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Background
Approximately 40% of adults with Philadelphia chromosome-negative acute lymphoblas-
tic leukemia achieve long-term survival following unrelated donor hematopoietic stem cell
transplantation in first complete remission but severe graft-versus-host disease remains a
problem affecting survival. Although T-cell depletion abrogates graft-versus-host disease,
the impact on disease-free survival in acute lymphoblastic leukemia is not known. 

Design and Methods
We analyzed the outcome of 48 adults (median age 26 years) with high-risk, Philadelphia-
chromosome-negative acute lymphoblastic leukemia undergoing T-cell depleted unrelated
donor-hematopoietic stem cell transplantation (67% 10 of 10 loci matched) in first com-
plete remission reported to the British Society of Blood and Marrow Transplantation
Registry from 1993 to 2005. 

Results
T-cell depletion was carried out by in vivo alemtuzumab administration. Additional, ex vivo
T-cell depletion was performed in 21% of patients. Overall survival, disease-free survival
and non-relapse mortality rates at 5 years were 61% (95% CI 46-75), 59% (95% CI 45-74)
and 13% (95% CI 3-25), respectively. The incidences of grades II-IV and III-IV acute graft-
versus-host disease were 27% (95% CI 16-44) and 10% (95% CI 4-25), respectively. The
actuarial estimate of extensive chronic graft-versus-host disease at 5 years was 22%
(95%CI 13-38). High-risk cytogenetics at diagnosis was associated with a lower 5-year
overall survival (47% (95% CI 27-71) vs. 68% (95% CI 44-84), p=0.045). 

Conclusions
T-cell depleted hematopoietic stem cell transplantation from unrelated donors can result
in good overall survival and low non-relapse mortality for adults with high-risk acute lym-
phoblastic leukemia in first complete remission and merits prospective evaluation.
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Introduction

In adult acute lymphoblastic leukemia  despite high
initial rates of complete remission the majority of
adult patients relapse.1 Hematopoietic stem cell trans-
plantation (HSCT) from a sibling donor, carried out
while the recipient is in first complete remission,
extends disease-free survival in certain populations of
patients. In high-risk acute lymphoblastic leukemia,
sibling allografting results in a 22-35% survival advan-
tage over alternative therapies.2-6 A donor versus no
donor analysis in the UKALL/XII/ECOG2993 collabo-
rative study of 1929 participants showed significantly
prolonged overall survival with sibling allografting
compared to chemotherapy in standard risk ALL in
first complete remission.1 In high-risk patients,
although relapse was significantly reduced, a high
non-relapse mortality resulted in no overall survival
advantage, a finding which was largely attributed to
the inclusion of older (>35 years) patients within the
high-risk group. 

The greater curative potential of allogeneic HSCT
and a better understanding of risk factors for treatment
failure with chemotherapy7 have inevitably led to the
investigation of alternative sources of donor stem cells
for HSCT in poor-risk ALL. For patients with
Philadelphia chromosome (Ph)-positive disease, unre-
lated donor (URD) HSCT in first complete remission is
an accepted strategy resulting in superior outcomes to
those achieved with chemotherapy.8 Comparative
studies previously9,10 found equivalent transplant-relat-
ed mortality and disease-free survival rates between
adults undergoing matched URD or sibling HSCT for
high-risk ALL. A detailed analysis of URD-HSCT for
Ph-negative ALL in first complete remission was
recently presented by Marks et al.11 This CIBMTR reg-
istry study of largely T-cell replete URD HSCT report-
ed a 5-year overall survival rate of 39% in 169 patients.
However, procedural-related mortality was a major
cause of treatment failure, occurring in 42% of
patients, with graft-versus-host disease (GVHD)
reported as the second most common cause of death. 

T-cell depletion is the most effective method of pre-
venting GVHD after allogeneic HSCT, a substantial
cause of transplant-associated morbidity and mortali-
ty.12,13 However, this can be at the cost of impaired
immune reconstitution14 and a reduced graft-versus- vs.
leukemia effect15 due to a loss of antigen- and tumor-
specific T cells. Whether there is a role for T-cell deple-
tion in the setting of transplants from URD for poor-
risk Ph-negative ALL is not known. 

In the UK, most URD grafts are T-cell depleted
(TCD). We, therefore, used the British Society of
Blood and Marrow Transplantation (BSBMT) data reg-
istry to identify adult recipients of URD transplants for
Ph-negative ALL. Here we report the outcome of 48
consecutive patients undergoing TCD URD transplan-
tation for high-risk Ph-negative ALL in first complete
remission. 

Design and Methods 

Study patients were identified through the BSBMT reg-
istry database. All transplant centers in the United
Kingdom and Republic of Ireland are required to report
outcomes of consecutive transplants to the BSBMT reg-
istry. Search criteria included: (i) age between 15 and 55
years old, inclusive, (ii) a diagnosis of de novo ALL
between 1993–2005, (iii) a TCD-URD transplant per-
formed in first complete remission. One hundred and
seven patients fulfilled these criteria in 21 transplant cen-
ters. Ph status was checked with all the centers and Ph-
positive patients excluded. Forty-eight patients from 16
transplant centres were finally confirmed as having high-
risk Ph-negative ALL and constituted the study popula-
tion.

Definition of high risk
Patients were defined as having high-risk ALL if they

were over 35 years old, had a high white blood cell count
(>30×109/L in B- cell disease /immunophenotype
unknown, >100×109/L in T-cell disease), had adverse
cytogenetics including t(4;11) with or without other
abnormalities, a complex karyotype (≥5 abnormalities) or
low hypodiploidy/near triploidy at diagnosis and took
more than 8 weeks to achieve first complete remission.
Two further patients were considered to have high-risk
ALL because of persistent extramedullary disease in first
complete remission.

Typing of human leukocyte antigens
Matching status of human leukocyte antigens (HLA)

was assigned based on the data available. In all but three
cases, matching status was entered for five HLA loci
(HLA-A,-B,-C,-DRB1,-DQB1). In three cases the matching
status for HLA-C was unknown. When possible, actual
HLA types were obtained and verified (51% of cases).

In 18 cases the HLA matching status was defined as
definite, i.e. the actual tissue types had been reviewed
and the result obtained with high resolution typing. The
matching status of the remaining pairs was designated
as either probable (tissue typing reviewed and of medium
resolution or transplantation after 01/01/2000 when
HLA class I and II typing was routinely performed by
molecular techniques, n = 21) or possible (tissue typing
reviewed and serological typing or transplant performed
before 2000, n=9). 

Statistical analysis
Probabilities of overall survival and disease-free sur-

vival were calculated by the Kaplan-Meier method.
Comparisons between groups were made using the log-
rank test. Probabilities of non-relapse mortality, relapse,
acute and chronic GVHD disease were calculated as
cumulative incidences using competing risks analysis
with group comparisons made using Gray’s test.16 The
competing risks considered were relapse for non-relapse
mortality, non-relapse death for relapse and death from
any cause for chronic GVHD.
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Results

Patient-related, disease and transplant characteristics
Patient-related, disease and transplant characteristics of

the 48 patients are shown in Table 1. The median age of

the patients at diagnosis was 26.2 years (range, 16 - 50),
and the median follow-up of surviving patients was 56
months (range, 18-160). Adverse karyotype was present
in 17/48 (35%) of patients, 22/40 (55%) of evaluable
patients had a high presenting white blood cell count and
14/48 (29%) were aged over 35 years. Multiple poor

Table 1. Patient, disease and transplant characteristics.
Characteristic N. of patients

Total n. of patients 48
Gender (%)

male 38 (79%)
female 10 (21%)

Median age at diagnosis, years (range) 26 (16 -50)
Median age at time of transplant, years (range) 27 (17 -51)

15-20 11 (23%)
21-30 19 (40%)
31-40 12 (25%)
>40 6 (12%)

Median WBC (×109/L) at diagnosis (range) 50 (2-607.9)
<30 13 (33%)
30-100 11 (27%)
100-200 5 (13%)
>200 11 (27%)
missing 8

Cytogenetics (%)
Normal 15 (31%) 
t(4;11) ± others 12 (25%)
hyperdiploidy 1 (2%)
other cytogenetic abnormality 15 (31%)
complex karyotype 5 (10%) 

Immunophenotype (%)
B lineage 27 (61%)
T lineage 12 (27%)
other 5 (11%)
missing 4

Median time from diagnosis to CR1, weeks (range) 7.7 (1.3-52.6)
<4 weeks 2 (5%)
4-8 weeks 17 (40%)
> 8 weeks 23 (50%)
missing 6

Median time from CR1 to transplantation, months (range) 5 (0.1-15)
< 3 months 22 (52%)
3-6 months 8 (19%)
>6 months 12 (29%)
missing 6

Median time from diagnosis to transplantation, 7 (4-15)
months (range)
Number of induction courses to CR1 

1 cycle 27 (71%)
2 cycles 8 (21%)
3 cycles 1 (3%)
4 cycles 2 (5%)
missing 10

CMV recipient / donor
- / - 19 (40%)
+ / - 12 (26%)
- / + 2 (4%)
+ / + 14 (30%)
missing 1

Hematopoetic stem cell source
bone marrow 29 (60%)
peripheral blood 19 (40%)

Characteristic N. of patients

Regimen
cyclophosphamide + TBI 32 (67%)
cyclophosphamide + TBI + aother 7 (15%)
etoposide + TBI 8 (17%)
busulpan + etoposide (no TBI) 1 (2%)

TBI dose cGy 
≥1300 34 (76%)
<1300 10 (22%)
none 1 (2%)
missing 3

Median n. of cells (×108/kg) 3.8 (0.97-28.6)
missing 6
Donor HLA (%)
10/10 match 32 (67%)

definite 9
probable 15
possible 8

9/10 match 13 (27%)
definite 6
probable 6
possible 1

8/10 match 3 (6%)
definite 3 (6%)
probable 0
possible 0

Karnofsky performance score at transplantation (%)
10 (good) 43 (96%) 
20 (poor) 2 (4%)
missing 3

Alemtuzumab (%)
in vivo 48 (100%)
additional ex vivo 10 (21%)

GVHD prophylaxis
cyclosporine A + methotrexate 31 (67%)
cyclosporine alone 10 (22%)
cyclosporine +methotrexate+ steroids 3 (7%)
cyclosporine and steroids 1 (2%)
mycophenolate mofetil 1 (2%)
missing 2

Donor age, years (range) 33 (21-51)
≤20 0 (0%)
21-30 17 (46%)
31-40 20 (54%)
missing 11

Donor- recipient gender match 
male-male 25 (53%)
male-female 6 (13%)
female-male 12 (26%)
female-female 4 (9%)
missing 1

Median (range) follow-up of survivors, months 56.3 (17.8-160)
aOther conditioning agents were stated as thiotepa (n=3),methylprednisolone
(n=1),busulphan (n=1),and fludarabine (n= 2).CR1: first complete remission;
CMV: cytomegalovirus;TBI: total body irradiation.
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prognostic features were present in 40% (19/48) of the
patients. Of these 12/48 (25%) had two adverse risk fac-
tors present at diagnosis and 7/48 (15%) had three. Forty-
seven of the 48 (98%) patients received conditiong
regimes containing total body irradiation. All patients
received a TCD transplant with in vivo administration of
alemtuzumab. In ten patients additional T-cell depletion
was performed using alemtuzumab in vitro. Details of in
vivo alemtuzumab treatment were available for 41 of the
48 recipients of a TCD transplant. Alemtuzumab -1G
(60–100 mg) was used in nine patients, alemtuzumab -1H
(50–100 mg) in 31 patients and alemtuzumab -1M, at an
unknown dose, in one case. Donor lymphocyte infusions

were given to four patients following transplantation. 

Engraftment 
Neutrophil engraftment to a level of 0.5×109/L

occurred in all patients at a median of 16.5 days (range,
11-35) after transplantation with 46/48 (96%) evaluable
patients engrafting before day 28. The median time to
engraftment was 18 days in patients receiving bone mar-
row grafts and 16 days in patients receiving peripheral
blood stem cells grafts (p=0.16). Platelet engraftment
occurred in 41 evaluable patients at a median of 21 days
(range, 11-209), and was achieved by day 28 in 28 (66%)
of these patients.

Table 2. Univariate analysis of overall survival and disease-free survival.
Variable N. Disease-free survival at 5 years (95% CI) p Overall survival at 5 years (95% CI) p

PPaattiieenntt--rreellaatteedd vvaarriiaabblleess

Cytomegalovirus positive
neither 21 67% (45-85) 0.42 71% (49-86) 0.29
donor or recipient 27 52% (33-72) 51% (31-71)

HLA disparity
no mismatches 32 62% (44-78) 0.70 64% (46-79) 0.58
1-2 mismatches 16 48% (26-71) 55% (31-77)

Age at diagnosis
≤26 (median) 23 64% (43-81) 0.53 67% (44-84) 0.32
>26 25 55% (37-72) 55% (34-77)

Disease-related variables
Cytogenetics

normal or other abnormalities 31 65% (45-83) 0.065 68% (44-84) 0.045
adverse cytogenetics 17 47% (27-71) 47% (26-69)

Presenting white cell count
low 18 52% (35-71) 0.45 52% (31-71) 0.46
high 22 68% (52-86) 68% (48-84)

Age
≤35 years 34 61% (44-77) 0.86 63% (45-78) 0.70
>35 years 14 54% (30-79) 56% (29-80)

Time to first complete remission
≤8 weeks 19 60% (39-79) 0.99 60% (39-78) 0.82
>8 weeks 23 53% (34-73) 57% (36-76)

TTrreeaattmmeenntt--rreellaatteedd vvaarriiaabblleess

Dose of total body irradiation
<13Gy 10 80% (51-96) 0.17 80% (48-95) 0.20
>13Gy 34 53% (36-69) 56% (39-72)

Alemtuzumab
in vivo and ex vivo 10 50% (33-67) 0.45 55% (23-78) 0.46
in vivo only 38 61% (44-76) 58% (41-72)

Source of stem cells
bone marrow 29 59% (42-75) 0.85 57% (38-72) 0.95
peripheral blood 19 57% (31-79) 58% (31-78)

Year of transplant 
1993-2000 20 60% (40-79) 0.98 63% (39-80) 0.73
>2000 28 58% (39-75) 55% (35-71)

Acute graft-versus-host disease
0-I 34 64% (45-79) 0.44 49% (26-69) 0.38
II-IV 12 39% (22-59) 63% (44-77)

Chronic graft-versus-host disease
none 22 58% (38-77) 0.41 60% (37%-77%) 0.24
limited/extensive 23 67% (44-83) 68% (46%-83%)
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Overall survival and disease-free survival
With a median follow-up of 56 months (range 18-160)

30 of 48 patients were alive and of these 27 were free of
leukemia. The Kaplan-Meier estimates for overall sur-
vival of all patients at 3 and 5 years were 64% (95% CI
48-76) and 61% (95% CI 45-74), respectively (Figure 1).
The disease-free survival rate was 59% at 3 years and
unchanged at 5 years. Factors influencing disease-free
survival and overall survival were examined by univari-
ate analysis and are shown in Table 2. The only factor
that had a significant effect on overall survival was
adverse cytogenetics which was associated with a sig-
nificantly shorter survival (p=0.045).

Relapse
Recurrent leukemia occurred in 13 (27%) patients at a

median time of 8 months (0.8-30) following transplanta-
tion. The median survival after relapse was 2.5 months
with only two patients surviving at 6 months. The 3-
and 5- year cumulative relapse rates were 28% (95% CI
20-42) for all patients (Figure 1). Four of the 13 relapsed
patients had received donor lymphocyte infusions, one
was reported to be in complete remission at last follow-
up and three subsequently died in continued relapse.
Various factors were investigated for their effect on
relapse risk and are shown in Table 3. Delayed achieve-
ment of complete remission or development of acute
GVHD did not significantly affect relapse rate following
URD transplantation. 

Graft-versus-host disease
Acute GVHD occurred in 65% of patients and was

grade I in 18 patients (39%), grade II in eight (17%), and
grades III-IV in four (9%). Cumulative incidences of
grades II-IV and grades III-IV acute GVHD were 27%

(95%CI 16-44) and 10% (95% CI 4-25), respectively
(Figure 2A). The probability of limited or extensive
chronic GVHD was 44% (95% CI 30-61) at 5 years (22
of 45 evaluable patients) while that of extensive disease
was 22% (95% CI 13-38) (Figure 2B). Ten patients had
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haematologica | 2009; 94(10) | 1403 |

Figure 1. Primary outcomes of 48 high-risk ALL patients who
underwent TCD URD-HSCT. 

Figure 2. Cumulative incidences of GVHD after TCD URD-HSCT for
high-risk ALL. (A) Acute grades II-IV and III-IV. (B) Chronic exten-
sive.

Table 3. Univariate analysis of relapse.
Relapse N. Relapse at 5 years p

(95%CI)

White blood cell at diagnosis
high 22 14% (5-39) 0.19
low 18 33% (17-64)

Age at diagnosis
≤35 years 34 30% (18-51) 0.61
>35 years 14 21% (8-58)

Graft-versus-host-disease
acute: grades 0-I 34 24% (13-44) 0.57
acute: grades II-IV 12 33% (15-74)
chronic: none 22 28% (14-55) 0.75
chronic: limited/extensive 23 26% (13-52)

Cytogenetic findings
normal or other abnormalities 31 27% (15-49) 0.36
adverse cytogenetics 17 29% (14-61)

HLA disparity
none 32 29% (17-50) 0.90
1-2 mismatches 16 25% (11-58)

Time from diagnosis to 
first complete remission

<8 weeks 19 25% (12-53) 0.86
≥8 weeks 23 32% (18-59)
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extensive chronic GVHD and 12 limited involvement.
The incidence of chronic GVHD was significantly high-
er in recipients of peripheral blood stem cell grafts than
in recipients of bone marrow grafts (78% vs. 24%; at 5
years p=0.001). Additional ex vivo T-cell depletion did
not affect the incidence of acute or chronic GVHD.

Non-relapse mortality
Death occurred for reasons other than relapse in six

patients at a median of 117 days (range, 60–1033) fol-
lowing transplantation. The causes of death were infec-
tion (n=2), graft failure (n=1), neurological toxicity (n=1),
secondary malignancy (n=1) and unknown (n=1).
Importantly, GVHD-related deaths were not reported.
Late non-relapse mortality occurred in one patient at 34
months due to adenocarcinoma of the lung.

The estimated cumulative incidence of non-relapse
deaths in first complete remission at 3 years, in plateau,
was 13% (95% CI 3-25) (Figure 1). The probabilities of
non-relapse mortality at day 100 and day 365 were 4.2%
(95% CI 3-16) and 10.4 % (95% CI 4-24), respectively.
Various factors were investigated for an association with
a significantly increased non-relapse mortality but none
was found to be statistically significant by univariate
analysis (Table 4). 

Discussion

This study is the first to report the longer term out-

come of TCD URD transplantation for adults with poor
risk Ph-negative ALL in first complete remission. With
this approach the multicenter non-relapse mortality rate
was 13% (95% CI 3-25) and the disease-free survival
rate an encouraging 59% (95% CI 45-74) at 5 years.
There is considerable evidence for a potent graft-versus-
leukemia effect in allografting for ALL, with nearly all
randomized studies demonstrating a significantly lower
incidence of relapse with this therapy.1,17 The finding of
durable leukemia-free remissions in more than 50% of
patients undergoing TCD allografting for high-risk ALL
in this study suggests that a graft-versus-ALL effect
might be preserved with this treatment approach. Such
an interpretation lends support to the rationale for par-
tial T-cell depletion, which is to reduce severe (grade III-
IV) GVHD whilst still allowing for some graft-versus-
leukemia effect and mild acute or chronic GVHD.
Indeed, nearly 40% of patients experienced grade I acute
GVHD and this could also have been protective against
relapse.

Notably, the probability of relapse in this series of
patients with poor-risk ALL undergoing TCD URD-
HSCT compares favorably with that reported for T-cell
replete sibling allografting in high-risk patients on the
MRC/ECOG study1 (28% vs. 39% at 5 years, respective-
ly). Furthermore, the predicted 5-year survival in high-
risk subgroups (high WBC: 68%, >8 weeks to first com-
plete remission: 57%) in this analysis contrasts well with
an approximately 30% 5-year overall survival in compa-
rable groups receiving mostly T-replete URD transplants
reported by the CIBMTR study.11 Thus, the finding of
higher rates of disease relapse with TCD allotransplan-
tation reported by some authors18 does not appear to be
recapitulated in this series of high-risk ALL. Reports in
childhood ALL19 showing comparable disease-free sur-
vival rates in patients undergoing HLA-matched sibling
donor transplants and in those undergoing T-cell-modi-
fied URD-HSCT for ALL in first or subsequent complete
remission provide further support for retention of a
graft-versus-leukemia effect with a TCD approach. 

Patients with adverse cytogenetics had a significantly
worse overall survival (47 vs. 68%, p=0.045) and a trend
towards a lower disease-free survival (47% vs. 65%,
p=0.065) in this study. Their outcomes are, however,
similar to those reported by the CIBMTR11 for patients
with ALL with adverse karyotype using a T-replete
transplantation approach (overall survival: 38% at 5
years). The optimal conditioning approach in this ALL
subgroup is, therefore, yet to be determined and further
study is clearly warranted. 

CD52 is expressed on 66-78% of ALL cells.20 We,
therefore, recognize the possibility that alemtuzumab
may have contributed to an antileukemic effect which
may have partly offset a reduced graft-versus-leukemia
effect. However, since all patients were in first complete
remission and information on minimal residual disease
at transplant is lacking, the magnitude of such a contri-
bution is impossible to assess. Whether TCD URD
transplantation is effective in those entering transplant
with detectable minimal residual disease requires specif-
ic study, a matter which is likely to be addressed in the
next UK-US ALL trial. 

Table 4. Univariate analysis of non-relapse mortality.
Non-relapse mortality N. Non-relapse mortality p

at 5 years (95%CI)

Age at diagnosis
≤35 years 34 9% (3-26) 0.28
> 35 years 14 26% (9-70)

Median age at diagnosis
≤25.5 years 23 9% (2-33) 0.48
>25.5 years 25 18% (7-43)

Donor-recipient sex
male recipient 38 14% (6-32) 0.82
female recipient 10 10% (2-64)

Stem cell source
bone marrow 29 14% (6-32) 0.82
peripheral blood 19 17% (4-64)

HLA disparity
none 32 9% (3-27) 0.37
1-2 mismatches 16 21% (7-57)

Graft-versus-host disease
acute: grades 0-I 34 12% (5-31) 0.62
acute: grades II-IV 12 28% (8-96)
chronic: none 22 14% (5-39) 0.28
chronic: limited/extensive 23 7% (1-45)

Time from diagnosis to transplantation
<7 months 25 8% (2-30) 0.36
≥7 months 23 19% (8-45)

Positivity for cytomegalovirus
neither 21 10% (3-35) 0.50
donor or recipient 27 17% (7-43)
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In agreement with results of previous studies we
found TCD allotransplantation effective in preventing
GVHD and graft rejection after URD-HSCT.21-24 The
very low (10%) overall incidence of grade III to IV acute
GVHD in our study population, together with only a
single case of secondary graft failure, is consistent with
this. However, chronic GVHD did occur in approxi-
mately half of the patients. The interpretation of this
finding is confounded by the variation in alemtuzumab
antibody, dosing and scheduling in our series which
may have resulted in suboptimal prophylaxis of chron-
ic GVHD in some cases. However, the finding of a
reduction in acute GVHD but not always chronic
GVHD after TCD URD-HSCT is well described24-27 and
may reflect differing pathogenic mechanisms between
these GVHD syndromes.28

A major drawback of T-cell depletion is slow immune
reconstitution and post-transplant infection but only a
third of transplant-related deaths in this series were due
to infection. Pharmacokinetic studies have shown clini-
cally significant differences in the type of CD52 anti-
body with rat antibodies, alemtuzumab -1G, having a
shorter half-life (12–13 hours) than that of the human-
ized form, alemtuzumab-IH (15–21days), resulting in
persistent lympholytic concentrations with the latter
and a higher incidence of infections.14 A formal compar-
ison between these agents and non-relapse mortality
did not reveal any significant association.

There are very few studies addressing the utility of
URD transplantation in Ph-negative ALL and none
specifically examining the impact of T-cell depletion in
this setting. Significant heterogeneity in selection of
patients and transplant characteristics between studies
limits an adequate comparison. Nonetheless, the find-
ing of a higher rate of non-relapse mortality (RR 2.67; CI
1.42–4.99) in 16 patients who had received a TCD
transplant by a variety of methods reported in the
CIBMTR study is not corroborated in this larger series
of TCD transplants. Importantly, the lack of GVHD-
attributable deaths in this BSBMT series contrasts
sharply with the findings of CIBMTR study in which
GVHD was the second commonest cause of death.11

The cautions applicable to analysis of all retrospective

registry data are also relevant here: in particular, the
selection bias for surviving patients, which may result in
improved outcomes being reported. For this reason con-
siderable caution should be applied in comparing the
overall survival rate of 60% with the 30–40% survival
of adult ALL patients undergoing URD-HSCT reported
by other studies. However, prospective randomized
studies in this area are difficult to perform. Hence, ret-
rospective data analysis is a pragmatic basis for initial
investigation in this setting. Increasing age confers the
highest risk of treatment-related mortality. The median
age of our population was lower (26 years) than that of
other published series (23-33 years), which might have
contributed to the low observed non-relapse mortality
although it is of note that older age did not increase
non-relapse mortality or negatively influence overall
outcome in the series reported. It is also recognized that
the adolescent population (15–20 years) included in the
study are now treated according to pediatric protocols,
although it is important to note that randomized con-
trolled evidence supporting the efficacy of this approach
is still awaited. 

The grim outlook of relapsed ALL in adults is indicat-
ed by the report by Fielding et al. which described a 5-
year survival rate of 7% in 609 patients following initial
recurrence.29 Prevention of relapse through primary
application of the most effective therapies is, therefore,
vital. In this study we demonstrate the potential effica-
cy of TCD URD transplantation for high-risk ALL and
show that durable leukemia- free remissions can be
achieved with this approach. These results support the
prospective study of TCD URD transplantation in Ph-
negative ALL to further define the role of this strategy.
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