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erythropoiesis is increased under stress, especially in heterozy-
gous thalassemia donors.9 Studying BFU-E may be more useful to
detect the erythroid chimerism. In conclusion, mixed chimerism is
common after transplantation. It is difficult to predict the out-
come of mixed chimerism and graft rejection may be reduced with
a more intensive preparative regimen.
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Increasing risk of relapse after allogeneic stem cell
transplant for adult acute lymphoblastic leukemia in
≥ 2nd complete remission induced by highly intensive
chemotherapy

From this retrospective single center analysis adults with
acute lymphobalstic leukemia transplanted in ≥2nd CR from
an HLA-identical sibling later than 1993 had a worse out-
come. As the transplanted-related mortality improved by time,
this result was essentially due to the increased relapse rate. The
intensity of the pre-transplant salvage chemotherapy was
identified as the main factor influencing the post-transplant
relapse-risk.
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We report the outcome of 32 adults with acute lymphoblas-
tic leukemia (ALL) in ≥2nd complete remission (CR) transplanted
from an HLA-identical sibling over a consecutive 14-year peri-
od, aiming at evaluating whether the long-term results from a
single Center have improved over the years.

Seventeen patients were transplanted between 1987 and 1993
(cohort 1) and 15 between 1994 and 2000 (cohort 2). Isolated
extramedullary relapse occurring in 4 patients (CNS=2; CNS +
testis=1; jaw=1) was considered when determining the remission
number (cohort 1=2; cohort 2=2). Patient, donor and graft char-
acteristics are reported in Table 1. Most patients received induc-
tion and rescue chemotherapy according to the GIMEMA proto-
cols,1-5 but the intensity of chemotherapy significantly changed
among the patients over the years. If an HLA-identical sibling
was available, patients with unfavorable cytogenetics [i.e.
translocations t(9;22) or t(4;11)] were given stem cell trans-
plantation (SCT) in 1st CR according to the policy of the GIMEMA
Group. Therefore, in our study there was no patient with a diag-
nosis of ALL Ph+ or MLL+. Monitoring of minimal residual disease
and its evaluation at transplant was not routinely performed.
Nine of 17 patients transplanted before 1994 were prepared
with a standard regimen consisting of 12 Gy fractionated total
body irradiation (TBI) or 16 mg/Kg b.w. busulphan associated
with 120 or 200 mg/kg b.w. cyclophosphamide, while all 15
patients transplanted ≥ 1994 received an alternative regimen
consisting of an intensified three-drug combination chemother-
apy or high-dose VP-16 associated with TBI. The stem cell source
was bone marrow in 29 patients and peripheral blood in 3. As
graft-versus-host disease (GVHD) prophylaxis, all patients
received cyclosporine, associated with a short course of
methotrexate in 14 patients. The close-out date for analyses was
August 31, 2001. Baseline patient, donor and graft characteris-
tics were compared using the χ2 and Fisher’s test when appro-
priate for categorical and the Mann-Whitney test for continu-
ous variables. The end-points were overall survival (OS),
leukemia-free survival (LFS), relapse and transplant-related mor-
tality (TRM). Actuarial probabilities were estimated by the
method of Kaplan and Meier and comparison of survival curves
was performed by the log-rank test. All the variables reported in
Table 1 were tested in univariate analysis and those found to be
significantly associated with each end-point (p<0.05) entered
multivariate analysis using the Cox proportional hazards regres-
sion model. A significance level of p=0.05 was used for the mul-
tivariate analysis.

Table 2 summarizes the results of the univariate analysis: only
variables significantly associated with either of the end-points
are reported. The incidence and severity of acute and chronic
GVHD were not significantly different between the 1st and 2nd

cohort (grade 2-4 acute GVHD: 47% both; chronic GVHD: 46%
vs. 54%). In multivariate analysis, the only prognostic factor
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associated with higher risk of relapse was the use of intensified
rescue chemotherapy (relative risk=3.87; 95% CI, 1.14-13.1;
p=0.029).

A substantial reduction of LFS for patients transplanted after
1993 was observed. As the TRM was 10% less in these patients,
the unfavorable results were essentially due to the higher inci-
dence of leukemia relapse. It is unlikely that any selection
occurred among patients undergoing SCT in 2nd CR later than
1993 with respect to those transplanted before this date. Indeed,
patients characteristics and risk factors were comparable
between the 2 groups. Furthermore, no difference was observed
in terms of several transplant-related features. Moreover, it is
noteworthy that a significantly higher number of patients in the
first period were in a more advanced phase (> 2nd CR) of disease
at the time of transplant and received a standard rather than a
more intensive conditioning regimen. Finally, although the inten-
sity of the induction and rescue chemotherapy has progressive-
ly increased, the results of the GIMEMA trials in terms of
leukemia relapse and survival have remained substantially
unchanged over the years. As suggested by in vitro and in vivo
studies,6-8 the higher risk of post-transplant relapse for patients

grafted after 1993 might be a consequence of multi-drug resis-
tance (MDR) developing in leukemic cells following their con-
tinuous exposure to highly intensive chemotherapy. Our results
suggest that adult patients with ALL given highly intensive
chemotherapy and transplanted in ≥ 2nd CR might prove to be
more resistant to myeloablative conditioning regimens and graft-
versus-leukemia effect. This observation, if confirmed on a large
series of patients entered in the GIMEMA trials, should be con-
sidered in the design of any future GIMEMA study. Finally, pre-
transplant chemotherapy should be taken in account in the out-
come analysis of adult ALL transplanted in 2nd CR.
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Table 1. Patient, donor and graft characteristics.

Characteristics All 1987-1993 1994-2000 p
(n=32) (n=17) (n=15) value

Patient sex, male/female 18/14 10/7 8/7 0.7
Gender combination, female donor-male recipient/other 6/26 4/13 2/13 0.5
Age (years), median (range) recipient 25 (17–39) 24 (17–39) 29 (17–36) 0.1

donor 28 (10–57) 26 (10–42) 28 (17–57) 0.4
WBC at diagnosis (×109/L), median (range) 10 (1–180) 10 (1–59) 17 (2–180) 0.6
Time (days) from diagnosis to 1st CR, median (range) 40 (7–152) 40 (7–85) 37 (28–152) 1
Time (years) from diagnosis to transplant, median (range) 3.7 (0.8–11.4) 4.5 (0.9–11.4) 2.2 (0.8–10.4) 0.06
Duration (years) of 1st CR, median (range) 3 (0.1–9.9) 3.3 (0.4–8.5) 1.6 (0.1–9.9) 0.3
Front-line chemotherapy, standard/intensified 23/9 17/0 6/9 0.001
Rescue chemotherapy, standard/intensified 22/10 16/1 6/9 0.001
Disease status at transplant, 2nd CR/>2nd CR 23/9 9/8 14/1 0.011
TBI, no/yes 14/18 9/8 5/10 0.3
Conditioning regimen, standard/alternative 9/23 9/8 0/15 0.001
Cell dose (×108/Kg), median (range) 3 (1–16) 3 (2–5) 3 (1–16) 0.9
GVHD prophylaxis, CsA/CsA + MTX 18/14 11/6 7/8 0.3

Table 2. Results of univariate analysis.

Variable TRM Relapse OS LFS

Time from diagnosis to SCT 19%±10 vs. 19%±10 61%±13 vs. 24±12 38%±12 vs. 68%±12 31%±12 vs. 61%±12
(≤ vs. > median: 3.7 yrs) p=0.9 p=0.04 p=0.2 p=0.2

Duration of 1st CR 24%±10 vs. 13%±9 60%±14 vs. 25%±12 29%±11 vs. 79%±11 29%±11 vs. 65%±13
(≤ vs. > median: 3 yrs) p=0.2 p=0.036 p=0.07 p=0.08

Front-line chemotherapy 26%±9 vs. 0% 35%±12 vs. 58%±17 52%±10 vs. 56%±17 48%±10 vs. 42%±17
(standard vs. intensified) p=0.1 p=0.027 p=0.5 p=0.4

Rescue chemotherapy 18%±8 vs. 20%±13 33%±12 vs. 62%±17 64%±10 vs. 30%±14 55%±11 vs. 30%±14
(standard vs. intensified) p=0.8 p=0.02 p=0.042 p=0.05

Year of transplant 24%±10 vs. 14%±10 30%±13 vs. 54%±14 59%±12 vs. 47%±13 53%±12 vs. 39%±13
(≤ vs. > 1993) p=0.4 p=0.049 p=0.09 p=0.1

3-year actuarial probability ± standard error.
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