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ABSTRACT. Different molecular aberrations can be discriminated
into certain prognostic subgroups in cytogenetically normal acute
myeloid leukemia (CN-AML) patients but their impact on allogeneic
hematopoietic stem cell transplantation (allo-HSCT) remains
controversial and studies from Asian populations are lacking. Forty-
two adult non-M3 AML patients receiving allo-HSCT from 2002 to
2009 in southern Taiwan were retrospectively reviewed for survey,
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23 (54.7%) of whom were CN-AML. NPM1, FLT3-1TD, and CEBPA
were analyzed. After a median follow-up of 104 weeks (range, 8
to 384), patients in the good risk group (harboring either NPMI or
CEBPA mutation without concurrent FL73-1TD) showed a borderline
worse overall survival (OS) compared with the intermediate/poor risk
group (P = 0.08). Interestingly, a poorer OS was found in patients
with the CEBPA mutation (P = 0.003) but not the NPM1 mutation
(P = 0.96). No OS difference was found between patients with or
without FLT3-ITD (P = 0.15). In patients receiving allo-HSCT
at first remission, there was no significant OS benefit in the good
risk group (P = 0.33). In patients receiving allo-HSCT beyond first
remission, disease status played a major role (P = 0.006), irrespective
of molecular aberrations. Allo-HSCT in good risk patients should
be carefully evaluated in Taiwanese, especially in patients with the
CEBPA mutation. Conversely, allo-HSCT should be considered in
first remission in patients with an intermediate/poor risk, where it may
overcome the adverse impact of FLT3-ITD. Disease status remained
a main issue in patients receiving allo-HSCT beyond first remission.

Key words: Acute myeloid leukemia; Cytogenetic; Mutation;
Hematopoietic stem cell transplantation; Molecular aberrations

INTRODUCTION

Cytogenetics is one of the most important prognostic factors in acute myeloid leu-
kemia (AML), and the categorization into good, intermediate, and poor risk groups has been
widely used for risk-adapted therapy (Grimwade et al., 1998; Byrd et al., 2002; Mrozek
et al., 2004). Cytogenetically normal AML (CN-AML), found in 40-50% of all cases of
AML, represents a heterogenous entity and is categorized as an intermediate risk group.
In recent years, several molecular aberrations have been found to refine the prognosis and
have changed the understanding of CN-AML. Among them, the mutations of FL73 (Fms-
like tyrosine kinase 3) (Frohling et al., 2002; Thiede et al., 2002), NPMI (nucleophosmin
1) (Dohner et al., 2005; Schnittger et al., 2005), and CEBPA (CCAAT enhancer-binding
protein a) (Frohling et al., 2004; Green et al., 2010; Taskesen et al., 2011), have been found
to have a prognostic impact and have been integrated into risk stratification, for example,
in the National Comprehensive Cancer Network (NCCN) guidelines and European Leuke-
miaNet (ELN) recommendations (Ddhner et al., 2010; O’Donnell et al., 2011). In CN-AML
patients, isolated NPM1 or CEBPA mutations without FLT3-ITD are considered to be a
good risk and FLT3-ITD a poor risk in the NCCN guidelines but an intermediate risk in
the ELN recommendations (D6hner et al., 2010; Foran, 2010; O’Donnell et al., 2011). The
combination of morphology, immunophenotyping, cytogenetics, and molecular aberrations
has provided essential parameters for treatment decision making, especially in post-remis-
sion therapy, including consolidation chemotherapy and allogeneic hematopoietic stem cell
transplantation (allo-HSCT).

Allo-HSCT from a suitable donor after myeloablative conditioning is a curative
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treatment option for younger AML patients in first remission. Based on cytogenetic risk
stratification, allo-HSCT has shown significant relapse-free survival and overall survival
benefits for patients with intermediate and poor risk AML but not for those with good risk
AML, according to a meta-analysis of prospective trials compared with non-transplant post-
remission therapies (Koreth et al., 2009). However, the impact of molecular aberrations
on allo-HSCT remains unclear. In patients with FL73-ITD, no survival benefits from allo-
HSCT were found based on a “donor versus no donor” comparison (Gale et al., 2005), but a
reduced risk of relapse was found in patients with FLT3-ITD after allo-HSCT (Bornh&user
et al., 2007). In patients with isolated NPM1 mutations without FLT3-ITD, no survival ben-
efits were found based on a “donor versus no-donor” comparison (Schlenk et al., 2008). In
patients with isolated CEBPA mutations, the survival benefit from allo-HSCT is currently
unknown. Furthermore, most studies have been in Western populations, and studies from
Asian population are still lacking.

In patients with relapsed disease, the prognosis remains poor and long-term survival
depends on the ability to successfully induce a second remission and then consolidate with
allo-HSCT. Allo-HSCT is the preferred therapy if HLA identical siblings or matched unrelated
donors are available (Estey, 2000; Breems et al., 2005; Craddock et al., 2005; Dohner et al.,
2010; Foran, 2010; O’Donnel et al., 2011). Although a prognostic index including remission
duration, initial cytogenetics, prior HSCT or not, and age at relapse has been developed for
younger patients with relapsed AML (Breems et al., 2005), the impact of molecular aberra-
tions on allo-HSCT is still unclear in CN-AML patients beyond first remission. Since the
prognostic impact of molecular aberrations on the outcomes of allo-HSCT remains uncertain,
and studies from Asian population were still lacking, the aim of this study was to analyze
CN-AML patients undergoing allo-HSCT to evaluate the impact of different molecular aber-
rations, including mutations of NPM1, FLT3-1TD, and CEBPA, on the clinical outcomes of
allo-HSCT in the Taiwanese population.

MATERIAL AND METHODS

A total of 42 de novo non-M3 adult AML patients who received allo-HSCT from July
2002 to November 2009 were retrospectively reviewed in the Kaohsiung Medical University
Hospital, a referral medical center in southern Taiwan. Therapy-related MDS/AML was ex-
cluded. The cytogenetic studies were performed on bone marrow samples using the conven-
tional G-banding method when AML was first diagnosed. Among them, a normal karyotype
was found in 23 (54.7%) patients, forming the database for analysis after obtaining informed
consent and approval from the Institutional Review Board of the Kaohsiung Medical Univer-
sity Hospital. All patients received standard I3A7 (12 mg/m? idarubicin for 3 days and 100
mg/m? cytarabine for 7 days) induction chemotherapy after the diagnosis of AML. Failure to
achieve remission after [3A7 was defined as induction failure. Six (26.1%) patients were clas-
sified as induction failure and were given re-induction chemotherapy.

The disease status at the time of allo-HSCT was determined, and 11 (47.8%) patients
were in first remission, 5 (21.7%) patients in second remission, and 7 (30.4%) patients with-
out remission. The median follow-up period was 104 weeks (range 8 to 384 weeks). All pa-
tients were engrafted successfully, and all patients received standard graft-versus-host disease
(GVHD) prophylaxis with methotrexate and cyclosporine. The basic characteristics of the
patients receiving allo-HSCT are shown in Table 1.
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Table 1. Basic characteristics of the CN-AML patients receiving allo-HSCT.

Characteristics Number of patients (%, N = 23)
Age (years)

Median 41

Range 22-61
Gender

Male 7(30.4)

Female 16 (69.6)
Failure of induction chemotherapy

Yes 6(26.1)

No 17 (73.9)
Donor

HLA-identical sibling 15 (65.2)

Alternative 8(34.8)
Disease status at the time of allo-HSCT

First remission 11 (47.8)

Second remission 5(21.7)

No remission 7(30.4)
Conditioning

Myeloablative 21 (91.3)

Reduced-intensity regimen 2(8.7)

TBI-containing regimen 22(95.7)

Non-TBI regimen 1(4.3)

ATG-containing regimen 6(26.1)

Non-ATG-containing regimen 17 (73.9)
CD34" cells (x 10°kg)

Median 7.22

Range 3.16-11.65
Acute GVHD

Grades 0-1 14 (60.9)

Grades II-1V 9(39.1)

TBI = total body irradiation; ATG = anti-thymocyte globulin; GVHD = graft-versus-host disease.

Genomic DNA isolated from mononuclear cells of bone marrow samples at the time
of diagnosis of AML was analyzed to determine the mutational status of NPM1, CEBPA and
FLT3-ITD in all CN-AML patients. Polymerase chain reaction (PCR) amplification of NPM1
exon 12 was carried out followed by direct sequencing for determination of NPM/ mutation
status as previously described (Dohner et al., 2005). PCR was carried out and the products
were resolved on a 2% agarose gel stained with ethidium bromide for determination of FLT3-
ITD mutation status (Frohling et al., 2002). Four different sets of primers were used for PCR
amplification followed by direct sequencing to determine the CEBPA-coding region mutation
status, as previously described (Frohling et al., 2004).

Categorical variables were analyzed using chi-square tests. Kaplan-Meier analysis
was performed to estimate relapse-free survival and overall survival. The probabilities be-
tween subgroups were compared by the log-rank test. All statistics were calculated using the
SPSS 11.5 software (SPSS Inc., Chicago, IL, USA). P < 0.05 indicated a statistically signifi-
cant difference.

RESULTS

Among the 23 CN-AML patients who received allo-HSCT, the NPMI mutation
was found in 7 (30.4%) patients, FLT3-ITD in 3 (13.0%) patients, and CEBPA mutation in
4 (17.4%) patients. Among the 7 patients with the NPM [ mutation, 2 were found to have a
concurrent FL73-ITD mutation, and the other 5 patients did not have the FLT3-ITD mutation.
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Among the 4 patients with the CEBPA mutation, 1 had a double mutation, and none of them
was found to have a concurrent FL73-1TD mutation.

After induction chemotherapy with I3A7, 6 (26.1%) patients failed to achieve remis-
sion. The NPM1 and CEBPA mutation status showed no association with remission rate (P
=0.99 and 0.99, respectively). More induction failure was found in patients with FLT73-ITD
(66.7%) compared with patients without FLT73-ITD (16.7%), but no statistical significance
was found (P = 0.16).

The overall survival and relapse-free survival categorized by disease status at the time
of allo-HSCT are shown in Figure 1. Patients in any remission status showed significantly
better overall survival (P < 0.001, Figure 1A) and relapse-free survival (P =0.002, Figure 1B)
compared with patients who were not in remission at the time of allo-HSCT. Among patients

in remission, the first remission and the second remission showed no clinical significance in
terms of overall survival (P=0.31).
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Figure 1. A. Overall survival and B. relapse-free survival of the CN-AML patients receiving allo-HSCT categorized
by disease status at the time of allo-HSCT.

The overall survival after allo-HSCT categorized by different molecular aberrations
is shown in Figure 2. When categorized into two risk groups by molecular aberrations, the
patients in the good risk group (harboring either NPM1 or CEBPA mutations without concur-
rent FLT3-ITD) showed a borderline significantly worse overall survival compared with the
patients in the intermediate/poor risk group (P = 0.08, Figure 2A). No overall survival dif-
ference was found between patients with or without the NPM1 mutation (P = 0.96, Figure
2B). Interestingly, a poorer overall survival was found in patients with the CEBPA mutation
compared with patients without the CEBPA mutation (P = 0.003, Figure 2C). A poorer overall

survival was found in patients with the FLT3-ITD mutation, but this did not reach statistical
significance (P = 0.15, Figure 2D).
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Figure 2. Kaplan-Meier survival estimates of the CN-AML patients receiving allo-HSCT categorized by genotype.
A. Good molecular risk group versus intermediate/poor molecular risk group. B. NPM1 mutation versus NPM1
wild-type (WT). C. CEBPA mutation versus CEBPA WT. D. FLT3-1TD versus no FLT3-ITD.

Eleven patients received allo-HSCT at first remission, 4 of whom were in the good
risk group and 7 in the intermediate/poor risk group. None of them was found to have FLT3-
ITD. Patients in the good risk group did not have any significant overall survival benefits after
allo-HSCT, and an even worse overall survival compared with patients in the intermediate/
poor risk group (P = 0.33, Figure 3A). Two of the 4 patients in the good risk group and 1 of
the 7 patients in intermediate/poor risk group died. The causes of death in the good risk group
included 1 patient with acute GVHD and 1 patient who relapsed, with a treatment-related
mortality (TRM) rate of 25%. The cause of death in the intermediate/poor risk group was acute
GVHD, with a TRM of 14.2%.

In the 12 patients who received allo-HSCT beyond first remission, disease status
played an important role on overall survival. Patients in second remission (N = 5) had a
significantly better overall survival compared with patients without remission (N = 7, P =
0.006, Figure 3B). There was no statistical significance in overall survival between patients
in the good risk group and the intermediate/poor risk group (P = 0.17, Figure 3C). Similarly,
no overall survival difference was found between patients with or without FLT3-ITD (P =
0.28, Figure 3D).
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Figure 3. Kaplan-Meier survival estimates of the CN-AML patients receiving allo-HSCT at first remission (A) and
beyond first remission (B-D) categorized by genotype. A. Patients in first remission, good molecular risk group
versus intermediate/poor molecular risk group. B. Disease status at the time of allo-HSCT in patients beyond first
remission. C. Patients beyond first remission, good molecular risk group versus intermediate/poor molecular risk
group. D. Patients beyond first remission, FLT3-ITD versus no FLT3-ITD.

DISCUSSION

In this study focusing on the Taiwanese population, the good molecular risk group,
including those with isolated NPM1 or CEBPA mutations without FL73-ITD, did not have an
overall survival benefit after allo-HSCT compared to the intermediate/poor risk group, either
in all patients or in patients in first remission. Interestingly, patients harboring isolated CEBPA
mutations had a significantly worse overall survival compared with those without CEBPA
mutations, but this was not seen in patients with isolated NPM[ mutations. No difference in
overall survival was found in patients with or without FL73-ITD. In patients receiving allo-
HSCT at first remission, those in the good risk group still had no overall survival benefits. In
patients receiving allo-HSCT beyond the first remission, disease status played a major role
irrespective of molecular aberrations.

Several large studies in Western populations have demonstrated that the NPM [ muta-
tion without an additional FLT3-ITD mutation is associated with a better remission rate after
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induction chemotherapy and overall survival (Déhner et al., 2005; Schnittger et al., 2005;
Thiede et al., 2006; Schlenk et al., 2008). To explore the role of allo-HSCT in patients with
isolated NPM1 mutations, a “donor versus no-donor” comparison in post-remission therapy
was performed by the German-Austrian AML study group, which found a similar outcome
for patients independent of the availability of an HLA-matched sibling donor (Schlenk et al.,
2008). In other genotypes (excluding mutant CEBPA), a survival benefit was found if a donor
existed. This indicates that in patients with isolated NPM I mutations, the role of allo-HSCT in
first remission should be carefully evaluated.

The prognostic impact of CEBPA mutations has also been evaluated by several study
groups from Western populations. Similar to NPM1 mutations, isolated CEBPA mutations
without additional FLT3-ITD was associated with better clinical outcomes including remis-
sion duration and overall survival in several studies (Preudhomme et al., 2002; Frohling et al.,
2004), but the impact on allo-HSCT has seldom been analyzed. Our study revealed a poorer
outcome in patients with the CEBPA mutation receiving allo-HSCT, even though none of them
had FLT3-ITD. Some factors may be considered for such condition. First, only one patient
with an isolated CEBPA mutation (25%) had a double mutation, and the others had a single
mutation. Several studies have shown that CEBPA-double but not CEBPA-single mutation
patients have a better overall survival (Green et al., 2010; Taskesen et al., 2011). Second, more
patients with the CEBP4 mutation were in non-remission status at the time of allo-HSCT.
Although this interpretation should be cautious due to the limited case number, the role of allo-
HSCT should be carefully evaluated in patients with isolated CEBPA mutations.

Most studies have demonstrated an adverse prognostic factor in patients with the
FLT3-1TD mutation, but whether allo-HSCT is beneficial for patients with the FLT3-ITD mu-
tation is controversial. In one study, no survival benefit was found in patients with FLT3-ITD
undergoing allo-HSCT based on a “donor versus no-donor” comparison (Gale et al., 2005).
In contrast, a reduced risk of relapse was found for patients with FLT3-ITD undergoing allo-
HSCT in another study (Bornhduser et al., 2007). In our analysis, patients with FL73-ITD had
a relatively worse overall survival, but this did not reach statistical significance. However,
in patients beyond first remission, there was no survival difference between patients with or
without FLT3-1TD, indicating that allo-HSCT may be able to overcome the adverse impact of
FLT3-ITD. Since most studies have been retrospective, prospective studies are necessary to
clarify the prognostic effect of allo-HSCT in patients with the FL73-ITD mutation.

The frequency of NPM1, FLT3-1TD, and CEBPA mutations in our cohort was similar
to studies in Western populations, suggesting that an ethnic difference is not obvious. There
were no significant associations between NPM1 and CEBPA mutations and failure of induc-
tion chemotherapy in our analysis, compatible with previous studies (Preudhomme et al.,
2002; Frohling et al., 2004; Dohner et al., 2005; Schnittger et al., 2005; Thiede et al., 2006;
Schlenk et al., 2008). In patients with FLT3-1TD, the remission rate after induction chemo-
therapy is controversial (Kottaridis et al., 2001; Schnittger et al., 2002; Frohling et al., 2002;
Thiede et al., 2002). In our patients with FLT3-ITD, including mutant NPM1 with FLT3-ITD,
we observed a relatively poorer but not statistically significant remission rate after induction
chemotherapy, although these cases were limited in our cohort.

Disease status at the time of allo-HSCT remained an important prognostic factor for
overall survival in our study. In patients achieving first remission after induction chemother-
apy, those with an intermediate/poor risk had a better survival than patients with a good risk,
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indicating the importance of allo-HSCT as post-remission therapy in intermediate/poor risk
patients. In patients beyond first remission, the impact of molecular aberrations on allo-HSCT
is unclear. In one study, FLT3-1TD and age were independently negative prognostic factors for
survival in relapsed CN-AML patients, including patients who underwent allo-HSCT after re-
lapse (Wagner et al., 2011). The NPM1 and CEBPA mutation status had no impact on survival
after relapse, but the impact on allo-HSCT was not reported. In our study, disease status was
the main determinant for overall survival, indicating the importance of entering second remis-
sion before allo-HSCT. Interestingly, survival was better in patients with an intermediate/poor
risk than in patients with a good risk, indicating that allo-HSCT may be able to overcome the
relatively poor outcome in intermediate/poor risk patients beyond first remission.

In summary, no survival benefits were found from allo-HSCT in our CN-AML pa-
tients with a good molecular risk, including patients in first remission. Furthermore, patients
with CEBPA mutations showed a significantly worse overall survival, suggesting that the role
of allo-HSCT in good molecular risk patients should be carefully evaluated, especially in pa-
tients with CEBPA mutations. Conversely, allo-HSCT should be considered in first remission
in patients with an intermediate/poor risk, and it may overcome the adverse impact of FLT3-
ITD. In patients beyond first remission, disease status was the main issue for overall survival
after allo-HSCT, irrespective of molecular aberrations.
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