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Introduction

Optimal post-remission strategies for acute myeloid
leukemia in first complete remission remain controversial.
Autologous hematopoietic cell transplantation with bone
marrow or peripheral blood and allogeneic blood or marrow
transplantation from an HLA-matched sibling donor are
potentially curative for many patients with acute myeloid
leukemia in first complete remission. At many centers, the
preferred approach is allogeneic hematopoietic cell transplan-
tation from a matched sibling donor or HLA-matched unre-

lated donors for patients with intermediate or high risk cyto-
genetic or molecular abnormalities. Allogeneic hematopoietic
cell transplantation has not been shown to benefit certain cat-
egories of patients with favorable risk features.1

Consolidation chemotherapy is another option for those
with intermediate or favorable risk characteristics.2 For
patients without a suitable donor, autologous transplantation
is also a valid option.3

Controlled prospective trials comparing consolidation
chemotherapy with autologous bone marrow transplantation
and biological randomization to HLA-identical matched sib-
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The optimal post-remission treatment for acute myeloid leukemia in first complete remission remains uncertain.
Previous comparisons of autologous versus allogeneic hematopoietic cell transplantation noted higher relapse, but
lower treatment-related mortality though using bone marrow grafts, with treatment-related mortality of 12-20%.
Recognizing lower treatment-related mortality using autologous peripheral blood grafts, in an analysis of registry
data from the Center for International Blood and Transplant Research, we compared treatment-related mortality,
relapse, leukemia-free survival, and overall survival for patients with acute myeloid leukemia in first complete
remission (median ages 36-44, range 19-60) receiving myeloablative HLA-matched sibling donor grafts (bone mar-
row, n=475 or peripheral blood, n=428) versus autologous peripheral blood (n=230). The 5-year cumulative inci-
dence of treatment-related mortality was 19% (95% confidence interval, 16-23%), 20% (17-24%) and 8% (5-12%)
for allogeneic bone marrow, allogeneic peripheral blood and autologous peripheral blood stem cell transplant recip-
ients, respectively. The corresponding figures for 5-year cumulative incidence of relapse were 20% (17-24%), 26%
(21-30%) and 45% (38-52%), respectively. At 5 years, leukemia-free survival and overall survival rates were similar:
allogeneic bone marrow 61% (56-65%) and 64% (59-68%); allogeneic peripheral blood 54% (49-59%) and 59%
(54-64%); autologous peripheral blood 47% (40-54%) and 54% (47-60%); P=0.13 and P=0.19, respectively. In mul-
tivariate analysis the incidence of treatment-related mortality was lower after autologous peripheral blood trans-
plantation than after allogeneic bone marrow/peripheral blood transplants [relative risk 0.37 (0.20-0.69); P=0.001],
but treatment failure (death or relapse) after autologous peripheral blood was significantly more likely [relative risk
1.32 (1.06-1.64); P=0.011]. The 5-year overall survival, however, was similar in patients who received autologous
peripheral blood (n=230) [relative risk 1.23 (0.98-1.55); P=0.071] or allogeneic bone marrow/peripheral blood
(n=903). In the absence of an HLA-matched sibling donor, autologous peripheral blood may provide acceptable
alternative post-remission therapy for patients with acute myeloid leukemia in first complete remission.
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ling donor myeloablative transplantation conducted in the
mid-1990s favored the allogeneic bone marrow strategy
because of a lower probability of relapse, despite the high
incidence of treatment-related mortality of up to 30%.3-7 In
all of the prospective studies, and in general during this
period, autotransplants were performed with a bone mar-
row graft and led to treatment-related mortality rates of 8-
20%, considerably more than with consolidation
chemotherapy. Since the completion of these trials, the
stem cell source for autologous transplantation has shifted
from bone marrow to peripheral blood. More recent liter-
ature suggests that the treatment-related mortality is sig-
nificantly lower after autologous peripheral blood cell
transplantation and the reported treatment-related mortal-
ity in many series was less than 5%.8-14 One study ana-
lyzed outcomes of patients with acute myeloid leukemia
in first complete remission after post-remission consolida-
tion therapy based on donor versus no donor availability,
but did not specifically investigate the cohort receiving
only autologous peripheral blood cells.15
A recent, large prospective randomized trial of peripher-

al blood autotransplantation versus intensive consolidation
chemotherapy showed a lower relapse rate and superior
relapse-free survival, but similar overall survival for the
autotransplanted cohort.3 The non-relapse mortality rate
was 4% versus 1% for patients undergoing only consolida-
tion chemotherapy. The majority of patients in that study
had intermediate risk cytogenetics.
We were interested in determining the effect of the

lower treatment-related mortality rate obtained with
peripheral blood autografts reported since the earlier
prospective trials and whether the benefit of lower treat-
ment-related mortality with autologous peripheral blood
cell transplantation translated into better outcomes com-
pared with those of either allogeneic bone marrow or allo-
geneic peripheral blood transplantation.
The Center for International Blood and Marrow

Transplant Research (CIBMTR) database offers a unique
opportunity to conduct a comparative evaluation. We rec-
ognize the inherent limitations of a retrospective analysis
of observational databases, especially in studies of
hematopoietic cell transplantation in which factors affect-
ing the patients’ selection cannot be fully determined.
Here, we confirm the lower treatment-related mortality
associated with autologous peripheral blood cell trans-
plantation and report that survival was similar among
patients undergoing allogeneic transplantation with
peripheral blood or bone marrow from a matched sibling
donor for acute myeloid leukemia in first complete remis-
sion. Our data suggest that given the similar survival out-
comes, future studies addressing post-remission strategies
for acute myeloid leukemia in first complete remission
should include consideration of autologous peripheral
blood hematopoietic cell transplantation together with
post-transplant treatment strategies and appropriate strat-
ification for prognostic factors. 

Design and Methods

Data sources 
The CIBMTR receives data on consecutive allogeneic and autol-

ogous hematopoietic cell transplants from more than 450 trans-
plantation centers worldwide. The data are collected at the
Statistical Center at the Medical College of Wisconsin in

Milwaukee and the National Marrow Donor Program (NMDP)
Coordinating Center in Minneapolis with computerized checks
for discrepancies, physicians’ review of submitted data and on-site
audits of participating centers to ensure data quality. The CIBMTR
collects both Transplant Essential Data and Comprehensive
Report Form data prior to the transplant, 100 days and 6 months
post-transplant and annually thereafter.  
Observational studies conducted by the CIBMTR are per-

formed with approval of the Institutional Review Boards of the
NMDP and the Medical College of Wisconsin. 

Patients
The study included all patients 19-60 years of age in first com-

plete remission who underwent autologous peripheral blood
transplantation or HLA-identical matched sibling donor myeloab-
lative allogeneic bone marrow or peripheral blood transplantation
for acute myeloid leukemia between 1995 and 2004, whose data
were reported to the CIBMTR. Patients with M3 acute myeloid
leukemia, granulocytic sarcoma, a known previous myelodysplas-
tic syndrome or prior malignancy, and those who underwent syn-
geneic, T-cell depleted, umbilical cord blood or non-myeloablative
transplants were excluded. 
Cytogenetic risk categories were defined using the South West

Oncology Group criteria. Good prognosis cytogenetics include:
16q, t(8;21) and t(15;17); intermediate prognosis cytogenetics
include: +8, +21, t(1;7) and t(8;16); other abnormalities and poor
prognosis cytogenetics include: -5/5q-, -7/7q-, -20/20q-, 3q, 11q,
t(5;7), t(9;22) and t(6;9). Pre-transplant remission status was con-
firmed by morphological analysis of the bone marrow.

Endpoints
Primary endpoints were treatment-related mortality, morpho-

logical leukemia relapse (hematologic and/or extramedullary),
leukemia-free survival and its converse, treatment failure, and
overall survival. Treatment-related mortality was defined as death
during continuous complete remission following hematopoietic
cell transplantation. Relapse was defined as clinical or hematologic
leukemia recurrence. For analyses of leukemia-free survival, fail-
ures were considered to be clinical or hematologic relapses or
deaths from any cause; patients alive and in complete remission
were censored at the time of last follow-up. For analyses of overall
survival, failure was considered to be death from any cause; sur-
viving patients were censored at the date of last contact. 

Statistical analysis 
Patient-, disease-, and transplant-related variables among the

three groups (allogeneic bone marrow, allogeneic peripheral blood
or autologous peripheral blood transplant recipients) were com-
pared using the chi-square statistic for categorical variables and the
Kruskal-Wallis test for continuous variables. Univariate probabili-
ties of leukemia-free and overall survival were calculated using the
Kaplan-Meier estimator,16 with the variance estimated by
Greenwood’s formula. Probabilities of relapse and treatment-relat-
ed mortality were calculated using cumulative incidence curves to
accommodate competing risks.17-19

Assessments of potential risk factors for outcomes of interest
were evaluated in multivariate analyses using the pseudo-value
technique.20,21 These analyses fit models to determine which risk
factors are related to a given outcome. The pseudo-value tech-
nique is used to analyze survival data on predetermined time
points when proportional assumptions needed for the Cox
model22 do not hold for overall survival. For 5-year overall and
leukemia-free survival, pseudo-values were computed using the
Kaplan-Meier estimator for the survival function and a generalized
linear model with complementary log-log link function.

a. Keating et al.
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The variables considered in the multivariate analyses were age
at transplant (≤40 years versus >40 years), gender (female versus
male), Karnofsky performance score (≥90% versus <90% versus
unknown), French-American-British subtype (M0-M2 versus M4-
M7 versus other/unclassified), white blood cell count at diagnosis
(<20x109/L versus 20-50x109/L versus 50-100x109/L versus
>100x109/L), cytogenetics (no abnormalities or intermediate versus
good versus poor prognosis versus unknown), extramedullary dis-
ease (no versus yes), time from diagnosis to transplantation, time
from first complete remission to transplantation, chemotherapy
cycles to achieve complete remission (1 versus >1), consolidation
therapy prior to transplantation (none versus 1 versus ≥2 versus
unknown), consolidation therapy prior to transplantation (stan-
dard dose cytarabine versus high dose cytarabine versus other drugs
versus no therapy) and year of transplantation (1995-1999 versus
2000-2004). 
An initial analysis determined cut points for low/high risk

groups for two continuous variables (time from diagnosis to trans-
plantation and time from first complete remission to transplanta-
tion) by multivariate analysis of overall survival at 5 years, based
on pseudo-values and the Wald test statistic. Using the cut points
obtained, regression models (generalized linear models with com-
plementary log-log link function) were fitted to each time point for
both overall survival and leukemia-free survival. The estimated
hazard ratios of the final models are shown. Initially, an analysis
was performed with each model containing the main effect for
type of transplant (allogeneic bone marrow versus allogeneic
peripheral blood versus autologous peripheral blood). However,
risks associated with allogeneic bone marrow and allogeneic
peripheral blood were virtually identical in all analyses, so final
models show only the relative risk (RR) of each outcome for
patients receiving any allotransplant (bone marrow/peripheral
blood) versus those receiving an autologous peripheral blood cell
transplant. Variables not listed in the final models did not meet the
0.05 level of statistical significance. All computations were per-
formed using the generalized linear model with complementary
log-log link function in the statistical package of SAS version 9”.
All P values are two-sided.

Results

Patients and clinical characteristics 
A total of 1133 patients from 205 reporting centers in 38

countries met our study criteria. of whom 475 underwent

allogeneic bone marrow transplantation, 428 underwent
allogeneic peripheral blood cell transplantation and 230
underwent autologous peripheral blood cell transplanta-
tion. The median follow-up of survivors for the three
groups (allogeneic bone marrow, allogeneic peripheral
blood and autologous peripheral blood) was 82 (6-149), 61
(4-144), and 62 (1-139) months, respectively. Table 1
shows the patient-, disease- and transplant-related charac-
teristics of the study patients and the decreasing use of
autologous transplantation in more recent years of the
study.

Treatment-related mortality
In univariate analysis (Table 2), the rate of treatment-

related mortality at 5 years was significantly lower after
autologous peripheral blood cell transplantation (8%; 95%
CI 5-12) than after allogeneic peripheral blood (20%; 95%
CI 17-24) or allogeneic bone marrow (19%; 95% CI 16-23)
transplantation (P<0.001). In multivariate analysis, other
independent factors associated with increased treatment-
related mortality at 5 years were age >40 years and trans-
plantation before the year 2000. In univariate analysis,
treatment-related mortality at 5 years among patients
transplanted between 2000 and 2004 was 10% (95% CI 6-
15) for allogeneic peripheral blood recipients and 0% for
autologous peripheral blood recipients (n=51; 22 disease-
free, 29 relapsed).

Relapse
In univariate analysis (Table 2), the 5-year relapse rate

was significantly higher among patients undergoing autol-
ogous peripheral blood cell transplantation (45%; 95% CI
38-52) than those undergoing allogeneic peripheral blood
(26%; 95% CI 21-30) or allogeneic bone marrow (20%;
95% CI 17-24) transplantation (P<0.001). In multivariate
analysis, age did not influence risk of relapse after allo-
geneic bone marrow or peripheral blood transplantation,
but there was an increased risk of relapse in older (>40
years) autologous peripheral blood recipients (P=0.018)
(Table 3). Other independent factors associated with
increased relapse were presence of extramedullary disease
and transplantation performed after the year 2000 (Table
3). For patients with and without extramedullary disease,
the 5-year probabilities of relapse for allogeneic bone mar-
row, allogeneic peripheral blood and autologous peripher-
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Figure 1. Cumulative incidence of (A) treatment-related mortality (TRM) in patients with acute myeloid leukemia in first complete remission
by type of transplant; (B) Relapse (REL) in patients with acute myeloid leukemia in first complete remission by type of transplant. auto:
autologous; allo: allogeneic; BM: bone marrow; PB: peripheral blood.
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al blood recipients were 21% (95% CI 9-38) and 20%
(95% CI 17-24)(P=0.88); 44% (95% CI 29-60) and 24%
(95% CI 19-28) (P=0.013); and 47% (95% CI 25-70) and
45% (95% CI 38-52) (P=0.86), respectively. 

Leukemia-free and overall survival 
By univariate analysis, the 5-year leukemia-free survival

rates for allogeneic bone marrow, allogeneic peripheral
blood and autologous peripheral blood recipients were
61% (95% CI 56-65), 54% (95% CI 49-59) and 47% (95%
CI 40-54), respectively (Table 2) (P=0.13). The univariate
pairwise comparisons (pointwise P values at 5 years)
showed an advantage for the allogeneic bone marrow
transplant strategy over the other two approaches: allo-
geneic bone marrow versus allogeneic peripheral blood
(P=0.046); allogeneic bone marrow versus autologous
peripheral blood (P=0.001); and allogeneic peripheral
blood versus autologous peripheral blood (P=0.13). In mul-
tivariate analysis, allogeneic hematopoietic cell transplan-
tation was associated with a significantly lower risk of
treatment failure (relapse or death) at 5 years (Table 3,
P=0.01). The only factor associated with increased risk of
treatment failure was older age of the recipient at the time
of transplantation. For patients ≤40 years of age, the 5-year
leukemia-free survival was the same for allogeneic periph-
eral blood/bone marrow recipients and the autologous
peripheral blood recipients; 54% (46-61) versus 57% (47-
67).
To assess the potential value of hematopoietic cell trans-

plantation for patients transplanted after a shorter period
of first complete remission, the data were reanalyzed
including only those patients transplanted within 12
months of achieving complete remission; excluding 10%
of allogeneic bone marrow/peripheral blood recipients
and 6.6% autologous peripheral blood cases from the
analysis. The 5-year probabilities of relapse and leukemia-
free survival were unchanged (Table 4).
At 5 years, the overall survival probabilities for allogene-

ic bone marrow, allogeneic peripheral blood and autolo-
gous peripheral blood recipients were 64% (59-68%),
59% (54-64%) and 54% (47-60%), respectively (Table 2)
(P=0.19). By pairwise comparison, overall survival was sig-
nificantly better for allogeneic bone marrow recipients ver-
sus autologous peripheral blood recipients (P=0.016), but

Table 1. Characteristics of the patients.
Allo BM Allo PB Auto PB P value

N. of patients 475 428 230
N. of centers 108 123 84
Age at transplant, years <0.001
Median (range) 36 (19-60) 40 (19-60) 44 (19-60)
19 - 29 146 (31) 90 (21) 41 (18)
30 - 39 164(35) 112 (26) 58 (25)
40 - 49 130 (27) 153 (36) 61 (27)
50 - 60 35 (  7) 73 (17) 70 (30)
Male sex 244 (51) 236 (55) 113 (49) 0.29
Karnofsky score pre-HCT>90% 389 (83) 332 (79) 168 (76) 0.05
FAB classification <0.001
M0 12 (  3) 20 (  5) 9 (  4)
M1 94 (20) 66 (16) 35 (15)
M2 151 (31) 121 (28) 67 (29)
M4 126 (26) 78 (18) 53 (23)
M5 55 (12) 76 (18) 46 (20)
M6 11 (  2) 13 (  3) 4 (  2)
M7 4 (  1) 5 (  1) 2 (  1) 
AML unclassified 22 (  5) 49 (  11) 14 (  6)
WBC count at diagnosis, x109/L 0.24
Median (range) 14 13 18
<20 250 (58) 234 (59) 107 (52)
20-50 79 (18) 73 (19) 36 (17)
50-100 58 (13) 52 (13) 42 (20)
>100 46 (11) 35 (  9) 23 (11)
Missing 42 34 22
Cytogeneticsb <0.001
No abnormalities 192 (40) 195 (46) 105 (46)
Good 30 (  6) 12 (  3) 15 (  7)
Intermediate 106 (22) 129 (30) 53 (23)
Poor 26 (  6) 39 (  9) 17 (  7)
Unknown 121 (26) 53 (12) 40 (17)
Extramedullary disease 28 (  6) 43 (10) 17 (  7) 0.07
Time from diagnosis to HCT, 5 (2-32) 4 (2-15) 5 (1-38) <0.001
median (range), months
Time from CR1 to HCT, 3 (<1-18) 3 (<1-15) 4 (1-35) <0.001
median (range), months
CNS disease prior to transplant 8 (  2) 13 (  3) 10 (  4) 0.11
Chemotherapy cycles to achieve CR 0.27
1 cycle 319 (72) 275 (73) 163 (78)
≥ 2 cycles 122 (28) 104 (27) 46 (22)
Consolidation treatments <0.001
prior to transplant
1 cycle 192 (40) 169 (40) 110 (48)
≥ 2 cycles 136 (29) 74 (17) 75 (32)
No consolidation 77 (16) 107 (25) 12 (  6)
Missing 70 (15) 78 (18) 33 (14)
High dose cytarabine consolidationc <0.001
Standard dose 144 (30) 87 (20) 46 (20)
High dose 194 (41) 193 (45) 151 (66)
Other drug 55 (12) 34 (  8) 19 (  8)
Missing 5 (  1) 7 (  2) 2 (  1)

continued in the next column

continued from the previous column

Allo BM Allo PB Auto PB P value

Graft purging ex vivo NA NA 4 (  2) NA
Missing 3
Year of transplant <0.001
1995 118 (25) 26 (  6) 29 (13)
1996 106 (22) 61 (14) 33 (14)
1997 65 (14) 35 (  8) 36 (16)
1998 61 (13) 28 (  7) 45 (19)
1999 39 (  8) 40 (  9) 36 (16)
2000 23 (  5) 55 (13) 9 (  4)
2001 16 (  3) 45 (11) 13 (  5)
2002 21 (  4) 41 (10) 18 (  8)
2003 12 (  3) 40 (  9) 5 (  2)
2004 14 (  3) 57 (13) 6 (  3)
Median follow-up 82 (6-149) 61 (4-144) 62 (1-139)
of survivors, months
HCT: hematopoietic cell transplant; FAB: French-American-British; AML: acute myeloid leukemia;
allo: allogeneic; auto: autologous; WBC: white blood cells; RIC: reduced-intensity conditioning; PB:
peripheral blood; CR: complete remission; BM: bone marrow; CNS: central nervous system.
bCytogenetic classification: good prognosis includes: 16q; t(8;21);  t(15;17).  Intermediate progno-
sis includes: +8; +21; t(1;7); t(8;16); other abnormalities; poor prognosis includes: -5/5q-; -7/7q-; -
20/20q-; 3q; 11q; t(5;7); t(9;22); t(6;9); cCytarabine dose defined as: cytarabine <1 g/m2/day=stan-
dard dose: cytarabine ≥1 g/m2/day=high dose. 
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similar for allogeneic bone marrow versus allogeneic
peripheral blood (P=0.19) and allogeneic peripheral blood
versus autologous peripheral blood (P=0.19) recipients.
The multivariate adjusted survival analysis showed that
risks of death did not differ significantly between patients
who received an allogeneic bone marrow/peripheral
blood or autologous peripheral blood (Table 3, P=0.07)
transplant. Independently of the type of transplant, the
risk of death was significantly higher in older patients (age
>40 years) and those with lower Karnofsky scores. For
patients ≤40 years old with a Karnofsky score of >90%,
overall survival rates for recipients of allogeneic peripheral
blood (n=156), allogeneic bone marrow/peripheral blood
(n=418), and autologous peripheral blood (n= 74) were
identical: 64% (56-72%), 66% (61-71%), and 63% (51-
74%), respectively. For patients >40 years old with a
Karnofsky score of <90%, 5-year survival rates, although
inferior to those of younger patients with excellent per-
formance status, were also similar between recipients of
allogeneic bone marrow/peripheral blood (n=83) and
autologous peripheral blood (n=34): 47% (36-57%) versus
48% (31-65%).
Cytogenetics did not influence any outcomes analyzed

among the groups in this study. The large majority (69%)
of patients had either normal or intermediate risk cytoge-
netics, while the frequency of good or poor risk cytogenet-
ics was less than 10% (3-7% and 6-9%, respectively). Due
to the importance of this intermediate risk cohort, a limit-
ed re-analysis of those with intermediate risk or normal
cytogenetics was performed. It demonstrated that
leukemia-free survival and overall survival in those receiv-
ing allogeneic bone marrow were 58% (52-63%) and 61%
(55-67%), with the corresponding figures for recipients of
allogeneic peripheral blood being 56% (50-61%) and 62%
(56-67%) and those for autologous peripheral blood recip-
ients being 48% (40-56%) and 54% (46-62%), respective-

ly, similar to our findings in the entire cohort. Multivariate
analysis demonstrated concordance as well, with similar
risks of overall survival (RR 1.21; 95% CI 0.92-1.59,
P=0.172) and leukemia-free survival (RR 1.27; 95% CI
0.98-1.65, P=0.071) in those receiving autologous periph-
eral blood compared with the allogeneic bone
marrow/peripheral blood group.
The numbers of patients who received a second trans-

plant among the allogeneic bone marrow, allogeneic
peripheral blood and autologous peripheral blood cohorts
were 36 (7.6%), 54 (12.7%) and 26 (11.5%), respectively.
The frequency was, however, higher among patients who
underwent autologous peripheral blood transplantation in
the period from 2000 to 2004: 11 of 51 (21.6%). To
account for the possible effect of second transplants and
other potential factors on these later outcomes, overall
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Table 2. Univariate probabilities of transplant outcomes.
Allo BM Allo PB Auto PB

Outcome eventa Prob (95% CI) Prob (95% CI) Prob (95% CI) P value

Treatment-related  (n=473) (n=425) (n=227)
mortality
At 1 year 16 (13-20) 14 (11-18) 5 (2-8) <0.001
At 3 years 19 (15-22) 19 (16-23) 7 (4-11) <0.001
At 5 years 19 (16-23) 20 (17-24) 8 (5-12) <0.001
Relapse (n=473) (n=425) (n=227)
At 1 year 12 ( 9-15) 15 (12-19) 33 (27-39) <0.001
At 3 years 19 (16-23) 21 (17-25) 42 (35-48) <0.001 
At 5 years 20 (17-24) 26 (21-30) 45 (38-52) <0.001
Leukemia-free survival (n=473) (n=425) (n=227)
At 1 year 72 (67-75) 71 (66-75) 62 (55-68) 0.03
At 3 years 62 (58-67) 60 (55-65) 51 (44-57) 0.03
At 5 years 61 (56-65) 54 (49-59) 47 (40-54) 0.13
Overall survival (n=475) (n=428) (n=230)
At 1 year 76 (71-79) 75 (71-79) 74 (68-79) 0.73
At 3 years 65 (61-70) 63 (58-68) 58 (52-65) 0.24
At 5 years 64 (59-68) 59 (54-64) 54 (47-60) 0.19

Prob: probability; CI: confidence interval; TRM: treatment-related mortality; LFS: leukemia-free sur-
vival; OS: overall survival. The table shows the cumulative incidence (for TRM and relapse) and
Kaplan-Meier estimates (for LFS and OS). Pointwise P value for 5-year LFS: allogeneic bone mar-
row (AlloBM) vs. allogeneic peripheral blood (AlloPB): P= 0.046; AlloBM vs. autologous periph-
eral blood (autoPB): P=0.001; AlloPB vs. AutoPB: P= 0.13. Pointwise P value for 5 year OS: AlloBM
vs. AlloPB: P=0.19; AlloBM vs. AutoPB: P=0.016; AlloPB vs. AutoPB: P=0.19.

Table 3.  Multivariate analysis of transplant outcomes.
N Relative Risk P-value (95% CI)

Transplant-related mortality at 5 year
Type of transplant
Allo BM/ PBb 898 1.00a
Auto PB 227 0.37 (0.20 - 0.69) 0.001
Other significant covariates
Age
≤ 40 years 607 1.00a
> 40 years 518 1.39 (1.05 - 1.84) 0.019
Year of transplant
1995-1999 752 1.00a
2000-2004 373 0.72 (0.53 - 0.99) 0.045
Relapse at 5 years
Type of transplant
Allo BM/PB, ≤ 40 years 508 1.00a P overall <.0001
Allo BM/PB, > 40 years 390 0.83 (0.61-1.12) 0.240
Auto PB, ≤ 40 years 99 1.77 (1.22-2.56) 0.002
Auto PB, > 40 years 128 2.80 (2.07-3.77)e <.0001
Other significant covariates
Extramedullary disease
No 1036 1.00a
Yes 88 1.60 (1.13-2.27) 0.008
Year of transplant
1995-1999 752 1.00a
2000-2004 373 1.74 (1.36-2.21) <.0001

Leukemia-free survival at 5 years
Type of transplant
Allo BM/ PBc 1.00a
Auto PB 1.32 (1.06-1.64) 0.011
Other significant covariates
Age
≤ 40 years 611 1.00a
> 40 years 521 1.25 (1.04-1.51) 0.015
Overall survival at 5 years
Type of transplant
Allo BM/ PBd 903 1.00a
Auto PB 230 1.23 (0.98-1.55) 0.071
Other significant covariates
Age
≤ 40 years 611 1.00a
> 40 years 521 1.28 (1.05-1.56) 0.012
Karnofsky score 
≥90% 223 1.00a
< 90% 889 1.38 (1.10-1.72) 0.005

aReference group; bP TRM allo PB vs. allo BM= 0.444; cP LFS allo PB vs. allo BM= 0.113;
dP OS allo PB vs. allo BM= 0.382; eP Relapse: auto ≤40y vs. auto >40y = 0.018.
Abbreviations as in Table 2.
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survival rates were determined at 1 and 5 years after
leukemia relapse for allogeneic bone marrow/peripheral
blood (n=212) and autologous peripheral blood (n=99)
recipients, being 31% (16-48%) and 10% (6-15%) versus
28% (19-38%) and 8% (2-16%), respectively.
Leukemia recurrence and infection accounted for the

majority of deaths. Patients in the autologous peripheral
blood cohort were more likely to die of primary disease
(67% compared to 35% for recipients of allogeneic
peripheral blood and 37% for those grafted with allogene-
ic bone marrow).

Discussion

Despite the many prospective trials of post-remission
treatment for acute myeloid leukemia in first complete
remission, a definitive role for autologous transplantation
remains uncertain and is now less frequently performed.
Several systematic reviews suggest an advantage of
matched sibling donor hematopoietic cell transplantation
for patients in first complete remission with high risk and,
possibly, intermediate risk acute myeloid leukemia at
diagnosis.2 Earlier trials of allogeneic bone marrow versus
autologous bone marrow transplantation showed advan-
tages for the former with regard to leukemia-free survival.1
More recent studies have compared patients treated on

the basis of whether they do or do not have a donor,
which has the advantage of avoiding the bias of eliminat-
ing higher risk patients who relapse before assignment to
autotransplantation or to consolidation chemotherapy.
This approach generally shows a benefit from matched
sibling donor allografting.2 The no-donor arms in such
studies, however, combine patients treated with consoli-
dation chemotherapy or autotransplantation, with the lat-
ter consisting entirely of autologous bone marrow recipi-
ents or with an unstated proportion of autologous periph-
eral blood recipients.2 In one major study, only 28% of the
cases without a donor received autotransplants and the
proportion of autologous peripheral blood transplants was
not specified.15 Consequently, while treatment-related
mortality in the “no-donor” arm was lower than that in
the patients allografted from matched sibling donors, the
treatment-related mortality due specifically to autologous
peripheral blood transplants was uncertain. A recent, large
prospective trial of autotransplantation versus consolida-
tion chemotherapy (n=517) for patients with acute
myeloid leukemia in first complete remission, conducted
by the Dutch-Belgian Hemato-Oncology Cooperative
Group (HOVON) and the Swiss Group for Clinical Cancer
Research Collaborative Group (SAKK), demonstrated a
low treatment-related mortality after peripheral blood
autotransplantation (4%) and confirmed the lower relapse
rate in patients treated with this strategy compared with
consolidation chemotherapy (58% versus 70%, respective-
ly; P=0.02).3
The comprehensive CIBMTR dataset enabled us to

investigate several issues that were not addressed by pub-
lished prospective trials. We are aware of the inherent lim-
itations of studying registry databases, including potential
unknown selection biases, incomplete reporting of cytoge-
netic analysis, the relatively long interval over which the
transplants were performed and data collected and the
lack of a non-transplant chemotherapy cohort. We
attempted to address as many of these issues as possible.
In this context, the HOVON/SAKK study provided a valu-
able control cohort treated only with consolidation
chemotherapy, which was not available in our dataset.3
We found a significantly lower 5-year treatment-related

mortality with autologous peripheral blood transplants

a. Keating et al.
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Table 4. Five-year relapse and leukemia-free survival for patients
transplanted within 12 months of achieving first complete remission.

N Relapse LFS

AlloBM 438 21 (17-25) 60 (55-65)
AlloPB 383 27 (22-32) 53 (48-58)
AutoPB 212 46 (39-53) 46 (39-53)
Allo (BM+PB) 821 24 (21-27) 57 (53-60)
The table shows the cumulative incidence for relapse and Kaplan-Meier projected median
(95% confidence interval) for leukemia-free survival (LFS) excluding 100 patients for
whom the interval between achieving first complete remission and undergoing
hematopoietic cell transplantation was greater than 12 months or for whom interval data
were missing. Allo: allogeneic; Auto: autologous; BM: bone marrow; PB: peripheral blood.

Figure 2. Probability of (A) leukemia-free survival for patients with acute myeloid leukemia in first complete remission by type of transplant;
(B) overall survival for patients with acute myeloid leukemia in first complete remission by type of transplant. Allo: allogeneic; Auto: autolo-
gous; BM: bone marrow; PB: peripheral blood.
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than with allogeneic bone marrow/peripheral blood trans-
plants, a finding confirmed by multivariate analysis
(RR=0.37). While patients undergoing transplantation
after 1999 had a significantly lower treatment-related mor-
tality, likely related to improvements in supportive care,
the 5-year transplant-related mortality rate for autologous
peripheral blood recipients declined to 0% from 10% for
years before 1999. However, relapse remained significant-
ly higher following autologous peripheral blood transplan-
tation than after allogeneic bone marrow or peripheral
blood transplantation. As a result of these competing risks,
the leukemia-free survival at 5 years was significantly infe-
rior for patients undergoing autologous peripheral blood
transplantation (RR 1.32, P=0.01), but only a marginal and
non-significant difference in overall survival at 5 years was
observed between patients treated with the two strategies
(RR 1.23, P=0.07). For patients aged 40 years or younger,
the 5-year leukemia-free and overall survival rates were
the same following autologous peripheral blood and allo-
geneic bone marrow/peripheral blood transplants: 57%
versus 60% and 62 versus 64%, respectively. Due to higher
transplant-related mortality in patients >40 years,
leukemia-free survival and overall survival in these older
patients were significantly inferior not only with allotrans-
plantation, but also with autologous peripheral blood
transplants.
We also observed more frequent relapses after the more

recent transplantations; the reasons for this are uncertain,
but may be due to selection of lower risk patients for non-
transplant therapies. Extramedullary disease was noted as
an independent risk factor for higher relapse rate after
either transplant approach. 
Unexpectedly, cytogenetics did not affect outcomes in

this study. Patient selection might again explain these
results in part. Most patients had no cytogenetic abnor-
malities or favorable/intermediate risk cytogenetics and
fewer than 10% had poor risk cytogenetics. One possible
explanation for the low frequency of a high-risk cohort in
the registry cases is initial treatment failure, prior to any
consideration of transplantation. It is also possible that
missing karyotype and modern molecular analysis for 12-
26% of patients may have confounded the results,
although outcomes for those with missing cytogenetics
were not different from the outcomes for patients in other
categories.
Autologous peripheral blood transplants were associat-

ed with a higher risk of relapse, as seen in most other stud-
ies, and the risk was even higher in patients over 40 years
old.3,4,6,7,23 The HOVON/SAKK study of peripheral blood
autotransplantation versus consolidation chemotherapy
showed a relatively high relapse rate of 58%, albeit signif-
icantly better than after consolidation chemotherapy
(70%).3 An EBMT study compared peripheral blood and
bone marrow graft sources in patients undergoing auto-
transplantation for acute myeloid leukemia in complete
remission24 and reported a higher relapse risk in recipients
of autologous peripheral blood (bone marrow, 39% versus
early peripheral blood, 56% versus late peripheral blood,
46%, P<0.001). Treatment-related mortality rates follow-
ing peripheral blood or bone marrow autografts were sim-
ilar (7-9%). Consequently, leukemia-free survival was
inferior after peripheral blood transplants than after autol-

ogous bone marrow transplants. Following autologous
peripheral blood cell transplantation, recipients with a
higher CD34 cell dose had the highest risk of relapse.13,25
These findings suggest that peripheral blood grafts may
include mobilized leukemic cells resulting in greater graft
contamination. Information on the CD34+ cell dose was
not available for many patients in our study, hence we
were unable to study the effect of CD34+ cell dose on out-
comes. 
An important and still unanswered question is whether

autologous transplantation should be routinely used or be
further investigated for acute myeloid leukemia in first
complete remission.25 Autotransplantation strategies were
initially developed for patients lacking a matched sibling
donor or for older patients considered unsuitable candi-
dates for allogeneic transplantation. Over the last decade,
safer allografts, suitable for older patients with acute
myeloid leukemia, using reduced intensity condition-
ing,24-29 and broad use of well-matched unrelated donor
transplants have yielded outcomes similar to those of
matched sibling donor allogeneic bone marrow or allo-
geneic peripheral blood transplants for acute myeloid
leukemia in remission.28,30,31 Therefore, only patients with-
out a suitable allogeneic donor might be considered
potential candidates for autotransplantation.
Nonetheless, the favorable outcomes we report suggest
that autologous peripheral blood transplantation should
be studied again in well-designed prospective studies,
especially in the context of post-transplant immune-
mediated cell therapy which may target clonogenic
leukemic cells.32
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