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Comparison of intensive chemotherapy, allogeneic or
autologous stem cell transplantation as post-remission
treatment for adult patients with high-risk acute
lymphoblastic leukemia. Results of the PETHEMA
ALL-93 trial

In recent adult acute lymphoblastic
leukemia (ALL) trials, complete remis-
sion rates of 80-85% and disease-free

survival of 30-40% have been observed.1-7

Intensified consolidation, particularly with
high-dose methotrexate and high-dose
cytarabine, may be one of the reasons for
the improved outcome in recent series.8,9 In
addition, risk-adapted and subtype-oriented
therapy may have contributed to this better
outcome.  

Although stem cell transplantation (SCT)
has been used in adult ALL for more than 20
years, its role remains controversial as
demonstrated by conflicting results in vari-
ous studies. Previous case-controlled studies
did not show that allogeneic SCT provided
any advantage over chemotherapy10,11 while
in some studies there was an advantage, but
restricted to young adults.12 The number of
controlled published or ongoing trials is
remarkably small and many such studies

include both standard-risk and high-risk
patients. Again, no definitive conclusions
can be extracted from their results. While
some authors did not report any differences
between allogeneic SCT and chemotherapy
or autologous SCT,13,14 others only found dif-
ferences favoring allogeneic SCT in high-
risk ALL patients.15-18 Thus, additional con-
trolled trials focused on patients with a spe-
cific risk category of ALL are needed. 

The main objective of the prospective,
randomized PETHEMA ALL-93 trial was to
compare three options of post-remission
therapy, chemotherapy, allogeneic SCT and
autologous SCT, in a series of 222 adult
patients with high-risk ALL.  

Design and Methods

Study eligibility
High-risk ALL was defined as ALL in

patients fulfilling at least one of the fol-
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Background and Objectives. The optimal post-remission therapy for adults with high-risk acute
lymphoblastic leukemia (ALL) is not well established. This multicenter randomized trial by the
Spanish PETHEMA Group was addressed to compare three options of post-remission thera-
py in adults with high-risk ALL: chemotherapy, allogeneic stem cell transplantation (SCT) and
autologous SCT. 

Design and Methods. A total of  222 valid high-risk ALL patients entered the trial. All received
a standard five-drug/five-week induction course. Patients in complete remission with an HLA-
identical family donor were assigned to allogeneic SCT (n=84) and the remaining were ran-
domized to autologous SCT (n=50) or to delayed intensification followed by maintenance
chemotherapy up to 2 years in complete remission (n=48). 

Results. Overall, 183 patients achieved complete remission (82%). With a median follow-up
of 70 months, the median disease-free survival and overall survival were 17 and 23 months,
respectively. The 5-year disease-free survival and overall survival were 35% (95% CI, 30%-
41%) and 34% (95% CI, 28%-39%), respectively. Patients allocated to the   chemotherapy, allo-
geneic and autologous SCT were comparable in the main pre-treatment ALL characteristics
and the rate of response to therapy. Intention-to-treat analysis showed no differences
between patients according to whether they had or did not have a donor in disease-free sur-
vival (39%, 95% CI 30-48% vs. 33%, 95% CI 23-41%) and overall survival (44%, 95% CI 35-
52% vs. 35%, 95% CI 25-44%), as well as for autologous SCT vs. chemotherapy comparisons
(disease-free survival: 40%, 95% CI 28-52% vs. 51%, 95% CI 37-67%; overall survival: 43%,
95% CI 29-58% vs. 52%, 95% CI 39-65%). No differences were observed when the analysis
was made on the basis of the treatment actually performed. 

Interpretations and Conclusions. This study failed to prove that, when a family donor is avail-
able, allogeneic SCT produces a better outcome than autologous SCT or chemotherapy in
adults with high-risk ALL.
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lowing criteria: age 30 to 50 years, white cell count
greater than or equal to 25¥109/L, presence of t(9;22)
rearrangement, t(4;11) or other 11q23 rearrange-
ments, and t(1;19). Patients were not eligible if they
had an Eastern Cooperative Oncology Group per-
formance status higher than 2, prior or concomitant
malignancy, previous treatment for ALL, ALL-L3
(Burkitt’s-type ALL), T-cell lymphoblastic lym-
phoma, uncontrolled or severe cardiovascular, hepat-
ic or renal disease not due to ALL or a severe psychi-
atric condition. Patients were centrally registered
before treatment when informed consent was given
and randomization was performed by a telephone
call to the PETHEMA registration center when donor
availability was obtained. The study was activated in
January 1993 and the patients’ inclusion was closed
in July 2002.

Diagnostic procedures
Bone marrow and peripheral blood specimens

were obtained for morphological analysis (based on
the French-American-British classification)19,20 and
flow cytometry  with a panel of monoclonal antibod-
ies reactive with  B-cell (CD10, CD19, CD22, sIg,
cIg), T-cell (CD1, CD2, CD3, CD4, CD5, CD7, CD8),
myeloid  (CD13, CD14, CD33, myeloperoxidase),
and precursor cell (TdT, HLA-DR, and CD34) associ-
ated antigens. Chromosomal analyses of bone mar-
row and/or blood samples were performed at diag-
nosis in institutional laboratories and the results were
reviewed centrally. Specimens were processed using
direct methods and unstimulated short-term (24 and
48-hour) cultures, with G-banding. A minimum of 20
bone marrow metaphase cells were required in each
patient designated as having a normal karyotype.
The criteria of the International System for Human
Cytogenetic Nomenclature were employed to
describe a cytogenetic clone and for the karyotype
descriptions.21 

Treatment
Induction and early consolidation. Induction consisted

of five-week therapy with vincristine, prednisone,
asparaginase, daunorubicin and cyclophosphamide
(Table 1). Patients not achieving complete remission
received the first cycle of early intensification
chemotherapy and if complete remission was not
achieved they were excluded from the protocol. HLA
typing was performed for all patients who achieved
complete remission and had potential family donors.
Following the achievement of complete remission
patients received three cycles of early intensification
chemotherapy including high-dose methotrexate,
high-dose cytosine arabinoside and high-dose
asparaginase in combination with other drugs (Table
1) over three months. 
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Table 1. PETHEMA ALL-93. Chemotherapy schedule.

Phase Week no. Route Dose Days

Induction
Vincristine 1-4 IV 2 mg 1,8,15,22
Daunorubicin 1-4 IV 30 mg/m2 1,8,15,22
Prednisone 1-4 IV/PO 60 mg/m2 1-28

5 IV/PO 30 mg/m2 29-33
5-6 IV/PO 15 mg/m2 34-38

L-asparaginase 3,4 IV 10,000 IU/m2 16-20, 23-27
Cyclophosphamide 5 IV 1,000 mg/m2 36

CNS prophylaxis
Methotrexate 1,4,7,11,15,21,25,29, IT 15 mg 1,28,49,77,105,175,

33,37,41,45 203,231,259,287,315
Cytarabine Idem IT 30 mg Idem
Hydrocortisone Idem IT 20 mg Idem

Early intensification-1
Vincristine 7-8 IV 2 mg 1,8
Dexamethasone 7-8 IV/PO 20 mg/m2 1-5

IV/PO 10 mg/mv 6
IV/PO 5 mg/m2 7
IV/PO 2.5 mg/m2 8

Methotrexate 7 IV 3 g/m2 1
Cytarabine 7 IV 2 g/m2/12h 5
L-asparaginase 7 IV/IM 25,000 IU/m2 5
Mercaptopurine 7 PO 100 mg/m2 1-5

Early intensification-2
Vincristine 11-12 IV 2 mg 1,8
Dexamethasone 11-12 IV/PO 20 mg/m2 1-5

IV/PO 10 mg/m2 6
IV/PO 5 mg/m2 7
IV/PO 2.5 mg/m2 8

Methotrexate 11 IV 3 g/m2 1
Cyclophosphamide 11 IV 150 mg/m2 1-5
L-asparaginase 11 IV/IM 25,000 IU/m2 5
Mitoxantrone 11 IV 12 mg/m2 5

Early intensification-3
Dexamethasone 15-16 IV/PO 20 mg/m2 1-5

IV/PO 10 mg/m2 6
IV/PO 5 mg/mv 7
IV/PO 2.5 mg/m2 8

Cytarabine 15 IV 2 g/m2/12h 1-2
Teniposide 15 IV 150 mg/m2 3-4
L-asparaginase 11 IV/IM 25,000 IU/m2 5

Delayed intensification-1*
Vincristine 19-20 IV 2 mg 1,8
Dexamethasone 19-20 IV/PO 20 mg/m2 1-5

IV/PO 10 mg/m2 6
IV/PO 5 mg/m2 7
IV/PO 2.5 mg/m2 8

Methotrexate 19 IV 3 g/mv 1
Cytarabine 19 IV 2 g/m2/12h 5
L-asparaginase 19 IV/IM 25,000IU/m2 5
Mercaptopurine 19 PO 100 mg/mv 1-5

Delayed intensification-2*
Vincristine 23-24 IV 2 mg 1,8
Dexamethasone 23-24 IV/PO 20 mg/m2 1-5

IV/PO 10 mg/m2 6
IV/PO 5 mg/m2 7
IV/PO 2.5 mg/m2 8

Methotrexate 23 IV 3 g/m2 1
Cyclophosphamide 23 IV 150 mg/m2 1-5
L-asparaginase 23 IV/IM 25,000IU/m2 5
Mitoxantrone 23 IV 12 mg/m2 5

Delayed intensification-3*
Dexamethasone 27-28 IV/PO 20 mg/m2 1-5

IV/PO 10 mg/m2 6
IV/PO 5 mg/m2 7
IV/PO 2.5 mg/m2 8

Cytarabine 27 IV 2 g/m2/12h 1-2
Teniposide 27 IV 150 mg/m2 3-4
L-asparaginase 27 IV/IM 25,000 IU/m2 5

Maintenance*
Mercaptopurine 31-104 PO 60 mg/m2 Daily
Methotrexate 31-104 IM 15 mg/m2 Weekly

*Only for patients randomized to receive chemotherapy. 
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Post-remission therapy. Patients in complete remis-
sion with an HLA-identical sibling were assigned to
allogeneic SCT whereas the remaining patients were
randomized to receive either autologous SCT or
delayed intensification chemotherapy with the same
three cycles used in the early intensification phase
followed by conventional maintenance treatment
until two years after achievement of complete remis-
sion (Table 2). The recommended conditioning regi-
men for allogeneic or autologous SCT was cyclo-
phosphamide (60 mg/kg on 2 consecutive days) and
fractionated total body irradiation for a total dose of
12 Gy. In allogeneic SCT the recommended graft-ver-
sus-host disease (GVHD) prophylaxis consisted of
cyclosporine and methotrexate, although other insti-
tutional protocols were allowed. The source of
hematopoetic stem cells and the use of CD34 selec-
tion was determined by the institutional guidelines
of the participating centers. 

Central nervous system (CNS) prophylaxis. CNS pro-
phylaxis consisted of intrathecal chemotherapy with
methotrexate, cytosine arabinoside and hydrocorti-
sone in the induction phase (2 doses), early intensifi-
cation period (3 doses) and during and after the allo-
geneic or autologous SCT or the first year of
chemotherapy (8 doses). Prophylactic cranial irradia-
tion was not administered. 

Supportive care. Hospitalization, prophylaxis and
management of infections and transfusion policy
were performed according to the specific protocols of
each participating institution. 

Criteria for response, relapse and follow-up
Patients were considered to be in complete remis-

sion when all the extramedullary disease had
resolved, the neutrophil count was higher than
1.5¥109/L, the platelet count was greater than
150¥109/L, and there was normal bone marrow cellu-
larity (>25%) with trilineage hematopoiesis and less
than 5% blast cells. Two patterns of response were
considered:3 (i) slow, defined as the presence of
peripheral blood blast cells on day 8 of therapy or
more than 10% blast cells in the bone marrow aspi-
rate performed on day 14 of treatment; and (ii) stan-
dard, defined as the absence of peripheral blood blast
cells on day 8 and less than or equal to 10% bone
marrow blast cells or hypoplastic bone marrow on
day 14. When performed, studies of minimal residual
disease in patients in remission were not considered
for the definition of complete remission. Induction
death was considered as death occurring after the
start of chemotherapy without the patient fulfilling
the definition of complete remission or resistant dis-
ease. Resistant disease was considered if the patient
survived the induction treatment period but the
leukemia persisted. Relapse was defined as disease

recurrence at any site after achieving complete remis-
sion. The disease-free survival was calculated from
the date of complete remission until the date of first
relapse, death from any cause or the last follow-up
for patients alive in first complete remission. Overall
survival was measured from the time of entry in the
protocol to the time of death or until last follow-up. 

Table 2. Characteristics of all eligible patients and of patients
assigned to allogeneic stem cell transplantation (SCT), or random-
ized to either autologous SCT or chemotherapy.

All patients Allogeneic Randomized to Randomized
SCT autologous SCT to CT

Number 222 84 50 48

Age (yr.)
Median (range) 27 (15-50) 29 (16-49) 25 (15-50) 27 (15-50)
>30 yr (%) 102 (46) 37 (44) 22 (44) 18 (38)

Sex
Male (%) 131 (59) 47 (56) 26 (52) 31 (64)
Female (%) 91 (41) 37 (44) 24 (48) 17 (36)

Mediastinal mass
Absent (%) 193 (87) 71 (85) 44 (88) 41 (85)
Present (%) 29 (13) 13 (15) 6 (12) 7 (15)

CNS involvement
Absent (%) 215 (97) 82 (98) 49 (98) 47 (98)
Present (%) 7 (3) 2 (2) 1 (2) 1 (2)

Hb level (g/L), ±(SD) 97 (28) 91 (16) 106 (15) 111 (15)

WBC count 60 (98) 47(62) 67 (92) 60 (131)
(¥109/L), ±(SD)

WBC >25¥109/L(%) 89 (40) 43 (51) 24 (48) 22 (46)
FAB subtype (L1/L2) 68/154 25/59 18/32 16/32

Immunophenotype (%)
Pro-B 43 (19) 12 (14) 5 (10) 17 (35)
Common+pre-B 113 (51) 45 (54) 28 (56) 19 (40)
T 66 (30) 27 (32) 17 (34) 12 (25)
My-ALL 96 (43) 41 (49) 20 (40) 18 (38)

Cytogenetics (%)*
Normal 67 (42) 24 (41) 19 (53) 14 (38)
t(9;22) 37 (23) 12 (20) 6(17) 8 (22)
11q23 6 (4) 2 (3) 0 (0) 3 (8)
t(1;19) 2 (1) 0 (0) 1 (2) 0 (0)
Other rearrangements 49 (30) 21 (36) 10 (38) 11 (30)

PB response at day 8 (%)†

Yes 170 (82) 66 (87) 42 (86) 39 (87)
No 37 (18) 10 (13) 7 (14) 6 (13)

BM response at day 14 (%)‡

Yes 129 (58) 49 (59) 33 (67) 34 (71)
No 87 (42) 34 (41) 16 (33) 14 (29)

CT: chemotherapy; FAB: French-American-British morphological classification;
My-ALL: ALL with myeloid markers; PB: peripheral blood; BM: bone marrow.
*Evaluable in 161 patients (73%) (59 with donor, 36 randomized to autologous
SCT and 37 randomized to chemotherapy), after central revision. †Defined as
absence of blast cells in PB smear. Evaluable in 207 (93%) patients (76 with a
donor, 49 randomized to autologous SCT and 45 randomized to chemotherapy).
‡Defined as presence of <10% of blast cells in BM aspirate. Evaluable in 216
patients (83 with a donor, 49 randomized to autologous SCT and 48 randomized
to CT). 
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Statistical analyses 
According to preliminary data, 80% of the patients

could be expected to achieve a complete remission,
40% would be patients with an available donor, and
about 33% of patients could be expected to be alive
at 5 years. To detect a 20% difference in survival
between the donor and no donor groups with prede-
termined a=0.05 and b=0.1 errors, between 116 and
186 patients (to detect a drop or a rise in survival,
respectively) were needed. It was established that a
minimum of 74 patients with a donor and 112 to be
randomized were necessary which implied the inclu-
sion of 232 valid patients. An interim analysis was
planned after 120 patients had been enrolled. The pri-
mary study objective was disease-free survival
according to the different post-remission therapeutic
options. Secondary objectives were rate and speed of
complete remission, overall survival rates according
to the different post-remission strategies, and disease-
free survival and overall survivals according to the
post-remission strategy actually received by the
patients. 

A descriptive study of the main clinical and hema-
tologic variables in the whole series as well as in the
subgroups of ALL patients was performed. p values
for comparisons between groups of patients were
based on the Wilcoxon rank sum test (continuous
variables) or Pearson c2 test or Fisher’s exact test when
appropriate (dichotomous variables). Disease-free
survival and overall survival curves as well as curves
of cumulative risk of relapse were plotted by the
Kaplan and Meier method22 and were compared by
the two-tailed log-rank test.23 The standard errors of
the estimates were computed using the Greenwood
formula.24

The analysis of probabilities of disease-free and
overall survival according to the therapeutic option
was made by intention-to-treat. A secondary time-
dependent landmark analysis by actual treatment
administered was also performed. For the compari-
son of the outcome according to intention-to-treat,
the starting point was the date of diagnosis and for
comparison by the treatment actually given the start-
ing point was the date of SCT (autologous or allo-
geneic) or the date of the first delayed intensification
cycle for patients receiving chemotherapy. All relapse
and survival data were updated on October 31, 2004
and all follow-up data were censored at this point. A
logistic regression model was used to identify predic-
tive factors for induction death and attainment of
complete remission, whereas multivariate analyses
for disease-free survival and overall survival were
performed using the Cox proportional hazards
regression model.25 Ninety-five percent confidence
intervals (CI) for probabilities and median survival
times were calculated.26 The significance level was

fixed at p=0.05 and all p values are two-sided unless
otherwise stated.

Results

Patient entry 
From January 1993 to July 2002, 254 adult patients

with high-risk ALL from 35 Spanish hospitals were
registered in the PETHEMA ALL-93 protocol. Of
these, 222 were eligible for the study. Causes of non-
eligibility were: absence of criteria of high-risk ALL
in 15 cases, age over 50 years in 10, previous treat-
ment for ALL in two, and one of each of the follow-
ing reasons: severe concomitant disease at ALL diag-
nosis, biphenotypic acute leukemia, lymphoblastic
lymphoma without bone marrow involvement, dif-
fuse large B-cell lymphoma with massive bone mar-
row involvement, and blastic mantle cell lymphoma
in leukemic phase. The median follow-up of this
cohort was 70 months (range 27 to 113).

Pre-treatment characteristics
The main characteristics of the 222 evaluable

patients are listed in Table 2. The median age was 27
years and 102 (46%) patients were 30 or more years
of age. The male to female ratio was 1.4. One hun-
dred and fifty-six (70%) of the patients had B-lineage
ALL, 32 of them had pre-B leukemia presenting high-
risk features other than Philadelphia chromosome
positivity (i.e. leukocytes over 25¥109/L or age over
35). Sixty-six patients (30%) had T lineage ALL.
Cytogenetic study was considered valid after central
review in 161 (73%) patients, of whom 37 (23%) had
t(9;22), six (4%) t(4;11), and two (1%) t(1;19).

Results of induction therapy
Complete remission was attained in 183 (82%)

patients. The reasons for failure were induction
death in 14 (6%) patients and resistant disease in 25
(12%). In 14 out of 183 (8%) patients, complete
remission was attained after the addition of the first
intensification cycle. On day 8 of induction therapy
blast cells were observed in the peripheral blood in
37 (18%) of the patients, whereas the blast cell con-
tent of bone marrow was higher than 10% on day 14
in 87 out of 216 (40%) evaluable patients (Table 2). 

Age over 30 years emerged as the only prognostic
factor for induction death in both univariate and mul-
tivariate (Table 3) analyses. Three variables showed
an unfavorable influence on attainment of complete
remission in the univariate study: the presence of
more than 10% bone marrow blast cells at day +14
(complete remission in 118 out of 129 patients with
less than 10% bone marrow blast cells at day 14 ver-
sus 63 out of 87 in those with more than 10%,
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p<0.001), the presence of peripheral blood blast cells
at day +8 (complete remission in 150 out of 170
patients without peripheral blood blast cells at day 8
versus 21 out of 37 with blast cells, p<0.001) and
Philadephia-positive ALL (complete remission in 106
out of 124 Philadephia-negative ALL patients versus
26 out of 37 Philadephia-positive ALL, p<0.001).
Slow bone marrow response at day 14 and Phila-
delphia-positive ALL retained prognostic significance
in the multivariate analysis (Table 3). T-ALL (86%
complete response rate) and high-risk pre-B
Philadephia-negative ALL (84%) patients were not
significantly different prognostic subgroups.

Assignment of the treatment and therapy actually
received

Assignment of treatment. Figure 1 summarizes the
flow chart of the patients in the trial. Of the 182 valid
patients in complete remission, 84 had a family HLA-
identical donor and were assigned to receive allo-
geneic SCT, 50 were randomized to autologous SCT
and 48 to chemotherapy. The three groups were
comparable for the main pre-treatment ALL charac-
teristics and the rate of response to therapy (Table 2).

Therapy actually received. Allogeneic SCT was actu-
ally performed in 57 (68%) out of the 84 patients
assigned to this treatment (Figure 1). In turn, autolo-
gous SCT was performed in 31 out of 50 (62%) ran-
domized patients. Given that three patients assigned
to allogeneic SCT and one randomized to chemo-
therapy were submitted to autologous SCT, the
number of patients actually treated with autologous
SCT was 34 (Figure 1). Among the 48 patients ran-
domized to chemotherapy, 36 (73%) began late
intensification chemotherapy. Given that 7 patients
assigned to allogeneic SCT and 5 patients random-
ized to autologous SCT actually received chemother-
apy, the final number of patients who received late
intensification and maintenance chemotherapy was
48 (Figure 1).

Disease-free survival and overall survival for the
whole series

Disease-free survival. Out of 183 patients in complete
remission, 88 relapsed (79 in bone marrow, 5 in isolat-
ed CNS, 3 in CNS and bone marrow and 1 in bone
marrow and testes), 25 died in first complete remis-
sion (toxicity of chemotherapy in 12, transplant-relat-
ed death in 9 and other causes in 4), and 70 remain in
first complete remission, with the median disease-
free survival being 17 months (95% CI, 9-26), and the
projected disease-free survival at 5 years being 35%
(95% CI, 30-41%) (Figure 2). The results of the inter-
im analysis performed in January 2000 showed that
patients with Philadelphia chromosome-positive ALL
fared significantly worse than did the remaining

patients (median disease-free survival of 9 months
(95%CI, 6-13%), with their estimated 5-year disease-
free survival probability being 4% (95%CI, 0-11%).26

Table 3. Multivariate analyses of prognostic factors for induction
death, attainment of complete remission, disease-free survival
and overall survival.

Stepwise logistic regression for induction death 
Variables Beta Risk (OR) 95%CI of OR P (Wald)

Age >30 yr. 1.55 4.71 1.28-17.40 0.02

Stepwise logistic regression for complete remission
Variables Beta Risk (OR) 95%CI of OR p (Wald)

BM blasts >10% on day+14-1.47 0.23 0.09-0.58 0.002
t(9;22) -0.97 0.38 0.15-0.97 0.04

Stepwise Cox regression for disease-free survival 
Variables Beta Risk (OR) 95%CI of OR p (Wald)

Age >30 yr. 0.64 1.94 1.05-3.58 0.003
PB blasts on day +8 0.67 1.94 1.05-3.58 0.033
t(9;22) 0.77 2.16 1.34-3.49 0.001 

Stepwise Cox regression for overall survival 
Variables Beta Risk (OR) 95%CI of OR p (Wald) 

Age >30 yr. 0.61 1.80 1.20-2.70 0.002
BM blasts on day +14 0.58 1.80 1.20-2.60 0.003
t(9;22) 0.62 1.90 1.20-2.80 0.005

BM: bone marrow; PB: peripheral blood, OR odds ratio. 

Figure 1. Scheme of the PETHEMA ALL-93 trial. SCT: stem cell
transplantation.
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Thus, a specific protocol for these patients was acti-
vated in June 2000, and thereafter no Philadelphia-
positive ALL patients were included in the study.
When patients with Philadelphia-positive ALL were
excluded from the analysis, the median disease-free
survival was 23 months (95% CI, 10-38%) and the 5-
year disease-free survival probability was 37% (95%
CI, 31-44%). Age over 30 years, slow response to
therapy and Philadelphia-positive ALL were the vari-
ables associated with a shorter disease-free survival in
both univariate and multivariate (Table 3) analyses. T-
ALL and high-risk pre-B Philadelphia-negative ALL
did not represent significantly different prognostic
subgroups.   

Overall survival. One hundred and forty-four patients
died and 78 remain alive, with a median overall survival
of 23 months (95% CI, 16-31%) and a projected prob-
ability of survival at 5 years of 34% (95% CI, 28-39%).
The median overall survival for Philadelphia-positive
ALL patients was 13 months (95%CI, 8-18%), with a 5-
year probability of 8% (95% CI, 1-15%). Excluding
Philadelphia-positive ALL patients the median was 24
months (95% CI, 14-35) and the overall survival proba-
bility at 5 years was 35% (95% CI, 29-47%). As
occurred with disease-free survival, age over 30 years,
slow response to therapy and Philadelphia-positive
ALL were associated with short overall survival in both
univariate and multivariate (Table 3) analyses.

Disease-free survival and overall survival by
intention-to-treat

Disease-free survival. Relapse occurred in 44 out of
84 patients assigned to allogeneic SCT, in 23 out of
50 randomized to autologous SCT and in 19 out of
the 48 patients randomized to chemotherapy. The
number of patients alive in first complete remission
in the three groups is 28, 19 and 22, respectively.
Table 4 shows the results of the comparison of prob-

ability of relapse and disease-free survival according
to donor availability (Figure 3) and to the arm of ran-
domization in patients without an HLA-identical
donor (Figure 4). The analyses were performed both
including and excluding the patients with Phila-
delphia-positive ALL. No differences were observed
in any of the groups of comparison (Table 4).

Overall survival. Forty-nine of the patients assigned to
allogeneic SCT died (39 because of progression, 2 due
to toxic death during early intensification, 7 from trans-
plant-related causes and 1 suicide). Of patients random-
ized to autologous SCT 29 died (21 due to progression,
1 transplant-related death, 6 due to toxic death during
intensification and 1 traffic accident). Death occurred in
23 patients randomized to chemotherapy (16 due to
progression, 6 to toxic death and 1 because of trans-
plant-related causes following SCT from a matched
unrelated donor). No significant differences for overall
survival were observed according to the donor versus

Figure 2. Disease-free survival for the whole series of patients. Figure 3. Comparison of disease-free survival curves on a donor
versus no donor basis.

Figure 4. Comparison of disease-free survival curves by the arm of
randomization (autologous stem cell transplantation versus
chemotherapy).
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no donor or to the autologous versus chemotherapy
comparisons either including or excluding Philadelphia-
positive ALL patients in the analysis (Table 4). No sig-
nificant differences among treatments were observed in
analysis restricted to  T-cell ALL or to high-risk pre-B
patients.

Disease-free survival and overall survival by actual post-
remission treatment received 

Disease-free survival. Table 5 shows the results of the
comparison of the disease-free survival and relapse
probabilities according to allogeneic SCT, autologous
SCT and chemotherapy including or excluding
patients with Philadelphia-positive ALL. As occurred
with the intention-to-treat analysis, no differences in
disease-free survival (Figure 5) or relapse probabilities
were observed in any group of comparison. Among
patients submitted to allogeneic SCT 23 patients
relapsed whereas 14 did so after autologous SCT and
24 during or after chemotherapy. The 5-year actuarial
probabilities of relapse for the three groups were 45%

(95% CI, 31-59%), 44% (95% CI, 26-62%) and 52%
(95% CI, 38-66%), respectively. The conditioning reg-
imen of SCT was total body irradiation-based in 51
patients (35 out of 55 in allogeneic SCT and 16 out of
32 in autologous SCT) and busulfan chemotherapy-
based in the remaining  36 (20 out of 55 in allogeneic
SCT and 16 out of 32 in autologous SCT). In patients
submitted to either allogeneic or autologous SCT the
5-year relapse probabilities were higher in those condi-
tioned by busulphan chemotherapy-based schedules
(60%[95% CI, 42-78%]) than in those who received
total body irradiation-based regimens (39%[95% CI,
25-53%]), although this difference did not reach statis-
tical significance. 

Overall survival. Death occurred in 29 patients submit-

Table 4. Comparison by intention-to-treat of disease-free survival,
overall survival and probability of relapse for the subgroups of
patients according to donor vs. no donor and, in the latter group,
according to the arm of randomization. 

N. Follow-up Median 5-yr. probability p
(median, mo.) (95% CI) (95% CI)

Overall Survival
Ph-positive ALL included
No donor 98 66 39 (10-69) 44 (35-52) 0.35
Donor 84 76 25 (15-35) 35 (25-44)
Autologous SCT 50 58 34 (17-51) 37 (25-49) 0.17
Chemotherapy 48 68 67 50 (38-65)

Ph-positive ALL excluded
No donor 84 67 67 49 (40-59) 0.56
Donor 72 77 32 (20-44) 40 (28-50)
Autologous SCT 44 58 36 (16-56) 43 (29-58) 0.33
Chemotherapy 40 68 NA 52 (39-65)

Disease-free survival
Ph-positive ALL included
No donor 98 66 28 (10-45) 39 (30-48) 0.47
Donor 83 76 17 (9-24)
Autologous SCT 50 59 13(0-26) 35 (23-47) 0.19
Chemotherapy 48 66 38 (22-54) 44 (32-56)

Ph-positive ALL excluded
No donor 84 67 38 46 (37-56) 0.46
Donor 71 77 21 (13-30) 37 (25-48)
Autologous SCT 44 59 23 (1-46) 40 (28-52) 0.30
Chemotherapy 40 67 NA 51 (37-67)

Relapse probability
No donor 98 52 41 51 (41-61) 0.28
Donor 80 56 24 62 (50-74)
Autologous SCT 50 3 31 57 (41-73) 0.19
Chemotherapy 48 63 NA 46 (32-60)

Ph-positive ALL: Philadelphia chromosome-positive acute lymphoblastic leukemia;
SCT: stem cell transplantation; NA: not achieved.

Table 5. Comparison of disease-free survival and relapse probabil-
ity from stem cell transplantation or late intensification therapy
initiation  for the subgroups of patients according to the type of
post-remission therapy actually performed.

N Follow-up Median 5-yr. probability p
(median, mo.) (95% CI) (95% CI)

Disease-free survival

Ph-positive ALL included
Allogeneic SCT 57 73 16 (0-43) 44 (33-54)
Autologous SCT 34 56 NA 54 (39-69) 0.52
Chemotherapy 48 63 39 45 (34-56)

Ph-positive ALL excluded
Allogeneic SCT 49 75 NA 50 (38-62)
Autologous SCT 33 58 NA 55 (41-70) 0.75
Chemotherapy 41 68 NA 54 (43-66)

Relapse probability
Allogeneic SCT 57 64 NA 45 (31-59) 0.80
Autologous 34 58 NA 44 (26-62)
Chemotherapy 48 66 49 52 (38-66)

Ph-positive ALL: Philadelphia chromosome-positive acute lymphoblastic leukemia;
SCT: stem cell transplantation; NA: not achieved.

Figure 5. Landmark comparison of disease-free survival curves of
actually treated patients (allogeneic stem cell transplantation,
autologous stem cell transplantation or chemotherapy).
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ted to allogeneic SCT (non-relapse transplant-related
deaths in 8 and disease progression in 21), in 12 patients
submitted to autologous SCT (disease progression in 11
and transplant-related death in 1) and in 15 of those
receiving chemotherapy (14 because of relapse and 1
from transplant related causes following SCT from a
matched unrelated donor in a patient withdrawn
because of Philadelphia chromosome-positive ALL). No
significant differences were observed in overall survival
according to the type of post-remission therapy admin-
istered (Table 5).

Discussion

The present study failed to prove that, when a fami-
ly donor is available, allogeneic SCT  produces a better
outcome than autologous SCT or chemotherapy in
adults with poor-risk ALL in first complete remission.
In contrast to other randomized studies,13,15-18 the pres-
ent study only focused on poor-risk adult ALL patients,
in whom allogeneic SCT is generally recommended on
the basis of registry28 or case-matched studies,10-12 but in
whom randomized studies are scarce.13,15-18, 29,30  

Some limitations of the present study should be
pointed out. The first is the relatively small number of
patients, although this is in accordance with the pre-
defined sample size. The number became smaller when
the Philadelphia-positive patients were taken out. In
addition, Philadelphia-positive ALL patients were
included in the study up to 2000, when recognition of
an independent adverse prognosis for Philadelphia-pos-
itive ALL patients in the interim analyses of the proto-
col,27 and the promising results of SCT from matched
unrelated donors31-35 and other recent approaches,36,37 led
us to develop specific protocols for Philadelphia-posi-
tive ALL. However, when the Philadelphia-positive
ALL patients were excluded from the analyses, the
results of our study did not change. The second limita-
tion was the lack of strict rules for the management of
patients allocated or randomized to SCT, especially for
the preparative regimen. Although cyclophosphamide
and total body irradiation was the recommended con-
ditioning regimen for SCT, this was actually performed
in only 51 out of  87 (59%) transplanted patients, main-
ly due to logistic reasons in the participating centers.
There is some evidence of a better disease-free survival
in patients conditioned with total body irradiation-
based regimens than with busulfan chemotherapy-
based conditioning regimens.35,38,39 This feature was also
observed in our series but the differences in survival
and in relapse probability did not reach statistical signif-
icance. In addition, several aspects of the management
of SCT have changed throughout the decade in which
the study was open for patient accrual. The most
important were the change to mobilized peripheral

blood as a preferential stem cell source in the last years
and the use of selection procedures for CD34 progeni-
tor cells. An important issue, given the extended
recruitment time of the trial was that there were no sig-
nificant differences in overall survival or disease-free
survival related to year of SCT or center. The third lim-
itation refers to the risk group assessment. Poor-risk
ALL was defined by current clinical-biological features
and by conventional centrally-reviewed cytogenetic
study, without other cytogenetic and molecular stud-
ies.40-42 With regards to white cell count, some groups
consider the cut-off of 25-30¥109/L only for B-lineage
ALL, whereas for T-ALL this value tends to be higher,
even closer to 50-100¥109/L. The last limitation con-
cerns the genetic rather than true randomization for
patients included in the allogeneic SCT arm. This limi-
tation is present in all the published or ongoing trials
evaluating the role of allogeneic SCT in adult ALL.
However, in our study the three groups were compara-
ble for the main initial ALL characteristics and for the
rate of response to therapy and, when the analysis was
made according to therapeutic option actually received,
no differences were observed in favor of any arm. 

The complete remission rate of 82% registered in this
study is similar to that observed in contemporary pro-
tocols using standard dose multiagent chemotherapy.1-

7,43 Given that only high-risk ALL patients were includ-
ed in the study, the results and toxicity observed in
patients randomized to the chemotherapy arm are sim-
ilar to or even better than those observed in other trials,
including those that include both standard-risk and
high-risk ALL patients.1-7,43 The results in patients ran-
domized to autologous SCT are similar to those
observed in patients from both registries and prospec-
tive studies, regardless of whether they were random-
ized. The 3% transplant-related mortality in this study
was similar or inferior to that found in others and the
main reason for treatment failure was relapse.44-46 Since
no consistent evidence in favor of purging the autograft
has been observed,46 efforts have been focused on the
feasibility and impact of additional measures after
autologous SCT, such as maintenance chemotherapy.
Single institution studies have shown that the benefits
are mainly restricted to patients with standard-risk ALL
rather than to those with high-risk ALL.47 Other studies
showed that this therapy is often not given or discon-
tinued because of cytopenia or infections.17 Although
maintenance therapy after autologous SCT was
planned in the LALA-94 trial,17 no advantage of autolo-
gous SCT over chemotherapy was demonstrated in
high-risk ALL patients, as occurred in other studies.48

In the present study the non-relapse transplant-relat-
ed mortality in the patients assigned to allogeneic SCT
was 14%, being within the range observed in multicen-
ter studies or in SCT registries. However, unlike other
prospective or case-controlled studies, our study failed

Chemotherapy vs. transplantation in high-risk adult ALL
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to show a low relapse probability in patients assigned
to receive allogeneic SCT or in those in whom allogene-
ic SCT was actually performed. In fact, the relapse
probability of these patients was not significantly dif-
ferent from that observed in the patients randomized to
receive either autologous SCT or chemotherapy.
Although a possible partial explanation for this could
be the preparative regimen for SCT (the relapse proba-
bility of patients conditioned with total body irradia-
tion-based regimens was 39% versus 60% for those
who received busulfan-based regimens without total
body irradiation), it must be taken into account that
only high-risk ALL patients were included in the pres-
ent study, for which a higher relapse probability can be
expected with any type of post-remission therapy,
including allogeneic SCT.49-51

Despite an increasing consensus regarding the use of
allogeneic SCT from family donors in first complete
remission for patients with high-risk ALL,28 except for
cases of very high-risk ALL such as Philadelphia-posi-
tive/BCR-ABL ALL,34,52,53 and t(4;11)/MLL ALL, the role
of this transplantation has not been unequivocally
established. Studies comparing data from transplant
registries with selected published data on chemothera-
py using matched patients as far as possible showed no
significant difference between bone marrow transplan-
tation in first complete remission when compared with
standard chemotherapy,10,11 although re-examination of
this issue in more recently treated patients demonstrat-
ed a higher disease-free survival with SCT in patients
under the age of 30 years.12 However, great caution
should be applied in interpreting these and other14,54 ret-
rospective registry analyses. Prospective trials are criti-
cal in this area although the number of published or
ongoing prospective randomized studies is low.13,15-18,28,29

In the randomized trial published15 and updated16 by the
LALA group, the survival after allogeneic SCT (46%)
was significantly higher than that in the control group
(31%), which was predominantly due to a higher sur-
vival in high-risk ALL patients with allogeneic SCT
(44%) compared to the control group (11%), whereas
no significant difference (46% versus 42%) was
observed in standard-risk ALL.16 In two recently pub-
lished comparative studies no differences were
observed between allogeneic SCT and autologous SCT
or chemotherapy in adult ALL. In the prospective
EORTC study,13 220 adult ALL patients in complete
remission were assigned to allogeneic SCT in the case
of an HLA-identical sibling donor and the remaining
received chemotherapy or autologous SCT. No differ-
ences were observed in either disease-free survival
(38% versus 37%) or overall survival (41% versus 39%)
in the donor compared to the no donor group. This lack
of differences was also observed when high-risk ALL
patients were analyzed separately. In a comparative ret-
rospective study from a single institution,14 among 87

adult ALL patients in first complete remission, no sig-
nificant differences in 3-year event-free survival (40%
versus 39%) or overall survival (46% versus 58%) were
seen in donor versus no donor groups. In the recently
published randomized LALA-94 trial17 no differences
were observed in disease-free survival between autolo-
gous SCT and chemotherapy (3-year disease-free sur-
vival 39% versus 24%) in high-risk ALL patients with-
out a histocompatible donor. However, significant dif-
ferences were found in favor of allogeneic SCT when
donor versus no donor patients were compared (5-year
disease-free survival 45% versus 23%). In the largest
ongoing Medical Research Council  UKALL XII/Eastern
Cooperative Oncology Group E2993 trial, including
both standard-risk ALL and high-risk ALL patients, allo-
geneic SCT is scheduled in all patients with sibling
donors and is compared to randomized autologous
SCT versus chemotherapy (control group).55 The latest
update of this study strongly suggests a significant ben-
efit of allogeneic SCT, over chemotherapy or autolo-
gous SCT, in patients with Philadelphia chromosome-
negative high-risk ALL.55 A final intention-to-treat
analysis of this study is pending.  Apart from
Philadelphia-positive ALL, two factors with adverse
prognosis were identified: age over 30 years and slow
response to therapy. These factors have been identified
in most of the studies including both standard-risk and
high-risk ALL patients treated with chemotherapy or
SCT,49-51,56-58 but in the present study were only identified
among high-risk ALL cases, thus defining a very high-
risk ALL group for which matched unrelated donors
transplants34,35,59 and even cord blood progenitor SCT60 or
other novel therapeutic approaches could be incorpo-
rated in future trials.

Appendix
The following institutions and clinicians participated in the

study: Hospital Universitari Germans Trias i Pujol, Badalona:
J.M. Ribera, A. Oriol, E. Feliu; Hospital Carlos Haya, Malaga:
C. Bethencourt; Hospital Virgen del Rocío, Sevilla: R Parody;
Hospital Virgen de la Victoria, Málaga: M.J. Moreno, M.J.
Queipo de Llano; Hospital Clínico Universitario, Salamanca: JM
Hernández-Rivas; Hospital Clínico San Carlos, Madrid: E. del
Potro;  Hospital General, Alicante: C. Rivas, P. Fernández-
Abellán; Hospital Clínico Universitario, Valencia: M. Tormo,
M.J. Terol; Hospital Son Dureta, Palma de Mallorca: J.
Besalduch, A. Novo; Hospital Universitario La Fe, Valencia:
M.A. Sanz, F Moscardó; Hospital Xeral, Lugo: J Arias; Hospital
Morales Meseguer, Murcia: J.M. Moraleda, I. Heras; Hospital
Vall d’Hebron, Barcelona: J. Bueno, J.J. Ortega; Hospital Clínico,
Valladolid: J. Fernández-Calvo, D. Borrego; Hospital Puerta del
Mar, Cádiz: V. Martín-Reina; Hospital Juan Canalejo, A
Coruña: G. Deben; Hospital General, Valencia: F. Carbonell,
M. Orts;  Centro Médico Teknon, Barcelona: P. Vivancos;
Hospital Doce de Octubre, Madrid: C. Grande; Hospital Xeral,
Santiago de Compostela: JL Bello; Hospital General, Segovia:
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Hospital General Universitario, La Laguna: L. Hernández-
Nieto;  Hospital General de Especialidades, Jaén: F. Gámez;
Hospital Joan XXIII, Tarragona: A. Llorente; Hospital Río
Carrión, Palencia: F. Ortega-Rivas; Hospital Rio Hortega,
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Poderós; Hospital Mútua de Terrassa, Barcelona: J.M. Martí;
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