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Background and Objectives. To analyze the results
of standard versus alternative myeloablative condi-
tioning regimens in allogeneic hematopoietic stem
cell transplantation for high-risk acute leukemia.

Design and Methods. From October 1986 to Feb-
ruary 2000, 104 consecutive patients (male: n =
63; median age: 21, range 1.3-44.2 years) with
high-risk acute leukemia underwent a non-T-cell
depleted graft from an HLA-identical sibling follow-
ing a standard or alternative myeloablative condi-
tioning regimen. Sixty patients were affected by
acute lymphoblastic leukemia (ALL) and 44 by
acute myeloid leukemia (AML); the phase at trans-
plant was ≥ 2nd complete remission (CR) in 76,
untreated 1st relapse with < 20% blasts in 11,
refractory leukemia or overt resistant relapse in 17.
Pre-transplant regimens consisting of either 12 Gy
fractionated total body irradiation (TBI) or 16 mg/kg
busulphan (BU) combined with cyclophosphamide
(CY) were defined standard (n = 38), whereas all
other myeloablative regimens (TBI plus 60 mg/kg
etoposide and three-drug combinations) were con-
sidered alternative (n = 66).

Results. No significant differences in terms of base-
line characteristics, incidence and severity of either
acute or chronic graft-versus-host disease (GVHD)
were observed between the two groups, but a sig-
nificantly higher proportion of patients prepared
with an alternative regimen were not evaluable for
chronic GVHD (36% vs 16%) (p = 0.026). Sixty-six
patients died, 38 of relapse, 26 of transplant-relat-
ed mortality (TRM) and 2 of other causes. Thirty-
eight patients are still alive with a follow-up rang-
ing from 0.7 to 13.8 years (median, 7.1 years); only
1 of 39 patients who relapsed after transplant is
alive in CR at 5.7 years from relapse. At the medi-

For patients with high-risk acute leukemia
undergoing an allogeneic hematopoietic stem
cell transplant (SCT) from an HLA-identical

sibling, a major obstacle to success is represented
by the relapse of the underlying disease. Following
the Seattle regimen of total body irradiation (TBI)
and cyclophosphamide (CY) the relapse rate (RR)
ranges from 25 to 50% for patients transplanted in
2nd complete remission (CR) and is more than 50%
for those transplanted in a more advanced phase of
the disease.1-4 TBI or busulphan (BU) combined with
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an follow-up, the actuarial probabilities of overall
survival, relapse and TRM for patients conditioned
with standard and alternative regimens are respec-
tively 52% vs 25% (95% CI, 36-68% vs 13-37%; p
= 0.0163), 34% vs 58% (95% CI, 18-51% vs 43-
73%; p = 0.0377) and 25% vs 32% (95% CI, 9-
40% vs 19-44%; p = ns). After adjustment for diag-
nosis, age, period, leukemia phase, duration of 1st

CR, GVHD prophylaxis and donor-recipient sex com-
bination, the multivariate analysis showed that alter-
native regimens are associated with a significantly
worse survival (hazard ratio 2.31; p = 0.0071) and
relapse rate (hazard ratio 2.75; p = 0.0187).

Interpretation and Conclusions. From this retro-
spective analysis we can conclude that the alterna-
tive myeloablative conditioning regimens we used
did not improve the outcome of patients trans-
planted for high-risk acute leukemia.
©2002, Ferrata Storti Foundation
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CY have long represented the classical conditioning
regimens used worldwide to prepare patients to
receive an allogeneic SCT.5-6 However, from the
EBMT retrospective analysis no substantial differ-
ence was found in the outcome of patients with
intermediate acute leukemia undergoing an allo-
geneic bone marrow transplant after TBI or BU-
based conditioning.7 Although some non-random-
ized studies on the use of an intensified condition-
ing have reported an improving outcome for high-
risk patients,8-10 the search for regimens alternative
to the standard (TBI-CY or BU-CY) aiming at reduc-
ing the RR without increasing transplant-related
mortality (TRM) has proven to be difficult.11 Only
one randomized trial has compared the classical
BU-CY combination to an alternative regimen con-
sisting of fractionated TBI followed by high-dose
etoposide (VP16) in patients with advanced
leukemia.12 When adjusted for age, no significant
difference in outcome was found between the two
treatment groups. Considering the current debate
on the use of non-myeloablative conditioning regi-
mens it is important to keep in mind that, as com-
pared to chronic myeloid leukemia (CML), the graft-
versus-leukemia (GVL) effects in acute myeloid
leukemia (AML) are less pronounced and even less in
acute lymphoid leukemia (ALL).13-14Therefore, mye-
loablative regimens should, in principle, be more
appropriate in preparing patients with acute
leukemia, particularly if transplanted in an
advanced phase of the disease. However, in this set-
ting, it remains an open question whether or not
the use of more intensive regimens alternative to
the standard ones is preferable. We report here the
results obtained in our institute retrospectively
comparing standard versus alternative myeloabla-
tive conditioning regimens in allogeneic hemato-
poietic stem cell transplants for high-risk acute
leukemia over a period of several years.

Design and Methods

Patients
From October 1986 to February 2000, 104 con-

secutive patients with high-risk acute leukemia
received a non-T-cell depleted graft from an HLA-
identical sibling. Part of this patient series has been
described previously.15 Of the 104 patients, 60 were
affected by ALL and 44 by AML; the phase at trans-
plant was ≥ 2nd CR in 76 patients, untreated 1st

relapse with < 20% blasts in 11, refractory leukemia
or overt resistant relapse in 17. Sixty-three patients
were male. The median age was 21 years (range,
1.3-44.2 years). The stem cell source was bone mar-
row in 98 cases and peripheral blood in 6.

Conditioning regimens
The following regimens used to prepare patients

for SCT were considered standard:
� TBI-CY2 (n = 7): fractionated 12 Gy TBI over 3

days (2 Gy twice daily) followed by CY 120
mg/kg over 2 days;

� BU-CY2 (n = 24): BU 16 mg/kg over 4 days fol-
lowed by CY 120 mg/Kg over 2 days;

� BU-CY4 (n = 7): BU 16 mg/kg over 4 days fol-
lowed by CY 200 mg/Kg over 4 days.

The following regimens were considered alter-
native:
� VP16-TBI (n = 43): etoposide 60 mg/kg total

dose, administered by continuous i.v. infusion
over 3 days, followed by fractionated 12 Gy TBI
over 3 days;

� Three-drug regimens (n = 23): fractionated TBI-
CY or BU-CY combined with idarubicin 42
mg/m2 over 2 days (n = 17) or VP16 20 mg/kg
(n = 4) or Ara-C 2 g/m2 twice daily over 2 days
(n = 2).

Graft-versus-host disease prophylaxis
All patients received cyclosporine (CsA). A short-

course of methotrexate (MTX) was given to 41
patients. Low doses of 6-methylprednisolone (PDN)
were added to CsA and CsA-MTX in 9 and 8
patients, respectively. Acute and chronic graft-ver-
sus-host disease (GVHD) was diagnosed and grad-
ed according to the established criteria.16-17 All
engrafted patients surviving with a full donor
chimerism at least 100 days after transplant were
considered evaluable for chronic GVHD.

Endpoints and statistical methods
The primary endpoint was overall survival (OS),

defined as the time from the SCT to death from any
cause or to the study closure date of November 1st,
2000. Probabilities of TRM and relapse were also
considered. Time to transplant-related death was
measured from the date of SCT to the date of death
in CR, censoring relapses and two cases of death in
CR caused by a second tumor and a cardiac attack
occurring 8.5 and 3.3 years after SCT, respectively.
Time to relapse was measured from the date of SCT
to the date of relapse, censoring deaths in CR. Base-
line patient characteristics were compared using the
χ2 test for categorical variables and the Mann-
Whitney test for continuous ones. The actuarial
probabilities of survival, relapse and TRM were esti-
mated by the method of Kaplan and Meier.18 Com-
parison of survival curves for selected subgroups
was performed by the log-rank (Mantel-Cox) test.19

The following features were studied: type of acute
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leukemia (AML vs ALL), patients’ sex (male vs
female), patients’ age (< vs > median age), period of
SCT (< vs > median date), disease phase at time of
transplant (intermediate vs advanced), duration of
1st CR (< vs > median time), conditioning regimen
(standard vs alternative), GVHD prophylaxis
(CsA±PDN vs CsA+MTX±PDN), sex combination
(donor female/recipient male vs other), acute GVHD
(0 vs 1-2 vs 3-4), chronic GVHD (no vs yes). A p val-
ue < 0.05 was considered statistically significant. A
Cox proportional hazards regression single step
model was set up.20 The relative risks of death,
relapse and TRM using standard conditioning regi-
mens as the reference group were calculated after

adjustment for diagnosis, age, period, leukemia
phase at time of SCT, duration of 1st CR, GVHD pro-
phylaxis and donor-recipient sex combination. Nine-
ty-five percent confidence intervals (CI) are report-
ed for the main summary statistics.

Results

Patients’ characteristics
The characteristics of the patients and their dis-

eases are summarized in Table 1. The only signifi-
cant difference between the two groups consisted
of a progressively more frequent use of alternative
conditioning regimens over the years.

Outcomes
Table 2 details the patients’ outcome. No difference

in terms of acute and chronic GVHD incidence and
severity was observed between the two treatment
groups, but a significantly lower proportion of patients
prepared with an alternative regimen was evaluable
for chronic GVHD (64% vs 84%) (p = 0.026). This dif-
ference was mainly due to the higher number of
early relapses and regimen-related deaths occur-
ring in patients conditioned with an alternative
regimen. Thirty-nine relapses occurred at a medi-
an of 0.4 years after SCT (range, 0.1-5 years) of
which 13 were observed within 100 days; it is note-
worthy that only 2 of these 13 patients (15%)

Table 1. Patients’ characteristics.

Conditioning regimen Standard Alternative p value

No. of patients 38 66

Diagnosis ns
ALL 20 40
AML 18 26

Sex ns
Male 21 42
Female 17 24

Age (years) ns
Median (range) 20 (1.3-38.8) 22.9 (3-44.2)

Year of transplant < 0.0001
1986-May 1993 30 22
June 1993-2000 8 44

Leukemia phase ns
Intermediate 34 53

CR ≥ 2 (≥ 3) 29 (9) 47 (9)
Untreated 1st relapse 5 6

Advanced 4 13
Primary refractory 1 6
Resistant 1st relapse 1 4
Relapse ≥ 22 3

Duration of 1st CR (months) ns
Median (range) 13.5 (0.4-68) 15.6 (0.6-118.9)
Not applicable (no.) 1 6

Time from last relapse to last CR (days) ns
Median (range) 39 (25-232) 34 (20-254)
Not applicable (no.) 9 19

Time from last CR to transplant (days) ns
Median (range) 71 (12-268) 84 (7-286)
Not applicable (no.) 9 19

Stem cell source ns
BM 38 60
PB 0 6

GVHD prophylaxis ns
CsA±PDN 24 39
CsA+MTX±PDN 14 27

Table 2. Patients’ outcome.

Regimen
Standard Alternative p value

No. of patients 38 66

Acute GVHD incidence ns*
Grade 0-1 22 (58%) 35 (53%)
Grade 2-4 16 (42%) 31 (47%)

Chronic GVHD
No. of evaluable patients 32 (84%) 42 (64%) 0.026*
Rate 41% (±9.7%) 44% (±9.7%) ns§

No. of relapsing patients 11 28
Median (range) time to relapse, yrs 0.5 (0.2-2.5) 0.4 (0.1-5)
Relapses < 100 days 2 (18%) 11 (39%)

No. of deaths 20 46
Causes of death
Leukemia relapse 11 27
Transplant-related 8 18
Other 1 1

Alive in CR 18 20
Median (range) follow-up, yrs 9.4 (1.3-12.7) 5.5 (0.7-13.8)

*Calculated using the χ2 test; §actuarial probabilities (±standard error) of
chronic GVHD were compared using the log-rank test.
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developed a grade 2 acute GVHD. Only 1 patient
with AML is alive in CR at 5.8 years from relapse
occurring 317 days after SCT and successfully
treated with chemotherapy and donor lymphocyte
infusion. Sixty-six patients died. The causes of
death were: leukemia relapse (n = 38), acute GVHD
(n = 9), cerebral hemorrhage (n = 4), chronic GVHD
(n = 3), infections (n = 3), multi-organ failure (n =
3), respiratory distress syndrome (n = 3), veno-
occlusive disease (n = 1), second tumor (n = 1) and
cardiac attack (n = 1). Twenty-six transplant-relat-
ed deaths occurred at a median of 71 days from
SCT (range, 3-2170 days); only 2 of them were
observed beyond the 1st year from SCT, at 524 and
2170 days, due to fungal infection and chronic

GVHD, respectively. For the 38 survivors, the fol-
low-up ranges from 0.7 to 13.8 years (median of
7.1 years) and the 7-year actuarial probability of
OS, relapse and TRM is 36% (95% CI, 26-45%),
48% (95% CI, 37-59%) and 30% (95% CI, 20-
40%), respectively.

Univariate analysis
In univariate analysis, the overall survival (OS)

was significantly affected by the leukemia phase at
time of SCT (p= 0.0133), duration of 1st CR (p =
0.0294), chronic GVHD (p= 0.0157) and condition-
ing regimen (p = 0.0163) (Table 3). Comparing
standard versus alternative regimens, the 7-year
probability of OS was 52% vs 25% (95% CI, 36-
68% vs 13-37%; p = 0.0163) (Figure 1), that of
relapse was 34% vs 58% (95% CI, 18-51% vs 43-
73%; p = 0.0377) (Figure 2) and that of TRM was
25% vs 32% (95% CI, 9-40% vs 19-44%; p = ns)
(Figure 3). Similar results were obtained in the 87
patients with intermediate phase of acute leukemia
at the time of transplantation. For this subgroup of
patients the 7-year probability of OS was 58% vs
28% (95% CI, 42-74% vs 14-42%; p = 0.0221),
that of relapse was 25% vs 56% (95% CI, 9-41%
vs 40-72%; p = 0.017) and of TRM was 25% vs
26% (95% CI, 10-40% vs 14-38%; p = ns).

Multivariate analysis
After adjusting for diagnosis, age, period,

leukemia phase, duration of 1st CR, GVHD prophy-
laxis and donor-recipient sex combination, the use
of alternative regimens significantly affected the
OS (p = 0.0071) and relapse risk (p = 0.0187) but
had no effect on TRM (p = 0.13), even though the
risk of TRM was higher in the group prepared with
alternative regimens (Table 4).

Figure 1. Probability of survival according to standard or
alternative conditioning regimens.

Figure 2. Probability of relapse according to standard or
alternative conditioning regimens.

Table 3. Results of univariate analysis.

Endpoint Variable p value

OS Diagnosis (ALL vs AML) ns
Patient sex (male vs female) ns
Patient age (< vs > median age) ns
Period of SCT (< vs > median date) ns
Leukemia phase at SCT (intermediate vs advanced) 0.0133
Duration of 1st CR (< vs > median time) 0.0294
Conditioning regimen (standard vs alternative) 0.0163
GVHD prophylaxis (CsA±PDN vs CsA+MTX±PDN) ns
Sex combination (donor female/recipient male vs other) ns
Acute GVHD (0 vs 1-2 vs 3-4) ns
Chronic GVHD (no vs yes) 0.0157

Relapse Conditioning regimen (standard vs alternative) 0.0377

TRM Conditioning regimen (standard vs alternative) ns



Discussion
In order to reduce the RR after transplantation in

patients with acute leukemia prepared with a stan-
dard regimen, a number of alternative myeloabla-
tive conditionings were adopted in the 1980s and
early 1990s. Unfortunately, the patients’ outcome
did not improve, as any reduction of the RR was
usually associated with an increase of the TRM
mainly due to the regimen-related toxicity.21-24 In
this study we have retrospectively analyzed the out-
come of 104 patients with high-risk acute leukemia
who underwent an unmanipulated SCT from an
HLA-identical sibling over a 14-year period follow-
ing a standard or an alternative myeloablative reg-
imen. There are very few studies which examine the
outcome of allografting for advanced acute
leukemia,25-32 and only one retrospectively com-
pared the outcome by focusing on different prepar-
ative regimens based on two different strategies of

GVHD prophylaxis rather than a different condi-
tioning.29 Our results are consistent with the large
retrospective study recently reported by Grigg et
al., who analyzed the factors affecting the outcome
of allogeneic SCT for adults with refractory and
relapsed acute leukemia.31 In particular in our study
the patients with refractory leukemia or very
advanced disease at the time of transplant were
unlikely to become long-term survivors, with a 5-
year probability of < 10%, while the year of trans-
plant did not influence survival. Recurrent leukemia
after SCT represented the main cause of failure and
was not counteracted by the use of alternative reg-
imens. Indeed, RR and TRM were lower among graft
recipients prepared with standard regimens, which
in multivariate analysis were found to be signifi-
cantly associated with better survival. The distrib-
ution of patients in the two groups was similar in
terms of diagnosis, age, disease phase at time of
SCT, duration of 1st CR, GVHD prophylaxis, donor-
recipient sex combination and incidence and sever-
ity of acute and chronic GVHD. Therefore, the
increased likelihood of relapse in recipients of an
alternative regimen, confirmed by the adjusted
multivariate analysis, might be explained by the
significantly lower proportion of these patients,
compared to those prepared with a standard regi-
men, who survived long enough after transplant to
be exposed to the risk of chronic GVHD and so har-
ness its immune-therapeutic effect. The lower num-
ber of early relapses and regimen-related deaths
occurring within 100 days after transplantation in
recipients of standard regimens has meant that
more patients have been able to take advantage of
exposure to chronic GVHD. The importance of GVHD
in preventing relapse is widely documented in the
literature.33-35 Particularly, Copelan et al. reported
that the development of acute and chronic GVHD
is an important factor in reducing the post-trans-
plant RR and increasing the long-term leukemia-
free survival in patients transplanted in advanced
disease.25 Therefore, it might be strategically useful
to aim at decreasing regimen-related toxicity by
using reduced intensity conditioning and, conse-
quently, at increasing the proportion of patients
who might benefit from the immune-therapeutic
GVL effect of chronic GVHD. In this respect, a num-
ber of reports have recently been published focus-
ing on the potential benefits of non-myeloablative
SCT.36-40 However, larger cohorts of patients and
longer follow-up periods are required to assess the
efficacy of the reduced intensity conditioning in
advanced acute leukemias, in which the curative
potential of such an approach, especially for ALL, is
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Table 4. Overall survival (OS), relapse and transplant-relat-
ed mortality (TRM) analysis: significance of conditioning
regimen adjusting for diagnosis, age, period, leukemia
phase, duration of 1st CR, GVHD prophylaxis and donor-recip-
ient sex combination.

Hazard ratio 95% confidence interval p

Death
Standard regimens 1
Alternative regimens 2.31 1.26-4.26 0.0071

Relapse
Standard regimens 1
Alternative regimens 2.75 1.18-6.38 0.0187

TRM
Standard regimens 1
Alternative regimens 2.04 0.8-5.24 0.13

Figure 3. Probability of transplant-related mortality accord-
ing to standard or alternative conditioning regimens.



limited by the spectrum of activity of the GVL reac-
tion, less pronounced in this setting. Therefore,
hopefully looking forward to more intensive cell-
mediated immune-therapeutic approaches by
adoptive transfer of specifically immune rather than
naive lymphocytes, the search for more effective
but less toxic pre-transplant regimens alternative to
the standard ones remains an interesting field of
investigation in SCT for advanced acute leukemias.
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PEER REVIEW OUTCOMES

What is already known on this topic
Retrospective studies from international registries and
one prospective randomized analysis showed similar
outcomes after marrow transplantation using standard
vs alternative conditioning regimens, in patients with
advanced acute leukemia. 

What this study adds
This study confirms previous findings, in a large series
from a single institution. Of note, the use of an alterna-
tive regimen (etoposide plus total body irradiation, or
three-drug combination) was associated with an
increased relapse risk after transplant.
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Potential implications for clinical practice
This report supports the use of standard conditioning
regimens for patients with high risk acute leukemia sub-
mitted to myeloablative hematopoietic transplantation.  
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