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Three intensive consolidation strategies are currently pro- variate analysis, DFS and OS were influenced only by the
posed to younger adults with acute myeloid leukemia (AML) initial white blood cell count and by the French-American-
in first complete remission (CR): allogeneic or autologous British classification. The type of postremission therapy had
bone marrow transplantation (BMT) and intensive consoli- no significant impact on the outcome. There was no differ-
dation chemotherapy (ICC). Patients aged 15 to 50 years with ence in the 4-year DFS and OS between 88 patients for
de novo AML received an induction treatment with 7 days whom an allogeneic BMT was scheduled (respectively, 44%
of cytarabine and either idarubicin or rubidazone. After and 53%) and 134 patients of the same age category and
achievement of a CR, patients up to the age of 40 and having without an HLA-identical sibling (respectively, 38% and
an HLA-identical sibling were assigned to undergo an alloge- 53%). Similarly, there was no difference in the outcome be-
neic BMT. All the other patients received a first course of tween autologous BMT and ICC. The 4-year DFS was 44%
ICC with high-dose cytarabine and the same anthracycline for the 86 patients randomly assigned to autologous BMT
as for induction. They were then randomly assigned to either and 40% for the 78 patients assigned to ICC (P ! .41). The
receive a second course of ICC with amsacrine and etoposide 4-year OS was similar in the two groups (50% v 54.5%, P !
or a combination of busulfan and cyclosphosphamide fol- .72). The median duration of hospitalization and thrombocy-
lowed by an unpurged autologous BMT. Of 517 eligible pa-

topenia were longer after autologous BMT (39 v 32 days, Ptients, 367 had a CR, but only 219 (59.5%) actually received
! .006, and 109.5 v 18.5 days, P ! .0001, respectively). Afterthe planned intensive postremission treatment (73 alloge-
a first course of ICC, a second course of chemotherapy is lessneic BMT, 75 autologous BMT, and 71 ICC). With a median
myelotoxic than an unpurged autologous BMT but yieldsfollow-up of 62 months, the 4-year disease-free survival
comparable DFS and OS rates.(DFS) of the 367 patients in CR was 39.5%. The 4-year overall
q 1997 by The American Society of Hematology.survival (OS) of the 517 eligible patients was 40.5%. In multi-

P induction treatment. These options include myeloablativeOSTREMISSION therapy remains a critical issue in
acute myeloid leukemia (AML).1,2 During the past 10 therapy with either allogeneic bone marrow transplantation

years, aggressive postremission strategies have been pro- (BMT) or autologous hematopoietic stem cell support and
posed for younger patients in complete remission (CR) after intensive consolidation chemotherapy (ICC).

Allogeneic BMT is currently the most effective antileuke-
mic therapy, with a relapse rate lower than 30% when appliedFrom the Departments of Hematology of Centre Hospitalier Uni-

versitaire de Nantes, Nantes, France; Centre Hospitalier Universi- in first CR. However, because of its toxicity, mostly related
taire de Besançon, Besançon, France; Centre Hospitalier Universi- to graft-versus-host disease, patients more than 50 years of
taire de Reims, Reims, France; Centre Hospitalier Universitaire de age are generally not considered as eligible for this proce-
Nancy, Nancy, France; Centre Hospitalier Universitaire de Tours, dure. Moreover, its use is generally restricted to patients
Tours, France; Centre Hospitalier Universitaire de Strasbourg, having an HLA-identical sibling.
Strasbourg, France; Centre Hospitalier Universitaire de Rennes,

Autologous stem cell transplantation offers the possibilityRennes, France; Centre Hospitalier Universitaire d’Amiens, Amiens,
to perform the same myeloablative regimen in patients with-France; Centre Hospitalier Universitaire de Poitiers, Poitiers,
out a compatible donor and without the risks associated withFrance; Centre Hospitalier Universitaire de Dijon, Dijon, France;
graft-versus-host disease. Whereas the toxic death rate isCentre Hospitalier Universitaire de Brest, Brest, France; Centre
much lower than after allogeneic BMT, the relapse rate re-Hospitalier Universitaire d’Angers, Angers, France; Hôpital Beau-

jon Clichy, France; Centre Hospitalier Universitaire de Saint mains higher3 either because of the graft contamination by
Etienne, Saint Etienne, France; Hôpital Avicenne, Bobigny, France; malignant cells or of the absence of graft-versus-leukemia
Hôpital de Colmar, Colmar, France; Pharmacia Upjohn Guyan- effect due to the donor’s lymphocytes.4,5 Several uncon-
court, Guyancourt, France. trolled studies on autologous transplantation with unpurged
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POSTREMISSION THERAPY IN ADULT AML 2979

patients), or methotrexate alone (1 patient). No T-cell depletion wasEORTC and GIMEMA groups.23 In this study, allogeneic
performed.BMT and ABMT resulted in significantly better DFS than

All other patients were assigned to receive a first course of ICCICC with high-dose cytarabine (HD-ARA-C). We herein re-
consisting of HD-ARA-C (3 g/m2) administered on a 3-hour infusionport the results of a multicenter randomized study conducted
every 12 hours, days 1 through 4 (total dose, 24 g/m2), combinedby the GOELAM group also comparing ABMT and ICC.
with either IDR administered intravenously on days 5 and 6 at a
daily dose of 10 mg/m2 or RBZ administered intravenously on days
5 and 6 at a daily dose of 200 mg/m2, according to the initialMATERIALS AND METHODS
randomization. The first course of ICC was to be administered as

Patients. Patients 15 to 50 years of age with previously untreated
soon as possible after remission achievement and no later than 75

primary AML were eligible for entry into the trial. The diagnosis
days after induction treatment initiation.

was assessed by a BM aspirate showing at least 30% blast cells or,
BM was harvested after the first course of ICC without any in

in case of myelofibrosis, by a BM biopsy. Each case was classified
vitro manipulation. Patients still in CR with at least 11 108 nucleated

according to the French-American-British (FAB) System.24 No cen-
cells/kg in the collected marrow were randomly assigned to receive

tral pathology review was performed. Informed consent was obtained
either a second course of ICC or an ABMT. The second course of

according to the French regulation.
ICC consisted of amsacrine administered as a 1-hour infusion on 5

Patients with a previous myelodysplasia diagnosed for more than
consecutive days (days 1 through 5) at a daily dose of 150 mg/m2

3 months were excluded, whereas patients with antecedent of unex-
and etoposide administered as a 2-hour infusion on days 1 through

plained cytopenia were included. We also excluded patients with a
5 at a daily dose of 100 mg/m2. Before ABMT, the conditioning

myeloproliferative disorder in blast crisis, patients who had pre-
regimen was the combination of busulfan administered orally at aviously received cytotoxic chemotherapy or radiotherapy (or both),
daily dose of 4 mg/kg for 4 consecutive days (days 9 through 6patients with clinical or electrocardiographic signs of heart failure
before transplantation) and cyclophosphamide administered intrave-or coronary disease, and patients with hepatic or renal disturbances
nously at a daily dose of 50 mg/kg for 4 consecutive days (days 5(hepatic enzymes levels over 4 times the normal values, creatinine
through 2 before transplantation).28

level over 130 mmol/L).
Response criteria. CR was defined as a normocellular BM con-Karyotypic abnormalities were classified as favorable [t(8;21),

taining less than 5% blasts, more than 1 1 109/L granulocytes, andt(15;17) or inv (16)], unfavorable (05, 5q0, 07, or multiple abnor-
more than 100 1 109/L platelets. The causes for failure were earlymalities), or intermediate (all other abnormalities).25,26 Central review
death (death during the 7 days of induction treatment), death duringof all available material was performed by members of the Groupe
chemoinduced aplasia, and resistant leukemia.Français de Cytogénétique Hématologique.

Statistical analysis. Comparison between the different treatmentStudy design. The induction treatment consisted of a continuous
groups were performed with the x2 test for binary variables29 andinfusion of ARA-C (200 mg/m2/d) for 7 consecutive days (days 1
the Kruskal-Wallis test for continuous variables.30 DFS was calcu-through 7) with either idarubicin (IDR) administered intravenously
lated from the date of first remission until the date of first relapseon days 1 through 5 at a daily dose of 8 mg/m2 or rubidazone (RBZ)
or the date of death from any cause. Overall survival (OS) wasadministered intravenously on days 1 through 4 at a daily dose of
defined as the time from first randomization to the time of death.200 mg/m2. RBZ is an anthracycline derivative commonly used in
Patients who did not receive the induction treatment as indicated byFrance at that time and yielding promising CR rates.22,27 Central
the protocol were excluded from the calculation of DFS, but datarandomization was stratified by center.
were collected on these patients for the analysis of OS.A BM aspiration was performed on day 17. If the marrow was

Survival curves were plotted following the Kaplan-Meierhypoplastic and nonblastic, no further treatment was administered.
method31 and differences between the curves were analyzed withIf the marrow was hypoplastic and contained less than 50% blasts,
the log-rank test.32 The following parameters were analyzed for theira second induction course was administered with a combination of
impact on the outcome: sex, age, initial performance status accordingARA-C over 3 days and of the anthracycline initially allocated over
to the World Health Organization (WHO) classification, fever at2 days. If the marrow was normocellular and blastic or contained
the time of inclusion, initial white blood cell (WBC) count, FABmore than 50% blasts, the result was estimated as a failure and the
classification (2 and 3 v other subtypes and unclassified), karyotypepatient was withdrawn from the study.
analysis (4 groups were defined: favorable karyotypes, normal andAll patients in CR after one or two courses of induction treatment
intermediate karyotypes, unfavorable karyotypes, and missing data),were scheduled to receive an intensive consolidation therapy. A
first randomization arm (IDR v RBZ), number of courses neededsearch for an HLA-identical sibling was performed on each patient
for CR achievement (1 v 2), and type of postremission therapy.40 years of age or younger and an allogeneic BMT was proposed
Multivariate analysis was made by a logistic regression analysis forto all these patients having an HLA-identical sibling. While waiting
the CR rate33 and by the Cox proportional hazard model for DFSfor BMT, patients generally received a standard dose consolidation
and OS data.34 Comparison between ABMT and ICC was performedchemotherapy with 150 mg/m2 amsacrine intravenously on day 1
according to the intention to treat principle. Because there was noand 100 mg/m2/d ARA-C subcutaneously on 5 consecutive days.
significant difference between the two induction treatment arms re-The conditioning regimen, the prophylaxis, and treatment of graft-
garding the CR rate, the DFS, and OS, they were pooled for theversus-host disease were administered according to the protocols
comparison of postremission therapies. A direct comparison betweenused in each transplant center. Of 73 transplanted patients, 18 were
allogeneic BMT and the other two modalities of postremission ther-prepared by a combination of busulfan (4 mg/kg/d on 4 consecutive
apy was not possible because patients assigned to allogeneic BMTdays) and cyclophosphamide (50 mg/kg/d on 4 consecutive days [12
did not receive the first course of ICC. However, a comparison waspatients] or 60 mg/kg/d on 2 consecutive days [6 patients]), whereas
made between the patients for whom, according to the protocol, the55 received total body irradiation-containing regimens with either
intention was to perform an allogeneic BMT and those who should60 mg/kg/d cyclophosphamide on 2 consecutive days (41 patients)
have received the first course of ICC.or with other chemotherapies (14 patients). The graft-versus-host

The median follow-up duration is 62 months (range, 23 to 103prophylaxis was cyclosporine plus methotrexate (56 patients),
months). Investigators received a follow-up questionnaire every 6cyclosporine plus corticosteroids (10 patients), cyclosporine plus

methotrexate plus corticosteroids (3 patients), cyclosporine alone (3 months. The final analysis was performed as of June 1996.
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Table 1. Characteristics of the 517 Eligible Patients remaining alive and free of disease at 4 years was 39.5% {
2.5%, with no significant difference between the two induc-Age (median) 15-50 (36)
tion treatment arms. The median DFS was 18 months. InSex (M/F) 256/261
univariate analysis, the DFS was also related to the initialPerformance status (0-1-2/3-4/NA) 460/48/9
WBC count, to the FAB classification, and to the karyotypeInitial WBC count (109/L) (median) 0.4-486 (13.5)

FAB classification (0/1/2/3/4/5/6/7/NA) 31/111/154/44/69/88/9/6/5 (Table 2). In multivariate analysis, the FAB classification
Karyotype was the only significant prognostic factor (P Å .0001).

Performed 337 The median OS of the 517 eligible patients was 22.5
Evaluable 309 months and the 4-year actuarial OS was 40.5% { 2.5%, with
Normal 133 no significant difference between the two induction treatment
Abnormal 176 (57%) arms. In multivariate analysis, among the parameters tested,
Favorable 47

two had a significant impact on OS: the initial WBC countIntermediate 93
(P Å .003) and the FAB classification (P Å .004). The typeUnfavorable 36
of postremission therapy had no significant impact on DFS

Abbreviation: NA, not available. or OS. The relevant prognostic factors are shown in Table
2.

According to the initial WBC count and to the FAB classi-
RESULTS fication, three subgroups were defined: 157 patients with an

initial WBC count less than 30 1 109/L and with either M2Between November 1987 and May 1994, 535 patients
or M3 FAB subtype were in the low-risk group, 202 patientsfrom 16 institutions were included in the study. Eighteen
with an initial WBC count ¢30 1 109/L or with an FABpatients were considered ineligible, 9 because of an inade-
subtype other than M2 or M3 were in the intermediate-riskquate diagnosis, 7 because of age limits, and 2 because of
group, and 145 patients with an initial WBC count ¢30 1other ineligibility criteria. The clinical characteristics of the
109/L and with an FAB subtype other than M2 or M3 were517 eligible patients are shown in Table 1. Thirteen patients
in the high-risk group. The 4-year OS was 54.5% { 4% inwere unevaluable, 4 because they died before having re-
the low-risk group, 41% { 3.5% in the intermediate-riskceived the first day of treatment, 5 because of major protocol
group, and 25% { 4% in the high-risk group (P õ .0001).violation, and 4 because of a wrong randomization. There
The 4-year DFS was 54% { 4.5% in the low-risk groupwas no significant difference between the two groups (IDR
(128 patients), 33.5% { 4% in the intermediate-risk groupor RBZ) regarding the initial characteristics.
(149 patients), and 26% { 5.5% in the high-risk group (90Outcome and prognostic factors. Of the 504 patients
patients; P õ .0001).evaluable for induction treatment, 367 (73%) achieved a

Feasibility of postremission treatment. Of 367 patientsCR, including 338 patients treated with only one course of
in CR, 146 did not undergo the assigned intensive postremis-chemotherapy (92% of the CR). There were 9 early deaths
sion therapy for the following reasons (Table 3): extrahema-(2%), 22 deaths during aplasia (4%), and 106 (21%) patients
tologic toxicity (27), protocol violation (26), refusal (24),with persisting leukemia. The outcome was not significantly
relapse (22), poor hematologic reconstitution (21), infectiousdifferent between the two induction treatment arms (IDR or
complications (19), and toxic death (7). Two patients wereRBZ). Among the parameters tested in univariate analysis
lost for follow-up. Thus, only 219 patients did actually re-for their impact on CR achievement, three were of significant
ceive the intensive treatment as scheduled in the protocolvalue: the initial WBC count (cut-off, 30 1 109/L), the FAB
(59.5% of the patients in CR and 41% of the total numberclassification (M2-M3 v others), and the karyotype (4 groups
of included patients). Feasibility of the protocol is shown inas defined in the Materials and Methods; Table 2). In multi-
Table 4.variate analysis, only two parameters remained significant:

Two hundred twenty-eight patients underwent the firstthe initial WBC count (P Å .0005) and the karyotype (P Å
ICC as planned. The median duration of neutropenia (õ0.5.0075).

Among the 367 patients who had a CR, the probability of 1 109/L) after this first course was 18 days (range, 9 to 59

Table 2. Prognostic Factors (Univariate Analysis)

CR Rate (%) 4-yr DFS (%) 4-yr OS (%)

FAB classification
M2-M3 78 (N Å 194) 53 (N Å 152) 46 (N Å 199)

P Å .05 P õ .0001 P õ .0001
Others 69 (N Å 310) 29 (N Å 215) 18 (N Å 318)

Initial WBC count
õ30 1 109/L 78 (N Å 321) 42 (N Å 253) 42 (N Å 332)

P Å .0004 P Å .005 P õ .001
¢30 1 109/L 63 (N Å 183) 31 (N Å 114) 29 (N Å 185)

Karyotype
Favorable 87.5 (N Å 48) 59 (N Å 42) 61 (N Å 48)
Normal and intermediate 76.5 (N Å 226) 32 (N Å 173) 38 (N Å 226)

P Å .003 P Å .02 P Å .018
Unfavorable 58 (N Å 36) 47 (N Å 21) 39 (N Å 36)
Missing data 67.5 (N Å 194) 40 (N Å 131) 39 (N Å 207)
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POSTREMISSION THERAPY IN ADULT AML 2981

Table 3. Reasons for Not Completing the Protocol as Scheduled

Patients After Randomization
After CR Assigned to Patients Assigned (N Å 164)

Achievement Allogeneic BMT to First ICC After First ICC
Total (N Å 367) (N Å 88) (N Å 267) (N Å 228) ICC (N Å 78) ABMT (N Å 86)

Relapse 22 — 5 2 7 3 5
Infectious complications 19 5 1 6 7 — —
Poor hematologic reconstitution 21 1 — 2 18 — —
Extrahematologic toxicity 27 4 5 5 12 — 1
Toxic death 7 1 — — 6 — —
Refusal 24 1 4 1 14 — 4
Protocol violation 26 — — 22* — 4 —
Lost for follow-up or other reasons 2 — — 1 — — 1
Total 148 12† 15 39 64 7 11

* Including 14 allogeneic BMT instead of first course of ICC (13 patients over 40 years of age, 1 unrelated donor).
† Patients 15 to 40 years of age (HLA typing not performed).

days). The median duration of thrombocytopenia (õ30 1 16 from procedure-related toxicity (22%) and 17 after re-
lapse. Their 4-year DFS was 49.5% { 6% and their 4-year109/L) was 16 days (range, 5 to 48 days). The median length

of hospitalization was 30 days in both arms. Six toxic deaths OS was 55% { 6%. The actuarial risk of relapse at 4 years
was 37%. Thirteen patients 41 to 45 years of age actually(2.5%) and 3 cases of severe cerebellar toxicity were re-

corded. received an intrafamilial allogeneic BMT instead of the first
course of ICC scheduled in the protocol. The 4-year DFSAllogeneic BMT. The median interval between CR

achievement and allogeneic BMT was 68 days (range, 9 to and OS of the 86 patients transplanted in first CR were,
respectively, 43.5% { 5.5% and 52.5% { 5.5%.200 days). Of the 73 patients who underwent the scheduled

allogeneic BMT, 22 have relapsed and 33 patients have died, We compared the outcome of the 88 patients 40 years of
age and younger for whom the intention was to perform an
allogeneic BMT to that of the 134 patients of the same age
category but without an HLA-identical sibling, for whom
the intention was to perform a first course of ICC. There
was no significant difference in the distribution of initial
clinical characteristics between the two groups, except for
karyotype analysis: the incidence of intermediate and unfa-
vorable karyotypes was lower in the group of patients as-
signed to allogeneic BMT (17% v 47%, P Å .001). The 4-
year DFS was 44% { 5.5% for allogeneic BMT and 38%
{ 4% for ICC (P Å .62; Fig 1). The 4-year OS was 53%
{ 5.5% for allogeneic BMT and 53% { 4.5% for ICC (P
Å .74).

We also evaluated the impact of allogeneic BMT in the
three prognostic subgroups defined according to the initial
characteristics found to be of significant value in the multi-
variate analysis (WBC count and FAB classification). In the
low-risk group, the 4-year DFS was 61% { 8.5% for the 35
patients assigned to allogeneic BMT and 51% { 8% for the
39 patients of the same age category assigned to the first
course of ICC (P Å .47). The 4-year OS was 71.5% { 8%
for allogeneic BMT and 66.5% { 7.5% for ICC (P Å .60).
In the intermediate-risk group, the 4-year DFS was 33.5%
{ 9% for the 31 patients assigned to allogeneic BMT and
38% { 6% for the 63 patients assigned for ICC (P Å .67),
and the 4-year OS was 40.5% { 9% for allogeneic BMT
and 56.5%{ 6.5% for ICC (PÅ .08). In the high-risk group,
the 4-year DFS was 27% { 10% for the 22 patients assigned
to allogeneic BMT and 22% { 8% for the 32 patients as-
signed to ICC (P Å .86) and the 4-year OS was 41% { 10%
for allogeneic BMT and 30% { 8% for ICC (P Å .97).

Comparison of ICC and ABMT. Of the 75 patients who
actually underwent ABMT according to the protocol, 34
have relapsed. Five patients have died from procedure-re-

Table 4.≥Feasibility of the Protocol 

Eligible
(517)

Evaluable
Induction

(504)

Complete
Remission

(367)

Assigned to
Allogeneic

BMT
(88)

Assigned to
First Course

of ICC
(267)

Evaluable
Allogeneic

BMT
(73)

Evaluable
First Course

of ICC
(228)

Eligible
For Comparison

ABMT/ICC (randomized)
(164; 86 auto/78 ICC)

Evaluable
ICC
(71)

Evaluable
ABMT

(75)

Number of patients eligible and evaluable at each treatment step.
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Fig 2. Probability of DFS. According to whether patients were
Fig 1. Probability of DFS for patients 15 to 40 years of age. Ac- randomly assigned to autologous BMT or to a second course of ICC.

cording to whether patients were assigned to allogeneic BMT (HLA- Ticks indicate patients surviving in continuous CR.
identical sibling) or to a first course of ICC (no HLA-identical sibling).
Ticks indicate patients surviving in continuous CR.

the 4-year DFS was 38% { 10% for the 21 patients assigned
to ABMT and 28.5% { 10% for the 21 patients assigned to

lated toxicity (6.5%) and 29 after relapse. The 4-year DFS ICC (P Å .36) and the 4-year OS was 46.5% { 11% for
and OS were, respectively, 48% { 6% and 52% { 6%. Of ABMT and 40% { 11.5% for ICC (P Å .93).
the 71 patients who underwent the second course of ICC as The probability of falsely stating that the two treatments
assigned, 39 have relapsed. Two patients have died from are equivalent is 0.2023 (b Å 20.23%). Therefore, the power
procedure-related toxicity (3%) and 27 after relapse. The 4- of the study is approximately 80%. With a difference of only
year DFS and OS were, respectively, 42.5% { 6% and 4% in DFS between ICC (40%) and ABMT (44%), a total
58.5% { 6%. of 3,540 patients (1,770 per arm) would be required to dem-

However, because 11 patients randomized in the ABMT onstrate a statistical significance (a Å 5%, b Å 20%, unilat-
arm and 7 patients randomized in the ICC arm did not un- eral test). This would require the inclusion of more than
dergo the assigned treatment, the comparison between the
two groups was performed according to the intention to treat
principle. There was no significant difference between the
86 patients randomly assigned to ABMT and the 78 patients
randomly assigned to ICC regarding the initial clinical char-
acteristics. The median interval between the achievement of
CR and the completion of the last intensive postremission
therapy as assigned by the randomization was 107 days
(range, 95 to 122 days) for autologous transplantation and
91 days (range, 81 to 109 days) for intensive chemotherapy
(P Å .0001). The 4-year DFS was 44% { 5.5% for ABMT
and 40% { 5.5% for ICC (P Å .41; Fig 2). The 4-year OS
was 50% { 6% for ABMT and 54.5% { 6% for ICC (P Å
.72; Fig 3). Again, when looking at the different prognostic
subgroups defined by initial WBC count and FAB classifica-
tion, we found no significant difference in the outcome be-
tween ABMT and ICC. In the low-risk group, the 4-year
DFS was 50% { 9% for the 32 patients assigned to ABMT
and 56.5% { 11% for the 22 patients assigned to ICC (P
Å .58) and the 4-year OS was 59% { 9% for ABMT and
71%{ 8% for ICC (PÅ .49). In the intermediate-risk group,
the 4-year DFS was 38.5% { 9% for 33 patients assigned
to ABMT and 31% { 8.5% for 35 patients assigned to ICC Fig 3. Probability of survival. According to whether patients were
(P Å .7) and the 4-year OS was 42.5% { 9% for ABMT randomly assigned to autologous BMT or to a second course of ICC.

Ticks indicate surviving patients.and 55% { 9% for ICC (P Å .66). In the high-risk group,

AID Blood 0023 / 5h3f$$$442 09-11-97 18:52:45 bldal WBS: Blood

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/90/8/2978/1415483/2978.pdf by guest on 29 M

ay 2024



POSTREMISSION THERAPY IN ADULT AML 2983

10,000 patients because only 32% of the 517 eligible patients and 50% for ABMT and 40% and 54.5% for ICC. Although
these results are comparable to those obtained in childrenwere randomized between ABMT and ICC.

The median duration of neutropenia (õ0.5 1 109/L) was by the Pediatric Oncology Group,45 they differ from other
studies comparing chemotherapy and autologous trans-25 days after ABMT and 24 days after ICC (P Å .48). The

median duration of thrombocytopenia (õ30 1 109/L) was plantation as postremission therapy in adult AML.23,39,40,46

Those studies indeed showed at least a longer DFS for pa-109.5 days after ABMT (range, 10 to 2,000/ days) and 18.5
days after ICC (range, 1 to 50 days; P Å .0001). The median tients assigned to ABMT.

However, the design of three of them was different. Induration of hospitalization was 39 days after ABMT (range,
15 to 99 days) and 32 days after ICC (range, 22 to 52 days; two series, autologous stem cell transplantation was com-

pared with conventional dose chemotherapy.39,40 The largeP Å .006).
study conducted by the CALGB has shown that, for patients

DISCUSSION 60 years of age and younger, the probability of remaining
alive in remission after 4 years is significantly higher withIn this study, three intensive strategies were used as post-
the HD-ARA-C than with low or intermediate doses of ARA-remission therapy in patients with de novo AML up to 50
C.35 This study, which confirms the results of a previousyears of age: allogeneic BMT or a first course of ICC fol-
small randomized trial,47 supports the concept of dose-re-lowed by either an unpurged ABMT or a second course
sponse effect and indicates that ABMT should be comparedof ICC. As in previous reports on intensive postremission
with intensive chemotherapy rather than with standard-dosetherapy,23,35,36 the feasibility of our protocol was an important
maintenance treatment. The British MRC also conducted aissue. Only 59.5% of the patients achieving a CR could
large randomized trial testing the impact of ABMT.46 How-actually undergo the assigned intensive treatment and only
ever, in this study, autologous transplantation was performed164 of the 517 eligible patients (32%) could be randomized
after several courses of consolidation and was comparedbetween ABMT and ICC. Some of the exclusions were ex-
with no treatment.plained by patients’ or even physicians’ psychologic reti-

The design of our study was more comparable to that ofcences regarding autologous transplantation. This study was
the EORTC/GIMEMA trial.23 In both studies, the randomiza-initiated in 1987 when autologous transplantation was not
tion between ABMT and a second course of ICC took placeas widely offered as it is currently. However, the majority of
after a first course of HD-ARA-C containing intensive con-withdrawals were due to complications of the first intensive
solidation. The EORTC/GIMEMA groups reported a 4-yearconsolidation (hematologic or extrahematologic toxicities,
DFS significantly better for ABMT (48%) as compared withpoor hematologic reconstitution precluding BM harvest with
ICC (30%). The principal difference between the two studiessufficient hematopoietic quality). The use of hematopoietic
is the apparently better outcome after ICC in our study,growth factors could partly resolve these problems by reduc-
which could be explained by several considerations.ing the morbidity and mortality related to hematologic toxic-

Firstly, in our first course of intensive chemotherapy,ity of intensive chemotherapy. Several controlled studies
ARA-C was administered at much higher doses (24 g totalhave shown that the use of granulocyte colony-stimulating
dose for all our patients, instead of 6 g for the majority offactor (G-CSF) or granulocyte-macrophage colony-stimulat-
the patients in the EORTC/GIMEMA trial). The dose weing factor (GM-CSF) in AML is not deleterious.37,38

used was in the range of the highest of the three dose levelsIn our hands, allogeneic BMT was not superior to other
used in the CALGB trial, whereas the dose of 6 g wastypes of intensive therapy, which contrasts with several pub-
rather in the range of the intermediate dose that yieldedlished studies.23,36,39-41 The DFS rate after allogeneic BMT
significantly lower results.35 It should be noted that, evenappeared to be somewhat inferior to those previously re-
with this high-dose regimen, the toxic death rate of thisported. Our results are not explained by a higher transplant-
course was only 2.5% in our series.related mortality (22% toxic deaths) but mainly by an unex-

Secondly, the anthracycline used both in induction and inpected actuarial risk of relapse of 37% at 4 years. We fail
the first consolidation were either IDR or RBZ instead ofto explain this unusual relapse rate, but the contrast between
daunorubicin. There was no significant difference in DFSa relatively low toxic death rate and a high relapse rate
and OS between these two anthracycline derivatives. Thereflects a major concern in allogeneic BMT. Attempts to
efficacy of RBZ has never been compared with that of dau-reduce the toxicity, the incidence, and the severity of graft-
norubicin in a randomized study. However, several random-versus-host disease have resulted in increased relapse rates.42

ized studies show a superiority of IDR over daunorubicin atConversely, attempts to enhance the antileukemic efficacy
least in younger patients.48-50of preparative regimens have frequently induced higher tox-

Finally, the second course of ICC introduced two drugs,icity.43 In our series, patients were generally transplanted
namely amsacrine and etoposide, not previously adminis-early without having received ICC, which would have possi-
tered to patients. The antileukemic activity of these twobly reduced the relapse rate but induced a higher mortality
drugs has been shown51-53 and, using sequentially a numberrate after allogeneic BMT.44

of active drugs, could limit the risk of selection of resistantThe main objective of this study was to compare ABMT
clones.and ICC as postremission therapy in adult AML. Each of

Our results with 2 courses of ICC are close to those pub-these two options was administered after a first course of
lished by the CALGB with 4 courses of HD-ARA-C.35ICC with HD-ARA-C plus an anthracycline. With this ap-
Therefore, we can assume that the chemotherapy arm of theproach, we failed to show any significant superiority of

ABMT. The 4-year DFS and OS were, respectively, 44% EORTC/GIMEMA trial was not optimal. Our data suggest
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terson KG, Richards JDM, Franklin I, Boughton BJ, Milligan DW,compared with the best available ICC is only marginal and
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myelogenous leukemia: Prospective evaluation of high dose cytara-leukemia. N Engl J Med 332:260, 1993
bine in consolidation chemotherapy and with bone marrow trans-3. Gale RP, Armitage JO, Butturini A: Is there a role for auto-
plantation. Semin Oncol 14:1, 1987 (suppl)transplant in acute leukemia? Bone Marrow Transplant 4:217, 1989

17. Preisler HD, Raza A, Early A: Intensive remission consolida-4. Gale R, Champlin R: How does marrow transplantation cure
tion therapy in the treatment of acute non lymphocytic leukemia. Brleukemia. Lancet 2:28, 1984
J Haematol 5:722, 19875. Horowitz MM, Gale RP, Sondel PM, Goldman JM, Kersey J,

18. Tallman MS, Appelbaum FR, Amos D, Goldberg RS, Living-Kolb HJ, Rimm AA, Ringden O, Rozman C, Speck B: Graft-versus
ston RB, Mortimer J, Weiden PL, Thomas ED: Evaluation ofleukemia reaction after bone marrow transplantation. Blood 75:555,
intensive post remission chemotherapy for adults with acute non1990
lymphocytic leukemia using high dose cytosine arabinoside with L-6. Burnett AK, Tansey P, Watkins R, Alcorn M, Maharaj D,
asparaginase and amsacrine with etoposide. J Clin Oncol 5:918,Singer CR, Mackinnon S, Mac Donald GA, Robertson AG: Trans-
1987plantation of unpurged autologous bone marrow transplantation in

19. Tricot G, Boogaerts MA, Vlietiwck R, Emonds MP, Verwil-acute myeloid leukaemia in first remission. Lancet 2:1068, 1984
gen RL: The role of intensive remission induction and consolidation7. Beelen DW, Quabeck K, Graeven U, Sayer HG, Mahmoud
therapy in patients with acute myeloid leukemia. Br J HaematolHK, Schaefe UW: Acute toxicity and first clinical results of intensive
66:37, 1987postinduction therapy using a modified busulfan and cyclophospha-

20. Geller RB, Burke PJ, Karp JE, Humphrey RL, Braine HG,mide regimen with autologous bone marrow rescue in first remission
of acute myeloid leukemia. Blood 74:1507, 1989 Tucken RW, Fox MG, Zahurok M, Morell L, Hall KL, Piantadusi

AID Blood 0023 / 5h3f$$$442 09-11-97 18:52:45 bldal WBS: Blood

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/90/8/2978/1415483/2978.pdf by guest on 29 M

ay 2024



POSTREMISSION THERAPY IN ADULT AML 2985

S: A two-step timed sequential treatment for acute myelocytic leuke- 38. Harousseau JL, Wu D: The use of GM-CSF and G-CSF in
the treatment of acute leukemias. Leuk Lymphoma 18:405, 1994mia. Blood 74:1499, 1989

21. Wolff SN, Herzig RH, Fay JW: High-dose cytarabine and 39. Reiffers J, Gaspard MH, Maraninchi D, Michallet M, Marit
G, Stoppa AM, Corront B, David B, Gastaut JA, Sotto JJ, Broustetdaunorubicine as consolidation therapy for acute myeloid leukemia

in first remission: Long term follow up and results. J Clin Oncol A, Carcassonne Y, Hollard D: Comparison of allogenic or autolo-
gous bone marrow transplantation and chemotherapy in patients with66:37, 1989

22. Harousseau JL, Milpied N, Briere J, Desablens B, Leprise PY, acute myeloid leukaemia in first remission: A prospective controlled
trial. Br J Harematol 72:57, 1989Ifrah N, Ghandour C, Casassus P: Double intensive consolidation

chemotherapy in adult acute myeloid leukemia. J Clin Oncol 9:1432, 40. Reiffers J, Stoppa AM, Attal M, Michallet M, Marit G, Blaise
D, Huguet F, Corront B, Cony-Makhoul P, Montastruc M, Gastaut1991

23. Zittoun RA, Mandelli F, Willemze R, Dewitte T, Labar B, JA, Laurent G, Molina L, Broustet A, Maraninchi D, Pris J, Hollard
D, Faberes A: Autologous stem cell transplantation versus chemo-Resegotti L, Leoni F, Damasio E, Visani G, Papa G, Caronia F,

Hayat M, Stryckmans P, Rotoli B, Leoni P, Peetermans ME, Dar- therapy for adult patients with acute myeloid leukemia in first remis-
sion: The BGMT experience. Nouv Rev Fr Hematol 35:17, 1993denne M, Vegna ML, Petti MC, Solbu G, Suciu S: Autologous or

allogeneic bone marrow transplantation compared with intensive 41. Lowenberg B, Verdonck LJ, Dekker AW, Willemze R, Zwaan
FE, De Plancque M, Abels J, Sonneveld P, Van Der Lelie J, Goud-chemotherapy in acute myelogenous leukemia. N Engl J Med

322:217, 995 smidt K, Van Putten WLJ, Sizoo W, Hagenbeek A, De Gast GL:
Autologous bone marrow transplantation in acute myeloid leukemia24. Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton

DAG, Gralnick HR, Sultan C: Proposed revised criteria for the clas- in first remission: Results of a Dutch prospective study. J Clin Oncol
8:287, 1990sification of acute myeloid leukemia: A report of the French-Ameri-

can-British Cooperative Group. Ann Intern Med 103:626, 1985 42. Storb R, Deeg HJ, Whitehead J, Appelbaum F, Beatty P,
Bensinger W, Buckner CD, Clift R, Doney K, Farewell V, Hansen25. Keating MJ, Smith TL, Kantarjian H, Cork A, Walters R,

Trujillo JM, Mc Credie KB, Gehan EA, Freireich EJ: Cytogenetic J, Hill R, Lum L, Martin P, Mc Guffin R, Sanders J, Stewart P,
Sullivan K, Witherspoon R, Yee G, Thomas ED: Methotrexate andpattern in acute myelogenous leukemia: A major reproducible deter-

minant of outcome. Leukemia 2:403, 1988 cyclosporine compared with cyclosporine alone for prophylaxis of
graft versus host disease after marrow transplantation for leukemia.26. Schiffer CA, Lee EJ, Tomiyasu T, Wiernik PH, Testa JR:

Prognostic impact of cytogenetic abnormalities in patients with de N Engl J Med 314:729, 1986
43. Aurer I, Gale RP: Are new conditioning regimens for trans-novo acute non lymphocytic leukemia. Blood 73:263, 1989

27. Morisson FS, Kopecky KJ, Head DR, Athens JW, Balcerzak plants in acute myelogenous leukemia better. Bone Marrow Trans-
plant 7:255, 1991SP, Gumbart C, Dabich L, Costanzi JJ, Coltman CA, Saiki JH,

Hussein KK, Fabian CJ, Appelbaum FR: Late intensification with 44. Sierra J, Brunet S, Granena A, Olive T, Bueno J, Ribera JM,
Petit J, Besses C, Llorente A, Guardia R, Macia J, Rovira M, BadellPOMP chemotherapy prolongs survival in acute myelogenous leuke-

mia. Results of Southwest Oncology Group Study of rubidazone I, Vela E, Diaz De Heredia C, Vivanlos P, Carreras S, Feliv E,
Montserrat E, Julia A, Cubelis J, Rozman C, Domingo A, Ortega JJ:versus adriamycin for remission induction, prophylactic intrathecal

therapy, late intensification, and levamisole maintenance. Leukemia Feasibility and results of bone marrow transplantation after remission
induction and intensification chemotherapy in de novo acute myeloid6:708, 1992

28. Santos GW, Tutschka PJ, Broxmeyer R, Saral R, Beschorner leukemia. J Clin Oncol 14:1353, 1996
45. Ravindranath Y, Yeager AM, Chang MN, Steuber CP,WE, Bias WB, Braine H, Burns WH, Elfenbein GJ, Kaizer H, Melitis

D, Sensenbrenner LL, Stuart RK, Yeager AM: Marrow transplanta- Krischer J, Graham-Pole J, Carroll A, Inove S, Camitta B, Weinstein
HJ: Autologous bone marrow transplantation versus intensive con-tion for acute non lymphocytic leukemia with busulfan and cyclo-

phosphamide. N Engl J Med 309:1347, 1983 solidation chemotherapy for acute myeloid leukemia in childhood.
N Engl J Med 334:1428, 199629. Buyse ME, Staquet MJ, Sylvester RJ (eds): Cancer Clinical

Trials: Methods and Practice. Oxford, UK, Oxford, 1984, p 337 46. Burnett AK, Goldstone AH, Stevens RF, Hann JM, Rees JK,
Wheatley K, Gray RG: The role of BMT in addition to intensive30. Kruskal WH, Wallis WA: Use of ranks in one-criterion vari-

ance analysis. J Am Stat Assoc 47:583, 1952 chemotherapy in AML in first CR. Results of the MRC AML-10
trial. Blood 84:252a, 1994 (abstr, suppl 1)31. Kaplan E, Meier P: Non parametric estimation from incom-

plete observations. J Am Stat Assoc 53:457, 1985 47. Cassileth PA, Lynch E, Hines JD, Oken MM, Mazza JJ,
Bennett JM, Mc Glave PB, Edelstein M, Harrington DP, O’Conneil32. Peto R, Peto J: Asymptotically efficient rank invariant test

procedures. J R Stat Soc (A) 135:185, 1972 MJ: Varying intensity of postremission therapy in acute myeloid
leukemia. Blood 79:1924, 199233. Armitage P, Berry G: Statistical Methods in Medical Research

(ed 2). Oxford, UK, Blackwell Scientific, 1987 48. Berman E, Heller G, Santorsa J, McKenzie S, Gee T, Kempin
S, Gulati S, Andreeff M, Kolitz J, Gabrilove J, Reich L, Mayer K,34. Peto R, Pike MC, Armitage P, Breslow NE, Cox DR, Howard

SV, Mantel N, Mc Pherson K, Peto J, Smith G: Design and analysis Keefe D, Trainor K, Schluger A, Penenberg D, Raymond V, O’Reilly
R, Jhanwar S, Young C, Clarkson B: Results of randomized trialof randomized clinical trials requiring prolonged observation of each

patient. II. Analysis and examples. Br J Cancer 35:1, 1977 comparing idarubicin and cytosine arabinoside with daunorubicin
and cytosine arabinoside in adult patients with newly diagnosed35. Mayer RJ, Davis RB, Schiffer CA, Berg DT, Powell BL,

Schulman P, Omura GA, Moore JO, Mc Intyre OR, Frei E III: acute myelogenous leukemia. Blood 77:666, 1991
49. Wiernik PH, Banks PLC, Case DC, Arlin ZA, Periman PO,Intensive post remission chemotherapy in adults with acute myeloid

leukemia. N Engl J Med 331:896, 1994 Todd MB, Ritch PS, Enck RE, Weitberg AB: Cytarabine plus Idaru-
bicin or daunorubicin as induction and consolidation therapy for36. Ferrant A, Doyen C, Delannoy A, Cornu G, Martiat P, Latinne

D, De Bruyere M, Bosly A, Michaux JL, Sokal G: Allogeneic or previously untreated adult patients with acute myeloid leukemia.
Blood 79:313, 1992autologous bone marrow transplantation for acute non-lymphocytic

leukemia in first remission. Bone Marrow Transplant 7:303, 1991 50. Vogler WR, Velez-Garcia E, Weiner RS, Flaum MA, Barto-
lucci AA, Omura GA, Gerber MC, Banks PLC: A phase III trial37. Estey E: Use of colony-stimulating factors in the treatment

of acute myeloid leukemia. Blood 83:2015, 1994 comparing idarubicin and daunorubicin in combination with cytara-

AID Blood 0023 / 5h3f$$$443 09-11-97 18:52:45 bldal WBS: Blood

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/90/8/2978/1415483/2978.pdf by guest on 29 M

ay 2024



HAROUSSEAU ET AL2986

bine in acute myelogenous leukemia: A Southeastern Cancer Study bilized peripheral blood stem cells in patients with acute myeloge-
nous leukemia. Bone Marrow Transplant 15:915, 1995Group study. J Clin Oncol 10:1103, 1992

51. Keating MJ, Gehan EA, Smith TL, Estey EH, Walters RS, 57. Korbling M, Fliedner TM, Holle R: Autologous blood stem
cell versus purged marrow transplantation in stantard risk AML:Katarjian HM, Mc Credie KB, Freireich EJ: A strategy for evaluation

of new treatments in untreated patients: Application to a clinical Influence of source and cell composition of the autograft on hemo-
poietic reconstitution and disease-free survival. Bone Marrow Trans-trial of AMSA for acute leukemia. J Clin Oncol 5:710, 1987

52. Berman E, Arlin ZA, Gaynor J, Miller W, Gee T, Kempin plant 7:349, 1991
58. Reiffers J, Korbling M, Labopin M, Gorin NC: AutologousSJ, Mertelsmann R, Andreeff M, Reich L, Nahmias N, Clarkson B:

Comparative trial of cytarabine and thioguanine in combination with blood stem cell transplantation versus autologous bone marrow
transplantation for acute myeloid leukemia in first complete remis-amsacrine or daunorubicin in patients with untreated acute non

lymphocytic leukemia: Results of the L-16M protocol. Leukemia sion. Int J Cell Cloning 10:111, 1992
59. Bishop JF, Matthew JP, Young GA, Szer J, Gillett A, Joshua3:115, 1989

53. O’Dwyer PJ, Leyland-Jones B, Alonso MT, Marsoni S, Wit- D, Bradstock K, Enwo A, Wolff MM, Fox R, Cobcroft R, Herrmann
R, Van Der Neyden M, Lowenthal RM, Page F, Garson OM, Junejates RE: Etoposide (VP16-213) current status of an active anticancer

drug. N Engl J Med 312:692, 1985 S: Randomized study of high-dose cytarabine in induction in acute
myeloid leukemia. Blood 87:1710, 199654. Meloni G, De Fabritiis P, Petti MC, Mandelli F: BAVC regi-

men and autologous bone marrow transplantation in patients with 60. Woods WG, Kobrinsky N, Buckley JD, Won Lee J, Sanders
J, Neudorf S, Gold S, Barnard DR, De Swarte J, Dusenberry K,acute myelogenous leukemia in second remission. Blood 75:2282,

1990 Kalousek D, Arthur DC, Lange BJ: Timed-sequential induction ther-
apy improves postremission outcome in acute myeloid leukemia: A55. Petersen FB, Lynch MHE, Clift RA, Appelbaum FR, Sanders

JE, Bensinger WI, Benyunes MC, Doney K, Fefer A, Martin P, report from the Children’s Cancer Group. Blood 87:4979, 1996
61. Solary E, Witz B, Caillot D, Moreau P, Desablens B, Cahn JY,Storb R, Rowley S, Sullivan KM, Witherspoon R, Weiden P, Thomas

ED, Fisher L, Hansen JA, Buckner CD: Autologous marrow trans- Sadoun A, Pignon B, Berthou C, Maloisel F, Guyotat D, Casassus P,
Ifrah N, Lamy Y, Audhuy B, Colombat P, Harousseau JL: Combina-plantation for patients with acute myeloid leukemia in untreated first

relapse or in second complete remission. J Clin Oncol 11:1355, 1993 tion of quinine as a potential reversing agent with mitoxantrone
and cytarabine for the treatment of acute leukemias: A randomized56. Demirer T, Buckner CD, Appelbaum FR, Petersen FB, Row-

ley S, Weaver CH, Lilleby K, Sanders J, Chaunley T, Storb R, multicenter study. Blood 88:1198, 1996
62. Hurd DD: Postremission therapy for the younger adult pa-Schiffman K, Benyumes MC, Fefer A, Montgomery P, Bensinger

WI: Rapid engraftment after autologous transplantation utilizing tients with acute myelogenous leukemia: Defining a role for trans-
plantation. J Clin Oncol 11:1636, 1993marrow and recombinant granulocyte colony-stimulating factor-mo-

AID Blood 0023 / 5h3f$$$443 09-11-97 18:52:45 bldal WBS: Blood

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/90/8/2978/1415483/2978.pdf by guest on 29 M

ay 2024


