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From 1994 to 2000, 154 adults with Phila-
delphia chromosome–positive (Ph �)
and/or BCR-ABL� acute lymphoblastic
leukemia (ALL) were treated according to
a prospective trial (median follow-up, 4.5
years) with the aim to study the prognos-
tic value of early response to therapy and
the role of stem cell transplantation (SCT)
in first complete remission (CR). All pa-
tients received a standard induction
course followed by a course of mitox-
antrone and intermediate-dose cytara-
bine (HAM). After each course, minimal
residual disease was tested by specific
reverse transcriptase–polymerase chain

reaction (RT-PCR) (median sensitivity,
10�5). Allogeneic SCT (if a donor) or au -
tologous SCT (if not) was planned at 3
months in all patients in CR after HAM.
CR rates after induction, after HAM, and
at 3 months were 53%, 67%, and 62%,
respectively. High leukocyte count and
m-bcr subtype were the 2 identified bad-
prognosis factors for CR at 3 months,
both superseded by a poor early re-
sponse assessed at day 8 of the induc-
tion course. HAM-associated salvage rate
was higher in patients with M-bcr than in
those with m-bcr ALL (55% vs 30%;
P � .05). In the 103 patients eligible for

SCT, the existence of a donor and the
negative BCR-ABL status after HAM were
independently predictive of remission du-
ration ( P < .001 and .01, respectively) and
survival ( P � .02 and .01, respectively).
Relapse was the most common cause of
treatment failure in all patient groups.
Allogeneic SCT in first CR is the current
best treatment option in adults with the
disease. New strategies must be tested
during early phases of therapy to in-
crease the rate of BCR-ABL� remissions.
(Blood. 2002;100:2357-2366)
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Introduction

The Philadelphia chromosome (Ph) is a shortened chromosome
22 generated by a balanced t(9;22) chromosomal translocation.
Originally thought to be associated with chronic myelogenous
leukemia (CML) only, this translocation has since been identi-
fied in other hematologic malignancies, including de novo acute
lymphoblastic leukemia (ALL). The translocation results in a
p210 BCR-ABL fusion protein when the protooncogeneABL
moves from chromosome 9 to the major breakpoint cluster
region (M-bcr) within theBCR gene on chromosome 22 or in a
shorter p190BCR-ABL fusion protein when it moves to the
minor breakpoint cluster region (m-bcr) within the sameBCR
locus.1 The p210 protein is the usual finding in patients with
CML, whereas the p190 protein is found in approximately two
thirds of adults and more than 90% of children with Ph� ALL. 2,3

Both p210 and p190 transcripts can be detected by specific
BCR-ABL reverse transcriptase–polymerase chain reaction
(RT-PCR) assays.4

In patients with ALL, the incidence of Ph� and/orBCR-ABL�

ALL is increasing with age from less than 5% in children to 40% in
adults aged 40 years or more.5,6 In adults as well as in children with
ALL, Ph� and/orBCR-ABL� ALL is the subgroup associated with
the worst prognosis.7,8 Long-term survival rates range from 35% to
40% in children to less than 20% in adults.7-10 It has been recently
suggested that the disease can be controlled by chemotherapy alone
in a subgroup of young children with a low leukocyte count at
diagnosis.9 In adults with the disease, it is generally thought that the
only curative option is allogeneic hematopoietic stem cell transplan-
tation (HSCT), even if this opinion is only based on small
retrospective studies.10-12

Because an increased incidence of myeloid antigen expression
has been observed in Ph� and/orBCR-ABL� ALL, 1,6,10 it has been
suggested that cytarabine-based chemotherapy regimens might be
associated with high response rates in patients with the disease.
More recently, promising results have been reported in refractory
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Hematology, Hôpital Edouard Herriot, Lyon, France; Department of
Hematology, Cliniques Universitaires St Luc, Brussels, Belgium; Department of
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1 avenue Claude Vellefaux, 75010 Paris, France; email: herve.dombret@sls.
ap-hop-paris.fr.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked ‘‘advertisement’’ in accordance with 18 U.S.C. section 1734.

© 2002 by The American Society of Hematology

2357BLOOD, 1 OCTOBER 2002 � VOLUME 100, NUMBER 7

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/100/7/2357/1253854/h81902002357.pdf by guest on 05 June 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/blood-2002-03-0704&domain=pdf&date_stamp=2002-10-01


and relapsing patients treated with STI571, an inhibitor of the
protein-tyrosine kinase associated with BCR-ABL.13

Initial response to therapy, as assessed by early bone marrow
evaluation or by the measurement of minimal residual disease
during the initial phases of therapy,14-16 has been associated with
outcome in prospective studies dealing with childhood ALL in
general. The detection of persistent BCR-ABL fusion transcripts in
patients with Ph� and/or BCR-ABL� ALL achieving a complete
remission after initial chemotherapy might thus provide useful
information to stratify their prognosis.

In the present prospective multicenter study of 154 adults with
Ph� and/or BCR-ABL� ALL, our main objectives were (1) to study
the prognostic value of initial response to therapy as assessed by
early bone marrow examination at day 8 of the induction course
and minimal BCR-ABL residual disease evaluation after 1 and 2
courses of chemotherapy in responding patients; (2) to evaluate the
value of a cytarabine-based course of consolidation/salvage; and
(3) to evaluate the role of allogeneic and autologous HSCT on an
intention-to-treat basis.

Patients and methods

Patient enrollment

With the exception of patients with a previous history of malignant disease
including myeloproliferative syndromes, all adult patients aged 15 to 55
years with newly diagnosed, previously untreated ALL (mature B-cell ALL
not included) were eligible for randomization in the LALA-94 trial. After
initial randomization between idarubicin and daunorubicin for the first
course of chemotherapy, they all received a common 4-drug induction
course. All of them diagnosed with a Ph� and/or BCR-ABL� ALL within the
35 days following initial randomization were enrolled in the present study.
Response and outcomes were evaluated from initial randomization in the
LALA-94 trial. The study was approved by the Ethics Committee, Hospices
Civils de Lyon (Lyon, France), and all patients gave signed informed consent.

Diagnosis criteria for Ph� and/or BCR-ABL� ALL

The diagnosis of Ph� and/or BCR-ABL� ALL was based on standard
cytogenetic and/or on molecular analysis at baseline. Chromosomal analy-
sis was performed using short unstimulated bone marrow and/or peripheral
blood cultures. A minimum of 20 analyzed mitoses were required in each
patient designated as having a normal karyotype. Standard criteria to define
a clone were applied, and chromosomal abnormalities were classified
according to the International System for Human Cytogenetic Nomencla-
ture.17 Patients were also classified according to the presence or the absence
of normal metaphases (NN/AN/AA) and on the basis of modal number.
Patients with a modal number between 51 and 60 chromosomes were
classified as hyperploid. RT-PCR specific for the BCR-ABL transcripts was
performed on bone marrow and/or on peripheral blood samples at baseline
as part of a systematic molecular screening for fusion transcripts (BCR-
ABL, E2A-PBX1, and MLL-AF4). The RT-PCR reaction was carried out
following a common protocol using already published BCR-ABL prim-
ers,1,18 as described.19 More recently, the standardized BIOMED-1 primers
were adopted by most laboratories.20 Any sample with no amplification of
the control genes (ABL or PBGD) was discarded from further analysis. The
sensitivity of the reaction was assessed during each experiment using a
dilution series of Tom1 (m-bcr) or K562 (M-bcr) RNA. It ranged from 10�4

to 10�6 with a median of 10�5. Each positive sample with no concordance
with the karyotype was confirmed by a second analysis on another aliquot.
During the first 2 years of the LALA-94 trial, quality control for RT-PCR
analysis was performed on diagnosis samples. Results were retrospectively
and blindly verified by a different laboratory on a second aliquot in 1 of 3
patients (n � 110 samples). All results but 2 degraded samples were
concordant. The RT-PCR reaction was performed on bone marrow samples
only during follow-up. Similar quality controls were performed on these

remission samples with a similar concordance. Immunophenotyping of
ALL cells was systematically performed on bone marrow and/or on
peripheral blood samples using monoclonal antibodies against the CD2,
cytoplasmic CD3, CD5, CD7; CD19, CD10, cytoplasmic CD22 or CD79a,
cytoplasmic immunoglobulin �, �, and � chains; CD34, CD33, CD13,
CD65, HLA-DR antigens, and surface immunoglobulins. In addition,
anti-CD20, anti-CD22, anti-CD3, anti-CD1a, anti-CD4, anti-CD8, anti–T-
cell receptor-�� (anti-TCR��), and anti-TCR	
 monoclonal antibodies
were used to confirm the B-lineage or T-lineage origin of the leukemic cell
population. During the study, all cytogenetic, molecular, and immunopheno-
typing data were prospectively and centrally reviewed by 3 distinct
working committees.

Treatment

Treatment schedule and dosages are indicated in Table 1. The induction
course was administered over a 4-week period and consisted of prednisone,
vincristine, cyclophosphamide, and daunorubicin or idarubicin according to
initial randomization. On day 35, all patients with a diagnosis of Ph� and/or
BCR-ABL� ALL were eligible for a second course of consolidation (or
salvage), whatever the response to the induction course was. This consolida-
tion/salvage course consisted of mitoxantrone and intermediate-dose cytar-
abine (HAM). All patients in complete remission after this HAM course
were eligible for HSCT irrespective of their molecular status. Patients who
did not reach a complete remission at that time were not considered for
further treatment in the protocol. Based on an intention-to-treat principle,
all patients eligible for HSCT were distributed in 1 of the 3 following HSCT
groups: (1) matched related allogeneic bone marrow transplantation if they
had a matched related donor (allo-ID group); (2) matched unrelated
allogeneic bone marrow transplantation if they were considered by local
investigators as eligible for such a procedure and had an identified matched
unrelated donor (allo-MUD group); and (3) autologous peripheral blood
stem cell transplantation if they did not meet criteria for the first 2 groups
(autologous group). Identification of a matched related donor was consid-
ered at baseline in all patients. Identification of a matched unrelated donor

Table 1. Treatment schedule for adult Ph� and/or BCR-ABL� ALL:
the LALA-94 trial

Drug Dose Days

Induction course

Prednisone, PO or IV 60 mg/m2 1-7, 15-21

Vincristine, IV 2 mg 1, 8, 15, 22

Cyclophosphamide, IV 750 mg/m2 1, 8

Daunorubicin, IV* 30 mg/m2 1-3, 15-16

Idarubicin, IV* 9 mg/m2 1-3, 8

Methotrexate, IT 15 mg 1†, 8, 15, 22

Cytosine arabinoside, IT 40 mg 1†, 8, 15, 22

Methylprednisolone, IT 40 mg 1†, 8, 15, 22

Consolidation/salvage course

Cytosine arabinoside, 3-h IV 1 000 mg/m2/12 h 1-4 (8 infusions)

Mitoxantrone, IV 10 mg/m2 3-5

Methotrexate, IT 15 mg 1

Cytosine arabinoside, IT 40 mg 1

Methylprednisolone, IT 40 mg 1

Pretransplantation course(s)‡

Methotrexate, IV 1 500 mg/m2 1, �/� 15

L-asparaginase, IV 10 000 IU/m2 2, �/� 16

HSCT§

Etoposide, 6-h IV 50 mg/kg � 4

Cyclophosphamide, 2-h IV 60 mg/kg � 3, � 2

Total body irradiation 12 Gy (6 fractions) or 10 Gy

(1 fraction)

PO indicates per os; IV, intravenously; IT, intrathecally; HSCT, hematopoietic
stem cell transplantation.

*Patients received either daunorubicin or idarubicin, according to initial random-
ization.

†The first IT infusion may be performed at day 1, 2, or 3.
‡Patients may receive 1 or 2 identical pretransplantation courses.
§For allo-ID and autologous HSCT.
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was considered at Ph� ALL diagnosis in all eligible patients without a
related donor. A matched unrelated donor was defined as a donor-recipient
pair matched for 9 or 10 of 10 HLA antigens using high-resolution
molecular typing for the HLA-A, -B, -C, -DRB1, and -DQB1 genes.
Transplantation was planned to be performed at 3 months (day 90 following
initial randomization). Patients eligible for HSCT received 1 or 2 additional
cycles of chemotherapy consisting of methotrexate and L-asparaginase.
Granulocyte colony-stimulating factor–mobilized autologous peripheral
blood stem cells were harvested during the myeloid recovery following the
HAM consolidation course for patients in complete remission after
induction and after 1 methotrexate/L-asparaginase cycle for those reaching
a complete remission after HAM salvage. During the early study period,
few patients (n � 6 patients) have undergone transplantation with purged
autologous bone marrow stem cells. In these patients, bone marrow purging
was performed by complement-dependent lysis using anti-CD19 and
anti-CD20 monoclonal antibodies. For allo-ID transplantation, the prophy-
laxis of graft-versus-host disease was determined by local investigators but
did not include T-cell depletion. For allo-MUD transplantation, the most
appropriate conditioning regimen and graft-versus-host disease prophylaxis
were determined by local investigators. Central nervous system prophylaxis
consisted of 5 intrathecal injections. In patients with clinical or cytologic
evidence of central nervous system disease at diagnosis, therapy consisted
of 18 triple intrathecal injections associated a with pretransplantation 15-Gy
cranial irradiation.

Criteria for response and relapse

Morphologic response was evaluated on a bone marrow aspiration and
peripheral blood examination (1) after the induction course (on day 35 or
after myeloid recovery); (2) after myeloid recovery following the HAM
consolidation/salvage course; and (3) at 3 months (day 90 following initial
randomization). Responses were classified as complete remission (CR) or
failure, including resistant disease and early death. Patients were considered
to be in CR when the neutrophil count was more than 1.5 � 109/L, the
platelet count was more than 150 � 109/L, the result of the bone marrow
examination was normal, and all extramedullary disease had resolved. In
patients reaching a complete remission, molecular response was tested by
RT-PCR on the bone marrow specimen of the first and second response
evaluations. There was no molecular evaluation of reinfused autologous
cells. All samples tested were classified as BCR-ABL� or BCR-ABL�,
whatever the sensitivity of the reaction. In addition, patients had to be
classified as early responders or nonresponders on a bone marrow aspiration
and peripheral blood examination performed at day 8 of the induction
course. Early response was defined as the absence of peripheral blood blasts
associated with fewer than 5% marrow blasts or a very hypoplastic
bone marrow.

Statistical analysis

Response data were compared with the Fisher exact test for binary
variables. Survival and complete remission duration data were censored at
the median follow-up and estimated by the Kaplan-Meier method.21 The
log-rank test22 was used to determine univariate prognostic significance of
binary variables. Simultaneous effects of multiple covariates were esti-
mated with the maximum-likelihood logistic regression model for re-
sponse23 and with the Cox model for complete remission duration and
survival24 and tested by the likelihood-ratio test, also used in univariate
analyses for continuous variables. Survival was calculated from the date of
initial randomization. To assess the prognostic significance of response to
therapy and HSCT group allocation, landmark survival analyses were
performed with a landmark period of 90 days.25 Estimated hazard ratios are
reported as relative risks with 95% confidence intervals [CI]. P values were
derived from 2-sided tests. P � .05 or less was considered to indicate
statistical significance. STATA statistical software (Release 7.0, Stata,
College Station, TX) was used for statistical analyses.

Results

Patient characteristics

Between June 15, 1994, and February 15, 2000, 701 patients were
registered in the LALA-94 trial. A total of 157 patients (22%) were
diagnosed with a Ph� and/or BCR-ABL� ALL within the 35 days
following initial randomization in 154 of them. The results reported
here, which are for all these 154 patients from 33 French and
Belgian participating centers, are based on follow-up data as of
January 1, 2002 (median follow-up, 4.5 years). Patient characteris-
tics are indicated in Table 2. There were 89 men and 65 women.
The median age was 42 years (range, 17 to 56 years). Median
leukocyte count was 17 � 109/L (range, 0.5 � 109/L to 626 � 109/
L). Sixty-six of the 154 patients (43%) had 25 � 109/L peripheral
blood white blood cells or more at diagnosis. Seven patients (5%)
had evidence of central nervous system disease at baseline
(diagnosed by morphologic examination of the cerebrospinal fluid
and/or by the presence of clinical symptoms). All patients had
B-lineage ALL. Leukemic cells expressed the CD34 antigen in 134
(89%) of the 151 cases tested. The expression of a myeloid marker
was less common (15% and 20% for the CD33 and CD13 antigen,
respectively). Overall, the incidence of CD34�CD33�CD13�

ALLs was 10 (7%) of 150 informative cases. No differences in
baseline characteristics were observed between the 2 randomiza-
tion groups (idarubicin or daunorubicin).

A total of 110 (71%) of 154 patients were diagnosed with Ph� and
BCR-ABL� ALL based on both standard cytogenetic and molecular
analyses. Thirty-two patients (21%) were diagnosed with BCR-ABL�

ALL on molecular analysis only, because standard karyotype failed in

Table 2. Patient characteristics

Characteristic Result

Baseline characteristics, N � 154 patients

Age, y

Median (range) 42 (17-56)

45 y or more 66

Sex ratio, M/F 89/65

CNS involvement 7

Anthracycline, IDA/DNR* 83/71

Leukocyte count

Median (range) 17 � 109/L (0.5 � 109/L to 626 � 109/L)

25 � 109/L or more 66

Immunophenotyping

B-lineage ALL 154

Myeloid markers† 10 (of 150)

Cytogenetics, N � 141 patients

Hyperploidy 12

Monosomy 7 13

NN-AN/AA 102/39

NN/AN-AA 15/126

Ph� 122

Additional abnormalities 91

Ph duplication 20

RT-PCR, N � 142 patients

m-bcr 97

M-bcr 40

m/M-bcr 5

CNS indicates central nervous system; IDA, idarubicin; DNR, daunorubicin;
Ph, Philadelphia chromosome; m-bcr, minor breakpoint cluster region; and M-bcr,
major breakpoint cluster region.

*Anthracycline randomly allocated for the induction course.
†Defined as the coexpression of CD34, CD33, and CD13 antigens (available in

150 patients).
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13 patients or showed no Philadelphia chromosome in 19 patients.
Twelve patients (8%) were diagnosed with Ph� ALL on standard
karyotype only, because RT-PCR was not done in 5 patients, was
negative in 1 patient, and failed in the remaining 6 patients.

Overall, 141 patients had an informative karyotype (Table 2).
Thirty-nine patients were classified as AA (no normal metaphases),
87 patients as AN (persistence of normal metaphases), and 15
patients as NN (normal karyotype). The Philadelphia chromosome
was present in 122 patients. It was the sole chromosomal abnormal-
ity in 31 patients and was associated with additional abnormalities
in 91 patients. A duplication of the Philadelphia chromosome was
observed in 20 patients. An associated monosomy 7 was observed
in 13 patients. Hyperdiploidy was observed in 12 patients. Overall,
142 patients had an informative RT-PCR (Table 2). Ninety-seven
patients (68%) had m-bcr ALL, 40 patients (28%) had M-bcr ALL,
and 5 patients (4%) had m/M-bcr ALL. These 5 m/M-bcr cases
were classified with the M-bcr cases for further comparisons.

Some baseline characteristics differed between younger and
older patients. First, there was a negative correlation between age
and leukocyte count. Median leukocyte count was 21 � 109/L
(range, 0.6 � 109/L to 626 � 109/L) in the 88 patients aged less
than 45 years as compared with 10 � 109/L (range, 0.5 � 109/L to
500 � 109/L) in the 66 patients aged 45 years or more (P � .045 by
the Mann-Whitney test). Secondly, the proportion of patients with
M-bcr ALL increased with age (25% of patients aged less than 45
years vs 41% of patients aged 45 years or more; P � .045 by the
Fisher exact test). Finally, a duplication of the Philadelphia
chromosome was more frequently observed in older patients (9%
in patients aged less than 45 years vs 27% in patients aged 45 years
or more; P � .01 by the Fisher exact test).

Overall survival

At 3 years, the estimated survival of the whole patient population
was 19% (95% confidence interval, 13% to 25%). In univariate
analysis, advanced age and high leukocyte count were the only
baseline patient or disease characteristics identified as associated
with a shorter survival. Prognostic significance was observed either
when these factors were tested as continuous variables (P � .04
and P � .001 for age and leukocyte count, respectively, using the
univariate Cox model) or when using an age cutoff at 45 years
(relative risk in the older group, 1.47; 95% CI, 1.03 to 2.09;
P � .03 by the log-rank test) and a leukocyte cutoff at 25 � 109/L
(relative risk in the high-count group, 1.66; 95% CI, 1.16 to 2.35;
P � .004 by the log-rank test). These 2 factors remained signifi-
cantly associated with shorter survival after adjustment using the
Cox model (P � .01 and P � .001 for age and leukocyte count,
respectively, when both were considered as continuous variables;
P � .01 and P � .002 for age and leukocyte count, respectively,
when using these 45 years and 25 � 109/L cutoffs). Early response
was evaluated on day 8 of the induction course in 81 patients
(53%). In these patients, the lack of early response and advanced
age remained the 2 bad-prognosis factors for survival in a
3-variable model, including day 8 response, age with the 45 years
cutoff, and leukocyte count with the 25 � 109/L cutoff (relative
risk in nonresponders at day 8, 2.59; 95% CI, 1.26 to 5.32; P � .01)
(relative risk in older patients, 1.77; 95% CI, 1.05 to 3.0; P � .03).

Response to therapy

After induction, 81 (53%) of the 154 patients were alive in CR
(Table 3). After HAM consolidation/salvage, 103 (67%) of the 154
patients were alive in CR. Among the 69 patients alive with

resistant disease after induction, 29 reached a CR after HAM,
representing a HAM-associated salvage rate of 42%. Meanwhile, 6
patients in CR after induction were in very early relapse after HAM
consolidation, and 1 patient died during HAM consolidation. At 3
months (which was the time-planned for HSCT), 95 patients (62%)
were still alive in CR. Among the 81 patients in CR after induction,
49 patients were tested by RT-PCR for minimal residual disease,
and 13 (27%) were negative. Among the 103 patients in CR after
HAM consolidation/salvage, 63 patients were tested by RT-PCR
for minimal residual disease, and 24 (38%) were negative. No
differences in baseline characteristics were found between CR
patients tested and those not tested for minimal residual disease,
either after 1 or 2 cycles of chemotherapy.

Because HSCT was planned to be performed at 3 months, prognos-
tic factors were evaluated for hematologic response at 3 months (Table
4). Ninety-five patients alive in complete remission were compared with
59 patients in failure. In a 3-variable analysis (leukocyte count, bcr
subtype, NN feature) performed in 129 patients with all variables
available, a leukocyte count below 25 � 109/L (P � .02) and the M-bcr
subtype (P � .04) were independent favorable factors for being in CR at
3 months. Remission rate was 70% in the 88 patients with fewer than
25 � 109/L leukocytes as compared with 50% in the 66 patients with
25 � 109/L leukocytes or more. Remission rate was 73% in the 45
patients with M-bcr ALL as compared with 58% in the 97 patients with
m-bcr ALL. In a 4-variable analysis (leukocyte count, bcr subtype, NN
feature, and early response) performed in 69 patients also tested on day 8
for early response, the early response was the only factor that predicted
CR persistence at 3 months (P � .05).

Prognostic factors were also analyzed for hematologic response
to the first course of induction and to salvage HAM chemotherapy,
respectively. In multivariate analysis (not shown), a low leukocyte
count was the only baseline characteristic identified for being in CR
after induction. Again, the early response was the only factor that
predicted CR after induction in patients tested for response at day 8,
even after adjustment on leukocyte count (P � .03). In patients
alive with resistant disease after induction, the only factor predic-
tive of a CR at 3 months was the M-bcr subtype (salvage rate, 55%
in patients with M-bcr ALL vs 30% in those with m-bcr ALL;
P � .05 by the Fisher exact test).

In the 63 CR patients tested by RT-PCR for minimal residual
disease after HAM consolidation/salvage, the only prognostic
factor identified for being BCR-ABL negative was hyperploidy
(P � .02 by the Fisher exact test).

Outcome of patients eligible for HSCT

Outcome was analyzed on an intention-to-treat basis for the 103
patients alive in complete remission after the HAM course of
chemotherapy and thus eligible for HSCT. As expected, the
survival of the 43 patients alive with resistant disease at that time
was significantly shorter than the survival of these 103 responders
(relative risk, 2.14; 95% confidence interval, 1.45 to 3.15; P � .001
by the log-rank test). These 103 patients were distributed within the
3 HSCT groups as follows: 46 patients in the allo-ID group, 14

Table 3. Response to therapy (N � 154 patients)

No. of patients
after induction

(%)

No. of patients after
consolidation/salvage

(%)

No. of patients
at 3 months

(%)

Complete remission 81/154 (53) 103/154 (67) 95/154 (62)

Failure

Resistant disease 69 (45) 43 (28) 50 (32)

Death 4 (2) 8 (5) 9 (6)
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patients in the allo-MUD group, and 43 patients in the autologous
group. In addition, an unsuccessful search for a MUD was
performed in 14 of the 43 patients from the autologous group.
Because survival in the allo-MUD group did not differ from
survival in the allo-ID group (relative risk in the allo-MUD, 0.53;
95% CI, 0.25 to 1.16; P � .11 by the log-rank test), comparisons
were performed between a donor group (n � 60 patients) and a
no-donor group (n � 43 patients). No differences in baseline
characteristics and marrow response at day 8 were found between
these 2 patient groups.

Transplantation was actually performed in 44 of the 46 patients
of the allo-ID group (including 1 patient in relapse at HSCT time),
in 12 of the 14 patients of the allo-MUD (including 4 patients in
relapse at HSCT time), and in 24 of the 43 patients of the
autologous group (including 1 patient in relapse at HSCT time). In
addition, 1 patient from the autologous group did not receive the
planned autologous HSCT but received an allo-MUD transplanta-
tion in second CR because of late identification of a MUD. Overall,
51 patients from the donor group received an allogeneic HSCT in
first CR (43 allo-ID and 8 allo-MUD), and 23 patients from the
no-donor group received an autologous HSCT in first CR. Indi-
vidual posttransplantation outcome for the 74 patients actually
undergoing transplantation in first CR is indicated in Table 5
according to the HSCT group and to the pretransplantation (ie,
post-HAM) BCR-ABL status. In these patients, the median time
from initial randomization to HSCT was 113 days (range, 90 to 192
days) in the allo-ID group, 138 days (range, 92 to 227 days) in the
allo-MUD group, and 128 days (range, 79 to 350 days) in the
autologous group. Nine eligible patients from the donor group and
20 eligible patients from the no-donor group did not receive HSCT

in first CR. The reason was relapse within the 3 months following
CR achievement in 5 patients from the donor group (8%) as
compared with 10 patients from the no-donor group (23%)
(P � .05 by the Fisher exact test). The 4 remaining patients from
the donor group and the 10 remaining patients from the no-donor
group did not undergo transplantation in first CR for other various
reasons and received various further chemotherapy regimens.

Of the 103 patients eligible for HSCT, 77 died (39 in the donor
group and 38 in the no-donor group). Estimated 3-year survival
was 28% (95% CI, 19% to 37%). Prognostic factors for survival are
summarized in Table 6. Survival of patients without a donor was
significantly shorter than survival of those with a donor (Figure
1A). At 3 years, the estimated survival was 37% in the donor group
(95% CI, 24% to 49%) and 12% in the no-donor group (95% CI,
4% to 24%) (relative risk in the no-donor group, 1.71; 95% CI, 1.09
to 2.68; P � .02 by the log-rank test). Sixty-three patients (61%)
were tested for BCR-ABL status after the HAM course. Survival
was significantly longer in the 24 BCR-ABL� patients when
compared with the 39 BCR-ABL� patients (Figure 1B). At 3 years,
the estimated survival was 54% in the BCR-ABL� group (95% CI,
32% to 71%) and 19% in the BCR-ABL� group (95% CI, 8% to
33%) (relative risk in the BCR-ABL� group, 2.46; 95% CI, 1.26 to
4.78; P � .006 by the log-rank test). Interestingly, in 45 patients
tested, the BCR-ABL status after only 1 course of induction
chemotherapy had no significant influence on outcome. After
adjustment on age (with the 45 years cutoff), leukocyte count (as a
continuous variable), and number of courses of chemotherapy
required to reach the CR, the existence of an allogeneic donor and
the BCR-ABL� status after HAM remained the 2 independent
favorable prognostic factors for survival (P � .02 and P � .01,

Table 4. Prognostic factors for CR at three months (N � 154 patients)

Variable No. of patients considered
P (RR, 95% CI)

Univariate analyses*

P (RR, 95% CI)
Multivariate analyses†

N � 129 pts N � 69 pts

Age

As a continuous variable 154 .76 — —

Less than 45 y 154 .50 — —

Sex 154 .74 — —

CNS involvement 154 .99 — —

Myeloid markers‡ 150 .18 — —

Anthracycline§ 154 .10 — —

Leukocyte count

As a continuous variable 154 .01 — —

Less than 25 � 109/L 154 .01 .02 .09

1.41 (1.07-1.86) 2.53 (1.15-5.57) 2.59 (0.86-7.75)

Cytogenetics

Hyperploidy 141 .13 — —

Monosomy 7 141 .37 — —

Additional abnormalities� 122 .67 — —

Ph duplication� 122 .33 — —

NN vs AN-AA 141 .05 .14 .15

1.48 (1.15-1.89) 3.29 (0.68-15.9) 5.06 (0.56-45.8)

bcr subtype: M-bcr vs m-bcr 142 .09 .04 .47

1.27 (0.99-1.62) 2.52 (1.06-6.01) 1.55 (0.47-5.10)

Early response to therapy¶ 81 .03 — .05

1.59 (1.16-2.18) 5.21 (1.03-26.4)

RR indicates relative risk for being in complete remission at 3 months; CI, confidence interval; CNS, central nervous system; Ph, Philadelphia chromosome; M-bcr, major
breakpoint cluster region; and m-bcr, minor breakpoint cluster region.

*Using the Fisher exact test for binary variables and a univariate logistic model for continuous variables.
†Using a multivariate logistic model.
‡Defined as the coexpression of CD34, CD33, and CD13 antigens.
§Anthracycline randomly allocated for the induction course.
�Comparisons were performed in the 122 patients with Philadelphia chromosome.
¶Evaluated on the day 8 bone marrow aspiration.
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Table 5. Individual post-HSCT outcome of patients actually undergoing transplantation in first CR (N � 74 patients)

Patient no.
Pretransplantation
BCR-ABL status* Relapse

Time to hematologic
relapse, mo Mortality

Post-HSCT survival,
mo

Autologous group

02011 � � � 76�

02009 � � � 78�

21006 � � 3 � 9

02005 � � 6 � 11

16002 � � 33 � 35

11013 � � 23 � 57

02025 � � � 1

02014 � � � 4

14012 � � 2 � 3

38001 � � 6 � 8

07007 � � 7 � 9

15004 � � 2 � 9

01024 � � 6 � 11

06005 � � 5 � 12

01036 � � 8 � 23

10011 � � 4 � 27

02023 � � 27 � 29

03022 nd � � 1

14015 nd � � 1

01010 nd � 3 � 10

13011 nd � 8 � 10

07048 nd � 4 � 14

23011 nd � 7 � 16

Allo-ID group

26020 � � � 51�

37009 � � � 61�

15002 � � � 74�

37033 � � � 1

37023 � � � 26

35001 � � � 77

07049 � � 14 � 15

23002 � � 17 � 17

14008 � � 17 � 18

09006 � � 43 � 44

01057 � � � 22�

14020 � � � 26�

02047 � � � 32�

17013 � � � 43�

07017 � � � 72�

27018 � � 17 � 20

28008 � � � 44�

37007 � � � 64�

05029 � � � 0.5

04054 � � � 3

26006 � � � 3

14021 � � 4 � 8

14016 � � 4 � 8

16003 � � 7 � 10

28001 � � 14 � 14

01014 � � 15 � 16

09013 � � 16 � 27

17018 nd � � 23�

03050 nd � � 29�

21011 nd � � 30�

31004 nd � � 76�

28014 nd � � 0.5

10007 nd � � 0.5

28034 nd � � 4

23009 nd � � 6

07033 nd � � 7

13004 nd � � 22

03045 nd � 2 � 4

04037 nd � 4 � 5
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respectively). Of note, there was no difference in BCR-ABL status
after HAM between the 23 patients from the no-donor group who
actually received an autologous HSCT in first CR and the 20
patients who did not receive it, even if there was a trend for more
patients tested in the former subgroup (17 of 23 patients vs 9 of 20
patients; P � .07 by the Fisher exact test).

Relapse was the main cause of treatment failure. Of the 103
patients, 64 relapsed (28 in the donor group and 36 in the
no-donor group). Estimated 3-year relapse rate was 65% (95%

CI, 55% to 76%). The existence of an allogeneic donor and the
BCR-ABL� status after HAM were also favorable prognostic
factors for the duration of complete remission. At 3 years, the
estimated incidence of relapse was 50% in the donor group
(95% CI, 37% to 65%) as compared with 90% in the no-donor
group (95% CI, 76% to 97%) (relative risk in the no-donor
group, 3.17; 95% CI, 1.86 to 5.41; P � .001 by the log-rank test)
and 41% in the BCR-ABL� group (95% CI, 23% to 66%) as
compared with 75% in the BCR-ABL� group (95% CI, 59% to

Table 5. Individual post-HSCT outcome of patients actually undergoing transplantation in first CR (N � 74 patients) (continued)

Patient no.
Pretransplantation
BCR-ABL status* Relapse

Time to hematologic
relapse, mo Mortality

Post-HSCT survival,
mo

23004 nd � 5 � 7

03043 nd � 2 � 8

04021 nd � 10 � 14

27004 nd � 17 � 27

Allo-MUD group

15011 � � � 16�

13012 � � � 51�

01018 � � � 66�

03035 � � � 0.5

28022 � � � 36�

05006 nd � � 73�

35036 nd � 3 � 4

35009 nd � 14 � 39

nd indicates not done.
*Post-HAM BCR-ABL status.

Table 6. Prognostic factors for survival in patients eligible for stem cell transplantation (N � 103 patients)

Variable No. of patients considered
P (RR, 95% CI)

Univariate analyses*

P (RR, 95% CI)
Multivariate analysis†

N � 63 patients

Age

As a continuous variable 103 .06 —

Less than 45 y 103 .05 .13

1.57 (1.01-2.47)

Sex 103 .29 —

CNS involvement 103 .63 —

Myeloid markers‡ 100 .50 —

Anthracycline 103 .65 —

Leukocyte count

As a continuous variable 103 .06 .23

Less than 25 � 109/L 103 .35 —

Cytogenetics

Hyperploidy 94 .27 —

Monosomy 7 94 .86 —

Additional abnormalities§ 80 .28 —

Ph duplication§ 80 .15 —

NN-AN vs AA 94 .36 —

NN vs AN-AA 94 .62 —

bcr subtype 97 .64 —

No allogeneic donor 103 .02 .02

1.71 (1.09-2.68) 2.12 (1.11-40.5)

Poor response to therapy

No CR in 1 course 103 .08 .11

BCR-ABL status after 1 course 45 .50 —

BCR-ABL status after 2 courses 63 .006 .01

2.46 (1.26-4.78) 2.39 (1.21-4.74)

All survival analyses were performed using the landmark method with a landmark period of 90 days.
RR indicates relative risk of failure; CI, confidence interval; CNS, central nervous system; and Ph, Philadelphia chromosome.
*Using the log-rank test for binary variables and univariate Cox models for continuous variables.
†Using the Cox model.
‡Defined as the coexpression of CD34, CD33, and CD13 antigens.
§Comparisons were performed in the 80 patients with Philadelphia chromosome.
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89%) (relative risk in the BCR-ABL� group, 2.55; 95% CI, 1.20
to 5.40; P � .01 by the log-rank test). In a multivariate analysis,
the prognostic value of these 2 factors remained significant
(P � .001 and P � .01, respectively) when also taking into
consideration the 2 other following independent factors: a high
leukocyte count (P � .01) and the need for 2 courses of
chemotherapy to reach the CR (P � .05). Here again, the
BCR-ABL status after only 1 course of induction chemotherapy
had no significant influence on CR duration (P � .64 by the
log-rank test).

Of the 103 patients, 17 died in complete remission (12 in the
donor group and 5 in the no-donor group). At 2 years, the
estimated incidence of deaths in complete remission was 24% in
the donor group (95% CI, 13% to 39%) and 24% in the no-donor
group (95% CI, 11% to 54%) (relative risk in the donor group,
1.18; 95% CI, 0.41 to 3.38; P � .79 by the log-rank test).
Subgroup analysis was hindered by the low number of patients
tested for BCR-ABL status in each HSCT group. The prognostic
value of BCR-ABL status appeared, however, to differ between
the donor and the no-donor group. In the donor group, 22
patients were BCR-ABL� and 15 BCR-ABL�. Estimated 3-year

survival was 35% (95% CI, 16% to 55%) in BCR-ABL� patients
versus 59% (95% CI, 31% to 79%) in BCR-ABL� patients
(P � .18 by the log-rank test). In the no-donor group, 17
patients were BCR-ABL� and 9 only BCR-ABL�. Estimated
3-year survival was 0% in BCR-ABL� patients versus 44% (95%
CI, 14% to 72%) in BCR-ABL� patients (P � .005 by the
log-rank test).

Finally, because an unrelated donor was searched in only 28
of the 57 patients without an identified matched related donor, a
selection bias may have been introduced in assigning patients to
the allo-MUD or autologous groups. Age appeared to be the
main selection criteria for MUD search, because the median age
of patients with a MUD search was 36 years (range, 16 to 54
years) compared with 49 years (range, 33 to 55 years) in those
without MUD search (P � .0001 by the Mann-Whitney test). A
similar intent-to-treat analysis was thus performed comparing
the 46 patients from the allo-ID group with the 57 patients from
the autologous or allo-MUD groups. Results were roughly the
same because, after adjustment on leukocyte count, age, and
number of courses of chemotherapy required to reach the CR,
the existence of a matched related donor and the BCR-ABL�

status after HAM remained 2 independent prognostic factors
for longer survival (P � .03 and P � .01, respectively) and
longer duration of complete remission (P � .001 and P � .006,
respectively).

Discussion

As demonstrated in this first large-scale prospective study in adult
patients with Ph� and/or BCR-ABL� ALL, the combination of both
cytogenetic and molecular analyses at baseline allows one to early
diagnose Ph� and/or BCR-ABL� ALL in about 20% of all patients
with ALL between the ages of 15 and 55 years. Given the poor
prognosis associated with this variant of ALL in adults, such an
early diagnosis is a prerequisite to stratify the treatment, based on
intensive chemotherapy and HSCT in first CR.

In fact, most specialists would recommend allogeneic HSCT for
an adult with Ph� and/or BCR-ABL� ALL in first CR.10-12 This
recommendation was essentially based on clinical experience,
because there was no large prospective study demonstrating a clear
advantage associated with this strategy. In 1992, a retrospective
report from the International Bone Marrow Transplantation Regis-
try showed an improved rate of leukemia-free survival in adult
patients with Ph� ALL who received an HSCT from a matched
related donor.11 In our previous prospective LALA-87 study,26-28

allogeneic matched related HSCT resulted in improved leukemia-
free and overall survival in patients with high-risk ALL, including
those with Ph� ALL. Because many patients eligible for allogeneic
HSCT lack a matched related or unrelated donor, autologous HSCT
has been suggested as an alternative in these patients.10,28,29

The poor prognosis associated with Ph� and/or BCR-ABL�

ALL is due to a slow and partial reduction of the leukemic clone by
initial chemotherapy as compared with less aggressive variants of
ALL.14 Many patients never achieve a CR, and relapse is the most
common cause of treatment failure in those achieving a CR. The
molecular monitoring of minimal BCR-ABL residual disease during
the early phases of therapy may thus provide an efficient prognostic
tool and may help in the evaluation of novel therapeutic options.

We found in the present study that the existence of an allogeneic
donor and the obtention of a molecular remission after 2 courses of

Figure 1. Survival of patients eligible for stem cell transplantation. Kaplan-Meier
landmark survival estimates (with a 90-day landmark period) for patients eligible for
HSCT (A) according to the existence of an allogeneic donor (N � 103 patients)
(relative risk in the no-donor group, 1.71; 95% confidence interval, 1.09 to 2.68;
P � .02 by the log-rank test) and (B) according to the BCR-ABL status after 2 courses
of chemotherapy (N � 63 patients) (relative risk in the BCR-ABL� group, 2.46; 95%
confidence interval, 1.26 to 4.78; P � .006 by the log-rank test).
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chemotherapy represent 2 independent prognostic factors for
longer remission duration and survival. Earlier assessment of
minimal residual disease after only 1 course of induction therapy is
an inaccurate indicator of clinical outcome. These observations are
consistent with 2 other adult ALL reports using different molecular
targets for minimal residual disease detection.30,31

In conclusion, several clinical recommendations may be drawn
from the results of our study. First, the study prospectively confirms
that allogeneic HSCT from either a matched related or a molecu-
larly matched unrelated donor in first CR is the first-choice
treatment option in adults with this disease. Secondly, the molecu-
lar BCR-ABL status has to be taken into account in patients eligible
for HSCT, especially in those without an allogeneic donor, because
it is suggested that cumulating both poor prognostic factors results
in a very poor outcome. It is thus likely that autologous HSCT
cannot be recommended in patients with persistent minimal
BCR-ABL disease, even if larger studies or overviews are needed to
strongly validate this nonrecommendation. Larger studies or regis-
try analyses are also needed to further evaluate the prognostic value
of the pretransplantation BCR-ABL molecular status in patients
with an allogeneic donor. In addition, the introduction of the
innovative real-time quantitative PCR technology should improve

the molecular monitoring of these patients in the near future.32

Third, the administration of additional cytarabine-based salvage
chemotherapy like HAM is reasonable after induction failure
because it is associated with a quite good response rate, especially
in patients with M-bcr ALL. More generally, all efforts should be
done to increase the rate of patients rapidly achieving a BCR-ABL�

remission. The administration of new agents, such as STI571, has
thus to be investigated within this early period of treatment.
Because relapse is by far the most common cause of treatment
failure, even in patients eligible for allogeneic HSCT, the dosage
intensification of chemotherapy prior to transplantation remains
another option. Early bone marrow evaluation, performed as early
as after a week of chemotherapy, may be used to select slowly
responding patients eligible for such intensified approaches.
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Limoges, France); O. Boulat, G. Lepeu, S. Rossanino, A. Soria (Centre
Hospitalier, Avignon, France); B. Audhuy, I. Mazurier (Hôpital Louis
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