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Summary
Sirolimus has been shown to have activity against human acute lymphoblastic leukaemia at serum
levels used for immunosuppression. We hypothesized that the addition of sirolimus to a tacrolimus/
methotrexate graft-versus-host disease (GVHD) prophylaxis regimen would decrease relapse after
haematopoietic stem cell transplantation and initiated a phase I/II study to demonstrate safety,
feasibility, and efficacy. The study cohort included 18 patients in high-risk (HR) first complete
remission (CR1), 16 in HR CR2, 17 in intermediate risk (IR) CR2, and 12 in CR3+. The 2-year event-
free survival (EFS) of the cohort was 66% (standard error 6·4). EFS of risk groups was 74%, 81%,
44% and 46% for CR1, IR CR2, HR CR2 and CR3+ patients respectively, and did not differ by stem
cell source. Cumulative incidence of acute GVHD grade II–IV and III–IV was 38% and 21%
respectively, while the cumulative incidence of chronic GVHD was 32%. Cumulative incidence of
transplant-related mortality and relapse was 10% and 25% respectively. Significant toxicities
included veno-occlusive disease [seven patients (11%)], transplant-associated microangiopathy
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(three patients), and idiopathic pneumonitis (one patient). In summary, sirolimus-based GVHD
prophylaxis can be given safely in this population and early survival results are promising. A phase
III trial to test whether sirolimus decreases relapse and improves outcome after transplantation for
ALL is ongoing.
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acute lymphocytic leukaemia; paediatric allogeneic bone marrow transplantation; sirolimus; graft
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Relapse remains the major obstacle to cure for children who undergo allogeneic hematopoietic
stem cell transplant (HSCT) for acute lymphoblastic leukaemia (ALL). While transplant-
related mortality (TRM) has decreased over the past decade (Pasquini et al, 2007), relapse rates
have remained high (25–25%), and can exceed 50% in high risk disease (Bunin et al, 2002;
Eapen et al, 2006). Achieving a low minimal residual disease (MRD) status prior to transplant
and using total body irradiation (TBI)-based preparative regimens may decrease relapse to a
degree (Bader et al, 2009), but new interventions that decrease relapse after transplant for ALL
are needed.

Sirolimus is a naturally-occurring, potent immunosuppressant that has been used extensively
in solid organ transplantation. The compound has structural similarity to tacrolimus, binds to
FK-binding protein 12 as tacrolimus does, and is thus synergistic with tacrolimus, allowing
lower doses of both medications to be used to achieve target levels of immune suppression
(Cutler & Antin, 2004). Sirolimus is an attractive candidate to reduce relapse because it is a
potent mammalian target of rapamycin (mTOR) pathway inhibitor and thus has anti-tumour
properties documented in a number of cancer types (Rizell et al, 2008; Sillaber et al, 2008).

Both pre-clinical xenograft models and human clinical studies have shown promising results
in lymphoid malignancies using this agent. Pronounced decreases in growth of human ALL-
blasts treated with sirolimus in NOD-SCID mouse models have been reported (Brown et al,
2003; Teachey et al, 2006). Further studies performed using a combination of mTOR inhibitor
plus methotrexate led to complete disappearance of ALL blasts in this model (Brown et al,
2003; Teachey et al, 2006, 2008). Armand et al (2008) described a clear improvement in the
survival of adults with Non-Hodgkin lymphoma undergoing reduced intensity regimens when
sirolimus was used as graft-versus-host disease (GVHD) prophylaxis compared to regimens
not containing sirolimus.

Investigators from the Dana Farber Cancer Institute studied the use of sirolimus and tacrolimus
with and without methotrexate for GVHD prophylaxis in adults undergoing hematopoietic cell
transplantation (HCT) with goal of decreasing rates of GVHD (Antin et al, 2003; Cutler &
Antin, 2004; Alyea et al, 2008). These early trials in adults showed lower rates of acute GVHD,
but similar rates of chronic GVHD. This clinical experience using sirolimus to decrease GVHD,
combined with the pre-clinical mouse model data described above, led us to hypothesize that
the use of sirolimus after HCT for children with ALL would treat lymphoid blasts in a minimal
residual disease state and lead to lower rates of relapse. We initiated a multi-institutional phase
I/II trial to demonstrate safety and efficacy of the approach in children using different stem
cell sources, especially unrelated cord blood (UCB), used frequently in paediatric
transplantation. Early results from this trial have led to a phase III trial that is currently
underway through the Children’s Oncology Group (COG).
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Materials and methods
Patients

Between August 2003 and August 2008 a total of 63 consecutive patients at four paediatric
centres in the United States, Children’s Hospital of Philadelphia, Methodist Children’s Hospital
of South Texas (San Antonio), Primary Children’s Medical Center (University of Utah School
of Medicine, Salt Lake City), and Children’s Hospital of Pittsburgh, were enrolled on a
prospective trial aimed at assessing the toxicity and efficacy of the administration of post-
transplant sirolimus to recipients of allogeneic bone marrow (BM), peripheral blood stem cells
(PBSC), and UCB transplantation for very high risk paediatric ALL. The trial was approved
by the institutional review boards at each institution and was monitored centrally by the
Children’s Hospital of Philadelphia Data Safety Monitoring Committee. Informed consent was
obtained from the guardians and assent or consent from patients, if applicable, in accordance
with the Declaration of Helsinki.

Patients were required to have ALL in first (CR1), second (CR2), or third (CR3) morphological
remission prior to transplant. First remission patients had to either have primary induction
failure (PIF, failure to achieve M1 marrow status after induction), extended MRD+ after
consolidation by flow cytometry (COG poor risk) (Borowitz et al, 2008), secondary ALL, or
very high risk cytogenetics {t(9;22) or t(4;11) with slow early response [M2 or M3 at day +14
after induction, expected 5-year event-free survival (EFS) of 10% with chemotherapy
approaches (Schultz et al, 2007)]}. Median time from initial diagnosis to transplant for patients
in CR1 was 151 d (range 90–272 d).

Patients were required to have cardiac fractional shortening ≥27%, creatinine clearance ≥60
ml/(min 1·73 m2), bilirubin <25·6 µmol/l, transaminases <3 × normal and no active infection
at the time of transplant.

Treatment protocol
Related and unrelated BM or PBSC donors were allowed to have no more than a single antigen/
allele mismatch at HLA A, B, C, or DRB1. BM alone was allowed for related donors (RD)
and preferred for unrelated donors (URD), but PBSC from URD was allowed. Cord blood units
had to be at least a 4/6 match at HLA A, B and DRB1 with high resolution typing of the DRB1
allele. Minimum pre-thaw cord blood cell dose was 3 × 107 total nucleated cell (TNC)/kg
recipient body weight. Multiple UCB infusions were not allowed.

The preparative regimen consisted of fractionated TBI 200 cGy bid × 3 d (total dose 1200
cGy), thiotepa 5 mg/(kg d) for 2 d (total dose 10 mg/kg), followed by cyclophosphamide 60
mg/(kg d) for 2 d (total dose 120 mg/kg). GVHD prophylaxis consisted of tacrolimus starting
on day −2, given as a continuous infusion (starting dose 0·03 mg/(kg d), target level 5–10 ng/
ml) and methotrexate given IV at a dose of 5 mg/m2 on days +1, +3 and +6 after transplant for
all patients, with an additional dose on day +11 for those receiving unrelated donor BM or
PBSC. There were three different time-points at which sirolimus administration was initiated
during the course of the trial (see Treatment Cohorts in the Results section). The first three
patients started sirolimus after engraftment. Once feasibility of oral administration was
established after engraftment, the initiation of sirolimus therapy was moved to day −3 with a
loading dose as described by Antin et al (2003). Toxicity was noted after four patients using
this approach, and the protocol was amended to start sirolimus at day 0 with no loading dose.
Fifty-six patients were enrolled starting sirolimus on day 0. Sirolimus was given orally with a
starting dose of 2·5 mg/m2/d (maximum dose 4 mg), with target trough levels of 3–12 ng/mg.
The loading dose given for the four patients starting on day −3 was 7 mg/m2 (12 mg max). In
the absence of GVHD, tacrolimus was tapered between day +42 and 96 for matched sibling
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donor recipients and between day +100 and 180 for mismatched related donor, unrelated donor
and unrelated cord blood recipients. Sirolimus was tapered over 4 weeks starting 6 months
after transplant.

Supportive care measures, such as use of growth factors or infection prophylaxis, were
according to institutional practise.

Statistical methods
Neutrophil engraftment was defined as an achievement of an absolute neutrophil count of ≥0·5
× 109/l sustained for three consecutive laboratory measurements on different days. Platelet
engraftment was defined as an achievement of a platelet count recovery of ≥20 × 109/l sustained
for three consecutive laboratory measurements on different days with no platelet transfusions
in the previous 7 d. A severity grade for acute GVHD was calculated according to the reported
stages of skin, liver and intestinal involvement using the Glucksberg grading system
(Glucksberg et al, 1974). Treatment-related mortality was defined as death in continuous
complete remission. Death from any cause was considered an event for overall survival (OS).
Events for EFS included rejection (donor chimerism <5%), relapse, or death in remission.

Univariate probabilities of OS were calculated using the Kaplan–Meier estimator; the log-rank
test was used for univariate comparisons of survival (Kaplan & Meier, 1958). Probabilities of
acute and chronic GVHD, relapse, and transplant-related mortality were calculated using the
cumulative incidence function estimator with a subsequent transplant as a censoring event
(Gooley et al, 1999; Klein & Moeschberger, 2003). For neutrophil and platelet engraftment,
and acute and chronic GVHD, death without an event was a competing risk. For TRM, relapse
was the competing risk; for relapse, TRM was the competing risk. The Statistical Package for
the Social Sciences (SPSS) software, version 14.0, was used for the Kaplan–Meier analysis and
R version 2.8.0 (©2008 The R Foundation for Statistical Computing, Vienna, Austria) was used
for the competing risks analysis of engraftment, relapse, transplant-related mortality, and
chronic GVHD.

Stopping rules were in place for excessive day +100 mortality (>25%) or severe acute GVHD
(grade III–IV >30%). Veno-occlusive (VOD) disease was diagnosed by Seattle Criteria and
graded for severity as outlined by McDonald et al (1993). Transplant-associated
microangiopathy (TAM, also called transplant associated haemolytic uremic syndrome) was
defined as outlined by the Blood and Marrow Transplant Clinical Trials Network consensus
group (Ho et al, 2005). After demonstrating the safety and feasibility of administering oral
sirolimus at day 0 in an initial cohort of 20 patients, enrollment was extended to obtain phase
II efficacy data in ALL risk group subsets.

Results
Patient/donor characteristics

Median patient age was 9 (range 1–22) years (Table I). Just over half of the analysis cohort
were patients in CR2, split between Berlin–Frankfürt–Münster (BFM) ‘high risk’ early
relapsed patients (relapse <36 months from diagnosis) and BFM ‘intermediate risk relapse,’
who either relapsed late in the BM or very early (relapse <18 m from diagnosis) isolated to
extramedullary areas (IEM), mostly in the central nervous system (Borgmann et al, 2003).
Eighteen patients (29%) were in CR1 and 12 patients (19%) were in CR3. Most of the patients
had pre-B cell disease (81%). Notably, T-cell BM relapses were all BFM high risk, with most
occurring <18 m from diagnosis.

A significant percentage of patients enrolled received unrelated cord blood (UCB) grafts (n =
30, 48%), with a small percentage receiving either unrelated BM or PBSC (n = 5, 8%), and the
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remainder related donor BM (n = 28, 44%). The UCB units given were predominantly 5/6
HLA antigen matched (63%, HLA A, B and DRB1), while 30% of UCB units were 4/6, 3%
were 3/6 and 3% were 6/6 HLA antigen matched. One of the related donors was a single antigen
mismatched sibling and a second was a 6/6 phenotypic matched relative (mother to daughter).
Of the unrelated BM/PBSC donors, by high-resolution typing at HLA A, B, C, DRB1 and
DQB1 loci, two had single allele mismatches, while three were fully matched. Actual infused
UCB doses varied from 2·3–15·2 × 107 TNC/kg recipient weight (median 4·6 × 107 TNC/kg).
BM/PBSC doses varied from 0·8–7·6 × 108 TNC/kg recipient weight (median 3·3 × 108 TNC/
kg).

Treatment cohorts/early toxicity
The first three patients enrolled started sirolimus therapy just after engraftment on days +21,
+22 and +24. After these three patients were noted to do well, the initiation date of sirolimus
was moved to day −3 with a loading dose, similar to the approach published by the Dana Farber
Group (Antin et al, 2003). Of the four patients receiving sirolimus starting on day 3 before
transplant (during conditioning with cyclophosphamide), one patient in CR4, receiving a 3/6
HLA matched UCB, and a second patient with very early relapse in CR2, receiving a 5/6 HLA
matched UCB, experienced overwhelming early toxicity [multisystem organ failure (MSOF),
infection and subsequent death]. Based upon descriptions of synergistic effects of
cyclophosphamide with mTOR inhibitors (Cejka et al, 2008) along with well-described
transplant toxicities associated with cyclophosphamide (McDonald et al, 2003), the protocol
was amended to avoid overlap with cyclophosphamide by starting sirolimus at day 0 with no
loading dose. Early, significant toxicity did not occur with subsequent patients, and another 56
patients accrued to the study.

Causes of mortality and sirolimus-related toxicities
Table II reviews significant toxicities noted during the trial, describing all non-relapse deaths
along with an attribution of possible involvement of sirolimus. In addition, Table II includes
all patients with significant toxicities (grade 3 or higher) with an attribution of possibly,
probably, or definitely linked to sirolimus administration. All patients were able to successfully
start sirolimus, and only the patients listed in Table II stopped the medication. Three further
patients had sirolimus held temporarily, one for 1 week for high levels and temporary renal
dysfunction, a second for low counts and pneumonia, and the third for delayed engraftment.
These three patients successfully went back on sirolimus and completed their planned 6-month
course and taper. Finally, 10 of 35 (29%) of URD or UCB recipients were scored as having
engraftment syndrome (fever, skin rash, fluid retention ± hypoxia/pulmonary oedema) and
treated with methyl-prednisilone. Of note, 8 of 10 with engraftment syndrome were eventually
scored as acute GVHD because of other evidence of aGVHD or flare of GVHD symptoms
during their steroid taper.

Toxicities listed in Table II include seven cases of VOD (11%), four noted to be severe and
three moderate. Two of the cases of VOD occurred in the patients described in the section on
early toxicity noted when sirolimus was started on day −3. The VOD in the third patient on
the table occurred after two gram-negative bacterial infections and an extended intensive care
course. In that patient, sirolimus was only given for 1 week and stopped 3 weeks prior to the
onset of VOD symptoms. Of patients starting sirolimus on or after day 0, the VOD rate was
8% (5/59). TAM occurred in three patients (5%) and completely resolved in two. In the third
patient, TAM occurred in the context of gram-negative sepsis, MSOF, and the patient expired.
A final notable toxicity was pleural and pericardial effusions, which resolved within days of
stopping sirolimus.
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Engraftment and graft versus host disease
The median time to neutrophil engraftment for recipients of BM and PBSC compared to UCB
was 20 (range 13–31) vs. 24 d (range 11–118) respectively, with a cumulative incidence of
engraftment for RD and URD BM/PBSC recipients of 100% [95% confidence interval (CI)
94–100%] and 92% (95% CI 78–100%) for UCB recipients. The median time to platelet
engraftment for recipients of BM and PBSC compared to UCB was 27 (range 11–118) vs. 87
d (range 28–217) respectively, with a cumulative incidence of platelet engraftment for RD and
URD BM/PBSC recipients of 100% (95% CI 94–100%) and 80% (95% CI 63–96%) for UCB
recipients.

The cumulative incidence of grade II–IV and III–IV acute GVHD at 180 d was 38% (95% CI
26–50%) and 21% (95% CI 11–31%) respectively. The cumulative incidence of chronic
GHVD at 2 years was 32% (95% CI 20–43%), while the cumulative incidence of chronic
extensive GVHD at 2 years was 23% (95% CI 12–34%).

Transplant related mortality and relapse
The cumulative incidence of TRM at 100 d, 1 and 2 years was 6·3%, 6·3% and 9·9% (95% CI
2·3–17·5%) respectively. TRM occurred in only one related donor recipient, from chronic
GVHD, just over 2 years post-transplant; the remainder of the TRM (seven patients, 11%)
occurred in recipients of UCB with four early deaths (≤day 50) from infection and three late
deaths from chronic GVHD (Table II). TRM occurred in six patients with high-risk disease
(HR CR2, CR3, CR4) and two patients with intermediate risk disease (CR1, IR CR2).

The main cause of treatment failure was relapse, which occurred in 17 patients (27%), with a
cumulative incidence at 2 years of 25·5% (95% CI 14–37). Most relapses occurred within the
first year of transplant (67%), with no relapses occurring after 2·3 years. Although the
cumulative incidence of relapse was higher in early relapse CR2 and CR3 patients compared
to CR1 and intermediate risk CR2 patients (32% vs. 19%), this difference was not statistically
significant (P = 0·15).

Event free and overall survival
Two-year EFS and overall survival (OS) were 64% (standard error [SE] 6·3) and 73% (SE 5·8)
respectively (Fig 1). Univariate analysis showed significant differences in 2-year EFS and OS
according to risk category (Fig 2). Kaplan–Meier survival curves of CR1 patients and BFM
intermediate risk CR2 patients visually overlapped and were statistically indistinguishable [2-
year EFS 74% (SE 11) for CR1 vs. 81% (SE10) for IR CR2; P = 0·966]. Outcomes of the HR
CR2 and CR3+ groups were also similar [2-year EFS 44% (SE 12) for HR CR2 vs. 46% (SE
16) for CR3+; P = 0·641]. Both of the better risk groups had superior outcomes compared either
individually to one of the poor risk groups or when the better risk groups combined were
compared with the poor risk groups. A combined analysis of the risk groups showed superior
2-year EFS (78% vs. 45%, P = 0·006) and 2-year OS (94% vs. 48%, P = 0·001) in the CR1/
IR CR2 cohort compared to the HR CR2/CR3+ cohort.

We performed univariate analyses on other donor and recipient characteristics, including donor
source (UCB versus URD versus RD), donor/recipient CMV status, presence of acute and
chronic GVHD, donor/recipient ABO mismatches, and T-cell versus B-cell disease in the
recipient. While URD and UCB outcomes initially appeared to be inferior to related donor
outcomes, when adjusted for transplant risk group, related and unrelated donor outcomes were
indistinguishable (Fig 3). Acute GVHD or chronic GVHD of any degree had no effect on
survival outcomes in this cohort. CMV status in the donor and the presence of ABO mismatches
also had no statistically measurable effect. Although outcomes in patients with T-cell disease
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were not statistically different from those with B-cell disease in this cohort, the number of T-
cell patients was low, and valid comparisons would require a larger cohort of T-cell patients.

Discussion
The principle areas of concern of the feasibility portion of this study was whether we could
deliver sirolimus orally to young children in the midst of an intensive myeloablative transplant,
achieve appropriate levels, and avoid significant toxicities and TRM. Delivery of the
medication was not an issue. The pill form was preferred and tolerated well even in young
children. Those too young to swallow pills easily took the liquid form either orally or via a
nasal gastric tube, appropriate levels were achieved, and no patients went off study because
they were unable to take the medication. Overall TRM was very low (8/63, 13%), in spite of
the fact that the majority of transplants were performed with unrelated donor sources.

We closely followed specific toxicities associated with sirol-imus use in adult studies.
Investigators have shown increased risk TAM and VOD associated with the use of sirolimus
after allogeneic HCT, and in the case of VOD, the risk has been reported to be higher when
methotrexate was given as part of the GVHD prophylactic regimen (Cutler et al, 2005,
2008). TAM was seen in three patients in our cohort. In one patient who started sirolimus on
day −3, it was part of a larger picture of sepsis and MSOF. In the other two patients, the resultant
renal damage was reversible by decreasing levels of sirolimus and tacrolimus or holding one
or both of these medications until symptoms resolved, as has been described by Cutler et al
(2005). Our TAM rate of 5% was less than half of the published experience with this
combination in adults, and similar to rates expected after TBI-based allogeneic transplantation
using tacrolimus for GVHD prophylaxis (4–13%) (Miano et al, 2008).

Veno-occlusive disease has been reported in 10–20% of allogeneic transplants performed in
paediatrics (Reiss et al, 2002; Cesaro et al, 2005; Miano et al, 2008). The overall rate in our
population (11%) is lower than what would be expected with a TBI-based preparative regimen
in children. Our approach differs from the Dana Farber regimen, in that sirolimus starts on the
day of transplant, after completion of the preparative regimen, and a loading dose is not
administered. Our experience of significant toxicity in two patients who had overlap of
tacrolimus/sirolimus with cyclophosphamide is reminiscent of the toxicity and GVHD
described with overlap of cyclophosphamide with this GVHD prophylaxis regimen by the
Seattle group (Furlong et al, 2008). It is possible that avoiding overlap of sirolimus with
cyclophosphamide (the Dana Farber group overlapped with TBI) lessens VOD risk. That said,
given how rarely this event occurs, a much larger experience in children would be needed to
discern whether the risk of VOD is increased with our approach. This question should be
answered by an ongoing Children’s Oncology Group phase III trial randomising the addition
of sirolimus to a tacrolimus/methotrexate GVHD prophylactic regimen in children with ALL.

More than 80% of paediatric patients with ALL are cured with chemotherapy approaches (Pui
& Evans, 1998; Gaynon et al, 2000; Schrappe et al, 2000), leaving only a small fraction of
patients identified as poor risk either by incomplete response to therapy, cytogenetic
associations, relapse or, more recently, gene expression profiles, who may benefit from
allogeneic transplantation (Arico et al, 2000; Borgmann et al, 2003; Nachman et al, 2007;
Borowitz et al, 2008; Yang et al, 2009). Use of TBI-based regimens may decrease relapse rates
in this high-risk group (Eapen et al, 2006; Marks et al, 2006), but approaches aimed at
enhancing GVHD have generally led to more toxicity without improved survival. Because the
limits of intensity of TBI-based preparative regimens have been reached, the introduction of
anti-ALL agents after achieving minimal tumour burden post-transplant may be a fruitful
approach (Pulsipher et al, 2008). Ideal approaches to relapse prevention in the post-HCT would
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need to (i) avoid worsening GVHD or introducing other toxicities and (ii) treat leukemic blasts,
either directly or by modulating the allogeneic immune system to increase tumour kill.

Evidence from a number of trials points to sirolimus as an agent that may result in a survival
benefit after transplantation by decreasing relapse. Studies in recipients of solid organ
transplants have shown that switching to sirolimus from other immune suppressive agents can
successfully treat post-transplant lymphoproliferative disorders and Kaposi sarcoma (Garcia
et al, 2003; Campistol et al, 2004). The agent has been shown to inhibit primary and metastatic
tumour growth by antiangiogenesis (Guba et al, 2002). Sirolimus treatment leads to apoptosis
and cell death of ALL blasts, and synergy with methotrexate in treating ALL blasts has also
been described (Brown et al, 2003; Teachey et al, 2008). The Dana Farber group showed a
distinct advantage in survival of lymphoma patients undergoing reduced intensity allogeneic
transplantation when sirolimus was used for GVHD prophylaxis compared to other approaches
(Armand et al, 2008). This survival difference was not related to changes in GVHD incidence.
Whether use of sirolimus-based GVHD prophylaxis results in a survival advantage in children
undergoing allogeneic transplantation for ALL requires further study.

In summary, transplantation of children with ALL using sirolimus-based GVHD prophylaxis
leads to stable engraftment and low rates of TRM and relapse, resulting in excellent 2-years
EFS rates. The approach of this multi-institutional pilot protocol is being tested in a large phase
III COG study, which will define whether the addition of sirolimus after transplantation
improves survival in children with ALL undergoing allogeneic HSCT.
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Fig 1.
Event-free and overall survival. Two-year EFS and OS for the cohort were 64% [standard error
(SE) 6·3] and 73% (SE 5·8).
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Fig 2.
Event-free survival by risk group. Two-year EFS for the risk groups were 74% [standard error
(SE) 11] for CR1, 81% (SE 10) for IR CR2, 44% (SE 12) for HR CR2 and 46% (SE 16) for
CR3+.
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Fig 3.
Event-free survival by risk group/stem cell source. Recipients of related donor (RD) transplants
were more often CR1 or intermediate risk CR2 (21 RD vs. 13 URD), while recipients of
unrelated donor (URD) transplantation were more often high risk CR2 or CR3 (20 URD vs. 5
RD). When stratified by risk, survival after related or unrelated donor transplantation was
similar {2-year EFS 81% [standard error (SE) 8·5] vs. 73% (SE 13·4), RD versus URD CR1
or intermediate risk (dashed line URD, solid line RD); 2-year EFS 50% (SE20) vs. 44% (SE
11), RD versus URD high risk CR2 or CR3 (dotted line RD, dot-dash line URD)}.
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Table I

Patient/disease characteristics and stem cell sources.

n 63

Median age, years (range) 9 (1–22)

Gender: female/male 25/38

Diagnoses Number of recipients

 Immunophenotypes

  Pre-B cell (1 patient infant MLL) 51

  T-cell 12

 High risk CR1

  Primary induction failure (PIF) 10 [3 also t(9;11)]

  t(9;11) 7 (3 also PIF)

  Other [secondary ALL 1, 4

   patient; t(4;11) plus M2 at day 14,

   1 patient, high MRD+ after

   consolidation 2 patients]

 High risk CR2

  BM relapse <18 months (5 T-cell, 1 MLL) 8

  BM relapse 18–36 months (3 T-cell) 8

 Intermediate risk CR2

  BM relapse ≥36 months (all B-cell) 12

  Isolated-CNS relapse <18 5

   months (2 T-cell, 3 B-cell)

 All patients beyond CR2

  CR3 (11 patients), CR4 (1 patient) 12

 Stem cell source/HLA matching

  Related donor-bone marrow

   Fully matched sibling 26

   5/6 HLA matched sibling 1

   6/6 HLA matched parent 1

  Unrelated donor-bone marrow/PBSC

   10/10 HLA match 3

   9/10 HLA match 2

  Unrelated donor-cord blood

   6/6 HLA match 1

   5/6 HLA match 19

   4/6 HLA match 9

   3/6 HLA match 1
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