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Regular Article

TRANSPLANTATION
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of outcomes with reduced intensity and myeloablative regimens
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Key Points

• Reduced intensity and

myeloablative regimen results

in comparable survival after
allogeneic transplantation.

Thesafetyandefficacyof reduced-intensityconditioning (RIC) regimens for the treatment

of pediatric acutemyeloid leukemia is unknown.We compared the outcomeof allogeneic

hematopoietic cell transplantation in children with acute myeloid leukemia using RIC

regimenswith those receivingmyeloablative-conditioning (MAC) regimens.A total of 180

patients were evaluated (39 with RIC and 141 with MAC regimens). Results of univariate

and multivariate analysis showed no significant differences in the rates of acute and

chronic graft-versus-host disease, leukemia-free, and overall survival between treatment

groups. The 5-year probabilities of overall survival with RIC and MAC regimens were 45% and 48%, respectively (P5 .99). Moreover,

relapserateswerenothigherwithRICcomparedwithMACregimens(39%vs39%;P5 .95), andrecipientsofMACregimenswerenotat

higher risk for transplant-relatedmortality comparedwith recipients of RIC regimens (16% vs 16%;P5 .73). After carefully controlled

analyses, we found that in this relatively modest study population, the data supported a role for RIC regimens for acute myeloid

leukemia in children undergoing allogeneic hematopoietic cell transplantation. The data also provided justification for designing

a carefully controlled randomized clinical trial that examines the efficacy of regimen intensity in this population. (Blood. 2014;

123(10):1615-1620)

Introduction

Allogeneic hematopoietic cell transplantation is an established

treatment of acute myelogenous leukemia (AML).1 Myeloablative-

conditioning (MAC) regimens prior to allogeneic transplantation is

believed to control leukemia by combining intensive preparative

therapy with the benefit of the graft vs leukemia effect. Trans-

plantation of grafts from anHLA-matched sibling has generally been

considered to be the treatment of choice for children with AML in

first complete remission (CR1).2However, with the improved results

now obtained with chemotherapy alone, and the known short- and

long-term risks of allogeneic hematopoietic cell transplantation, this

treatment option is no longer offered to all children with AML in

CR1, but is reserved for those with intermediate or high-risk

disease.
3-5
Transplantation of grafts from unrelated donors in CR1 is

being explored in childrenwith high-risk cytogenetics6 and is widely

offered for those with recurrent leukemia.7,8

In recent years, reduced-intensity conditioning (RIC) regimens for

allogeneic hematopoietic cell transplantation have been demon-

strated to be safe and efficacious for adult hematologic malignancies.9
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Low-regimen-related toxicity and morbidity have dramatically

extended the availability of allogeneic hematopoietic cell trans-

plantation to a large and important group of patients previously

ineligible by virtue of age or organ dysfunction. RIC regimens depend

upon intensive immunosuppression in order to establish donor-

recipient chimerism, which rapidly develops into full-donor chime-

rism with withdrawal of immunosuppression or donor lymphocyte

infusion. Disease control is believed to bemainly by graft vs leukemia

effects, and to a lesser extent by the chemotherapy administered

during conditioning for transplantation. Since most RIC regimens use

relatively low doses of chemotherapy, transplant-related morbidity

and mortality are low. A recent summary of the European experience

that compared MAC and RIC regimens for unrelated donor trans-

plantation for adults concluded that RIC regimenswere associatedwith

higher relapse risks in patients , 50 years of age with AML, and lower

non-relapse mortality in those . 50 years. The overall result was

leukemia-free survival that was similar with both conditioning

regimens, regardless of patient age.10 A North American study also

showed similar outcomes.
11
The results of a phase 2 trial of RIC

transplantation concluded that favorable outcomes could be achieved

for children and adolescentswith hematologicmalignancy in remission

at transplantation.12 Although that trial used a uniform transplant

conditioning regimen (busulfan, fludarabine, and antithymocyte

globulin), patients with a variety of hematologic malignancies were

eligible and enrollment was limited to 47 patients. Another recent report

that examined the role of RIC regimens formalignant and nonmalignant

diseases confirmed low transplant-relatedmortality but high graft failure

in recipients of umbilical cord blood transplantation.13 While these

reports confirm that RIC regimens are well tolerated, there are few

reports that have compared transplant outcomes after RIC regimens to

that of MAC regimens in children for specific diseases. The Center for

International Blood and Marrow Transplant Research (CIBMTR)

reported outcomes after RIC regimens for pediatric acute lymphoblas-

tic leukemia.14 In that report, transplant-related mortality and relapse

rates were high, with a modest 3-year leukemia-free survival rate of

30%. In the current study, also using data reported to the CIBMTR,

we compared transplant-outcomes after RIC regimens to an

appropriately matched population of transplant recipients who

received MAC regimens for treatment of children with AML.

Patients and methods

Data collection

The CIBMTR is a voluntary working group of more than 450 transplantation

centers that contribute detailed data on consecutive allogeneic and autologous

transplantations to a Statistical Center at the Medical College of Wisconsin

(Milwaukee, WI) or the National Marrow Donor Program (Minneapolis,

MN). Participating centers are required to report all transplants consecutively

and compliance is monitored by on-site audits. Patients are followed

longitudinally until death or lost to follow-up. All patients provided written

informed consent for data submission and research participation. The In-

stitutional Review Boards of the Medical College of Wisconsin and the

National Marrow Donor Program approved this study. This study was

conducted in accordance with the Declaration of Helsinki.

Inclusion criteria

Patients , 18 years who received a first allogeneic transplant for AML

between 2000 and 2009, and receivedRIC- orMAC- regimens, were eligible.

The regimen was considered Breduced intensityBif the dose of busulfan was

less than 8 mg/kg orally or less than 6.4 mg/kg intravenously, melphalan was

less than150mg/m2, total body irradiation (TBI) dose was 200 cGy or 400 cGy

(administered as single fraction), or TBI dose was between 550-600 cGy

(administered as fractionated doses).15 Other regimens were considered

myeloablative. Patients with Fanconi anemia, Down syndrome, and those with

secondary AML were excluded.

Recipients of RIC regimens (cases) were matched with recipients of MAC

regimens (controls). Cases were matched for age at transplant 6 6 years,

disease status, cytogenetic risk, graft type, and year of transplant 6 5 years.

When matching cases on age and year of transplant, controls with the smallest

difference in age and the closest in year of transplantation were selected. A total

of 67 cases-controls were matched within 6 months of their ages, 28 cases-

controls within 6-12months of their ages, 21 cases-controls within 1-2 years of

their ages, and the remaining 15 cases-controls within 3-5 years of their ages.

Thirty-nine recipients of RIC transplants (cases) were matched to 141 re-

cipients ofMAC transplants (controls). Thirty-one of 39 caseswerematched to 4

controls, 2 cases werematched to 3 controls, 5 caseswerematched to 2 controls,

and 1 case was matched to 1 control. Eighty-nine transplant centers contributed

patients, with most centers (n 5 79) contributing fewer than 5 patients to the

study population. The remaining 10 centers each contributed between 5 and 9

patients. As expected, most centers contributed only transplants that usedMAC

regimens (n 5 60), while 13 centers contributed only transplants that used RIC

regimens, and the remaining 16 centers contributed both transplants that used

both RIC and MAC regimens.

Outcomes

The primary end point was leukemia-free survival, defined as being alive and

in complete remission. Death from any cause or relapse was considered an

event (or treatment failure). Other outcomes studied included: neutrophil

recovery, defined as achieving an absolute neutrophil count$ 0.53 109/L for

3 consecutivemeasurements; platelets$ 203 109/L without transfusions for

7 days; grade 2-4 acute graft-versus-host disease (GVHD)16; chronic

GVHD17; transplant-related mortality defined as death not attributed to

relapse, and relapse defined as morphologic recurrence of leukemia.

Surviving patients were censored at last follow-up and death from any

cause was considered an event.

Statistical methods

The x-square statistic was used to compare the characteristics of the 2

treatment groups. The Kaplan-Meier estimate was used to calculate the

probabilities of leukemia-free and overall survival.18 The cumulative

incidence estimator was used to calculate the probabilities of neutrophil and

platelet recovery, acute and chronic GVHD, transplant-related mortality,

and relapse.19 For neutrophil and platelet recovery, and acute and chronic

GVHD, death without the event was the competing risk. For transplant-

related mortality, relapse was the competing event, and for relapse,

transplant-related mortality was the competing event. Stratified Cox

regression models were built to test the relative efficacy of RIC regimens

compared with MAC regimens.20 Cases and controls were matched on age,

disease status at transplantation, cytogenetic risk, graft type, and transplant

period. Other variables tested in the multivariate models included: per-

formance score (90-100 vs , 90), recipient cytomegalovirus serostatus

(positive vs negative), donor type (HLA-matched sibling vs matched

unrelated donor vs mismatched unrelated donor), and GVHD prophylaxis

(cyclosporine-containing vs tacrolimus-containing). Variables that attained

a level of significance# 0.05were considered significant. There were no first-

order interactions.Pvalueswere 2-sided.All analyseswere performed inSAS

9.3 software (Cary, NC).

Results

Patients, diseases, and transplant characteristics

Patients, diseases, and transplant characteristics are shown in Table 1.

Thirty-nine transplantations used RIC regimens and 141 used MAC

regimens. Conditioning regimens are described in Table 2. Although a
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variety of regimenswere used, about half ofMAC transplant recipients

received TBI-containing regimens, and the remaining received non-

TBI regimens. Busulfan with cyclophosphamide was the most fre-

quently used non-TBI regimen. Approximately 20% of RIC regimens

included low-dose TBI, with most patients receiving regimens in-

cluding alkylating agents and fludarabine. The median age of patients

included in both treatment groups was 14 years. In vivo T-cell

depletion was equally likely in both groups (49% for RIC regimens vs

42% for MAC regimens;P5 .39). Although the characteristics of the

2 treatment groups were largely similar, there were differences.

Recipients of RIC regimens were more likely to report a poor

performance score at transplantation (80 or lower), and were less

likely to receive allografts from HLA-matched siblings compared

with recipients of MAC regimens. Additionally, recipients of RIC

regimens were more likely to have had a significant fungal

infection prior to transplantation, 15 (38%) vs 24 (17%) after MAC

regimens (P 5 .01). Considering unrelated donor transplants,

recipients of RIC regimens were more likely to receive allografts

from HLA-matched donors compared with recipients of MAC

regimens. For unrelated donor transplantation, HLA-match was

considered allele-level HLA typing at HLA-A, -B, -C, and -DRB1.

For umbilical cord blood transplantation, HLA-matching was

considered a low-resolution match at HLA-A and -B, and allele-

level at -DRB1. There were no differences in GVHD prophylaxis

regimens between the 2 treatment groups, and cyclosporine-

containing regimens were more commonly used than tacrolimus-

containing regimens in both cases and controls. Interestingly, there

were no differences in the proportion of patients who received RIC

and MAC regimens by transplant period (2000-2004 vs 2005-2009;

P5 .37). The median follow-up of surviving patients after RIC and

MAC transplants was 5 years and 4 years, respectively. In this

registry study, we had limited ability to determine why a RIC or

MAC regimen was selected for a particular child. We sought to

assess whether certain transplant centers had a preference for one

preparative regimen or the other, and using the frailty model to look

for a transplant center effect, we found none (P 5 .49).

Outcomes

The unadjusted probabilities of transplant-outcomes are shown in

Table 3. There were no significant differences between treatment

groups in the probabilities of hematopoietic recovery, acute and

chronic GVHD, transplant-related mortality, relapse, and leukemia-

free and overall survival after RIC and MAC transplants. These

observations were confirmed in multivariate analysis and the results

are presented in Table 4. After adjusting for patient age, disease status

at transplantation, cytogenetic risk, graft type, and transplant period,

the only factor associated with relapse, leukemia-free and overall

survivalwas the performance score.The5-year probabilities of relapse

after RIC and MAC regimens in patients with good performance

scores were 21% (95% CI; 8-39) and 34% (95% CI; 25-43),

respectively (P 5 .17). The corresponding probabilities of relapse in

patientswith poor performance scores were 77% (95%CI; 44-92) and

50% (95% CI; 29-68), respectively (P5 .08) (Figure 1A). The 5-year

probabilities of leukemia-free survival in patients with good

performance scores were 58% (95% CI; 33-77) after RIC regimens

Table 1. Patients, disease, and transplant characteristics

Reduced-intensity

regimens

Myeloablative

regimens P

Number of patients 39 141

Age (y) .70

# 10 14 (36%) 52 (37%)

11-18 25 (64%) 89 (63%)

Sex .87

Male 19 (49%) 73 (52%)

Female 20 (51%) 68 (48%)

Performance score .05

90-100 24 (62%) 112 (79%)

60-80 13 (33%) 24 (17%)

Not reported 2 (5%) 5 (4%)

Recipient cytomegalovirus

serostatus

.08

Negative 8 (21%) 52 (37%)

Positive 31 (79%) 89 (63%)

Disease status at

transplantation

.90

CR1 14 (36%) 56 (40%)

2nd complete remission 20 (51%) 67 (48%)

Relapse or induction failure * 5 (13%) 18 (13%)

Cytogenetic risk group† .99

Favorable 6 (15%) 21 (15%)

Intermediate 27 (70%) 99 (70%)

Poor 6 (15%) 21 (15%)

Donor type‡ .003

HLA-matched sibling 5 (13%) 40 (28%)

Matched unrelated 18 (46%) 28 (20%)

Mismatched unrelated 16 (41%) 73 (52%)

Graft type .92

Bone marrow 14 (36%) 55 (39%)

Peripheral blood 13 (33%) 43 (30%)

Cord blood 12 (31%) 43 (30%)

GVHD prophylaxis .17

Tacrolimus containing 14 (36%) 35 (24%)

Cyclosporine containing 25 (64%) 106 (75%)

Median (range)

follow-up (mo)

60 (12-97) 47 (3-121)

Matched unrelated in RIC group: cord blood (n 5 1), bone marrow (n 5 7),

peripheral blood (n 5 10); matched unrelated in MAC group: cord blood (n 5 1),

bone marrow (n 5 14), peripheral blood (n 5 13); mismatched unrelated in RIC

group: cord blood (n 5 11), bone marrow (n 5 3), peripheral blood (n 5 2); and

mismatched unrelated in MAC group: cord blood (n 5 42), bone marrow (n 5 18),

peripheral blood (n 5 13).

*Disease status at transplant was primary induction failure for 1 patient in the

RIC group and 7 patients in the MAC group.

†Cytogenetic risk group: favorable risk group included the t(8;21), t(15;17), and

inv(16); high risk was defined by the presence of -7, -5, del (5q), abnormalities of the

long arm of chromosome 3, or complex karyotype that was defined as more than 4

abnormalities; all other AML karyotypes were classified as intermediate risk.

‡For unrelated donor transplantation, an HLA-match was considered allele-level

HLA typing at HLA-A, -B, -C, and -DRB1. For umbilical cord blood transplantation,

HLA-matching was considered a low-resolution match at HLA-A and -B, and allele

level at -DRB1.

Table 2. Conditioning regimens

Number

Reduced-intensity regimen

TBI 1 cyclophosphamide 1 fludarabine 7

TBI 1 other chemotherapeutic agents 4

Busulfan 1 fludarabine 8

Melphalan 1 fludarabine 13

Cyclophosphamide 1 fludarabine 4

Cyclophosphamide 1 melphalan 2

Cyclophosphamide 1 etopside 1

Myeloablative regimen

TBI 1 cyclophosphamide 63

TBI 1 other chemotherapeutic agents 8

Busulfan 1 cyclophosphamide 58

Busulfan 1 melphalan 6

Busulfan 1 fludarabine 6
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and 54% (95% CI; 44-63) after MAC regimens (P 5 .74). The

corresponding probabilities of leukemia-free survival in those with

poor performance scoreswere 15% (95%CI; 2-39) and 21% (95%CI;

8-39) (P5 .67) (Figure 1B).

Overall, 20 of 39 recipients with RIC transplantation and 69 of

141 recipients with MAC transplantation did not survive. In both

groups, recurrent leukemia was the predominant cause of death,

accounting for 75% of deaths in the RIC group and 65% of deaths in

the MAC group. Death from infections was slightly more prevalent

afterMAC regimens compared with RIC regimens (19% vs 10%). In

contrast to the MAC group where 2 patients died of GVHD, there

were no deaths attributed to GVHD in the RIC group.

Discussion

In this study, we describe and compare transplant outcomes for

patients , 18 years of age with AML who received either RIC or

MAC regimens for their allogeneic hematopoietic cell transplanta-

tion. Notably, we show that relapse rates are not higher after RIC

regimens compared with MAC regimens, and that MAC regimens

are not associated with higher transplant-related mortality compared

with RIC regimens. Currently, MAC regimens are considered the

standard of care for allogeneic hematopoietic cell transplantation in

children and adolescentswithAML.1,2,7Yet, the current study, albeit

in a carefully controlled but nonrandomized analysis of a modest

number of patients, suggest that both transplant conditioning strategies

are acceptable. Previously, the use of high-dose chemotherapy was

said to provide a potential benefit to disease ablation, raising the

concern that relapse will be more frequent if less intense transplant

conditioning regimens were used. When RIC regimens were in-

troduced more than a decade ago, studies demonstrated less peri-

transplant morbidity and mortality with these regimens, allowing for

transplantation in older and sicker patients.21,22 Some studies in adults

have confirmed higher relapse rates with RIC regimens, but lower

transplant-related mortality that offsets this disadvantage.10,11 In

children, transplant-relatedmortality is generally lower after allogeneic

transplantation, potentially reducing the advantage of a RIC regimen

should relapse rates be higher with this approach. In this study, we saw

no increase in relapse rateswith the useofRIC regimens andnochange

in rates of transplant-related mortality, perhaps reflecting the already

low transplant-related mortality seen with MAC regimens in this

population.

An important limitation of this registry study is the lack of in-

formation regarding the rationale for the selection of a RIC regimen.

We can only speculate that patients who received RIC were either

treated on an institutional protocol or judged to be at high risk for

transplant-related mortality by the treating physician. Indeed, in this

study, patients receiving RIC regimens had significantly worse

performance scores, which may partly explain the selection of the

Table 3. Univariate analyses

Outcomes

Reduced-intensity regimens Myeloablative regimens

PEvents/Evaluable cases Probability (95% CI), % Events/Evaluable cases Probability (95% CI), %

At day 28

Neutrophil recovery 37/39 87 (75-96) 130/139 84 (78-90) .11

At day 100

Platelet recovery 34/38 89 (78-97) 117/139 82 (76-88) .11

At day 100

Grades 2-4 acute GVHD 12/39 28 (15-43) 57/141 39 (31-47) .22

At 5 y

Chronic GVHD 17/38 46 (30-62) 50/140 37 (29-46) .38

Transplant-related mortality 5/39 16 (5-31) 20/141 16 (10-22) .73

Relapse 15/39 39 (24-54) 54/141 39 (30-47) .95

Leukemia-free survival 20/39 46 (29-63) 74/141 46 (37-55) .82

Overall survival 20/39 45 (29-62) 69/141 48 (39-56) .99

Table 4. Multivariate analyses

Hazard ratio (95% CI) P

Grade 2-4 acute GVHD

Reduced-intensity regimen 1.00 —

Myeloablative regimen 1.62 (0.87-3.04) .13

Donor type

HLA-matched sibling 1.00 —

Unrelated donor 2.45 (1.24-4.90) .01

Chronic GVHD

Reduced-intensity regimen 1.00 —

Myeloablative regimen 0.89 (0.49-1.61) .71

T-cell depletion

Yes 1.00 —

None 1.91 (1.11-3.26) .02

Donor type

HLA-matched sibling 1.00 —

Unrelated donor 2.30 (1.14-4.65) .02

Transplant-related mortality

Reduced-intensity regimen 1.00 —

Myeloablative regimen 1.53 (0.54-4.35) .42

T-cell depletion

None 1.00 —

Yes 2.84 (1.26-6.37) .02

Relapse

Reduced-intensity regimen 1.00 —

Myeloablative regimen 1.26 (0.69-2.31) .45

Performance score

90-100 1.00 —

, 90 3.00 (1.75-5.13) , .0001

Treatment failure

Reduced-intensity regimen 1.00 —

Myeloablative regimen 1.29 (0.77-2.16) .33

Performance score

90-100 1.00 —

, 90 2.98 (1.86-4.70) , .0001

Overall survival

Reduced-intensity regimen 1.00 —

Myeloablative regimen 1.24 (0.74-2.08) .41

Performance score

90-100 1.00 —

, 90 3.22 (2.01-5.16) , .0001

Prior significant fungal infection

None 1.00 —

Yes 1.83 (1.12-2.98) .02
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RIC regimen. Moreover, prior fungal infections were more common

in recipients, supporting this possibility. It is important to also

recognize that the sample size of the RIC cohort was small, and the

preparative strategy varied, likely limiting the power to see smaller

differences in outcomes. Interestingly, RIC regimens were selected

for some patients in CR1, perhaps due to low performance scores and

comorbidities, and also for patients with relapse or induction failure.

We performed a controlled analysis, matching recipients of RIC

transplantation with those who received MAC transplantation on

age, disease status, cytogenetic risk, graft type, and transplant period

known prognostic factors, to attempt to reduce the impact of this

heterogeneity on the analysis.

In adults, RIC regimens are generally associated with lower

transplant-related mortality relative to dose-intensive conditioning.
21,22

However, we observed comparable transplant-related mortality rates

after MAC regimens in our cohort, implying regimens with higher

intensity are well tolerated in young patients. There are some important

limitations to our study and caution must be used in interpreting this

data based on a small sample size of retrospective data.Wewere unable

to test for the comorbidity index of these patients, as the data were not

collected consistently during the study period. Others have shown that

the presence of comorbidities can have an adverse effect on survival

in the pediatric population, and there is no reason to believe that this

is not applicable to this study as well.23,24 In the current study, we used

the performance score as a surrogate for coexisting morbidities and

confirm that scores , 90 are associated with higher relapse risks,

and consequently, lower leukemia-free and overall survival. An

additional benefit of the use of a RIC-preparative regimen might

be the preservation of fertility and the reduced risk of secondary

malignant neoplasms. Our follow-up is short, and we are unable to

address these important issues in this study.

Our observations support embarking on a carefully controlled

randomized trial to establish the role of RIC regimens in this

population. In fact, in adults, the results of observational studies

comparing RIC and MAC regimens for AML and myelodysplastic

syndrome has led to a national trial in the US, through the Blood and

Marrow Transplant Clinical Trials Network.
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Figure 1. The 5-year probabilities of relapse and
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