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ABSTRACT

Background In young adults with acute myeloid
leukemia, intensive chemotherapy during the initial
remission improves the long-term outcome, but the
role of bone marrow transplantation is uncertain. We
compared high-dose cytarabine with autologous or
allogeneic marrow transplantation during the first
remission of acute myeloid leukemia.

Methods Previously untreated adolescents and
adults 16 to 55 years of age who had acute myeloid
leukemia received standard induction chemotherapy.
After complete remission had been achieved, idarubi-
cin (two days) and cytarabine (five days) were ad-
ministered. Patients with histocompatible siblings
were offered allogeneic marrow transplantation,
whereas the remaining patients were randomly as-
signed to receive a single course of high-dose cytara-
bine or transplantation of autologous marrow treated
with perfosfamide (4-hydroperoxycyclophosphamide).
Oral busulfan and intravenous cyclophosphamide
were used as preparative regimens for both alloge-
neic and autologous marrow transplantation. The
end points were survival from the time of complete
remission and disease-free survival.

Results In an intention-to-treat analysis, we found
no significant differences in disease-free survival
among patients receiving high-dose chemotherapy,
those undergoing autologous bone marrow trans-
plantation, and those undergoing allogeneic marrow
transplantation. The median follow-up was four years.
Survival after complete remission was somewhat
better after chemotherapy than after autologous mar-
row transplantation (P=0.05). There was a marginal
advantage in terms of overall survival with chemo-
therapy as compared with allogeneic marrow trans-
plantation (P=0.04).

Conclusions A postinduction course of high-dose
cytarabine can provide equivalent disease-free surviv-
al and somewhat better overall survival than autolo-
gous marrow transplantation in adults with acute
myeloid leukemia. (N Engl J Med 1998;339:1649-56.)
©1998, Massachusetts Medical Society.

HE rate of complete remission for adults

with acute myeloid leukemia is approximate-

ly 65 percent overall and decreases with

increasing age and the presence of unfavor-
able cytogenetic abnormalities.2 With postremission
therapy, disease-free survival at five years ranges from
10 to 15 percent with low-dose maintenance ther-
apy2? to 25 to 35 percent with intensive courses of
chemotherapy, usually incorporating high-dose cy-
tarabine.*¢ In young patients, further escalation of
postremission therapy is feasible, provided autolo-
gous or allogeneic hematopoietic stem cells can be
transplanted to repopulate the ablated bone marrow.
Despite the complications of graft-versus-host disease,
a number of studies suggest that long-term outcome
is improved by allogeneic marrow transplantation dur-
ing the first complete remission.”10 Similarly, despite
the potential risk of reinfusing leukemic cells during
autologous marrow transplantation, both nonrandom-
ized!'"* and randomized!51¢ studies have reported
better long-term disease-free survival after autolo-
gous transplantation than after conventional chemo-
therapy. Other studies of adults!®17 and children,!8:1?
however, have failed to confirm improvement with
autologous marrow transplantation. The unresolved
question of what constitutes optimal therapy in adults
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with acute myeloid leukemia in the first complete re-
mission led the Eastern Cooperative Oncology Group
(ECOG), the Southwest Oncology Group (SWOG),
and the Cancer and Leukemia Group B (CALGB)
to conduct an intergroup study of postremission ther-
apy. We assigned patients with histocompatible sib-
lings to allogeneic marrow transplantation and ran-
domly assigned the remaining patients to high-dose
cytarabine or autologous marrow transplantation.

METHODS
Patients and Therapies

The study opened in February 1990 and closed in February
1995. The data were analyzed as of August 1997. Eligible patients
were 16 to 55 years old and had untreated acute myeloid leukemia
of French—American—British (FAB) types MO to M7,20.21 con-
firmed by centralized review of the bone marrow morphology and
cytochemistry, immunophenotyping, and karyotype analysis. Eli-
gibility required the absence of any illness that would preclude the
possibility of subsequent marrow transplantation, adequate renal
and hepatic function, no uncontrolled infection, a normal cardiac
ejection fraction, and signed informed consent. Induction therapy
consisted of idarubicin (12 mg per square meter of body-surface
area per day given intravenously for three days) and intravenous
cytarabine (25 mg per square meter, followed by 100 mg per
square meter per day, infused continuously for seven days). Bone
marrow obtained by aspiration and biopsy was evaluated on day
14; if residual leukemic blasts were seen, a second identical course
of chemotherapy was administered. Patients in whom complete
remission did not occur after one or two courses of therapy were
withdrawn from the study. After recovery from the toxic effects of
induction therapy and before randomization, all patients in com-
plete remission received another course of induction therapy at
the same daily doses, but with only two days of idarubicin and five
days of cytarabine. To proceed with scheduled therapy or random-
ization, patients had to be in complete remission and have no lin-
gering complications of prior chemotherapy, a normal cardiac
ejection fraction, good performance status, adequate hepatic and
renal function, no persistent infection requiring treatment with
antibiotics, and no evidence of central nervous system leukemia.
After complete remission, and during or after the consolidation
phase, the availability of histocompatible donors was evaluated.
Patients with a genotypically or phenotypically HLA-matched or
single-antigen—mismatched family member who was available to
serve as a donor were offered allogeneic marrow transplantation.
Randomization to autologous marrow transplantation or high-
dose cytarabine therapy was stratified according to age (<45 vs.
>45 years), FAB type (M1, M2, M3, or M4 vs. M0, M5, M6, or
M?7), the number of courses of induction therapy administered to
achieve complete remission (one vs. two), and karyotype category
— favorable: t(8;21), t(15;17), or inv(16); intermediate: normal
or having a single numerical abnormality other than those classi-
fied as unfavorable; or unfavorable: 5q—, —5, 7q—, —7, abnormal-
ities of chromosome 9 or 11, or three or more clonal abnormali-
ties.22 The randomization scheme was based on permuted blocks
within strata and additional balancing within institutional sites.

For patients who were to receive autologous marrow transplan-
tation, harvesting of bone marrow stem cells and perfostamide
(4-hydroperoxycyclophosphamide) treatment before cryopreserva-
tion were accomplished with published techniques.!#23.2¢ The pro-
tocol specified that high-dose cytarabine or marrow transplantation
was to begin within three months after the beginning of com-
plete remission, but longer delays were permitted to allow pa-
tients to fulfill eligibility requirements for this step. These criteria
were applied uniformly in all postremission therapy groups. Pa-
tients randomly assigned to high-dose cytarabine received a single
course of cytarabine consisting of 3 g per square meter infused
intravenously over a 3-hour period every 12 hours for 12 doses.
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The preparative regimen for both autologous and allogeneic mar-
row transplantation consisted of busulfan at a dose of 1 mg per
kilogram of body weight given orally every six hours over four days
(16 doses) on days —9 through —6 and cyclophosphamide at a
dose of 50 mg per kilogram given intravenously over a one-hour
period daily for four days on days —5 through —2. Bone marrow
cells were reinfused on day 0. Prophylaxis against graft-versus-
host disease was not specified, but a limited range of permissible
options was defined. Complete remission and relapse were defined
according to standard criteria.?s

Statistical Analysis

Disease-free survival was defined as the time between docu-
mented complete remission and relapse or death from any cause.
Assignment to allogeneic marrow transplantation was made at the
study site when a suitable donor was available. The time from the
assignment of a patient to notification of the coordinating center
varied widely, as compared with the timely reporting of patients
to be randomly assigned to high-dose cytarabine or autologous
marrow transplantation. To avoid any bias that this difference
might introduce in comparing the three postremission therapies,
survival was measured from the time of documented complete
remission for all patients. Although data on allogeneic marrow
transplantation are presented and analyzed, patients were as-
signed to this treatment on the basis of donor availability rather
than by randomization. Therefore, the primary comparison of in-
terest, defined at the outset of the trial, was that between the two
randomly assigned postremission therapies, autologous marrow
transplantation and high-dose cytarabine.

Because long-term cure occurs in a small subgroup of patients
with this disease, the study was designed according to a Berkson—
Gage cure-rate model.26 Accrual and follow-up goals were set to
provide the study with at least 80 percent power to detect a 50 per-
cent increase in the cure rate and a 50 percent increase in median
disease-free survival among the patients destined to relapse, with
the use of a generalized Wilcoxon 5 percent two-sided test.2” The
study design called for a total of approximately 130 patients ran-
domly assigned to each of the two therapies — autologous marrow
transplantation and high-dose cytarabine — with 180 relapses ex-
pected in order to achieve the desired power. The protocol pro-
vided for interim analyses after every 45 relapses, or at 25 percent
increments in the available data on the end point of disease-free
survival. Interim analyses used an O’Brien—Fleming boundary?8
to determine critical values for interim significance tests. The
study was unblinded at the third interim analysis, when it became
apparent that the anticipated differences in disease-free survival
would not emerge, and that significant differences in survival ex-
isted between the groups.

For time-to-event comparisons for outcomes other than the
main end point, the log-rank statistic2® was used for purposes of
comparability with the literature. In survival and disease-free sur-
vival curves, all patients who were eligible for initial study entry
who had a documented complete remission were analyzed on an
intention-to-treat basis, according to the treatment assigned after
remission, regardless of whether they received the intended ther-
apy. Survival and disease-free survival curves were estimated by
the method of Kaplan and Meier.3° The independence of row and
column effects in contingency tables was tested with either Fisher’s
exact test or exact methods for ordered categorical data.3!

RESULTS
Accrual of Patients

Of the 808 patients who entered the study, 36 were
ineligible because they were given the wrong diagno-
sis, the cardiac ejection fraction was low or unmeas-
ured, slides were not submitted for central review, or
follow-up data were missing. Of the remaining 772
patients, 32 could not be evaluated: 19 because com-
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plete remission was not documented, 7 because of
missing follow-up data, 5 because the patient with-
drew before completing therapy, and 1 because central
nervous system leukemia was detected shortly after
entry. Thus, 740 of the 808 patients (92 percent) were
eligible for induction therapy.

Induction Therapy

Of the 740 patients who were eligible for induction
therapy, 518 (70 percent) had a complete remission,
with no significant differences among the various FAB
subtypes. Eighty percent of the remissions occurred
after a single course of induction therapy, and the
frequency of deaths related to the induction therapy
was 7 percent. Centralized review yielded data on
karyotypes that could be evaluated for 572 patients
(77 percent). The three karyotype subgroups correlat-
ed with the likelihood of complete remission: 83 per-
cent for the favorable types, 74 percent for the inter-
mediate category, and 56 percent for unfavorable
karyotypes (P<<0.001). The rate of complete remission
was essentially the same for all patients whose kary-
otypes were successfully determined and for those
whose karyotypes were unknown, suggesting no se-
lection bias due to unidentified karyotypes.

Initial postremission therapy (two days of idarubi-
cin plus five days of cytarabine) was associated with
neutropenia (defined as <500 granulocytes per cubic
millimeter) lasting three weeks; patients with this
complication virtually always required hospitaliza-
tion for febrile neutropenia, but there were no deaths.

Of the 518 patients who entered a complete re-
mission, 172 were removed from the study before
randomization or assignment to postremission ther-
apy. The principal causes were refusal to continue in
the study, persistent medical problems after induc-
tion therapy, and relapse before randomization. This
group did not differ in the distribution of karyotype
categories from the 346 patients who remained in the
analysis of postremission therapy (data not shown).

Postremission Therapy

The 4-year survival rate, estimated from study entry,
among all 740 eligible patients who could be evalu-
ated was 35 percent; the median survival was 19
months. The number of patients randomly assigned
to each therapy (high-dose cytarabine or autologous
marrow transplantation) was approximately the same
as the number assigned to allogeneic marrow trans-
plantation (Table 1). No significant differences among

TABLE 1. CHARACTERISTICS OF PATIENTS ASSIGNED TO POSTREMISSION THERAPY.

CHARACTERISTIC

No. of patients
Time from complete remission to
postremission therapy — wki
Median
Range
Removed from study or data missing — no.
Refused postremission therapy — no.
Relapsed before receiving postremission
therapy — no.q
Inadequate marrow stem-cell harvest — no.
Insurance coverage refused — no.
Medical complications prevented
postremission therapy — no.
Received intended postremission therapy
— no. (%)
Karyotype category according to prognosis
— no. (%)
Favorable (n=67)
Intermediate (n=132)
Unfavorable (n=64)
Unknown (n=83)

AuToLoGOUS ALLOGENEIC
HigH-Dose Bone MARrROW Bone MARROW
CYTARABINE* TRANSPLANTATION* TRANSPLANTATIONT
117 116 113
12.4 14.6 14.1
1.3-20.7 4-27 4-44
3 4§ 6
5 21 3
2 15 9
9
3 2
1 1 1
106 (91) 63 (54) 92 (81)
23 (20) 27 (23) 17 (15)
42 (36) 38 (33) 52 (46)
1(18) 21 (18) 22 (19)
31 (26) 30 (206) 22 (19)

*Patients were randomly assigned to therapy.

tPatients were assigned to therapy on the basis of the availability of a suitable donor.

FTimes were calculated only for patients who started therapy.

§Although they were in complete remission after induction therapy as defined by the study criteria,
two of these four patients were removed from the study because a clonal karyotype abnormality was de-
tected, and two others underwent autologous bone marrow transplantation at a nonparticipating facility.

YAl of these relapses occurred within one to five months after complete remission (median, three

months).
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these three groups were found regarding age, sex,
number of courses of therapy required to achieve
complete remission, FAB type, or karyotype classifi-
cation. Among the patients assigned to autologous
marrow transplantation or high-dose cytarabine, the
median time from study entry to randomization was
15.6 weeks (range, 5.6 to 28.0). The median time
from complete remission to the initiation of postre-
mission therapy was 14.6 weeks for autologous mar-
row transplantation and 14.1 weeks for allogeneic
marrow transplantation, as compared with 12.4 weeks
for high-dose cytarabine. The times to marrow trans-
plantation were significantly longer than the times to
chemotherapy (P=0.001), regardless of whether the
differences were calculated on the basis of the date of
transplantation or by censoring data on patients sched-
uled for autologous or allogeneic marrow transplan-
tation at the time they were withdrawn from the study.

Of 116 patients assigned to autologous marrow
transplantation, only 63 (54 percent) received the
intended therapy, for the reasons shown in Table 1.

In comparison, nearly all patients assigned to high-
dose cytarabine (91 percent) and 81 percent of those
given allogeneic marrow received the intended ther-
apy. Follow-up data were analyzed on an intention-
to-treat basis, including all patients in their assigned
groups. At the time of this analysis (August 1997),
the median follow-up of the 135 patients remaining
in continuous complete remission was approximately
4 years (minimum, 10 months; maximum, 7.1 years).
By August 1998, one year after the analysis of these
data, no additional relapses had occurred. Two pa-
tients died while in complete remission (one patient
had refused autologous marrow transplantation, and
the other died of severe graft-versus-host disease af-
ter allogeneic marrow transplantation).

The distribution of karyotypes (Table 1) did not dit-
fer significantly among treatment groups (P=0.38).
Failure to receive the assigned therapy did not cause
an imbalance in the distribution of karyotypic abnor-
malities (data not shown) among the remaining pa-
tients who received treatment as scheduled. Long-

TABLE 2. RESULTS OF POSTREMISSION THERAPY.

ResuLt

Death within 100 days of postremission therapy
— no. of deaths/no. of patients treated (%)

Cause of death — % of treated patients
Venoocclusive disease
Bacterial infection
Fungal infection
Cytomegalovirus infection
Acute graft-versus-host disease
Graft failure

Time from bone marrow transplantation until
granulocyte count >500/mm?3 — days
Median
Range
Time from bone marrow transplantation until
self-sustaining platelet count — days
Median
Range
Disease-free survival of patients assigned
to therapy
Median — mo
95% confidence intervalf
At4yr—%
Survival of patients assigned to therapy
Median — mo
95% confidence intervalf
At4yr—%
Treatment failure — no. of failures/no. of
patients assigned to therapy (%)
Relapse
Death during complete remission

HigH-Dose
CYTARABINE* TRANSPLANTATION* TRANSPLANTATIONT

71/117 (61)
4/117 (3)

ALLOGENEIC
Bone MARROW

AuToLoGOUS
Bone MARROW

3/106 (3)  9/63 (14) 19/92 (21)
0 2 6
2 4 1
1 2 3
0 0 4
0 0 5
0 1 0
— 32 19
— 14-86 8-50
— 64 24
— 26-339 11-932
18 14 32
12-24 11-28 15-NR
35+9 35+9 43+10
60 27 35
30-NR 18-NR 23-NR
52+9 43x9 46%10

56,116 (48)
16/116 (14)

33/113 (29)
28/113 (25)

*Patients were randomly assigned to therapy.

fPatients were assigned to therapy on the basis of the availability of a suitable donor.

INR denotes that the upper limit of the confidence interval for the median has not yet been reached.
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term and disease-free survival (data not shown) for | term results of the three postremission therapies, be-
all randomly and directly assigned patients correlated | cause this study was not designed to measure this
with the prognostic grouping of the karyotypes. No | correlation.

firm conclusions can be drawn, however, about the Table 2 and Figure 1 show discase-free survival
relation between karyotype groupings and the long- | rates in the three postremission treatment groups. The
1.0 =2 _
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Time since Remission (yr)

GroupP No. oF EVENTS/NO. AT Risk

Autologous 48/116 18/66 4/45 2/34 0/22
transplantation

Allogeneic 41/113 14/71 5/55 1/32 0/22
transplantation

Cytarabine 48/117 21/69 5/47 1/29 0/18

Figure 1. Probability of Disease-free Survival According to Postremission Therapy.
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Time since Remission (yr)
GROUP No. oF EVENTS/NO. AT Risk
Autologous 27/116 27/87 5/56 3/43 0/30
transplantation
Allogeneic 38/113 9/74 8/61 2/36 0/25
transplantation
Cytarabine 12/117 30/104 11/72 1/47 1/29

Figure 2. Probability of Survival According to Postremission Therapy.
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median disease-free survival in the group treated with
autologous marrow transplantation was 14 months;
a life-table estimate of disease-free survival (=2 SD) at
4 years was 35+9 percent. The respective figures in
the high-dose cytarabine group were 18 months and
35%9 percent (P=0.77). Neither result differed
significantly from the results with allogeneic mar-
row transplantation (median disease-free survival, 32
months; life-table estimate, 4310 percent at 4 years).
Delays in the period from remission to transplanta-
tion (during which there were 2 relapses in the che-
motherapy group, 15 in the autologous marrow
group, and 9 in the allogeneic marrow group) could
have decreased disease-free survival among patients
scheduled for marrow transplantation (Table 1). Al-
ternatively, this difference in the number of relapses
before the scheduled procedure could have been due
to the study design, which allowed patients in com-
plete remission to begin high-dose cytarabine without
the bone marrow evaluation that was mandated be-
fore allogeneic or autologous marrow transplantation.
As shown in Table 2 and Figure 2, survival was bet-
ter after high-dose cytarabine than after autologous
marrow transplantation (P=0.05). In comparison
with the group given allogeneic marrow, the group
given chemotherapy had marginally better survival
(P=0.04), and there were no significant differences
in survival between patients receiving allogeneic mar-
row and those receiving autologous marrow.

DISCUSSION

With the regimens used in this study of adoles-
cents and adults in a first complete remission of acute
myeloid leukemia, the results with autologous mar-
row transplantation were no better than those with
postremission high-dose chemotherapy alone, when
the data were analyzed on an intention-to-treat basis.
Relapses were most frequent among patients assigned
to high-dose cytarabine (61 percent), less common
among those assigned to autologous marrow trans-
plantation (48 percent), and least common among
those assigned to allogeneic marrow transplantation
(29 percent) (Table 2). Conversely, the treatment-
related mortality (i.e., mortality less than 100 days
after the beginning of therapy) among patients re-
maining in complete remission was highest for allo-
geneic marrow transplantation (21 percent), lowest
for high-dose cytarabine (3 percent), and intermediate
for autologous marrow transplantation (14 percent).
The inverse relation of these outcomes neutralized
the competing effects of the three regimens, which
explains the lack of difference in disease-free survival.
Nevertheless, survival was better after high-dose cy-
tarabine than after autologous marrow transplanta-
tion (P=0.05). In contrast, two large, randomized tri-
als of autologous marrow transplantation in similar
patients found a significant improvement in disease-
free survival with marrow transplantation. Zittoun et
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al.’® reported an estimated disease-free survival of
485 percent at four years with autologous trans-
plantation, as compared with 30*4 percent with
chemotherapy (P=0.04). In the study by Burnett et
al.,16 disease-free survival seven years after autologous
marrow transplantation was 53 percent, as compared
with 40 percent after chemotherapy (P=0.04). Like
the current study, both these studies included a rel-
atively large number of patients and analyzed data
on an intention-to-treat basis. Unlike the patients in
our study, however, the patients in these two studies
received at least one cycle of intensive postremission
chemotherapy before randomization, and the pre-
transplantation regimen included total-body irradi-
ation instead of busulfan. Autologous marrow trans-
plantation may be less effective in patients with
greater burdens of undetected disease and therefore
might best be used after intensive postremission che-
motherapy rather than as a substitute for it.

Like us, others have found that autologous marrow
transplantation does not substantially improve sur-
vival in comparison with chemotherapy.'51¢ The lack
of consistency between the results for disease-free sur-
vival and overall survival may reflect, in part, the ben-
efit of marrow transplantation after an initial relapse.
Substantially more patients who had relapses after
chemotherapy underwent salvage autologous or al-
logeneic marrow transplantation than patients who
relapsed after receiving autologous or allogeneic mar-
row transplantation as postremission therapy (Table
3). Moreover, for each postremission-therapy group,
approximately the same percentage of patients who
were treated with marrow transplantation after an
initial relapse are currently alive. Since the follow-up
of these patients after salvage transplantation is rela-
tively short, continued follow-up is important to de-
termine whether the survival curves remain stable.

The failure of a substantial fraction of patients to
remain in the study and receive the assigned treatment
is problematic for any study of postremission ther-
apy'®19; in published series, 33 to 50 percent of pa-
tients in initial complete remission were removed
from the study (Table 4). Although 83 to 97 percent
of patients randomly assigned to chemotherapy re-
ceived the scheduled therapy, only 54 to 87 percent
received the intended autologous marrow transplan-
tation (Table 4).

In our study, no significant differences in the dis-
tribution of known prognostic factors were found
between those who continued in the study and
those who refused to proceed to the next step in the
treatment. To restrict the analysis to patients who ac-
tually received the intended therapy would have been
misleading. Such patients had a median disease-free
survival of 28 months and an estimated rate of dis-
case-free survival of 45 percent 4 years after autolo-
gous marrow transplantation, with corresponding fig-
ures of 34 months and 47 percent for allogeneic
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TABLE 3. FREQUENCY OF SALVAGE BONE MARROW TRANSPLANTATION AFTER RELAPSE,
ACCORDING TO POSTREMISSION THERAPY.

AuTtoLoGous ALLOGENEIC
HigH-Dose BoNe MARROW BoNe MARROW
CYTARABINE TRANSPLANTATION TRANSPLANTATION
VARIABLE (N=117)* (N=116)* (N=113)t
number (percent)
Relapse 71 (61) 56 (48) 33 (29)
Bone marrow transplantation 25 (35) 7 (12) 6 (18)
after relapse
Autologous 14 4 1
Allogeneic 6 3 5
Matched unrelated donor 5 0 0
Patient currently alive 13 (52) 3(43) 2 (33)
No bone marrow transplantation 46 (65) 49 (88) 27 (82)
after relapse
Patient currently alive 6 (13) 5 (10) 4 (15)

*Patients were randomly assigned to therapy.

tPatients were assigned to therapy on the basis of the availability of a suitable donor.

TABLE 4. PATIENTS COMPLETING ASSIGNED THERAPY IN RANDOMIZED TRIALS
OF BONE MARROW TRANSPLANTATION FOR ACUTE MYELOID LEUKEMIA.

PATIENTS REMAINING
IN THE STUDY AFTER

STuDY ComPLETE REMISSION

PATIENTS ASSIGNED TO THERAPY
WHo COMPLETED THE THERAPY
AUTOLOGOUS BONE ALLOGENEIC BONE
MARROW MARROW

CHEMOTHERAPY* TRANSPLANTATION* TRANSPLANTATIONT

Current study
Zittoun et al.1s

346,518 (67)
422/623 (68)
759,/1509 (50)
252/367 (69)
321/552 (58)

Burnett et al.16
Harousseau et al.'7
Ravindranath et al.1$

106,117 (91)
104,126 (83)
186,191 (97)  126,/190 (66)
71/78 (91)
113/117 (97)

number/total number (percent)

63/116 (54)
95,128 (74)

92/113 (81)
144/168 (86)

NA/378
75/86 (87) 73/88 (83)
71/115 (62) 79/89 (89)

*Patients were randomly assigned to therapy.

tPatients were assigned to therapy on the basis of the availability of a suitable donor. NA denotes

not available.

marrow transplantation. For autologous marrow trans-
plantation, the median survival has not yet been
reached and the 4-year survival rate was 55 percent,
as compared with a median survival of 41 months
and a 48 percent rate of 4-year survival for allogeneic
marrow transplantation.

These results resemble those reported in single-
institution studies of marrow transplantation and may
reflect selection bias when patients are excluded be-
cause of their refusal of therapy, relapse before marrow
transplantation, or medical ineligibility. Conversely,
the current and previous studies can be viewed as
flawed assessments of the value of autologous mar-

row transplantation, because so many patients never
received it. The intention-to-treat analysis does, how-
ever, provide a comparison between treatments of-
fered to patients but not necessarily accepted by them,
as can occur in clinical practice.

Our results indicate that autologous marrow trans-
plantation early after the induction of a first remission
with a preparatory regimen that does not include to-
tal-body irradiation was of no benefit. Chemotherapy
with a single course of high-dose cytarabine was as-
sociated with the best survival after complete remis-
sion. This result may have been due to the benefits of
salvage autologous or allogeneic marrow transplan-
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tation in patients who relapsed after receiving high-
dose cytarabine. Alternative strategies, including meas-
ures to ensure the completion of the assigned therapy,
the postponement of transplantation until after in-
tensive consolidation therapy, or different techniques,
such as the use of peripheral blood rather than bone
marrow stem cells in autologous transplantation, 123233
could alter the outcome of future trials.

Supported by Public Health Service grants (CA23318, CA38926,
CAl4548, CAIl11083, CA21076, CA12213, CA32102, CA20319,
CA46368, CA66636, and CA21115) from the National Cancer Institute,
the National Institutes of Health, and the Department of Health and Hu-
man Services. This study was coordinated by the Eastern Cooperative
Oncology Group (Robert L. Comis, M.D., chair).

We are indebted to Ms. Susan Allen of the Eastern Cooperative
Oncology Group statistical office for her diligent efforts in the de-
tailed review of data on patients and compliance with the protocol.

REFERENCES

1. Weinstein HJ, Griffin JD. Acute myelogenous leukemia. In: Handin RI,
Lux SE, Stossel TP, eds. Blood: principles & practice of hematology. Phil-
adelphia: J.B. Lippincott, 1995:543-74.

2. Leith CP, Kopecky KJ, Godwin J, et al. Acute myeloid leukemia in the
clderly: assessment of multidrug resistance (MDR1) and cytogenetics dis-
tinguishes biologic subgroups with remarkably distinct responses for
standard chemotherapy: a Southwest Oncology Group study. Blood 1997,
89:3323-9.

3. Cassileth PA, Harrington DP, Hines JD, et al. Maintenance chemother-
apy prolongs remission duration in adult acute nonlymphocytic leukemia.
J Clin Oncol 1988;6:583-7.

4. Mayer RJ, Davis RB, Schiffer CA, et al. Intensive postremission chemo-
therapy in adults with acute myeloid leukemia. N Engl ] Med 1994;31:
896-903.

5. Cassileth PA, Lynch E, Hines JD, et al. Varying intensity of postremis-
sion therapy in acute myeloid leukemia. Blood 1992;79:1924-30.

6. Schiller G, Gajewski J, Territo M, et al. Long-term outcome of high-
dose cytarabine-based consolidation chemotherapy for adults with acute
myelogenous leukemia. Blood 1992;80:2977-82.

7. Dinsmore R, Kirkpatrick D, Flomenberg N, et al. Allogeneic bone mar-
row transplantation for patients with acute nonlymphocytic leukemia.
Blood 1984;63:649-56.

8. Copelan EA, Biggs JC, Thompson JM, et al. Treatment for acute my-
clocytic leukemia with allogeneic bone marrow transplantation following
preparation with BuCy2. Blood 1991;78:838-43.

9. Schiller GJ, Nimer SD, Territo MC, Ho WG, Champlin RE, Gajewski
JL. Bone marrow transplantation versus high-dose cytarabine-based con-
solidation chemotherapy for acute myelogenous leukemia in first remission.
J Clin Oncol 1992;10:41-6.

10. Lowenberg B, Verdonck LJ, Dekker AW, et al. Autologous bone mar-
row transplantation in acute myeloid leukemia in first remission: results of
a Dutch prospective study. J Clin Oncol 1990;8:287-94.

11. Sierra J, Brunet S, Granena A, et al. Feasibility and results of bone mar-
row transplantation after remission induction and intensification chemother-
apy in de novo acute myeloid leukemia. J Clin Oncol 1996;14:1353-63.
12. Schiller G, Mittal-Henkle A, Lill M, Lee M, Territo M. Transplanta-
tion of autologous peripheral blood progenitor cells procured after high-

1656 - December 3, 1998

dose cytarabine /G-CSF based consolidation for adults with acute myelog-
enous leukemia in first remission. Blood 1995;86:Suppl 1:99a. abstract.
13. Stein AS, O’Donnell MR, Chai A, et al. In vivo purging with high-
dose cytarabine followed by high-dose chemoradiotherapy and reinfusion
of unpurged bone marrow for adult acute myelogenous leukemia in first
complete remission. J Clin Oncol 1996;14:2206-16.

14. Cassileth PA, Andersen J, Lazarus HM, et al. Autologous bone mar-
row transplant in acute myeloid leukemia in first remission. J Clin Oncol
1993;11:314-9.

15. Zittoun RA, Mandelli F, Willemze R, et al. Autologous or allogeneic
bone marrow transplantation compared with intensive chemotherapy in
acute myelogenous leukemia. N Engl J Med 1995;332:217-23.

16. Burnett AK, Goldstone AH, Stevens RME, et al. Randomised com-
parison of addition of autologous bone-marrow transplantation to intensive
chemotherapy for acute myeloid leukaemia in first remission: results of
MRC AML 10 trial. Lancet 1998;351:700-8.

17. Harousseau JL, Cahn JY, Pignon B, et al. Comparison of autologous
bone marrow transplantation and intensive chemotherapy as postremission
therapy in adult acute myeloid leukemia. Blood 1997;90:2978-86.

18. Ravindranath Y, Yeager AM, Chang MN, et al. Autologous bone mar-
row transplantation versus intensive consolidation chemotherapy for acute
myeloid leukemia in childhood. N Engl ] Med 1996;334:1428-34.

19. Woods WG, Neudorf' S, Gold S, et al. Aggressive post-remission che-
motherapy is better than autologous bone marrow transplantation (BMT)
and allogeneic BMT is superior to both in children with acute myeloid leu-
kemia. Proc Am Soc Clin Oncol 1996;15:368a. abstract.

20. Bennett JM, Catovsky D, Daniel MT, et al. Proposals for the classifi-
cation of the acute leukemias: French-American-British (FAB) Co-opera-
tive Group. Br J Haematol 1976;33:451-8.

21. Idem. Proposed revised criteria for the classification of acute myeloid
leukemia: a report of the French-American-British Cooperative Group.
Ann Intern Med 1985;103:620-5.

22. Dastugue N, Payen C, Lafage-Pochitaloff M, et al. Prognostic signifi-
cance of karyotype in de novo adult acute myeloid leukemia. Leukemia
1995;9:1491-8.

23. Rosenfeld C, Shadduck RK, Przepiorka D, Mangan KF, Colvin M.
Autologous bone marrow transplantation with 4-hydroperoxycyclophos-
phamide purged marrows for acute nonlymphocytic leukemia in late remis-
sion or carly relapse. Blood 1989;74:1159-64.

24. Yeager AM, Kaizer H, Santos GW, et al. Autologous bone marrow
transplantation in patients with acute nonlymphocytic leukemia, using ex
vivo marrow treatment with 4-hydroperoxycyclophosphamide. N Engl J
Med 1986;315:141-7.

25. Cheson BD, Cassileth PA, Head DR, et al. Report of the National
Cancer Institute-sponsored workshop on definitions of diagnosis and
response in acute myeloid leukemia. J Clin Oncol 1990;8:813-9.

26. Berkson J, Gage RP. Survival curves for cancer patients following treat-
ment. ] Am Stat Assoc 1952;47:501-15.

27. Prentice RL. Linear rank tests with right censored data. Biometrika
1978;65:167-79.

28. O’Brien PC, Fleming TR. A multiple testing procedure for clinical
trials. Biometrics 1979;35:549-56.

29. Mantel N. Evaluation of survival data and two new rank order statistics
arising in its consideration. Cancer Chemother Rep 1966;50:163-70.

30. Kaplan EL, Meier P. Nonparametric estimation from incomplete
observations. ] Am Stat Assoc 1958;53:457-81.

31. Cox DR, Sneel EJ. The analysis of binary data. 2nd ed. New York:
Chapman & Hall, 1989.

32. Sanz MA, de la Rubia J, Sanz GF, et al. Busulfan plus cyclophospha-
mide followed by autologous blood stem-cell transplantation for patients
with acute myeloblastic leukemia in first complete remission: a report from
a single institution. J Clin Oncol 1993;11:1661-7.

33. Linker CA, Ries CA, Damon LE, et al. Autologous stem cell trans-
plantation for acute myeloid leukemia in first remission. Blood 1995;86:
Suppl 1:99a. abstract.

Downloaded from www.nejm.org on November 25, 2009 . For personal use only. No other uses without permission.
Copyright © 1998 Massachusetts Medical Society. All rights reserved.



