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Abstract
Relapse is common after hematopoietic cell transplantation for acute lymphoblastic leukemia
(ALL). While 1200 cGy total body irradiation (TBI) and cyclophosphamide (Cy) is standard,
attempts to lower relapse have led to the addition of a second chemotherapeutic agent and/or
higher dose TBI. We examined transplantation outcomes in patients aged <18 years with ALL, in
second or subsequent remission or in relapse at transplantation. Most transplants occurred in
remission. Patients received grafts from an HLA-matched sibling or unrelated donor. Four
treatment groups were created: 1) Cy + TBI≤1200 cGy (n=304), 2) Cy + etoposide + TBI≤1200
cGy (n=108), 3) Cy + TBI≥1300 cGy (n=327), and 4) Cy + etoposide + TBI≥1300 cGy (n=26).
Neither TBI in excess of 1200 cGy nor the addition of etoposide resulted in fewer relapses. The 5-
year probabilities of relapse were 30%, 28%, 35% and 31% for groups 1, 2, 3 and 4, respectively.
However, transplant-related mortality was higher (35% vs. 25%, p=0.02) and overall survival
lower (36% vs. 48%, p=0.03) after Cy + etoposide + TBI ≥1300 cGy compared to Cy + TBI
≥1300 cGy. Compared to the standard regimen neither TBI in excess of 1200cGy nor the addition
of etoposide improves survival after HCT for ALL.
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INTRODUCTION
An accepted treatment for children with recurrent acute lymphoblastic leukemia (ALL) is
allogeneic hematopoietic stem cell transplantation (HCT).(1-3) Transplant conditioning
regimens often consist of total body irradiation (TBI), doses ranging from 1000 – 1400 cGy,
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with one or more chemotherapeutic agents. Although developed on empirical observations
the standard conditioning regimen is cyclophosphamide (Cy, 120mg/kg and TBI, 1200cGy).
(4) An earlier report from the Center for International Blood and Marrow Transplant
Research (CIBMTR) showed non-irradiation containing regimens were associated with
higher relapse compared to TBI-containing regimens for ALL.(5) Attempts to lower relapse
risks after HCT by modulating transplant conditioning have included TBI dose greater than
1200 cGy and/or the addition of a second chemotherapeutic agent; the most common being
etoposide.(6-8) Others have attempted to lower the intensity of the conditioning regimen
relying on immune modulation (graft versus leukemia effect) for disease control.(9)
Although reports with relatively few patients suggest acceptable leukemia-free survival;
these regimens are used for fewer than 5% of pediatric ALL transplantations.(10)

A review of myeloablative transplant TBI-containing conditioning regimens for pediatric
ALL reported to the CIBMTR identified four commonly used regimens: 1) TBI 1000 or
1200 cGy and Cy, 2) TBI 1000 or 1200 cGy, Cy and etoposide, 3) TBI 1320 – 1400 cGy
and Cy, 4) TBI 1320 – 1400 cGy, Cy and etoposide. In the current analysis we sought to
examine the effect of the four commonly used transplant conditioning regimens on leukemia
relapse, transplant-related mortality and overall survival in 765 children and adolescents
with ALL.

PATIENTS AND METHODS
Data Source

The CIBMTR is a voluntary working group of more than 400 transplant centers worldwide
that contribute detailed data on consecutive allogeneic and autologous hematopoietic cell
transplantation to a Statistical Center at the Medical College of Wisconsin in Milwaukee or
the National Marrow Donor Program Coordinating Center in Minneapolis. Participating
centers are required to report all transplants consecutively; compliance is monitored by on-
site audits. Patients are followed longitudinally. Patients and/or their guardians provided
written informed consent. The Institutional Review Boards of the Medical College of
Wisconsin and the National Marrow Donor Program approved this study.

Inclusion criteria
Included are patients with ALL and aged less than 18 years at transplantation who received
grafts from an HLA-matched sibling or an unrelated donor. Unrelated donor grafts included
bone marrow or umbilical cord blood. Transplants were performed in 1998 – 2007. All
patients received myeloablative conditioning with TBI containing regimens (TBI ≥1000
cGy). Recipients of non-TBI containing regimens were excluded.

Outcomes
The primary outcome was relapse after transplantation. Relapse was defined as
morphological reappearance of leukemic blasts. Other outcomes included: transplant-related
mortality defined as death not related to leukemia recurrence and overall survival defined as
death from any cause. Surviving patients were censored at last follow-up.

Statistical Analysis
Patient, disease, and transplant characteristics of the four treatment groups were compared
with the Chi-square test for categorical variables. The probability of overall survival was
calculated with the Kaplan-Meier estimator.(11) The probabilities of transplant-related
mortality and relapse were calculated with the cumulative incidence estimator.(12) For
transplant-related mortality, relapse was the competing event, and for relapse, transplant-
related mortality was the competing event. 95% confidence intervals (CI) were derived from
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log transformation. Multivariate models were built using Cox proportional hazards
regression models for transplant-related mortality, relapse and overall mortality.(13) Models
were built using the backward stepwise selection procedure and confirmed with the use of
forward stepwise selection procedure. The proportional-hazards assumption was tested for
each variable individually; all variables met this assumption. P-value ≤0.05 was considered
statistically significant.

The variable for transplant conditioning regimen: TBI ≤1200 cGy (1000 or 1200 cGy) and
Cy vs. TBI ≤1200 cGy, Cy and etoposide vs. TBI ≥1320 (1320 or 1350 or 1400 cGy) and
Cy vs. TBI ≥1320, Cy and etoposide were held in all steps of model building regardless of
level of significance. Other variables tested were held in the final model when significant.
Other variables tested include: patient age (≤10 years vs. >10 years), NCI risk score
(standard risk vs. high risk), cytogenetic risk (standard risk vs. high risk) duration of first
remission (≤ 36 months vs. > 36 months), patient performance score (90-100 vs. ≤ 80),
donor and graft source (HLA-matched sibling [bone marrow/cord blood]) vs. HLA-matched
unrelated donor bone marrow vs. HLA-mismatched unrelated donor bone marrow vs.
unrelated cord blood), recipient CMV serostatus (positive vs. negative) and year of
transplant (1998 – 1999 vs. 2000 – 2004 vs. 2005 – 2007). There was no significant
transplant center effect on survival. All analyses were done using SAS 9.1 (Cary, NC).

RESULTS
Patient, Disease and Transplant Characteristics

Patient, disease, and transplant characteristics by treatment group are presented in Table 1.
Sixteen of 412 (4%) patients in the TBI≤1200 cGy group received 1000 cGy and the
remaining patients, TBI 1200 cGy. Eighty-four of 353 (24%) patients who received TBI
≥1320cGy received 1320 cGy, 145 of 353 (41%) received 1350 cGy and the remaining
patients, 1400 cGy (124 of 353; 35%). Almost all patients received Cy 120 mg/kg regardless
of TBI dose; 87% of those who received etoposide as a second agent received either 40 mg/
kg or 60 mg/kg. While there were no significant differences in patient age, those that
received etoposide in addition to TBI and Cy were more likely to have performance score
less than 90. Disease characteristics including the National Cancer Index (NCI), cytogenetic
risk, interval from diagnosis to transplantation and disease status at transplantation were
similar across the treatment groups. There were differences in choice of conditioning
regimen; recipients of TBI dose ≥1320, Cy and etoposide were more likely to have received
HLA-matched sibling transplantation, less likely to have received umbilical cord blood
transplantation, more likely to receive methotrexate containing graft-versus-host disease
prophylaxis and more likely to be transplanted prior to 2005. The median follow-up of
surviving patients in all treatment groups is 4 years.

Relapse
In multivariate analysis the risk of relapse was similar in all patients regardless of the
conditioning regimen they received (Table 2). The 5-year probabilities of relapse for
treatment groups 1, 2, 3 and 4 were 30% (95% CI 25-35), 28% (95% CI 19 – 37), 35% (95%
CI 29 – 40), and 31% (95% CI 15 – 48), respectively (Figure 1). Relapse risks were similar
after TBI (any dose) + Cy + etoposide compared to TBI (any dose) + Cy (HR 0.9, 95% CI
0.66 – 1.34, p=0.72). However, relapse risks were associated with gender, duration of first
remission and disease status at transplantation. Risks were higher in females (HR 1.5, 95%
CI 1.2-2.0, P=0.003), duration of first remission less than 36 months (HR 2.96, 95% CI 2.13
– 4.17, p<0.001) and those in third complete remission or relapse at transplantation (HR 1.6,
95% CI 1.2-2.2, P=0.001).
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Treatment Related Mortality
Transplant-related mortality risks differed by transplant conditioning regimen (Table 2).
Compared to recipients of TBI ≥ 1320 cGy + Cy, those who received TBI ≥ 1320 cGy, Cy +
etoposide experienced higher risks transplant-related mortality. The addition of etoposide to
TBI ≤ 1200 cGy + Cy compared to TBI ≤ 1200 cGy + Cy alone was not associated with
higher risks (HR 1.06, 95% CI 0.70 – 1.60; p=0.78). The 5-year cumulative incidence of
transplant-related mortality for treatment groups 1, 2, 3 and 4 were 25% (95% CI 21 – 31),
32% (95% CI 23 – 41), 25% (95% CI 20 – 30), and 35% (95% CI 18-52), respectively
(Figure 2). Transplant-related mortality risks were not higher in recipients of TBI (any dose)
+ Cy + etoposide compared to TBI (any dose) + Cy (HR 1.37, 95% CI 0.97 – 1.92, p=0.07).
Age greater than 10 years (HR 1.93, 95% CI 1.45 – 2.56, p<0.001) led to higher risks of
transplant-related mortality. Compared to recipients of HLA-matched sibling transplants,
transplant-related mortality risks were higher after matched unrelated donor bone marrow
(HR 3.26, 95% CI 1.77 – 6.02, p<0.001), mismatched unrelated donor bone marrow (HR
4.07, 95% CI 2.34 – 7.08, p<0.001) and umbilical cord blood (HR 5.30, 95% CI 3.04 – 9.25,
p<0.001) transplants.

Overall survival
Overall mortality risks also differed by transplant conditioning regimen (Table 2).
Recipients of TBI ≥ 1320 cGy who received etoposide + Cy had higher mortality risks
compared to those who received Cy alone. Mortality risks were not higher in recipients of
TBI ≤ 1200 cGy who received etoposide + Cy compared to Cy alone (HR 1.10, 95% CI 0.82
– 1.50; p=0.52). Overall mortality risks were not higher in recipients of TBI (any dose) + Cy
+ etoposide compared to TBI (any dose) + Cy (HR 1.24, 95% CI 0.96 – 1.59, p=0.09).
Mortality risks were higher for patients older than 10 years (HR 1.05, 95% CI 1.22 – 1.85,
p<0.001), duration of first remission ≤ 36 months (HR 1.69, 95% CI 1.35 – 2.11, p<0.001)
and for those transplanted in third remission or in relapse (HR 1.41, 95% CI 1.14 – 1.74,
p=0.002). Compared to recipients of HLA-matched sibling transplants, overall mortality
risks were higher after mismatched unrelated donor bone marrow (HR 1.72, 95% CI 1.27 –
2.34, p<0.001) and umbilical cord blood (HR 1.87, 95% CI 1.36 – 2.57, p<0.001)
transplants but not matched unrelated donor bone marrow transplants (HR 1.34, 95% CI
0.94 – 1.92, p=0.11). The 5-year probabilities of overall survival for treatment groups 1, 2, 3
and 4 were 44% (95% CI 38 – 50), 40% (95% CI 30 – 50), 48% (95% CI 42 – 54) and 36%
(95% CI 19 –53) (Figure 3).

DISCUSSION
The current analysis sought to examine for an effect on relapse after transplantation with
different TBI-containing myeloablative conditioning regimens for ALL in children and
adolescents. Conditioning regimens were divided into four groups based on TBI dose and
chemotherapeutic agents; neither TBI ≥ 1200 cGy nor addition of etoposide to Cy led to
lower relapse risks. However, transplant-related and overall mortality risks were higher with
TBI ≥ 1320 cGy + etoposide + Cy compared to TBI ≥ 1320 cGy + Cy alone. With lower
dose TBI (1000 cGy or 1200 cGy) the addition of etoposide was not associated with higher
mortality risks. The addition of a second chemotherapeutic agent for children and
adolescents undergoing myeloablative TBI-based conditioning for enhanced leukemia
control is not supported by these data. On the contrary, the addition of a second
chemotherapeutic agent to TBI ≥ 1320 cGy + Cy increases mortality risks and should be
avoided.

Our observations contrast those reported by Duerst and colleagues in their report on 41
children with ALL and AML who received TBI 1200 – 1400 cGy with etoposide and Cy.
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(14) They observed a single fatal regimen-related toxicity in their series; recurrent leukemia
was the predominant cause of treatment failure. In the report by Duerst, the dose of
etoposide was 30 mg/kg where as in the current analysis most patients (87%) received in
excess of 30 mg/kg. The observed differences in mortality risks between the current analysis
and the Deurst report may be explained by the dose of etoposide. As only 17 patients
received 30 mg/kg of etoposide we were unable to test for an effect of etoposide dose on
mortality risks. Others have reported lower relapse risks with TBI-containing regimens and
etoposide alone. One such is a large series from the CIBMTR compared TBI dose (< 1300
cGy vs. ≥ 1300 cGy) with Cy or etoposide for children and adults with ALL in first or
second complete remission.(15) In that report, for patients in second complete remission,
relapse and mortality risks were lower for those that received TBI (any dose) and etoposide
compared to TBI <1300 cGy and Cy. There is an on-going clinical trial through the
International Berlin-Frankfurt-Muenster group for allogeneic transplantation in children and
adolescents with ALL (NCT01423747). The recommended regimen is TBI 1200 cGy and
etoposide 60 mg/kg for matched related and unrelated donor, and etoposide 40 mg/kg for
mismatched related or unrelated donor transplants. We were unable to test for an effect of
TBI + etoposide alone versus TBI + Cy alone as there were too few children who received
etoposide alone. In another report that focused on pediatric ALL, Gassas and colleagues
compared the addition of etoposide or Cy to TBI 1200 cGy and concluded both regimens
were equally effective.(8) We tested for an effect when etoposide was added to TBI ≤ 1200
cGy + Cy and found none. It is plausible that the excess mortality risks observed with the
addition of etoposide to higher dose TBI is the additive effect of higher dose TBI and a
second chemotherapeutic agent. Though the true etiology for the excess mortality is not
known, our observations suggest neither TBI dose in excess of 1200 cGy nor the addition of
a second chemotherapeutic agent is necessary.

Several factors besides conditioning regimen were associated with leukemia relapse.
Consistent with other reports, duration of first remission and disease status at transplantation
were important predictors of relapse.(16) We did not observe significant differences in
relapse risks with the addition of etoposide. Our observations contrast those reported by
others in that TBI-containing regimens with etoposide alone was associated with superior
leukemia-control post-transplant.15 The ages of patients included in the various studies
differ; ours is limited to children and adolescents and the observed differences may be
explained by differences in the biology of pediatric and adult ALL and/or differences in
intensity of up-front chemotherapy regimens used to induce second remission.

In addition to differences in mortality risks by conditioning regimen, patient age and donor
source had an adverse effect on survival. Older age and transplantation of grafts from
unrelated donors led to higher mortality risks. While these factors predict mortality, patient
age and donor source are not modifiable factors. The data presented here-in span the period
1998 – 2007. Concurrent with improvements in supportive care and donor selection survival
rates are not different after HLA-matched sibling and matched unrelated donor
transplantation.(17) In the absence of a suitably matched related donor, physicians should
defer to recommended guidelines for selection of unrelated donors; i.e.; transplantation of
bone from a 8/8 or 7/8 HLA-matched adult donor or mismatched umbilical cord blood unit
with adequate cell dose.(18) It is noteworthy that the effect of transplant conditioning
regimen on transplant-related and overall mortality was independent of patient age and
donor source. Patients who received TBI ≥1320 cGy + etoposide + Cy were more likely to
report performance scores less than 90. Since poor performance score predicts survival, this
variable was retained in the final multivariate model implying the observed adverse effect on
mortality is independent of performance score.
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As with any study that uses data collected by a registry there could be several unknown or
unmeasured factors that may have also influenced outcomes. However, we performed a
carefully controlled analysis adjusting for patient, disease and transplant characteristics
known to be associated with leukemia relapse and survival after transplantation. Our
findings suggest the addition of etoposide to TBI ≥1320 cGy + Cy increases mortality risks
and should be avoided for children and adolescents with ALL. Given the higher risks of
second malignant neoplasm with TBI dose 1300 cGy or higher (19, 20), in the absence of
data that demonstrate an advantage for either lower relapse or higher survival, TBI dose in
excess of 1200 cGy must be avoided in children with ALL.
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Figure 1.
The probabilities of relapse by transplant conditioning regimen: Group 1: Cy + TBI ≤ 1200
cGy; Group 2: Cy + etoposide + TBI ≤ 1200 cGy; Group 3: Cy + TBI ≥ 1300 cGy; Group 4:
Cy + etoposide + TBI ≥1300 cGy
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Figure 2.
The probabilities of transplant-related mortality by transplant conditioning regimen: Group
1: Cy + TBI ≤ 1200 cGy; Group 2: Cy + etoposide + TBI ≤ 1200 cGy; Group 3: Cy + TBI ≥
1300 cGy; Group 4: Cy + etoposide + TBI ≥1300 cGy
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Figure 3.
The probabilities of overall survival by transplant conditioning regimen adjusted for patient
age, duration of first complete remission, disease status at transplant and donor HLA-match:
Group 1: Cy + TBI ≤ 1200 cGy; Group 2: Cy + etoposide + TBI ≤ 1200 cGy; Group 3: Cy +
TBI ≥ 1300 cGy; Group 4: Cy + etoposide + TBI ≥1300 cGy
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Table 2

Results of multivariate analysis

Hazard ratio
95% confidence interval

P-value

Relapse

Cyclophosphamide/etoposide/TBI ≤ 1200 cGy vs. Cyclophosphamide/TBI ≤ 1200 cGy 0.97 (0.63 – 1.48) 0.87

Cyclophosphamide/etoposide/TBI ≥1320 cGy vs. Cyclophosphamide/TBI ≥ 1320 cGy 1.01 (0.49 – 2.09) 0.97

Cyclophosphamide/TBI ≥1320 cGy vs. Cyclophosphamide/TBI ≤ 1200 cGy 1.13 (0.85 – 1.50) 0.41

Cyclophosphamide/etoposide/TBI ≥1320 cGy vs. Cyclophosphamide/etoposide/TBI ≤ 1200 cGy 1.19 (0.54 – 2.61) 0.67

Transplant-related mortality

Cyclophosphamide/etoposide/TBI ≤ 1200 cGy vs. Cyclophosphamide/TBI ≤ 1200 cGy 1.06 (0.70 – 1.60) 0.78

Cyclophosphamide/etoposide/TBI ≥1320 cGy vs. Cyclophosphamide/TBI ≥ 1320 cGy 2.36 (1.17 – 4.76) 0.02

Cyclophosphamide/TBI ≥1320 cGy vs. Cyclophosphamide/TBI ≤ 1200 cGy 0.73 (0.53 – 1.01) 0.06

Cyclophosphamide/etoposide/TBI ≥1320 cGy vs. Cyclophosphamide/etoposide/TBI ≤ 1200 cGy 1.63 (0.77 – 3.45) 0.20

Overall mortality

Cyclophosphamide/etoposide/TBI ≤ 1200 cGy vs. Cyclophosphamide/TBI ≤ 1200 cGy 1.10 (0.82 – 1.50) 0.52

Cyclophosphamide/etoposide/TBI ≥1320 cGy vs. Cyclophosphamide/TBI ≥ 1320 cGy 1.79 (1.07 – 2.99) 0.03

Cyclophosphamide/TBI ≥1320 cGy vs. Cyclophosphamide/TBI ≤ 1200 cGy 0.87 (0.69 – 1.09) 0.23

Cyclophosphamide/etoposide/TBI ≥1320 cGy vs. Cyclophosphamide/etoposide/TBI ≤ 1200 cGy 1.40 (0.81 – 2.43) 0.23
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