 19 13 (18%) 6 (11 %)

 No 108 61 (82%) 47 (89%)

MLL-R .79

 Yes 11 6 (8%) 5 (9%)

 No 116 68 (92%) 48 (91%)

GVH prophylaxis .18

CSA 3 3 (4%) 0

CSA/MMF 44 21 (28%) 23 (43%)

CSA/MTX 56 32 (43%) 24 (45%)

CSA/PD/ATG 19 15(20%) 4 (8%)

ELUTRIATION 5 3 (4%) 2 (4%)
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Table 2

Multivariate Analysis AYA vs. <13 years

Factor Relative Risk 95% CI p-value

Overall Survival 1.74 (1.04–2.95) 0.03

Disease-Free Survival 1.39 (0.85–2.25) 0.18

Transplant Related Mortality 2.23 (1.01–4.90) 0.05

Relapse 0.80 (0.39–1.67) 0.56

Acute GVHD (Grade II–IV) 1.38 (0.76–2.50) 0.28

Acute GVHD (Grade III–IV) 0.71 (0.23–2.22) 0.56

Chronic GVHD 2.73 (0.93–7.96) 0.07
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