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A B S T R A C T

Purpose
To determine the prognostic impact of persistent cytogenetic abnormalities at complete remission
(CR) on relapse-free survival (RFS) and overall survival (OS) in patients with acute myeloid leukemia
(AML) and to examine the potential role of allogeneic stem-cell transplantation (SCT) in this setting.

Patients and Methods
Data from 254 adult patients with AML (excluding acute promyelocytic leukemia) who achieved
CR after induction chemotherapy on various first-line protocols were examined.

Results
Median follow-up for surviving patients was 43 months. Patients with cytogenetic abnormalities at
CR (n � 71) had significantly shorter RFS (P � .001) and OS (P � .001) compared with patients
with normal cytogenetics at CR (n � 183); 3-year RFS was 15% and 45%, and 3-year OS was 15%
and 56%, respectively. Among the patients with persistent cytogenetic abnormalities at CR, those
who underwent SCT in first CR (CR1; n � 15) had better RFS and OS compared to those without
SCT (n � 56; P � .04 and .06, respectively). In multivariate analysis, persistent cytogenetic
abnormalities at CR was an independent predictor for RFS (P � .001) and OS (P � .001), but
among patients with persistent cytogenetic abnormalities at CR, no significant differences in OS
(P � .25) was observed between those who did or did not receive SCT with a trend favoring SCT
for RFS (P � .08).

Conclusion
Persistent cytogenetically abnormal cells at CR predict a significantly shorter RFS and OS. SCT in
CR1 may improve the clinical outcome of patients lacking cytogenetic remission after induction
although this depends on patient selection.

J Clin Oncol 29:2507-2513. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Acute myeloid leukemia (AML) is a heterogeneous
group of clonal hematopoietic progenitor cell disor-
ders. Cytogenetic abnormalities are identified in ap-
proximately 55% of adult patients with AML. They
are among the most important pretreatment factors
for predicting clinical outcome.1-6 Despite consider-
able progress over the past three decades, and a rel-
atively high remission rate (approaching 70% to
80% in younger adults) with intensive chemothera-
py, only 30% to 40% of patients survive 5 years after
diagnosis. Many patients will experience relapse,
which is likely predisposed to by the presence of
minimal residual disease (MRD).

Early assessment of treatment response may be
useful to design risk-adapted treatment. It is impor-
tant to identify both patients who are at high risk of
relapse and need intensive postremission treatment,
including allogeneic stem-cell transplantation
(SCT), and patients who can potentially be cured
with the current regimens and are likely not to need
additional therapy, thereby reducing the treatment-
related morbidity and mortality associated with
postremission intensification. Few studies have ad-
dressed the prognostic significance of persistent cy-
togenetic abnormalities at the time of complete
remission (CR) after induction or consolidation.7-9

To our knowledge, the potential advantages or dis-
advantages of SCT in this setting have not been ex-
amined to date. We undertook this study to
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determine further the prognostic significance of persistent cytogenetic
abnormalities at CR in a relatively large cohort of patients with AML,
and to examine the potential role of SCT in this setting. The study
demonstrated that the presence of cytogenetically abnormal cells at
CR after induction predicts for a shorter relapse-free survival (RFS)
and overall survival (OS); thereby suggesting that these patients may
benefit from further intensive treatment, such as SCT. However, in a
multivariate analysis, SCT had no statistically significant impact on
RFS and OS for these patients.

PATIENTS AND METHODS

Patients

We identified 357 consecutive newly diagnosed previously untreated
patients with AML with cytogenetic abnormalities at initial diagnosis, who
achieved CR after receiving induction therapy on various first-line protocols
between January 2000 and February 2009 at the University of Texas MD
Anderson Cancer Center. Patients with acute promyelocytic leukemia (APL)
were excluded as the established therapeutic end point in APL is now clearly
the achievement of molecular remission as defined by the absence of the
PML-RAR� fusion transcript using polymerase chain reaction and the prog-
nostic significance of molecular CR is clearly established in this disease.10,11

Among these, 254 patients had a successful bone marrow (BM) cytogenetic
analysis performed at the time of morphological CR after induction chemo-
therapy generally about 1 month after initiation of induction, and are the
subject of this analysis. The induction regimens for these patients included
high-dose ara-C (� 1 g/m2 per cycle) plus idarubicin (n � 96), plus fludara-
bine (n � 70), or plus miscellaneous drugs (such as daunorubicin, clofarabine,
topotecan, troxacitabine, or liposomal daunorubicin, n � 44), or standard
dose ara-C (� 1 g/m2 per cycle) with other agents (such as daunorubicin or
clofarabine, n � 18); 26 patients had non-ara–C based regimens. All patients
signed a consent approved by the institutional review board of the University
of Texas MD Anderson Cancer Center for collection of samples and for
participation in the ongoing clinical trials.

Cytogenetic Analysis and Definitions

All samples were analyzed by the standard cytogenetic techniques at
University of Texas MD Anderson Cancer Center. To define a karyotype as
normal, at least 20 metaphases from the BM were analyzed. For samples with
abnormal cytogenetic, analyses with fewer than 20 metaphases were accept-
able. Cytogenetic risk group was assessed based approximately on the criteria
published by the Cancer and Leukemia Group B.2 The unfavorable-risk group
included patients with �5, �7/7q-, inv(3), t(6;9), t(6;11), t(11;19), trisomy 8,
or complex cytogenetic (� 3 abnormalities, excluding patients who had ab-
normalities with t,(8,21) inv(16)/t,(16,16) n � 120). All other patients were
included in the intermediate-/favorable-risk group (n � 134).

CR was defined based on the criteria reported by the International
Working Group.12 In order to achieve CR, patients had to have an absolute
neutrophil count higher than 1,000/�L, platelet count higher than
100,000/�L, and be independent of transfusions, with a bone marrow
examination that revealed fewer than 5% of blast cells, no Auer rods, and
no cluster of blast cells. They also had to have no evidence of extramedul-
lary leukemia. Relapse was defined as at least 5% blasts in the BM or
development of extramedullary leukemia.

Statistical Analysis

OS was measured from the date of initial treatment until the date of death
and censored on the date of the last follow-up if alive. RFS was measured from
the date of remission until the date of relapse or death and censored on the date
of last follow-up if alive.12 Descriptive statistics were calculated. Kaplan-Meier
curves were used to estimate unadjusted OS and RFS. Log-rank tests were used
to compare each time-to-event variable between groups. The Cox propor-
tional hazards regression model was used to evaluate the ability of the relevant
variables to predict either OS or RFS. Since the time between the remission and
the transplant varies among patients, the transplant was treated as a time-

dependent variable in the following Cox regression model so that the different
time lengths from remission to transplant have been taken into consideration.
For each studied factor, the relative risk (RR) of relapse or death was estimated
in univariate and multivariate analyses controlling for other risk factors. The
covariates examined included age, WBC, hemoglobin (Hgb), platelet, BM
blast percentage, Eastern Cooperative Oncology Group performance status,
lactate dehydrogenase (LDH), treatment regimen (ie, high-dose cytarabine
[HDAC] versus standard dose cytarabine [SDAC] v others), sex, race, SCT,
diagnosis (de novo versus secondary and therapy-related AML) and cytoge-
netic risk.

RESULTS

Predictors of Outcome

Among the 254 patients who had an evaluable cytogenetic study
in CR, 71 (28%) had persistent cells with abnormal karyotype (ACCR)
which were identical to the clone that was present at diagnosis, and 183
(72%) had normal cytogenetics at CR (NCCR). This is higher than
what was reported by Marcucci7 but similar to the report by Freireich,8

perhaps due to single institution nature of these studies. The median
age of all patients was 52.5 years (range, 18 to 86 years) and median
follow-up for surviving patients was 43 months (range, 5 to 115
months). The presenting features of these patients are shown in Table
1. The pretreatment characteristics of the two group were similar
including clinical parameters such as WBC, Hgb, performance status,

Table 1. Clinical Characteristics at Presentation

Characteristic

NCCR (n � 183) ACCR (n � 71)

PMedian Range Median Range

Age 50 18-83 61 19-86 � .001
WBC 6.1 0.3-300.5 3.2 0.6-433 .67
PLT 43.5 6-463 66 7-470 .03
Hgb 8.2 2.5-13.4 8.6 3-12.5 .54
BM blast, % 50 5-94 36 8-96 .04
LDH 881 264-8,336 598.5 259-8,460 .001
Time to CR 29 19-215 35 20-409 .04

No. % No. %

PS � 0 42 23 13 18 .42
Chemotherapy

HDAC based 162 89 48 68 � .001
SDAC based 10 6 8 11
Other 11 6 15 21

SCT
Yes 51 28 15 21 .27
No 132 72 56 79

Sex, female 87 48 31 44 .53
Race, white 131 72 57 80 .6
Cytogenetic risk

Unfavorable 67 37 53 75 � .001
Favorable/Int 116 63 18 25

Diagnosis
AML (de novo) 146 80 50 70 .11
S-AML/T-AML 37 20 21 30

Abbreviations: NCCR, normal cytogenetics at complete response; ACCR,
abnormal cytogenetics at complete response; PLT, platelet; Hgb, hemoglobin;
BM, bone marrow; LDH, lactate dehydrogenase; CR, complete remission; PS,
performance status; HDAC, high-dose cytarabine; SDAC, standard-dose cyt-
arabine; SCT, stem-cell transplantation; Int, intermediate; AML, acute myeloid
leukemia; S-AML, secondary AML; T-AML, therapy-related AML.
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sex, race, and proportion of patients who had therapy-related AML or
secondary AML (arising from myelodysplastic syndrome or my-
eloproliferative disorder), However, the two groups differed by their
median age (P � .001), platelet (P � .03), the percentage of BM blasts
(P � .04), unfavorable cytogenetics (P � .001), and the percentage of
patients receiving HDAC-based chemotherapy (P � .001). The me-
dian time from the initiation of treatment to CR was 29 days for the
NCCR group compared with 35 days for ACCR group (P � .04).
Similar proportion of patients in the two groups proceeded to an SCT
in first CR (Table 1).

The ACCR group had statistically significant shorter RFS when
compared to the NCCR group (median, 6 months; 95% CI, 4 to 8
months; and 21 months; 95% CI, 19 to 53 months, respectively,
P � .001; Figure 1A). The two groups also had statistically significantly
different OS (median, 11 months; 95% CI, 10 to 14 months; and 46
months; 95% CI, 34 to not reached; P � .001; Fig 1B). At 3 and 5 years,
45% (95% CI, 38% to 54%) and 41% (95% CI, 34% to 50%) for the
NCCR group were alive and in CR versus 15% (95% CI, 8% to 26%)
and 12% (95% CI, 6% to 24%) of the patients in the ACCR group.
Corresponding estimated OS at 3 years and 5 years were 56% (95% CI,
48% to 64%) and 47% (95% CI, 39% to 56%) for the NCCR group,
compared to 13% (95% CI, 8% to 27%) and 13% (95% CI, 8% to
27%) for the ACCR group.

The clinical outcome was also significantly different between the
two groups when the analysis was done based on cytogenetic risk at
diagnosis. One hundred twenty patients (47%) had unfavorable-risk
cytogenetics, and 134 (53%) had intermediate and favorable risk
karyotype. Among the patients with unfavorable-risk cytogenetics,
RFS was significantly shorter for the ACCR group (n � 53) compared
with the NCCR group (n � 67; median 5 months and 10 months,
respectively, P � .001; Fig 2A and Table 2); 3-year RFS was 29% and
7%, respectively. OS was also significantly shorter for the ACCR group
(median 11 months and 20 months, respectively, P � .001; Fig 2B and
Table 2); 3-year OS was 32% and 8%, respectively. Similarly, when the
analysis was limited to patients with favorable-/intermediate-risk
groups (n � 134), the statistically significant difference between the
ACCR group (n � 18) and NCCR group (n � 116) persisted with
median RFS of 7 and 53 months, respectively (P � .005; Fig 2A and
Table 2), and median OS of 17 and 88 months, respectively (P � .001;
Fig 2B and Table 2); 3-year RFS was 33% and 55%, respectively, and
3-year OS was 32% and 70%, respectively. The RFS (Fig 2A) and OS
(Fig 2B) for patients with unfavorable-risk cytogenetic at diagnosis
who achieved normal cytogenetics at CR (n � 67) were similar to that
of patients with favorable/intermediate risk with abnormal cytogenet-
ics at CR (n � 18).
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complete response; Cg, cytogenetic; Int, intermediate; NCCR, normal cytogenet-
ics at complete response.

A

0

P < .001

P < .001

Re
la

ps
e-

Fr
ee

 S
ur

vi
va

l P
ro

ba
bi

lit
y

Time (months)

1.0

0.8

0.6

0.4

0.2

20 40 60

NCCR: Median, 21.3 (17.8 to 53.1)
ACCR: Median, 5.5 (4.4 to 7.7)

(n = 183)

(n = 71)

(n = 183)

(n = 71)

80 100

B

0

Ov
er

al
l S

ur
vi

va
l P

ro
ba

bi
lit

y

Time (months)

1.0

0.8

0.6

0.4

0.2

20 40 60

NCCR: Median, 45.5 (34 to NA)
ACCR: Median, 11.3 (9.6 to 13.9)

80 100

Fig 1. (A) Relapse-free survival by cytogenetic status at complete remission
(CR). (B) Overall survival by cytogenetic status at CR. ACCR, abnormal cytoge-
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NA, not available.
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Potential Role of SCT

Overall, 66 patients underwent SCT from matched sibling do-
nors (n � 33) or matched unrelated donors (n � 28) at CR; four had
alternative source donors (ie, cord blood) and the source in one
patient who received his SCT elsewhere is unknown. The preparative
regimen was fludarabine plus busulfan in 35, fludarabine plus mel-
phalan in 25, and other investigational regimens in five; one patient
underwent SCT elsewhere. Among them, 51 patients (77%) had nor-
mal, and 15 (23%) had abnormal cytogenetics at CR. In the ACCR
group, patients receiving SCT (n � 15) had a significantly longer RFS
(P � .04; Fig 3A and Table 2) and better OS (P � .06; Fig 3B and Table
2) compared to those without SCT (n � 56); 3-year RFS was 33% and
9%, and 3-year OS was 33% and 8%, respectively. Similarly, in the
NCCR group, patient with SCT (n � 51) had a longer RFS (P � .06;
Fig 3A and Table 2) and OS (P � .004; Fig 3B and Table 2) when
compared to those patients without SCT (n � 122); 3-year RFS was
50% and 44%, and 3-year OS was 71% and 49%, respectively. Nota-
bly, the ACCR patients who had SCT could achieve similar RFS
(P � .6; Fig 3A) and OS (P � .2; Fig 3B) when compared to NCCR
patients without SCT.

Multivariate Analysis of Factors Predicting RFS

and OS

We next analyzed risk factors using the Cox regression model
(Table 3) when all variables in the Table 1 were considered. Uni-
variate analysis indentified age (P � .001), WBC (P � .01), Hgb
(P � .03), LDH (P � .001), treatment regimens (P � .001), SCT
status (P � .002), cytogenetic status at CR (P � .001), and cytoge-
netic risk (P � .001) as independent poor prognostic factors for
RFS, and age (P � .001), WBC (P � .005), LDH (P � .001),
treatment regimens (P � .001), SCT status (P � .001), cytogenetic
status at CR (P � .001), and cytogenetic risk (P � .001) as inde-
pendent adverse prognostic factors for OS. For the multivariate
fitted Cox regression model, nonsignificant variables in univariate
analyses were eliminated using in a step-down fashion of a P cutoff
of P � .1 (Table 3). The multivariate analysis identified persistent
cytogenetic abnormalities at CR (n � 71) as being independently
significant in predicting shorter RFS (P � .001) and shorter OS

(P � .001). Again, when analysis was done within the patients with
unfavorable cytogenetic group using the similar variables and
methods (data not shown), statistically significant difference was
seen in RFS (P � .003) and in OS (P � .02) between the ACCR
group (n � 53) and NCCR group (n � 67). Among patients with
favorable and/intermediate-risk groups, statistically significant
difference was seen in RFS (P � .02) and in OS (P � .009) between
the ACCR group (n � 18) and NCCR group (n � 116).

When matched by other characteristics among the ACCR group,
those who underwent SCT (n � 15) had a borderline better RFS
(P � .08), but similar OS (P � .25) compared to patients without SCT
(n � 56); among the patients with NCCR, statistically significant
difference was seen in RFS (P � .008) and OS (P � .001) between SCT
group (n�51) and none-SCT group (n�132). Interestingly, patients
lacking cytogenetic remission at CR who received SCT (n � 15) had a
similar RFS and OS compared to patients having cytogenetic remis-
sion at CR who did not receive SCT (n � 132).

DISCUSSION

The importance of MRD at the time of CR has been well demon-
strated in patients with acute lymphoblastic leukemia.13,14 Limited

Table 2. Outcome of Treatment

Parameter No. Parameter No. P

RFS
Unfavorable Cg 120 NCCR v ACCR 67 v 53 � .001
Favorable/Int Cg 134 NCCR v ACCR 116 v 18 .005
NCCR 183 SCT v non-SCT 51 v 132 .06
ACCR 71 SCT v non-SCT 15 v 56 .04
All 254 NCCR v ACCR 183 v 71 � .001

OS
Unfavorable Cg 120 NCCR v ACCR 67 v 53 � .001
Favorable/Int Cg 134 NCCR v ACCR 116 v 18 .001
NCCR 183 SCT v non-SCT 51 v 132 .004
ACCR 71 SCT v non-SCT 15 v 56 .06
All 254 NCCR v ACCR 183 v 71 � .001

Abbreviations: RFS, relapse-free survival; Cg, cytogenetic; Int, intermediate;
NCCR, normal cytogenetics at complete response; SCT, stem-cell transplan-
tation; ACCR, abnormal cytogenetics at complete response; OS, overall
survival.
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data are available on the effect of persistent MRD on the outcome
of adult patient with AML. Our results, derived from a relatively
large group of adult patients with non-M3 AML, show that the
persistence of previously detected cytogenetically abnormal clones
at the time of CR after induction is predictive of a worse clinical
outcome. This was true even in patients with unfavorable-risk
cytogenetics at diagnosis. We analyzed 357 consecutive previously
untreated patients with AML (excluding APL) with cytogenetic
abnormalities at initial diagnosis, who achieved CR after receiving
induction using various first-line regimens. Seventy-one patients
had persistently abnormal karyotype at CR, making this the largest
series to date examining the importance of achieving cytogenetic
remission at CR in adult AML.7-9 Other smaller reports have ex-
amined the prognostic impact of persistent abnormal clones after
consolidation,7 induction,8 or at the time of BM harvest for trans-
plantation.9 Our results are consistent with a similar study of 15
patients with abnormal cytogenetics at morphologic CR by the
Cancer and Leukemia Group B.8 The authors concluded that per-
sistence of cells with abnormal karyotype predicted a shorter OS
and RFS, as well as a higher relapse rate.

These data further confirm the potential role of MRD assess-
ment for estimating the risk of relapse, which can complement the
presenting characteristics well known to be predictors of outcome,
such as cytogenetic and molecular abnormalities. Such data as well
as more sensitive measures of MRD such as polymerase chain
reaction for known molecular aberrations as well as flow cytom-
etry, may allow treatment to be tailored to a patient’s risk of relapse
thereby avoiding the exposure to more intensive therapy in pa-
tients at low risk of relapse.

We analyzed whether SCT can improve the outcome of patients
with abnormal karyotype at first CR (CR1) and found that patients
who received SCT in CR1 (n � 15) had better RFS and OS compared
to those without SCT (n�56; P� .04 and .06, respectively). However,
on multivariate analysis, after adjusting for other covariates, patients
who underwent a SCT had a better RFS but not OS.

The extent of MRD at CR is largely unknown and patients may
still harbor as many as 1010 leukemic cells. Morphological assessment
of treatment responses is subjective and the limit of detection of
leukemic cells by this method is only at a level of 1% to 5%. Therefore,
the use of cytogenetic analysis, flow cytometry, and molecular meth-

ods to detect MRD can provide a more sensitive measure of residual
leukemia. The disadvantage of cytogenetics is that it is labor intensive,
lacks sensitivity (5%), and requires preparation of metaphase chro-
mosomes. Fluorescent in situ hybridization improves the sensitivity
level to 0.3% to 5%, without the requirement for dividing cells; but it is
also labor-intensive. In addition, around 40% to 50% of patients with
AML lack karyotypic abnormalities at diagnosis, negating their use to
detect MRD.

Evaluation of MRD by real-time quantitative polymerase
chain reaction detecting leukemia-specific targets including fusion
gene transcripts15,16 and mutations such as NPM1 mutation17,18

has been recently established. In a study focusing on patients with
the AML1-ETO fusion, molecular response was found to be inde-
pendent of other pretreatment risk factors.16 However, leukemia-
specific molecular targets are not available for approximately 40%
of patients with AML. There has been considerable interest in
developing alternative approaches to allow MRD detection to be
extended to a much greater proportion of patients. The Wilms’
tumor gene (WT1), which is overexpressed in approximately 70%
to 90% of patients with AML, has the potential of being more
universally applicable.19-23 The best-performing assay has a sensi-
tivity of 1 target cells in 104 normal cells as demonstrated by the
European LeukemiaNet.19 Reduction in WT1 after induction or
consolidation both predicted a decreased risk of subsequent re-
lapse.19 These results highlight the potential of early assessment of
WT1 transcript reduction to enhance risk stratification, and to
identify patients who may benefit from SCT.

MRD monitoring by multiparameter flow cytometry (MFC) and
real-time quantitative polymerase chain reaction–based detection has
been shown to be a powerful independent prognostic factor and is
now routinely used to guide therapy in patients with acute lympho-
blastic leukemia.24-27 The use of MFC for detection of MRD in AML
by defining leukemia-associated immunophnotypes can be used in
virtually all patients with AML (88% to 95%).28-36 Although immu-
nophenotypic shifts could occur between diagnosis and relapse in
90% of cases, this did not prevent MRD analysis.31 The detection of
residual disease by MFC after induction31,32,34,36 or consolidation28,30

was an independent predictor of shorter clinical outcome in both
children31,32,34,36 and adults with AML.28,30 The use of targeted chem-
otherapy and SCT, in the context of comprehensive risk-stratification

Table 3. Multivariate Analysis of Prognostic Factors

Parameter

Relapse-Free Survival Overall Survival

HR 95% CI P HR 95% CI P

Age, per 10 years 1.1 1.0 to 1.3 .05 1.2 1.1 to 1.4 .003
Hemoglobin 0.9 0.8 to 1.0 .003 0.9 0.8 to 1.0 .05
Regimen, HDAC v SDAC 1.4 0.8 to 2.3 .16 1.3 0.8 to 2.1 .30
Cg, poor v other 2.5 1.7 to 3.7 � .001 2.7 1.8 to 4.2 � .001
ACCR v NCCR 2.0 1.4 to 2.9 �.001 1.8 1.2 to 2.7 .001
SCT, yes v no 0.2 0.1 to 0.4 � .001 0.3 0.2 to 0.6 �.001
Poor Cg, NCCR v ACCR 0.5 0.3 to 0.8 .003 0.6 0.4 to 0.9 .02
Other Cg, NCCR v ACCR 0.5 0.2 to 0.9 .02 0.4 0.2 to 0.8 .009
NCCR, SCT v non-SCT 0.5 0.3 to 0.8 .008 0.4 0.2 to 0.7 .001
ACCR, SCT v non-SCT 0.5 0.3 to 1.1 .08 0.7 0.3 to 1.3 .25

Abbreviations: HR, hazard ratio; HDAC, high-dose cytarabine; SDAC, standard-dose cytarabine; Cg, cytogenetic; ACCR, abnormal cytogenetics at complete
response; Other Cg, favorable/intermediate cytogenetic; NCCR, normal cytogenetics at remission; SCT, stem-cell transplantation.
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based on presenting genetic and molecular features, combined with
MRD data, may improve outcome in patients with AML.32 Further-
more, the sensitivity of the test (0.1% to 0.01%) is likely to be im-
proved by 6 to 8 color flow technology35 and by the characterization of
markers such as CLL-1 that appear to differentiate between leukemic
and normal stem cells.37-38

The observation that persistent cytogenetic abnormalities at
CR after induction has an independent prognostic value in AML
suggests that even with a less sensitive technique, persistent MRD
can detect those patients that may benefit from early intensification
of postremission therapy. This is particularly important as more
sophisticated assay techniques, such as flow cytometry and molec-
ular genetic analyses, vary significantly between laboratories, pre-
cluding their general use at present time. Furthermore, our data
suggest that SCT may improve clinical outcome in these patients
and should be considered in all patients with persistent abnormal
karyotype in CR1. This study further emphasizes the potential role
of detecting MRD in the future management of patients with AML.
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