
In the late 1990s, the use of reduced-intensity conditioning regimen (RIC) 
was a major paradigm shift in the field of stem cell transplantation. The main 
idea was to harness the graft-versus-tumor (GVT) effect to achieve the ultimate 
goal of cure without the need for toxic myeloablative therapy, allowing older 
patients and patients with comorbidities to undergo allogeneic transplanta-
tion. In addition, patients with non-malignant diseases, mainly children, also 
were candidates for this approach. It became clear that engraftment after RIC 
can result in mixed donor chimerism adequate to correct the medical problem 
without subjecting the patient to short- and long-term toxicities associated with 
myeloablative transplantation regimens. 

The RIC approach has been applied widely and quickly even before asses-
ment of long-term outcomes, such as treatment-related mortality and disease-
free and overall survival. Different RIC regimens containing different combina-
tions of chemotherapy, radiation, and immunosuppressive drugs were used 
depending on disease type or status. Because there has been no clear and set 
definition of what constitutes a RIC regimen, the results have been difficult to 
interpret and apply widely. Multiple prospective and retrospective studies have 
been published that now allow us to look back and assess achievements.

Many of these studies and the lessons learned were discussed at the BMT 
Tandem Meeting held in February 2009 in Tampa, Florida. The proceedings 
of that symposium are included in this issue of Reviews. The three speakers 
eloquently summarized data on the use of RIC allogeneic transplantation in 
myeloid diseases, lymphomas, and pediatric diseases. The experience shows 
that certain patients and certain diseases benefit better from RIC transplants. 
Histology, chemosensitivity, and comorbidity index can influence outcome. 

Although advances have been made, many challenges remain, including 
high relapse rates in certain diseases, high incidence of chronic graft-versus-host 
disease (cGVHD), and whether certain RIC regimens are better than others. 
Furthermore, despite the decrease in regimen related toxicity with RIC, the aver-
age non-relapse mortality has remained around 15%. This lower non-relapse 
mortality can be acceptable for high risk patients but not for indolent malignan-
cies and non-malignant pediatric diseases. 

The speakers address these challenges and outline future directions that 
can potentially lead to reduced toxicity and improved long-term outcomes. 
Augmented RIC regimens, better control of cGVHD without losing GVT effect, 
and incorporation of new targeted therapies are among the proposed future 
enhancements. Future prospective randomized clinical trials will need our collec-
tive effort to better define the niche for these RIC transplants in the next decade.

Defining the Niche for Reduced-Intensity Conditioning 
in Adult and Pediatric Stem Cell Transplantation
Jan S. Moreb, MD, John R. Wingard, MD
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Symposium report

Program overview
Reduced-intensity conditioning (RIC) has 

emerged as a stem cell transplantation option 
for clinical situations in which an anti-tumor 
effect beyond that achieved by traditional che-
motherapy is desired, yet there is an elevated 
concern for treatment-related toxicity. In adult 
populations, RIC compared with traditional 
myeloablative approaches is most commonly 
performed in those who are older and have more 
comorbidities. However, as clinical experience 
grows with RIC, additional patient populations, 
including pediatric patients with malignant and 
non-malignant diseases, are considered candi-
dates for this therapeutic modality.

The increased interest in RIC stem cell trans-
plantation for diverse patient populations raises 
the following questions: who is the optimal can-
didate for RIC, based on age, comorbidities, and 
disease characteristics? What preparative regimens 
should be used and why? And when in the course 
of their illness should RIC be considered? In this 
symposium, three leading experts on stem cell 
transplantation will review the clinical indications 
for myeloablative versus reduced-intensity stem 
cell transplantation; discuss recent research in the 
application of reduced-intensity conditioning for 
the treatment of myeloid malignancies, lymphoid 
malignancies, and hemoglobinopathies; describe 
available and emerging conditioning regimens 
for RIsCT; and discuss the long-term sequelae of 
survivorship in patients who have undergone a 
myeloablative transplant.

Target Audience 
This continuing education activity is targeted 

to clinicians caring for patients undergoing bone 
marrow and stem cell transplantation.

learning objectives 
Describe clinical indications for •	
myeloablative versus reduced-intensity 
stem cell transplantation
Discuss recent research in the applica-•	
tion of reduced-intensity conditioning 
for the treatment of myeloid malig-
nancies, lymphoid malignancies, and 
hemoglobinopathies
Identify available and emerging condi-•	
tioning regimens for RIsCT
Discuss the long-term sequelae of sur-•	
vivorship in pediatric patients who 
have undergone a myeloablative trans-
plant
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information for each product, or consult the 
physician’s Desk Reference. 
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Introduction
Reduced-intensity conditioning (RIC) has 

emerged as an option for hematopoietic stem cell 
transplantation (HCT) in clinical situations in 
which an anti-tumor effect beyond that achieved 
by traditional chemotherapy is desired, yet there 
is an elevated concern for treatment-related 
toxicity. RIC regimens are designed to be less 
myelosuppressive than traditional preparative 
regimens, yet they still must exert adequate 
immunosuppressive effects to allow for suc-
cessful engraftment. In patients who are treated 

with RIC, the graft-versus-leukemia effect—in 
which allogeneic T-cells provide an immunologi-
cal insult against residual leukemia cells that sur-
vived the conditioning regimen—is essential for 
fighting the malignancy. As an alternative to tradi-
tional myeloablative conditioning regimens, RIC 
regimens are commonly used in the treatment of 
disorders in which traditional myeloablative con-
ditioning regimens are associated with high rates 
of non-relapse mortality, including the spectrum 
of lymphoid and myeloid malignancies.

Although RIC regimens are associated 
with lower rates of severe toxicity and 

non-relapse mortality, the issues of infec-
tion, graft-versus-host disease (GVHD), and 
relapse of primary disease remain impor-
tant obstacles to achieving optimal patient 
outcomes. Compared with traditional 
myeloablative approaches, RIC is most com-
monly performed in adult patients who are 
older and have more comorbidities; how-
ever, as clinical experience grows with RIC, 
additional patient populations, including 
pediatric patients with malignant and non- 
malignant diseases, are considered candi-
dates for this therapeutic modality.

Reduced-Intensity 
Allogeneic Transplantation 
in Patients with Myeloid 
Diseases: Are we Making 
Progress?

Steven M. Devine, MD

Within the past 15 years, research in the 
area of RIC allografts for myeloid malignancies 
has yielded a range of compelling evidence. 
single-institution and intergroup studies have 
shown that RIC transplant is feasible in this 
population, with reliable engraftment, manage-
able GVHD risk, and utility in older and sicker 
patients. Although relapse rates appear higher 
following RIC transplantations compared with 
myeloablative allografts, this trend may not be 
consistent across all patient subgroups. new 
research has focused on identifying the patient 
subgroups that are most likely to benefit from 
RIC allogeneic transplantation.

Definitions of low-, moderate-, and high-
intensity conditioning regimens are some-
what arbitrary and, as a result, differ across 
studies. The Center for International Blood 
and Marrow Transplant Research (CIBMTR) 
defines myeloablative regimens as follows: 

Total body irradiation doses of 500 •	
cGy in a single dose or 800 cGy  
fractionated
Busulfan >9 mg/kg or melphalan >150 •	
mg/m2 administered as single agents 
or in combination with other drugs

In the CIBMTR registry of allogeneic trans-
plantations, the prevalence of RIC has steadily 
increased since 1998 [1]. Based on 2006 data, 
approximately 40% of allogeneic transplanta-
tions now use reduced-intensity regimens. RIC 

regimens have contributed to the increased 
use of allogeneic transplantation in older (and 
sicker) patients. Currently, more than 50% 
of patients receiving reduced-intensity con-
ditioning for acute myeloid leukemia (AMl) 
are older than age 50, compared to fewer than 
25% of those receiving standard high-intensity 
regimens (Figure 1) [1].

RIC in older Patients with AMl
The discovery of recurring chromosome 

aberrations in patients with acute leukemia 
has aided the identification of clinical and 
prognostic patient subgroups. The Cancer 
and leukemia Group B (CAlGB) 8461 trial 
highlighted the importance of pretreatment 

cytogenetics in estimating disease-free survival 
in older patients (≥60 years) with AMl [2]. 
In the study of 635 older patients, complex 
karyotypes with at least 5 abnormalities were 
associated with a significantly lower disease-
free survival compared with karyotypes with 
<5 abnormalities (P < .001) (Figure 2). The 
2-year overall survival for these poor-prognosis 
patients was 0%. Given that patients with com-
plex karyotypes appear to gain minimal benefit 
from current first-line treatment options, these 
patients may be better suited for clinical trial 
participation or supportive care [2].

Findings from the CAlGB 8461 trial are 
indicative of the poor prognosis of most older 
patients with AMl. In the extensive CAlGB 

Figure 1. Allogeneic transplantations for acute myeloid leukemia (AMl) by conditioning  
regimen intensity and age.
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database, even the patients with the most 
favorable prognosis will have long-term sur-
vival rates of <10%. In a subset of patients 
between age 60 and 75 years who received 
their first post-remission treatment in CAlGB 
chemotherapy studies, the 2-year disease-free 
survival was 24%, and the 3-year disease-free 
survival was 17% [3].

To improve upon these outcomes, the 
ongoing CAlGB 100103 trial has been exam-
ining RIC allogeneic transplantation as the  

initial post-remission therapy for older patients 
(>60 years) with AMl. In particular, the 
trial is designed to determine whether allo-
geneic HCT from a human leukocyte antigen 
(HlA)-matched sibling or unrelated donor 
following nonmyeloablative conditioning with 
fludarabine and busulfan can achieve a 2-year 
disease-free survival of up to 40%, which is 
better than results to date. The fludarabine/
busulfan regimen was chosen in 2003 based 
on the limited data available at the time. 

The target enrollment is 61 older patients 
with AMl who are in their first morphologic  
complete remission.

The CAlGB 100103 protocol has been 
modified since the trial started. When the 
study opened in 2004, only patients with 
matched sibling donors were eligible to enroll. 
With this criterion, investigators estimated that 
36 patients would be required to demonstrate 
a 2-year disease-free survival of 40%, and that 
the accrual should require approximately 36 
months to complete enrollment. The initial 
accrual rate fell dramatically short of projec-
tions, however, with only 5 patients enrolled in 
the first year. In 2006, the CAlGB investigators 
joined with the Blood and Marrow Transplant 
Clinical Trials network (BMT CTn) to adjust 
the protocol of the study, which is now called 
the CAlGB 100103/CTn 0502 trial. 

Together, the CAlGB and BMT CTn inves-
tigators modified the protocol to allow patients 
with unrelated donors, to include antithymo-
cyte globulin (ATG) in the preparative regimen 
for all patients, and to remove donor leuko-
cyte infusions. Investigators also lowered the 
disease-free survival goal to 35% at 2 years. 
As a result of these modifications, the target 
enrollment increased to 61 patients. With 
these adjustments, accrual has increased dra-
matically. By the end of 2008, 55 patients have 
been enrolled in the trial (Figure 3).

According to preliminary data from the 
CAlGB 100103/CTn 0502 trial, overall treat-
ment related mortality has been low (<10%), 
despite expanding the patient population to 
include those with unrelated donors. Although 
graft rejection and acute GVHD have not been 
major issues, chronic GVHD-related compli-
cations appear to be a problem. Relapse still 
appears to be the greatest cause of treatment 
failure.

With the design and launch of this trial, the 
CAlGB and BMT CTn investigators learned 
that performing multicenter trials in this dis-
ease setting is difficult and requires truly 
collaborative efforts. The CAlGB 100103/
CTn 0502 trial is currently suspended, but 
will reopen in late winter 2009 to increase the 
number of unrelated-donor recipients. 

Future trials of RIC regimens for older 
AMl patients may focus on issues related to 
dose intensity, mitigating relapse and chronic 
GVD, and augmenting conditioning with 
other agents such as clofarabine or treosulfan 
without increasing toxicity. For example, the 
CAlGB 100801 phase IIa trial will examine 
the addition 5-azacytidine to reduced-intensity 

Figure 2. Disease-free survival by number of cytogenetic abnormalities for acute myeloid 
leukemia (AMl) patients ≥60 years old [2].

Figure 3. Accrual to the CAlgB 100103/BMT CTN 0502 trial through 2008.
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allogeneic transplantation for myelodysplastic 
syndrome (MDs) and older patients with AMl. 
The Eastern Cooperative oncology Group 
(ECoG) E2906 phase III trial will compare 
clofarabine as induction and post-remission 
therapy with standard daunorubicin and 
cytarabine induction and intermediate-dose 
cytarabine post-remission therapy, followed by 
becitabine maintenance versus observation in 
older patients with newly diagnosed AMl.

In summary, initial trials of reduced-intensity  
allografts reveal that at least a subset of older 
patients with AMl are uniquely sensitive to a 
graft versus tumor effect. Yet, too many patients 
relapse after this procedure. Improvements 
will require better risk assessment, identifying 
those most likely to respond to immunother-
apy, as well as better and earlier interventions 
with cellular therapies or immunomodulatory 
drugs designed to mitigate relapse. This will be 
accelerated through cooperative efforts among 
BMT groups.

RIC in younger Patients with AMl
Myeloablative conditioning regimens have 

been the standard approach to allogeneic HCT 
in younger patients with AMl, yet dose inten-
sity modifications may be required to avoid 
early toxicity and preserve fertility in younger 
patients with a longer life expectancy. over 
the past 2 decades, a handful of studies have 
addressed the role of conditioning regimen 
dose intensity in younger patients with AMl 
who are in their first confirmed remission. 
In 1990, Clift and colleagues showed that 
an increased dose of total body irradiation 
(15.75 Gy) reduced the probability of relapse 
compared with a lower dose (12.0 Gy), but 
did not improve survival due to an increase 
in the risk of non-relapse mortality [4]. later, 
in 1999, Aversa demonstrated that adding 
antithymocyte globulin (ATG) and thiotepa to 
the conditioning regimen prevented rejection 
of extensively T-cell–depleted bone marrow 
in patients with acute leukemia who received 
transplants from matched sibling donors [5].

More recent data continue to underscore the 
complexity of transplantation dose intensity 
without identifying an optimal approach. In 
2006, shimoni showed that reduced-intensity  
conditioning with fludarabine and busulfan 
6.4 mg/kg was as effective as myeloablative 
conditioning with cyclophosphamide or flu-
darabine and busulfan 12.8 mg/kg in AMl 
patients when disease was in remission at the 
time of allogeneic HCT, but that patients with 

active disease could only be salvaged with 
myeloablative transplantation [6].

At the 2008 American society of 
Hematology (AsH) annual meeting, luger and 
colleagues reported findings from a large mul-
ticenter trial of 3731 myeloablative and 1500 
nonmyeloablative/RIC procedures performed 
between 1997 and 2004. In this nonrandom-
ized study, patients in the myeloablative group 
were younger (median age, 42 years), more 
frequently in first remission, and more likely to 
have received matched sibling-donor grafts. By 
comparison, patients in the nonmyeloablative/
RIC group were older (median age, 55 years), 
less often transplanted with >10% blasts, and 
had a lower performance scores. In a multivar-
iate analysis, nonmyeloablative conditioning 
increased the risk of relapse by 64% (P < .001) 
and the risk of treatment-related mortality by 
55% (P < .001) compared with myeloablative 
conditioning. A late increase in treatment-
related mortality negated early advantages 
offered by nonmyeloablative/RIC regimens, 
resulting in slightly better 5-year leukemia-free 
survival in the myeloablative group [7].

Given findings from observational stud-
ies to date, there is a clear need for pro-
spective trials comparing nonmyeloablative 
and myeloablative conditioning intensities in 
AMl patients eligible for either approach. 
Additional research questions may explore 
whether some RIC regimens are more effec-
tive in AMl than others; which agents provide 
the best therapeutic index in this popula-
tion; whether the specific GVHD prophylaxis 
regimen influences longer-term outcomes; and 
whether addition of monoclonal or polyclonal 
antibodies can improve efficacy results without  
compromising safety.

Interpreting results of trials in this setting 
poses an additional challenge. Most trials sug-
gest a very high risk of relapse in patients with 
AMl, and long-term benefits may be related to 
the development of chronic GVHD. In a recent 
prospective trial of 93 patients with AMl and 
MDs (median age, 53 years), patients received 
conditioning with fludarabine 150 mg/m2 
and oral busulfan 8 to 10 mg/kg prior to 
allogeneic HCT, as well as GVHD prophylaxis 
with cyclosporine and methotrexate or myco-
phenolate mofetil. non-relapse mortality was 
8% at 100 days, 16% at 1 year, and 21% at 4 
years. leukemia relapse was the major cause 
of death, and the cumulative relapse rates at 1 
and 4 years were 23% and 37%, respectively. 
At 4 years, disease-free survival was 43%, and 

overall survival was 45%. The development 
of chronic GVHD (53% at 4 years, including 
45% extensive GVHD) appeared to be a major 
factor associated with the sustained remission 
and improved survival rates observed in this 
trial [8].

Reduced-intensity transplantation is also 
feasible in younger patients treated with unre-
lated donor transplantation in primary refrac-
tory AMl. In a trial of 186 adults, 136 patients 
received transplantations using myeloablative 
conditioning, while 50 received RIC prior to 
transplantation. In a multivariate analysis, the 
use of an RIC regimen was associated with 
improved survival (P = .036) [9].

In patients with AMl, the benefits of RIC 
may be particularly striking when combined 
with adjunctive therapy. Dozens of phase I 
and II trials are currently evaluating the incor-
poration of agents such as clofarabine, treosul-
fan, melphalan, targeted busulfan, carmustine, 
gemtuzumab ozogamicin, and marrow-tar-
geted anti-CD33, anti-CD45, and anti-CD66 
radioimmunotherapy into RIC regimens. Many 
of these trials are designed to demonstrate that 
augmented RIC regimens can improve disease 
control without significantly increasing toxicity, 
including non-relapse mortality. As an alterna-
tive to augmentation, some early-phase studies 
are evaluating other preemptive therapies initi-
ated post-transplantation. These include the 
use of azacytidine, lenalidomide, or cellular 
therapies such as unmanipulated donor lym-
phocyte infusions (DlI), antigen-specific DlI 
(eg, anti-WT1), and other approaches.

lastly, investigators are exploring the use 
of RIC allografting in other myeloid dis-
eases, including chronic myeloid lymphoma 
(CMl), MDs, and idiopathic myelofibrosis. 
preliminary data suggest that RIC with post-
transplantation imatinib delays relapse and 
postpones the need for DlIs in patients with 
CMl [10]. Fludarabine-based RIC regimens 
also appear to provide adequate disease con-
trol in chronic-phase CMl patients who are 
not eligible for myeloablative preparative regi-
mens due to older age or comorbid conditions 
[11]. Research questions in MDs include the 
optimal management of patients with elevated 
blast counts. For patients with idiopathic 
myelofibrosis, future studies may demonstrate 
that RIC is as effective as and less toxic 
than myeloablative transplantation. Current 
studies in this setting include the use of flu-
darabine and melphalan conditioning prior to  
allogeneic transplantation.
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Reduced-Intensity 
Allogeneic Hematopoietic 
Cell Transplantation for 
lymphoid Malignancies

Robert J. Soiffer, MD

RIC regimens have emerged as a thera-
peutic option for patients with lymphoid 
malignancies who require aggressive tumor 
control, but do not meet criteria for myeloab-
lative transplant. Ideally, non-myeloablative 
conditioning regimens should be minimally 
toxic, should provide reliable and reproducible 
levels of active agent, and should facilitate a 
high degree of donor hematopoietic chimerism 
to potentiate graft-versus-lymphoma (GVl) 
effects. particularly in patients with follicular 
lymphoma, nonmyeloablative stem cell trans-
plantation also exploits GVl immunity to 
prolong treatment response.

RIC regimens typically include low-dose 
total body irradiation (200 cGy) with or 
without the addition of fludarabine. Regimens 
may also include alkylating agents such as 
cyclophosphamide, busulfan, and melphalan, 
as well as ATG and alemtuzumab to facilitate 
engraftment. To date, no studies have been 
able to determine the optimal RIC regimen for 
prolonging survival.

Durable Responses Following RIC 
In 2008, Khouri and colleagues reported 

8-year efficacy and safety findings from a 
prospective trial of nonmyeloablative HCT in 
patients with relapsed follicular lymphoma 
[12]. In total, 47 patients received a condition-
ing regimen of fludarabine (30 mg/m2 daily for 
3 days), cyclophosphamide (750 mg/m2 daily 
for 3 days), and rituximab (375 mg/m2 for 1 
day plus 1000 mg/m2 for 3 days). The major-
ity of patients (n = 45) received HlA-matched 
cells from related donors, whereas 2 patients 
received cells from unrelated donors. patients 

were also given GVHD prophylaxis with  
tacrolimus and methotrexate. With this regi-
men, all patients experienced a complete remis-
sion, and only 2 patients relapsed during the 
median follow-up of 60 months. The 5-year 
overall survival was 85%, and the 5-year pro-
gression free survival was 83% (Figure 4) [12]. 
According to the study authors, these findings 
represent significant progress toward develop-
ing a curative strategy for patients with recur-
rent follicular lymphoma.

nonmyeloablative allogeneic HCT provides 
durable disease control even among heavily 
pretreated patients. In another prospective 
study, 62 patients with indolent or transformed 
non-Hodgkin’s lymphoma (nHl) underwent 
RIC with 2 Gy of total body irradiation with 
or without fludarabine followed by allogeneic 

HCT from related (n = 34) or unrelated (n = 
28) donors. In this heavily pretreated group, 
patients had received a median of 6 lines of 
treatment before HCT, and 44% of patients 
received previous high-dose therapy with autol-
ogous HCT. The 3-year overall survival among 
patients with indolent and transformed disease 
was 42% and 18%, respectively. Compared 
with other subgroups, patients with indolent 
disease and related donors had the highest 
3-year survival rate (67%) [13]. These findings 
demonstrate the utility of nonmyeloablative 
HCT in chemotherapy-refractory nHl, though 
patients with untransformed disease appear to 
have a more favorable prognosis.

other conditioning regimens also yield 
durable remissions in patients with follicular 
lymphoma. In a retrospective analysis of 87 

Conclusions
Despite a recent surge in early-phase 

data, significant questions remain regard-
ing the most appropriate clinical situations 
to apply reduced-intensity conditioning 
and allogeneic HCT in patients with myel-

oid diseases. The greatest potential benefit 
appears to be in older patients with AMl in 
first remission and in those with MDs, yet 
this still awaits confirmation in prospective 
trials. several combination RIC regimens 
with and without total body irradiation 

appear effective, and to date there is no 
way to clearly discern which is best for 
a particular patient. Collaborative multi-
center efforts provide the best opportunity 
for rapidly evaluating promising treatment 
approaches.

Figure 4. overall and survival and progression-free survival following reduced-intensity condi-
tioning (RIC) allograft in follicular lymphoma [12].
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patients with advanced lymphoma, allogeneic 
HCT followed a conditioning regimen that 
consisted of fludarabine and low-dose busul-
fan. Within the subgroup of patients with 
indolent lymphoma, the 3-year overall survival 
was 81% [14]. In 2002, the European Group 
for Blood and Bone Marrow Transplantation 
(EBMT) evaluated whether the type of condi-
tioning regimen influenced clinical outcomes. 
The majority of patients (84%) received con-
ditioning with fludarabine-based regimens, 
including fludarabine plus melphalan (n = 
63), cyclophosphamide (n = 41), busulphan 
(n = 31), or another alkylating agent (n = 13). 
Among remaining patients, 18 (10%) received 
conditioning with carmustine, etoposide, cyto-
sine arabinoside, melphalan (BEAM), and 9 
patients received fludarabine, AraC, and idaru-
bicin (FlAG-IDA). After a median follow-up of 
2 years, the overall survival was 63%. A mul-
tivariate analysis identified chemosensitivity, 
but not conditioning regimen, as a predictor 
of outcome [15].

Patient Selection Criteria
patients with relapsed lymphoid malignan-

cies have a variety of histologies, tend to be 
older, have more comorbidities, and have a 
history of autologous HCT. several trials have 
examined whether these factors influence out-
come, and whether certain patient subgroups 
are more likely to benefit from RIC allogeneic 
HCT. In 2008, sorror and colleagues reported 
outcomes from 220 patients treated at Fred 
Hutchinson Cancer Research Center in seattle, 
WA. In this study, patients received either non-
myeloablative (n = 152) or myeloablative (n = 
68) conditioning and were stratified accord-
ing to the HCT-specific comorbidity index 
(HCT-CI). For patients with no comorbidities, 
overall survival was similar in the nonmyeloab-
lative and myeloablative conditioning regimen 
groups. By comparison, patients with at least 1 
comorbidity had significantly better outcomes 
following nonmyeloablative conditioning. In 
patients with comorbidities, nonmyeloablative 
conditioning significantly lowered the risk of 
non-relapse mortality (P = .009) and increased 
overall survival (P = .04) compared with 
myeloablative conditioning (Figure 5) [16].

Histology is also an independent predictor 
of outcome following RIC allogeneic trans-
plantation for relapsed lymphomas [13,14]. 
This was shown definitively in a trial of 170 
patients with indolent nHl (n = 63), aggres-
sive nHl (n = 61), mantle cell lymphoma 

(MCl; n = 14), and Hodgkin’s disease (n = 32). 
The 3-year overall survival in these patient 
groups was 69%, 69%, 45%, and 32%, respec-
tively. Compared with indolent lymphoma, the 
risk of reaching the overall survival endpoint 
was significantly increased in the aggressive 
nHl (hazard ratio [HR], 1.57), MCl (HR, 
2.56), and Hodgkin’s lymphoma (HR, 3.57) 
groups (P = .031). Reaching the progression-
free survival endpoint was 1.5-fold more likely 
in the aggressive nHl group than in the indo-
lent nHl group, 2-fold more likely in the MCl 
group, and more than 4-fold more likely in the 
Hodgkin’s disease group (P < .001) [17].

Future options for RIC
Chemosensitivity, comorbidity index, and 

histology—but not specific RIC regimen—
appear to influence outcome after RIC allo-
geneic transplant for lymphoid malignan-
cies. Research aimed at improving outcomes  

continues and has recently focused on adju-
vant therapies that can provide an additional 
incremental benefit in relapse and survival 
findings. potential strategies include the addi-
tion of novel agents with anti-lymphoma 
activity; immune manipulation with selected 
infusions of cytotoxic effectors engineered 
to recognize lymphoma cells; and post- 
transplantation vaccination. 

In 2008, Armand and colleagues examined 
the role of sirolimus on GVHD and survival 
rates in patients treated with nonmyeloablative 
or myeloablative allogeneic transplantation. 
sirolimus is an inhibitor of the mammalian 
target of rapamycin (mToR) kinase, which 
has shown anti-GVHD activity in several 
lymphoma subtypes. The retrospective analy-
sis included 190 allogeneic transplantation 
patients who received GVHD prophylaxis with 
sirolimus or a combination of a calcineurin 
inhibitor and methotrexate without sirolimus. 

Figure 5. Non-relapse mortality and overall survival in chronic lymphocytic leukemia (Cll)/
non-Hodgkin’s lymphoma (NHl) patients with ≥1 comorbidity [16].

Figure 6. overall survival with and without sirolimus following myeloablative and reduced-
intesity conditioning (RIC) allograft [18].
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Reduced-Intensity 
Transplants in Pediatrics

Morris Kletzel, MD

Traditional allogeneic transplantation has 
been performed in pediatric patients for 50 
years, yet results in this population remain 
suboptimal. For example, for patients with 
acute lymphoblastic leukemia (All) in their 
second remission can expect 3-year event-free 
survival rates of 30% to 40%. For pediatri-
cians, the goals of therapy are to reduce 
adverse long-term effects, reduce short-term 
transplant-related mortality, and induce the 
graft-versus-tumor effect with the ultimate 
goal of prolonging survival.

Current transplantation strategies include 
condition regimens consisting of high-dose 
chemotherapy with or without total body irra-
diation. This approach is limited to younger 
patients (<50 years), and associated with 
high treatment-related morbidity and mor-
tality rates. Moreover, traditional allogeneic 
transplantation is prohibitive in patients with 
comorbid illness or organ dysfunction. 

Reduced-intensity transplantation pro-
vides an important alternative to myeloabla-
tive transplantation, and the rationale for this 
approach is strong. The anti-tumor effects of 
donor immune cells, particularly the cytotoxic 
natural killer (nK) cells, are thought to drive 
the curative potential of allogeneic transplan-
tation. Engraftment of donor cells can occur 

following conditioning regimens consisting of 
lower, immune-suppressive doses of chemo-
therapy. RIC regimens are associated with less 
toxicity than standard myeloablative regimens. 
several other differences between traditional 
and RIC regimens are summarized in Table 1.

no standard optimal regimen has been 
defined, and most regimens fall on a continuum 
from totally nonmyeloablative to fully myeloab-
lative. In general, RIC allogeneic transplantation 
begins with a conditioning regimen that consists 
of immune-suppressive doses of chemotherapy 
and/or total body irradiation, followed by infu-
sion of allogeneic stem cells. RIC allogeneic 
transplantation is also referred to as:

Mini-transplantation •	
non-myeloablative transplantation•	
sub-myeloablative transplantation•	
Immune ablative transplantation•	
Chimeric transplantation•	
Transplantation “light”•	
Reduced-toxicity transplantation•	
Reduced-intensity transplantation•	

pre-clinical and early-phase studies also 
support the use of RIC regimens. For example, 
early animal data demonstrated that chimeri-
cal engraftment could be achieved following 
a single dose of total body irradiation (2 
Gy) with infusion of matched stem cells and 
GVHD prophylaxis with cyclosporine and 
mycophenolate mofetil [19]. In a trial of 13 
patients with AMl who were treated with flu-
darabine, idarubicin, and ara-C or melphalan 
conditioning followed by allogeneic peripheral 

blood stem cells, all patients showed engraft-
ment of ≥90% of donor cells between 14 and 
30 days post-infusion. one toxic death from 
multiorgan failure before receiving stem cells 
was observed, suggesting that the RIC regi-
men did not have the toxicity of myeloablative 
therapy [20].

In another trial of 26 patients with hema-
tological malignancies, the treatment regi-
men included nonmyeloablative conditioning 
with fludarabine, anti-T–lymphocyte globulin, 
and low-dose busulfan, infusion of alloge-
neic peripheral blood stem cells, and GVHD 
prophylaxis with cyclosporin A. All patients 
showed evidence of engraftment, with par-
tial chimerism in 9 patients. no toxic deaths 
occurred, and severe GVHD was the single 
major complication and cause of death in 4 
patients. At 14 months, the estimated dis-
ease-free survival was 77% [21]. Data from 
these early trials suggest that graft cells may 
inhibit rejection in patients treated with RIC  
allogeneic transplantation.

RIC in Pediatric leukemia
The Wilms tumor 1 (WT1) gene is a tran-

scription factor located on chromosome 11p13 
and is involved in the pathogenesis of Wilms 
tumor, a pediatric malignancy that occurs 
in embryonic kidney. In adult patients with 
acute leukemia, blast cells express high levels 
of WT1 [22]. In a study of 70 patients with 
adult leukemia, WT1 was expressed in 7 of 16 
cases of acute lymphoblastic leukemia (All), 
15 of 22 with AMl, and 8 of 10 in blast crisis 
of CMl. By comparison, no detectable levels 
of WT1 RnA were found in chronic leuke-
mias, including chronic lymphocytic leukemia 
(Cll), plasma cell leukemia, hairy cell leuke-
mia, and CMl in chronic phase. These WT1 
expression patterns indicate that the WT1 
gene is involved in the early stage of hemato-
logical cell differentiation [23]. 

In another study of 150 acute leukemia 
patients, WT1 RnA was expressed in the 

Table 1. Differences between Reduced-Intensity Conditioning (RIC) and Traditional Allogeneic Transplantations*

Traditional Allogeneic Transplantations    RIC Allogeneic Transplantations

Higher doses of chemotherapy and TBI   Lower doses of chemotherapy and TBI
Lower numbers of infused stem cells    Higher numbers of infused stem cells
Intense GVHD prophylaxis     Minimal GVHD prophylaxis
Inpatient hospital care     Outpatient care
High transplant-related toxicity    Minimal transplant-related toxicity
Increased risk of GVHD     Increased risk of chronic GVHD

*TBI indicates total body irradiation; GVHD, graft-versus-host disease.

In a multivariate analysis, sirolimus improved 
3-year overall survival by 40% compared with 
the non-sirolimus group (P = .045). When 
patients were stratified according to condi-
tioning intensity, the benefit of sirolimus was 
maintained only in the RIC group. In patients 
receiving RIC, 3-year overall survival was 

66% in the sirolimus group and 38% in the 
non-sirolimus group (P = .02). By compari-
son, sirolimus did not influence overall sur-
vival in patients who received myeloablative 
conditioning (P = .3) (Figure 6). Within the 
RIC group, sirolimus also reduced the risk of 
relapse by 60% (P = .002), but did not alter 

non-relapse mortality (P = 1.0) [18].
These promising sirolimus data, which 

demonstrate that additional interventions can 
decrease the risk of lymphoma progression fol-
lowing RIC allogeneic HCT, bring the hematol-
ogy community closer to a curative therapy for 
relapsed and refractory follicular lymphoma.
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majority of acute leukemias cells but not in 
normal mononuclear blood cells and normal 
CD34+ hematopoietic progenitor cells [24]. 
These findings suggest that as a “pan-acute 
leukemic” marker, expression of WT1 may 
be useful in detecting leukemic blast cells in 
purged or unpurged hematopoietic stem cell  

preparations intended for use in autologous 
bone marrow transplantation. WT1 expression 
may also be an effective tool for monitoring min-
imal residual disease (MRD) after chemotherapy 
in adult patients with acute leukemia [24].

WT1 also appears to be a reliable tool for the 
detection and monitoring of MRD in children. 

In 2002, Kletzel and colleagues evaluated the 
utility of monitoring WT1 expression in pediat-
ric patients with leukemia at diagnosis, during 
therapy, and following bone marrow transplan-
tation. This prospective study included 204 
samples from patients with All at diagnosis (n 
= 45), at relapse (n = 14), and in remission (n = 
45); acute non-lymphoblastic leukemia (Anll) 
at diagnosis (n = 14), at relapse (n = 5), and in 
remission (n = 12); and CMl in blast crisis (n 
= 1) and in chronic phase (n = 1). WT1 was 
expressed in high levels at diagnosis and at 
relapse in 95% of All patients, 100% of Anll 
patients, and 1 CMl in blast crisis. By com-
parison, high WT1 expression was observed in 
only 5 of 90 samples obtained in remission or 
post-transplantation (P < .0001). Importantly, 
following transplantation, a significant high 
level of WT1 expression was observed 2 to 6 
months prior to clinical relapse [25]. 

Recent evidence indicates that WT1 gene 
expression is an important predictor of out-
come in pediatric patients undergoing alloge-
neic HCT for acute leukemia [26]. WT1 expres-
sion and outcome were examined in 62 pediat-
ric patients (median age, 4.0 years) with acute 
leukemia, including AMl (n = 33) and All (n = 
29). The conditioning regimen included: 

Total body irradiation 1200 cGy (8 frac-•	
tions of 150 cGy on days –8 to –5)
Etoposide 1000 mg/m•	 2 as an 8-hour 
infusion on day –4
Cyclophosphamide 60 mg/kg per day •	
on days –4 to –2

patients received allogeneic stem cells from 
unrelated cord-blood (n = 33), HlA-matched 
unrelated donors (n = 13), or HlA-matched 
siblings (n = 16). patients also received GVHD 
prophylaxis with cyclosporine A, short-course 
methotrexate for the sibling-donor recipients, 
and rabbit ATG for the alternative-donor 
recipients [26].

Increased expression of WT1 prior to trans-
plantation was associated with a significant 
increase in the risk of relapse (P = .003) (Figure 
7). patients with amplified WT1 expression 
were 3.3-fold more likely to have a relapse 
(95% confidence interval [CI], 1.5-7.3). The 
correlation between WT1 expression and 
relapse risk was maintained even after control-
ling for transplantation type, acute GVHD, 
chronic GVHD, and HlA-antigen mismatch 
[26]. Additional studies have also found WT1 
gene expression to correlate with MRD and 
other clinical outcomes in both adults and 
pediatric patients with acute leukemia [27,28].

Figure 7. leukemia-free survival following reduced-intensity conditioning (RIC) allograft stratified 
by wilms Tumor 1 (wT1) expression [26].

Figure 8. event-free survival in children with malignant and nonmalignant disease [30].



11

REVIEWSBlood and Marrow
TRAnsplAnTATIon

ASBMT

RIC in Nonmalignant Disease
stem cell transplantation is not limited to 

malignant diseases in the pediatric setting. 
Hemoglobinopathies, including thalassemia 
and sickle cell disease, are challenging diseases 
for pediatric patients and their caregivers. 
supportive care strategies often fail, leading 
patients to frequent acute exacerbations of 
their condition. While allogeneic stem cell 
transplantation has been successful in curing 
patients of these ailments, treatment-related 
morbidity and mortality, as well as significant 
GVHD, complicate the decision to undergo 
transplantation.

In pediatric patients with nonmalignant 
disorders, RIC followed by allogeneic HCT 
provides a promising alternative to con-
ventional transplantation. Along with other 
institutions, Children’s Memorial Hospital in 
Chicago, Il, has pioneered the use of RIC in 
this patient population. one recent analysis 
of the RIC experience at Children’s Memorial 
Hospital included 13 patients (median age, 

5.2 years) treated between 2000 and 2004 for 
a range of nonmalignant disorders including 
sickle cell anemia (n = 3), inborn errors of 
metabolism (n = 3), immune deficiencies (n = 
2), X-linked hyper immunoglobulin M (IgM) 
syndrome (n = 2), beta thalassemia (n = 1), 
chronic granulomatous disease (n = 1), and 
X-linked lymphoproliferative disease (n = 1). 
The conditioning regimen consisted of fludara-
bine, busulfan, and ATG for all patients. stem-
cell sources included unrelated donors (n = 7), 
matched-sibling peripheral blood stem cells (n 
= 4), and unrelated cord blood (n = 2) [29].

Even among children with unrelated-donor 
HCT, engraftment was adequate, with accept-
able toxicities. Among 11 evaluable patients, 
8 (72%) achieved full donor engraftment, 
defined as >95% donor cells by polymerase 
chain reaction (pCR)-variable number tan-
dem repeat (VnTR) screening. Two addi-
tional patients achieved partial chimerism, 
with 29% and 44% engraftment, respectively. 
The median time to full donor chimerism 

was 58 days. one patient (8%) developed 
grade 2 acute GVHD, and 3 patients (37%) 
developed extensive chronic GVHD. Among 
the 3 patients with sickle cell anemia, 2 had 
autologous recovery and 1 developed chronic 
GVHD. The patient with beta thalassemia 
experienced late rejection. one patient died 
from measles encephalitis [29].

since this initial report of RIC in non-
malignant disease, investigators at Children’s 
Memorial Hospital have evaluated RIC in a total 
of 55 patients (mean age, 8.1 years), including 
38 children with malignant disease (All, 
AMl/MDs, CMl, nHl, and solid tumors) 
and 17 with nonmalignant disease (immune 
deficiencies, metabolic diseases, hemoglobin-
opathies, and aplastic anemia). The group 
includes 12 patients with a history of prior 
HCT, including 7 autologous and 5 allogeneic 
transplantations. In total, 22 patients received 
hematopoietic stem cells from matched related 
donors, and 33 patients received stems cells 
from alternative sources. Following transplan-
tation, chimerism was evaluated by weekly 
VnTR assays [30].

Among the 55 patients treated to date, 3 
died too early to be evaluable for engraftment. 
Among the 52 evaluable patients, engraft-
ment failed in 4 of 16 patients with nonma-
lignant diseases and in 3 of 30 patients with 
malignant diseases. Compared with patients 
who achieved engraftment, those who failed 
to engraft were younger (8.8 years versus 
6.3 years), lighter (27 kg versus 18 kg), and 
received smaller cell doses (5.9 versus 3.9 
× 108 mononuclear cells [MnC]/kg; P = 
.05). In addition, engraftment occurred more 
quickly in patients who developed significant 
acute GVHD (grade I-IV) or extensive chronic 
GVHD. Table 2 summarizes the median num-
ber of days to achieve donor-chimerism for 
various patient subgroups. Event-free survival 
appears to have stabilized at approximately 
30% between days 1000 and >1500 days post-
transplantation (Figure 8) [30].

Findings from the 16 patients with recur-
rent All show that the GVl effect is important 
in this patient subgoup [31]. The 16 All 
patients (median age, 8.9 years) include 8 in 
second remission, 3 in third remission, and 4 in 
fourth remission. seven patients have a history 
of prior HCT. For the most recent procedure, 
stem cell sources include peripheral blood in 
13 patients and bone marrow for 3 patients. 
The reasons for undergoing RIC varied among 
patients, and included prior aspergillosis (n 
= 1), philadelphia chromosome (ph)-positive 

Table 2. Days to Achieve Donor Chimerism*

Patient Group    Donor Leukocyte Chimerism   Donor T-Lymphocyte Chimerism

   50%  >95%  50%   >95%
Evaluable patients (n = 52)  18  26  25  33
Nonmalignant disorders (n = 11) 19  53  26  82
Malignant disease (n = 27)  13  25  21  27
Malignancy and GVHD (n = 7)  13  17  20  19
Malignancy without GVHD (n = 8) 16  32.5  26.5  39

*GVHD indicates graft-versus-host disease.

Figure 9. event-free survival in pediatric patients with acute lymphoblastic leukemia (All) [31].
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disease (n = 1), neurological toxicity (n = 2), 
an infant in second remission (n = 1), relapse 
post-myeloablative treatment (n = 7), and no 
reason (n = 6). To date, 5 of the 16 patients 
have died, due to disease progression (n = 1), 
infection (n = 2), and neurological complica-
tions (n = 2). Acute GVHD was observed in 8 
patients, including grade I in 5 patients, grade 
II in 1 patient, and grade 4 in 2 patients. Two 
patients developed limited chronic GVHD, and 
1 patient developed extensive/severe chronic 
GVHD. The median event-free survival was 
730 days posttransplantation. More than 40% 

of patients are alive >1460 days posttransplan-
tation (Figure 9) [31].

Conclusions
overall, the experience at Children’s 

Memorial Hospital has provided important 
insights regarding the use of RIC allogeneic stem 
cell transplantation in pediatric patients with 
malignant and nonmalignant disease. Acute 
toxicity is minimal, and acute GVHD was not 
a problem; however, the incidence of chronic 
GVHD was higher than expected, and may pose 
a problem for pediatric patients. Those with 

hemoglobinopathies have difficulty achieving 
engraftment, and the GVl effect was observed 
in patients with All. For all other patient 
groups, chimerism was achieved quickly and 
was sustained. lastly, the source of stem cells 
does not appear to influence outcome. 

Given the small numbers and the diversity 
of the patients treated at Children’s Memorial 
Hospital, it is difficult to draw conclusions 
from these observations. Future prospective 
randomized trials with a larger patient popula-
tion will be required to determine the optimal 
role of RIC in the pediatric population.
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emerging options in Reduced-Intensity Stem Cell Transplantation:  
who, How, and when?

CMe Assessment Test 
 Which of the following would 1. noT be a typical 
component of reduced-intensity conditioning (RIC) 
regimens?

A. Total body irradiation dose of 200 cGy 

B. Fludarabine 125 mg/m2 as a single agent or in combination 
with other drugs

C. Busulfan 8 mg/kg 

D. Melphalan 200 mg/m2 

 In the Cancer and Leukemia Group B (CALGB) 8461 trial, 2. 
complex karyotypes showing 5 or more abnormalities 
were associated with what type of outcome compared with 
karyotypes showing <5 abnormalities in older patients 
(≥60 years) with acute myeloid leukemia (AML)?

A. prolonged disease-free survival

B. Decreased disease-free survival

C. Increased treatment-related adverse events

D. Decreased treatment-related adverse events

 The CALGB 100103/Clinical Trials network (CTn) 0502 3. 
trial will evaluate RIC with nonmyeloablative conditioning 
with fludarabine and busulfan as the initial post-remission 
therapy for older patients (>60 years) with AML.

A. True

B. False

 In patients with AML who are treated with allogeneic 4. 
hematopoietic stem cell transplantation (HCT), the 
development of chronic graft-versus-host disease 
(GVHD) correlates with:

A. sustained remission

B. Improved survival

C. Both A and B

D. none of the above

 In patients with follicular lymphoma, which of the 5. 
following is noT a predictor of outcome following RIC 
allogeneic HCT?

A. Chemosensisitivy

B. Type of RIC conditioning regimen

C. Comorbidities

D. Histology

 Compared with myeloablative conditioning prior to 6. 
allogeneic HCT, nonmyeloablative conditioning appears 
to decrease non-relapse mortality and increase overall 
survival in patients with follicular lymphoma and: 

A. no comorbidities

B. At least 1 comorbidity

C. At least 2 comorbidities

D. At least 5 comorbidities

 Which of the following non-Hodgkin’s lymphoma 7. 
(nHL) histologies is associated with the most favorable 
progression-free survival and overall survival outcomes?

A. Indolent nHl

B. Aggressive nHl

C. Mantle cell lymphoma

D. Hodgkin’s lymphoma

 In patients treated with nonmyeloablative allogeneic 8. 
HCT, treatment with adjuvant sirolimus appeared to 
improve which of the following compared with placebo?

A. overall survival

B. Relapse risk

C. non-relapse mortality

D. Both A and B

 In pediatric patients with acute leukemia, Wilms Tumor 9. 
1 (WT1) gene expression is associated with which of the 
following?

A. Increased risk of relapse

B. prolonged relapse-free survival

C. Increased overall survival

D. Decreased non-relapse mortality

In pediatric patients undergoing allogeneic HCT for the 10. 
treatment of nonmalignant diseases, which of the  
following is noT observed with RIC?

A. Adequate engraftment of donor cells in related-donor HCT only

B. Adequate engraftment of donor cells in related- and 
unrelated-donor HCT 

C. A high incidence of chronic GVHD

D. Acceptable toxicity, with a low incidence of acute GVHD

ASBMT
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CMe Assessment Test Answer Sheet – Program ID #09148

Release Date: May 31, 2009
Last Review Date: May 31, 2009
Expiration Date: May 31, 2010

Instructions
(1) Read the articles in the publication carefully. (2) Circle the correct response to each question on the Answer Sheet. (3) 
Complete the Evaluation Form. (4) To receive CME credit, fax the completed Answer Sheet and Evaluation Form to the office 
of Continuing and Professional Education (414-456-6623) or mail to the office of Continuing Medical Education, Medical College 
of Wisconsin, 10000 Innovation Drive, Milwaukee, WI 53226. no processing fee is required.

1. A B C D
2. A B C D
3. A B
4. A B C D

5. A B C D
6. A B C D
7. A B C D
8. A B C D

9. A B C D
10. A B C D

Please evaluate the effectiveness of this CME activity on a scale 
of 1 to 5, with 5 being the highest, by circling your choice. Fax 
with the Answer Sheet to the office of Continuing and Professional 
Education, 414-456-6623, or mail to the office of Continuing 
Medical Education, Medical College of Wisconsin, 10000 Innovation 
Drive, Milwaukee, WI 53226.

overall Quality of the CME Activity 1 2 3 4 5

Articles in the publication were presented in a clear  
and effective manner. 1 2 3 4 5

The material presented was current and clinically  
relevant. 1 2 3 4 5

Educational objectives were achieved. 1 2 3 4 5

The CME activity provided a balanced, scientifically  
rigorous presentation of therapeutic options related  
to the topic, without commercial bias. 1 2 3 4 5

please comment on the impact (if any) that this CME activity might 
have on your management of patients.

Would you benefit from additional CME programs  
on this topic? Yes no

I have read these articles on Emerging options in Reduced-
Intensity stem Cell Transplantation, published in Blood and Marrow 
Transplantation Reviews, and have answered the CME test questions 
and completed the Evaluation Form for this activity.

signature Date

last name First name MI Degree

specialty Affiliation

Address

City state postal Code

phone Fax E-mail

CMe evaluation Form
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Arora M, Weisdorf DJ, Spellman SR, et 
al. HLA-identical sibling compared with 
8/8 matched and mismatched unrelated 
donor bone marrow transplant for chronic 
phase acute myeloid leukemia. J Clin Oncol. 
2009;27:1644-1652.

Hematopoietic cell transplantation from 
an unrelated donor (URD) is an accepted 
treatment for patients with chronic myel-
oid leukemia (CMl) who lack an HlA-
identical sibling donor. Current approaches 
to selection of URDs focus on matching of 
HlA alleles based on high-resolution typing 
methods. The current study compared the 
outcomes of URD versus matched sibling 
bone marrow transplantation for patients 
with chronic phase CMl.

The study included 3 groups of patients 
undergoing bone marrow transplantation for 
CMl in first chronic phase, during which 
transplantation is expected to have a strong 
allogeneic effect and a relatively low risk of 
relapse. There were 3514 recipients of trans-
plants from matched sibling donors; 531 
from HlA-, -B, -C, and DRB1 allele-matched 
(8/8 matched) URDs; and 521 from HlA-
mismatched URDs. overall and leukemia-free 
survival were compared between groups, 
along with secondary endpoints.

Five-year overall survival was 63% for 
recipients of transplants from matched sib-
ling donors, compared to 55% in those with 
8/8 matched URDs (relative risk [RR]) 1.35. 
In the patients with mismatched URDs, sur-
vival decreased as the degree of mismatch 
increased—from 40% to 21% leukemia-
free survival was 55% in the matched sib-
ling donor group versus 50% in the 8/8 
matched URD group (RR 1.21). The risk 
of relapse was similarly low (11% to 14%) 
across groups. Transplantation-related mor-
tality was 31% in patients with matched 
sibling donors versus 38% in those with 8/8 
matched URDs (RR 1.45).

In a homogeneous population of patients 
with CMl in first chronic phase, outcomes 
are better in recipients of matched sibling 
donors, compared to those with 8/8 matched 
URDs. overall survival, leukemia-free sur-
vival, and transplantation-related mortality 
are all “modestly though significantly worse” 
in patients receiving marrow from URDs. 
Greater degrees of mismatch are associated 
with poorer outcomes, suggesting that the 
risks and benefits of using mismatched URD 
marrow must be weighed carefully.

Bader P, Kreyenberg H, Henze GH, et 
al. Prognostic value of minimal residual 
disease quantification before allogeneic 
stem-cell transplantation in relapsed child-
hood acute lymphoblastic leukemia: the 
ALL-REZ BFM Study Group. J Clin Oncol. 
2009;27:377-384.

Current approaches to salvage therapy 
are effective in about one-third of chil-
dren with acute lymphoblastic leukemia 
(All) who experience disease relapse after 
conventional chemotherapy. Retrospective 
studies have suggested that minimal resid-
ual disease (MRD) may be an important 
predictor of outcome before allogeneic 
hematopoietic cell transplantation in chil-
dren with relapsed All.

This hypothesis was tested in a prospec-
tive trial including 91 children with relapsed 
All treated at German pediatric centers. 
All patients were undergoing allogeneic 
hematopoietic cell transplantation in second 
or later remission; treatment was according 
to reported German cooperative trial proto-
cols. Real-time polymerase chain reaction 
using T-cell receptor and immunoglobulin 
gene rearrangements was performed to mea-
sure MRD, which was evaluated as a predic-
tor of post-transplantation outcomes.

Quantitative MRD was 10–4 leukemic 
cells or greater in 45 patients and below 
this threshold in 46 patients. probability 
of event-free survival (pEFs) was 0.27 in 
patients with a higher MRD load versus 
0.60 in those with lower MRD. Cumulative 
incidence of relapse (CIR) was 0.57 versus 
0.13, respectively. Among “intermediate-
risk” patients (strategic group s1), pEFs was 
0.20 for those with MRD of 10–4 leukemic 
cells or greater versus 0.68 for those with 
MRD of less than 10–4. Values for CIR were 
0.73 and 0.09, respectively.

A similar pattern was noted for high-risk 
patients (s3/4 in third complete remission): 
pEFs was 0.53 for those with higher MRD 
versus 0.30 for those with lower MRD. 
Cumulative incidence of relapse was 0.18 
versus 0.50. on multivariate analysis, MRD 
was the only independent predictor of EFs.

The results confirm the predictive value 
of MRD for children undergoing alloge-
neic hematopoietic cell transplantation for 
relapsed All. When the pretransplantation 
MRD load is 10–4 leukemic cells or greater, 
treatment intensification or modification 
should be considered. The investigators are 

planning trials of new intervention strategies 
based on these results.

Bachanova V, McCullar V, Lenvik T, et 
al. Activated notch supports development 
of cytokine producing nK cells which are 
hyporesponsive and fail to acquire nK 
cell effector functions. Biol Blood Marrow 
Transpl. 2009;15:183-194.

There is a growing body of knowledge 
on the development of maturation of natural 
killer (nK) cells, which could have implica-
tions for understanding immunity against 
infections and for the development of new 
cancer therapies. notch signaling has been 
shown to play a critical role in hematopoiesis, 
but its effects on nK cell maturation and 
functioning remain unclear. In vitro experi-
ments with umbilical cord blood (UCB) cells 
were performed to investigate the role of 
constitutively activated notch I (ICn) on 
maturation of nK cells.

Human UCB progenitor cells were cul-
tured on a mouse embryonic liver stroma 
cell line. sorting of CD34+/ICn+ UCB cells 
produced a population of CD7+ early lym-
phoid precursor cells. These later developed 
into committed nK cells, independent of the 
effects of stroma or human interleukin (Il)-
15. These ICn+ precursor cells expressed 
l-selectin, providing evidence of homing 
competence. With further nK lineage com-
mitment, the cells produced Il-13, granulo-
cyte macrophage-colony stimulating factor, 
and tumor necrosis factor-alpha. They did 
not show full acquisition of nK inhibitory 
receptors or cytotoxic effector cell function.

In culture with stroma, the ICn+ cells also 
developed into a population with early T-lineage 
commitment, including Il-2 production and 
other strong indicators of Th1 commitment. 
This process occurred only in the presence of 
El08-ID2 signals from the stroma.

These in vitro results suggest that, in the 
absence of stroma, sustained notch signaling 
can stimulate UCB 34+ cells to differenti-
ate into a CD7+ lymphoid precursor cell. 
From there the cells show nK cell com-
mitment, but with an immature cytokine 
production profile, low responsiveness, and 
poor acquisition of nK cell receptors criti-
cal for self-tolerance and effector function. 
Tissues expressing notch ligand appear to be 
involved in the differentiation and eventual 
education of nK cells.

Journal Watch
A scan of recent medical literature identified these articles of special importance 
in the science and clinical application of blood and marrow transplantation.
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