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Background

The role of allogeneic hematopoietic cell transplantation (allo-HCT) compared with con-
solidation chemotherapy alone in intermediate-risk acute myeloid leukemia (AML) pa-
tients with wild-type nucleophosmin/negative or a low level of Fms related tyrosine kinase
3 internal tandem duplication (NPMTYFLT3-ITD"#"%) has not yet been elucidated.

Methods

In this study, we retrospectively investigated 88 patients newly diagnosed with AML who
received intensive induction chemotherapy at Kyungpook National University Hospital
from March 2015 to July 2017. The selection criteria included the presence of results
on genetic abnormalities including NPM7 and FLT3-ITD.

Results

According to the European LeukemiaNet (ELN) risk classification, 25 patients (28%) were
categorized as favorable, 44 (50%) as intermediate, and 19 (22%) as adverse risk. Among
the intermediate-risk patients, 40 were identified as NPM1"/FLT3-ITD™¢"*". Among the
patients with NPM1“/FLT3-ITD"®"*", complete remission (CR) was achieved in 26 pa-
tients out of 40 (65%). One-year overall survival (OS) rate was 100% in the favorable-risk
group and 87.9% in the NPM1"/FLT3-ITD"¥°" group (P=0.233). Among the inter-
mediate-risk NPM1"/FLT3-ITD"*¥"** patients, there was no survival benefit with al-
lo-HCT (N=19) compared to consolidation chemotherapy (N=21; P=0.372). In the
multivariate analysis, the ELN risk group [hazard ratio (HR), 6.36; P =0.019] and the ach-
ievement of CR (HR, 2.95; P=0.017) were both identified as factors affecting OS of pa-
tients with newly diagnosed AML.

Conclusion

Among the AML patients, intermediate-risk NPM1"/FLT3-ITD"®"* patients and favor-
able-risk patients showed similar OS rates. Our results suggested that allo-HCT might
have limited clinical benefit for the intermediate-risk NPMT“/FLT3-ITD"®"" patients.
Well controlled studies are needed to confirm the current results.

Key Words  Acute myeloid leukemia, Allogeneic hematopoietic cell transplantation,
NPM1, FLT3-ITD

INTRODUCTION

Acute myeloid leukemia (AML) is characterized by the
clonal expansion of undifferentiated myeloid precursors, re-
sulting in impaired hematopoiesis and bone marrow failure

[1, 2]. Previous studies have already shown the clinical and
biological heterogeneity of AML [3-6], and the advent of
genome sequencing has revealed AML to be a highly complex
and dynamic disease [7-10]. Molecular and cytogenetic ab-
normalities are both powerful prognostic factors for AML
and are included in the recent prognostic scoring system
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[11-15].

Allogeneic hematopoietic cell transplantation (allo-HCT)
is considered the standard treatment for most patients with
AML [16, 17]. After completing induction chemotherapy,
the decision to proceed with allo-HCT or pursue a non-trans-
plant approach for consolidation is mainly based on risk
stratification. While allo-HCT does offer the highest cure
rates based on a potent graft-versus-leukemia effect, it is
also associated with a considerable degree of morbidity and
mortality mainly due to infections and the occurrence of
graft-versus-host disease (GVHD) [1]. Therefore, the initial
risk stratification assessment is becoming more important
in deciding whether a patient should be a candidate for
allo-HCT.

In addition to conventional cytogenetics, the results from
nucleophosmin (/NPMI), Fms related tyrosine kinase 3 in-
ternal tandem duplication (FL73-ITD), and CCAAT/en-
hancer binding protein alpha (CEBPA) mutational screening
are also now being routinely used following the 2017
European LeukemiaNet (ELN) recommendations [15].
Mutated NPM1 is known to be associated with a favorable
prognosis in the absence of FLT3ITD. However, recent stud-
ies have suggested that patients with mutated NPMI and
FLT3ITD with a low (<0.5) allelic ratio (FLT.S’-ITDIOW) have
similar favorable outcomes as patients with mutated NPM1
only and without FZ73-ITD [18-20]. Interestingly, favorable
outcomes have also been reported for wild-type NPMI and
negative or low allelic ratio FLT3ITD (NPMI"/
FLT3-ITD™¥°") patients who underwent allo-HCT, where
the outcomes were similar to those of the favorable-risk
group according to the ELN risk stratification [21]. Thus,
while several studies have already focused on the role of
allo-HCT in patients with NPMI™/FLT3ITD"¥"", the clin-
ical benefits of allo-HCT compared to consolidation chemo-
therapy alone have not yet been elucidated [21, 22].

Accordingly, the present study used a retrospective analy-
sis to evaluate the effect of allo-HCT on the long-term out-
comes of newly diagnosed AML patients with NPMT"/
FLT3ITD™¥°",

MATERIALS AND METHODS

Data collection

In this study, we retrospectively investigated 88 patients
newly diagnosed with AML and who had received intensive
induction chemotherapy at Kyungpook National University
Hospital (KNUH) from March 2015 to July 2017. The other
selection criteria included the presence of results regarding
genetic abnormalities including NPMI and FLT3ITD, an
Eastern Cooperative Oncology Group (ECOG) performance
status <2, and adequate liver and renal functions for receiv-
ing intensive chemotherapy. Any patient diagnosed with
acute promyelocytic leukemia, an uncontrolled infection,
or uncontrolled illnesses and those treated with investiga-
tional agents or disease-modifying drugs were excluded. The
disease risk stratification was determined according to the

2017 ELN recommendations [15]. This study was approved
by the Institutional Review Board at KNUH.

Cytogenetic and molecular analyses

Bone marrow and blood samples for cytogenetic and mo-
lecular analyses were obtained at the time of the initial
diagnosis. The cytogenetic studies on pretreated bone mar-
row were performed at the time of diagnosis using un-
stimulated short-term (24-hour) cultures with standard
G-banding. The karyotypes were interpreted using the
International System for Cytogenetic Nomenclature (ISCN)
criteria [23]. All molecular analyses (fluorescence in situ
hybridization, chromosome banding) used in the current
study applied standard methods. The screening for molecular
abnormalities including NPM1 and FLT3-ITD was carried
out using polymerase chain reaction (PCR) and sequencing
techniques, as published earlier [24, 25].

Induction treatment and post-remission therapy

All patients received a standard induction chemotherapy,
which consisted of idarubicin (at a dose of 12 mg per square
meter of body-surface area per day, administered by intra-
venous injection on days 1, 2, and 3) and cytarabine (at
a dose of 200 mg per square meter, administered by con-
tinuous intravenous infusion on days 1 through 7). Those
patients who achieved complete remission after induction
chemotherapy received a consolidation therapy with a high
dose of cytarabine (at a dose of 3.0 g per square meter,
administered over a period of 3 hours every 12 hours on
days 1, 3, and 5). Patients classified as high- and inter-
mediate-risk were recommended to receive allo-HCT, while
low-risk patients completed their treatment with three cycles
of consolidation. The patients who underwent allo-HCT re-
ceived a myeloablative conditioning (MAC, busulfan at a
dose of 3.2 mg per kilogram for 4 days, plus fludarabine
at 30 mg per square meter of body-surface area for 6 days)
regimen or reduced intensity conditioning (RIC, busulfan
at a dose of 3.2 mg per kilogram for 2 days, plus fludarabine
at the same dose for 6 days) regimen according to comorbid-
ities and the condition of the patient.

Statistical analysis

The descriptive statistics are reported as proportions and
medians. Overall survival (OS) and leukemia-free survival
(LFS) were calculated from the date of diagnosis to death
from any cause and relapse or death from any cause,
respectively. To address the time dependence of the al-
lo-HCT, the Simon and Makuch method was used in the
graphical representation and the Mantel-Byar test for the
univariate analysis. Cox’s regression model was used accord-
ing to the method of Andersen and Gill for identifying factors
for long-term survival. Factors with a P-value of less than
0.1 in the univariate analysis were then included in the
multivariate analysis. The hazard ratio (HR) and 95% con-
fidence interval (CI) were estimated for each factor. A P-val-
ue <0.05 was considered statistically significant. The stat-
istical analyses used R statistical software 3.1.3 (the R founda-
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tion for Statistical Computing, Vienna, Austria) and SPSS
for Windows (version 19.0, IBM, Chicago, IL, USA).

RESULTS

Patient characteristics

The median age of the 88 patients included in this study
was 53 years (range, 21-69 yr), and 49 patients (56%) were
men. NPM] mutation was detected in 14 patients (16%),
while 69 (79%), 9 (10%), and 10 patients (11%) exhibited
negative, low, and high allelic ratio of FL73ITD, respectively
(Supplementary Fig. 1). The ELN risk categorization identi-
fied 25 patients (28%) as favorable, 44 (50%) as intermediate,
and 19 (22%) as adverse risk. Among the ELN inter-
mediate-risk group, 40 patients were NPMI™/FLT3ITD""/".
Forty-eight patients (55%) underwent allo-HCT. The de-
tailed patient characteristics and treatment outcomes are
provided in Table 1.

Table 1. Patient characteristics.

N (%) Total (N=88)

Age, median yr (range) 53 (21-69)
Gender

Male 49 (56)

Female 39 (44)
WBC (><103/L), median (range) 8.74(0.26-281.39)
Hb (g/dL), median (range) 8.2 (2.5-16.3)
Platelet (><109/L), median (range) 56 (9-337)

BM blasts (%), median (range) 47.1 (20.2-98.2)

NPM1

Wild type 74 (84)

Mutated 14 (16)
FLT3-ITD ratio

Negative 69 (79)

Low 9 (10)

High 10 (11)
CEBPA

Wild type 61 (69)

Single mutation 15(17)

Double mutation 12 (14)
ELN risk group

Favorable 25 (28)

Intermediate 44 (50)

Adverse 19 (22)
Response to induction therapy

Complete response 63 (72)

Primary refractory 25 (28)
Allogeneic HCT 48 (55)
Relapse 23 (26)
Death 21 (24)

Abbreviations: BM, bone marrow; CEBPA, CCAAT/enhancer
binding protein a; ELN, European LeukemiaNet; FLT3-ITD, fms-like
tyrosine kinase 3-internal tandem duplication; Hb, hemoglobin;
HCT, hematopoietic cell transplantation; NPM1, nucleophosmin
1; WBC, white blood cell.

Response to induction chemotherapy

Following induction chemotherapy, 63 patients (72%) ach-
ieved a complete response (CR), whereas 25 patients (28%)
experienced primary refractory disease. According to the
ENL risk groups, the CR rates for the favorable, intermediate,
and adverse risk groups were 92% (N=23/25), 66% (N=29/44),
and 58% (N=11/19), respectively (P=0.023) (Fig. 1).

Survival outcomes

The median follow-up duration was 12.9 months (range,
1.3-39.0 mo). The 1-year OS rates were 100%, 83.5+6.9%,
and 56.1+12.8% in the favorable, intermediate, and adverse
risk group, respectively (£<0.001) (Fig. 2A). The 1-year
leukemia-free survival (LFS) rates were 91.7+5.6%, 77.0+
6.8%, and 43.8+12.8% in the favorable, intermediate, and
adverse risk group, respectively (P=0.042) (Fig. 2B). No dif-
ference in the 1-year OS rate was detected between the
intermediate-risk NPMI™/FLT3ITD™¥*™ patients (87.9+5.8%)
and the patients in the favorable-risk group (100%; P=0.233)
(Fig. 2C). Moreover, no difference in the 1-year LFS rate
was identified between the intermediate-risk NPMI™/
FLT3ITD™¥"" patients (75.6+7.7%) and the patients in the
favorable-risk group (91.7+5.6%; P=0.895) (Fig. 2D).

Factors affecting long-term outcomes

In the univariate analysis, an adverse cytogenetic risk
[hazard ratio (HR), 6.28; P=0.030], high FZ73ITD ratio (HR,
3.52; P=0.032), CEBPA double mutation (HR, 0.24; P=0.025)
the ELN risk group (P=0.008), and primary refractory disease
(HR, 3.48; P=0.004) had a significant effect on OS
(Supplementary Table 1). In the multivariate analysis, the
ELN risk group (P=0.019) and primary refractory disease
resulting from induction chemotherapy (HR, 2.95; 95% CI,
1.22-7.14; P=0.017) were identified as having a significantly
adverse effect on OS (Table 2).

In the univariate analysis, a high FLT3ITD ratio (HR,
3.20; P=0.014), the ELN risk group (P=0.016), and primary
refractory disease (HR, 2.58; P=0.009) had a significant effect
on LFS (Supplementary Table 2). In the multivariate analysis,
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Fig. 1. Response rates according to the ENL risk group.
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Fig. 2. (A) One-year overall survival (OS) rate was 100%, 83.5+6.9%, 56.1%12.8% in favorable, intermediate, and adverse risk group, respectively.
(B) One-year leukemia-free survival (LFS) rate was 91.7+5.6%, 77.0£6.8%, and 43.8+12.8% in favorable, intermediate, and adverse risk group,
respectively. In patients with intermediate risk NPM1"/FLT3-ITD"¥'*¥, (C) one-year OS rate was 87.9+5.8%, and (D) one-year LFS rate was
75.6+7.7%, which were comparable to favorable risk group.

Table 2. Multivariate analysis.

Overall survival

Leukemia-free survival

HR (95% Cl) P HR (95% CI) P

ELN risk group 0.019 0.030

Favorable 1.00 1.00

INT-NPM"/FLT3-ITD ¥ 1.65 (0.43-6.29) 0.462 0.83 (0.34-2.01) 0.680

INT-other 5.42 (0.53-55.49) 0.155 5.19 (1.32-20.38) 0.018

Adverse 6.36 (1.61-25.05) 0.008 1.98 (0.75-5.23) 0.171
Response to primary induction

Complete remission 1.00 1.00

Primary refractory 2.95 (1.22-7.14) 0.017 2.58 (1.27-5.22) 0.009

Abbreviations: Cl, confidence interval; ELN, European LeukemiaNet; FLT3-ITD, fms-like tyrosine kinase 3-internal tandem duplication; HR,
hazard ratio; INT, intermediate; NPM1, nucleophosmin 1.

the ELN risk group (P=0.030) and primary refractory disease
(HR, 2.58; 95% CI, 1.27-5.22; P=0.009) were identified as
having a significantly adverse effect on LFS (Table 2).

Role of allogeneic hematopoietic cell transplantation for
NPM/™IFLT3-TD ¥ patients

Among the 40 NPM1"/FLT3ITD ¥ patients in the in-
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Fig. 3. Overall survival rates of NPM7"/FLT3-ITD"#"" group according
to the post-remission therapy.

termediate-risk group, 19 received allo-HCT as their post-re-
mission therapy, while the other 21 received consolidation
chemotherapy alone; however, no difference was noted in
the respective OS rates (Mantel-Myar test, P=0.372) (Fig.
3).

DISCUSSION

The current study evaluated the clinical outcomes for in-
termediate-risk AML patients with NPMI™"/FLT3-ITD™¥""
and examined the therapeutic effect of allo-HCT in these
patients. Comparable survival rates were noted in patients
with intermediate-risk NPMI™/FLT3ITD™¥"*" and those
with favorable-risk. Allo-HCT, compared to chemotherapy
alone, did not show obvious superiority on long-term survival
outcomes for the intermediate-risk NPMI™"/FLT3-ITD"¥""
patients. The ELN risk stratification and achievement of CR
were also identified as factors affecting long-term outcomes
for patients with newly diagnosed AML.

While FLT3-ITD-positive patients are known to benefit
significantly from allo-HCT, the benefit of allo-HCT for in-
termediate-risk NPMI"/FLT3ITD™¥"°" patients remains
unsubstantiated [15]. In the case of cytogenetically normal
AML, allo-HCT has been shown to benefit those patients
without NPM mutation and without FZ73ITD [26]. In addi-
tion, Heidrich er al [21] have reported that allo-HCT im-
proved OS and RFS of patients with intermediate-risk
NPMTI"/FLT3ITD™® AML compared to patients who only
received post-remission consolidation chemotherapy.
However, in the allo-HCT setting for normal karyotype AML,
Ahn er al [22] have reported that the triple-negative
(NPMT"'/ FLT3-ITD"®/non- CEBPA double mutation) group
showed similar favorable long-term outcomes to the favor-
able-risk group according to the ELN risk classification.
Moreover, the current study also found comparable survival
outcomes for the intermediate-risk NPMI™"/FLT3-ITD"¥""
patients and ELN favorable-risk group when using post-re-

mission consolidation chemotherapy alone, indicating that
allo-HCT may provide limited benefit to intermediate-risk
NPMI"/FLT3ITD™*¥"™ patients.

Furthermore, for the favorable-risk group, the current
study found an improved long-term OS rate over the RFS
rate, reflecting the positive role of salvage therapies, includ-
ing allo-HCT (Fig. 2C, D). In contrast, the long-term OS
rate for the intermediate-risk NPMI™/FLT3ITD ¥ group
showed less improvement, indicating the limited effect of
salvage therapies in this case (Fig. 2C, D). Notwithstanding,
while consolidation chemotherapy seemed to be sufficient
for NPMI™/FLT3-ITD™¥"™ patients, the molecular hetero-
geneity of intermediate-risk patients should also be consid-
ered when determining the post-remission therapy. Previous
studies have demonstrated that NPMI and FLT3ITD status
provides limited prognostic information on the trans-
plantation outcomes in cytogenetically normal AML patients
[26, 27]. Therefore, the absence of detailed information on
the baseline mutations for the present cohort and the short
median follow-up duration may not be enough to reflect
the long-term survival for intermediate-risk NPMI"/
FLT3-ITD™¥°™ patients.

The prognosis for AML depends on various patient-related
factors, especially age and comorbidities, plus disease-related
factors, such as chromosomal aberrations, genetic mutations,
and the achievement of CR. The present study also confirmed
the importance of achieving CR on patient outcomes for
AML (Supplementary Table 1). While the long-term survival
rates were similar for the ELN favorable-risk group and inter-
mediate-risk NPMI™/FLT3ITD™¥'*" group, the latter
showed a lower CR rate following induction therapy, where
only 4 (28.6%) of 14 non-CR patients received allo-HCT
(Fig. 1). Therefore, new targets and targeted agents are need-
ed to improve the remission rates and long-term survival
of intermediate-risk NPMI™'/FLT3-ITD"¥"" patients.
Furthermore, since consolidation chemotherapy showed
similar outcomes to allo-HCT, restricting allo-HCT to pa-
tients with minimal-residual disease could be an appropriate
approach for intermediate-risk NPMI™/FLT3-ITD"¥"" pa-
tients [28-30].

Although the present data did not indicate a significant
predictive role of allo-HCT for intermediate-risk NPMI1™'/
FLT3ITD™®™ patients, the results should be cautiously in-
terpreted due to certain limitations. First, this is a retro-
spective study. Second, the sample size was too small to
effectively evaluate the role of allo-HCT and the factors
affecting long-term outcomes for intermediate-risk
NPMI™/FLT3ITD™¥"™ patients, plus the follow-up dura-
tion was relatively short and many data are censored in
the chemotherapy group.

In conclusion, the current study showed similar OS rates
for the intermediate-risk NPMI™/FLT3-ITD™¥"™ patients
and favorable-risk patients. Moreover, our results suggested
that allo-HCT might have limited clinical benefits when
compared with chemotherapy alone as post-remission ther-
apy for the intermediate-risk NPMI™/FLT3-ITD®""
patients. Therefore, larger, well-designed prospective random-
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ized controlled studies are needed to confirm the current

results.
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