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Abstract

We evaluated the prognostic significance of a modified European LeukemiaNet (ELN) 

classification for patients with acute myeloid leukemia (AML) undergoing hematopoietic stem cell 

transplantation (HSCT) while in first complete remission (CR1).

We analyzed 464 AML patients with matched related (n=211, 45.5%), matched unrelated (n=176, 

37.9%) and mismatched donors (n=77, 16.6%). Patients were classified into four modified ELN 

risk groups (favorable, intermediate-I, intermediate-II, and adverse) separately for 354 patients age 

<60 years and 110 patients age >=60 years. In this modified version of ELN classification, 
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patients with normal cytogenetic were classified by FLT3-ITD mutational status; favorable risk if 

FLT3-ITDwild and intermediate-I if FLT3-ITDmut.

The best outcomes occurred in the ELN favorable and intermediate-II groups in younger and in 

the favorable and intermediate-I groups in older AML patients. Older AML patients had worse 

transplant outcomes within each modified ELN risk group except intermediate-I when compared 

with younger patients; LFS at 3-year was 67.8% vs. 49.8% in favorable, 53.4% vs. 50.7% in 

intermediate-I, 65.7% vs. 20.2% in intermediate-II and 44.6% vs. 23.8% in adverse group younger 

and older patients respectively. Among lesion-specific abnormalities, del5q/−5 and abnl(17p) had 

the worse transplant outcomes with 3-year LFS of 18.4% and 20% in younger CR1 patients.

In conclusion, the modified ELN prognostic classification developed for chemotherapy outcomes 

also identifies prognostic groups for HSCT, which is useful for selection of patients for post-

transplant strategies to improve outcomes.

INTRODUCTION

Achieving cure in acute myeloid leukemia (AML) depends on successful induction therapy 

to achieve a complete remission (CR) and subsequent post-remission therapy to prevent 

relapse. A major treatment decision is whether to recommend allogeneic hematopoietic stem 

cell transplantation (HSCT) or to continue with consolidation chemotherapy for patients in 

first complete remission (CR1). The choice of therapy is determined by patient and disease 

factors affecting the prognosis with each treatment modality. Allogeneic hematopoietic 

transplantation is an effective treatment but carries a higher risk of treatment related 

morbidity and mortality; HSCT is indicated for patients in CR1 when the progression free 

survival exceeds that achieved with conventional chemotherapy. Based upon prospective 

and retrospective studies as well as metaanalyses, patients with intermediate or high-risk 

cytogenetics have been considered candidates for hematopoietic transplantation, while 

patients with favorable risk cytogenetics have been recommended to continue with 

consolidation chemotherapy(1, 2).

There has been major progress in defining the molecular pathophysiology of AML, and 

molecular subtypes of the disease have been described which impact prognosis (3). 

Recently, an international expert panel, working on behalf of the European LeukemiaNet 

(ELN), proposed a standardized prognostic system, incorporating both cytogenetic and 

select molecular abnormalities, separating AML patients to four distinct genetic risk groups 

(4). At least two studies have demonstrated prognostic stratification when ELN criteria were 

applied to large patient cohorts receiving chemotherapy, and this prognostic system is being 

used for treatment planning and clinical trials (5, 6). Adults younger than age 60 with 

favorable, intermediate-I, intermediate-II and high risk AML have 3 year progression free 

survival of approximately 55%, 23%, 34% and 10% respectively with chemotherapy. Age is 

also an independent risk factor in AML. Older patients can successfully receive reduced 

intensity preparative regimens; patients over age 60 have achieved favorable outcomes 

compared to chemotherapy (7).
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The outcomes for patients in ELN risk categories have not been determined for HSCT as 

well as the impact of age on the transplant outcome in each ELN category. In the present 

analyses, we aimed to investigate the prognostic significance of the ELN classification and 

age in a large cohort of adult AML patients who underwent allogeneic HSCT in CR1 at our 

institution over the last decade.

METHODS

Patient Population and Transplantation Procedure

We retrospectively analyzed the results of allogeneic HSCT in patients with AML 18 years 

or older transplanted in CR1 at the University of Texas MD Anderson Cancer Center 

between January 1, 2001 and June 30, 2014. Disease status at HSCT was defined in 

accordance with the previously published criteria (8). Patients with incomplete 

hematopoietic recovery (CRi) were not included in the analyses. The evaluation of 

comorbidities and assignments of scores were done using the consistent definitions for 

coding the 17 component of the hematopoietic cell transplant (HCT)-comorbidity index (CI) 

(9).

Cytogenetic and Molecular Analyses and Grouping of Patients

Complete cytogenetic information was available in 452 of 464 (97.4%) patients. Evaluable 

patients with diagnostic cytogenetic abnormalities were assessed for the presence of specific 

chromosomal abnormalities and, complex karyotype (CK) defined as ≥ three cytogenetic 

aberrations. Core Binding Factor (CBF) abnormalities include t(8;21), inv(16)/t(16;16) and 

high risk chromosomal abnormalities include inv3(q21q26.2) or t(3;3) (q21q26.2), t(6;9)

(p23;q34), t(v;11)(v;q23), −5/del5q, −7 and abnormalities involving 17p. Ultimately, 

patients were assigned to 4 prognostic groups: favorable, intermediate-I, intermediate-II and 

adverse risk using the ELN classification as published in 2010 (4) (Table 1). Of 174 patients 

with normal cytogenetics (CN), FLT3-ITD mutation was evaluable in 145 (83.3%), NPM1 

in 77 (44.3%) and CEBPα in 46 (26.4%) patients. There were 75 (43.1%) CN patients that 

had both FLT3-ITD and NPM1 mutations were evaluable. Therefore we modified ELN 

classification and prognostic classification of CN patients was determined only by the 

presence of FLT3-ITD mutation. Patient with CN was classified as favorable risk group if 

they had FLT3-ITDwild and intermediate-I if FLT3-ITDmut.

HSCT Characteristics

Patients with peripheral blood (PB), bone marrow (BM) and cord blood (CB) as the 

hematopoietic stem cell source were included. Among PB or BM recipients, 211 (45.5%) 

had matched related donors (MRDs) and 176 (37.9%) matched unrelated donors (MUDs). A 

total of 5 patients (1.1%) had mismatched related donors (MMRDs) and 27 patients (5.8%) 

had 1-antigen mismatched unrelated donors (MMUDs). A total of 20 patients (4.3%) 

received a haploidentical graft. Owing to small sample sizes, recipients of MMRD, MMUD, 

haploidentical donors and CB units were analyzed together as mismatched donors (MMD).

The impact of conditioning regimens on outcomes was analyzed by their dose intensity, 

using Center for International Blood and Marrow Transplant Research (CIBMTR) criteria 
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(10). Tacrolimus and methotrexate were used as graft-versus-host disease prophylaxis in the 

majority of the patients (n=368, 84.4%).

Statistical Analysis and Endpoints Definitions

Outcomes analyzed included leukemia free survival (LFS), cumulative relapse incidence 

(RI), transplant-related mortality (TRM) and overall survival (OS). All outcomes were 

measured from the time of stem cell infusion. LFS was defined as survival without leukemia 

progression or relapse; patients alive without disease progression or relapse were censored at 

the time of last contact. OS was based on death from any cause. Surviving patients were 

censored at the time of last contact. Relapse was defined as leukemia recurrence at any site. 

LFS and OS were calculated using the Kaplan-Meier method. Univariate comparisons of all 

end points were completed by the log-rank test. Cumulative incidence was used to estimate 

the endpoints of RI and TRM. A Cox proportional hazards model (11) or the Fine & Gray 

method (12) for competing hazards was used for multivariate regression. Variables were 

included in the multivariate model if they were conceptually important or if they approached 

(p<0.2) or attained statistical significance by univariate analysis. All factors were tested for 

the proportional hazards assumption. All P values were 2-sided. Analyses were stratified by 

age HSCT. The analyses were based on follow-up through August 2014.

RESULTS

Median age of all patients at HSCT was 52 years (interquartile range, (IQR) 40–59 years). 

This patient population comprised 354 (76.3%) adults aged younger than 60 years and 110 

(23.7%) patients aged 60 years or older. Baseline clinical features of all patients stratified as 

younger and older patients are presented in Table 2.

Among all 423 evaluable patients by modified ELN, 92 (19.8%) were classified as 

favorable, 66 (14.2%) intermediate-I, 120 (25.9%) intermediate-II and 145 (31.2%) adverse 

risk groups. The distribution of modified ELN classification among younger and older 

patients was similar (p=0.09).

In the subgroup of 75 CN patients that both FLT3-ITD and NPM1 mutation were evaluable, 

9 should be categorized as favorable by ELN as they had NPM1mut while FLT3-ITDwild. 

The remaining 65 patients were intermediate-I by ELN; 27 had NPM1wild and FLT3-

ITDwild, 33 NPM1mut and FLT3-ITDmut, 6 had NPM1wild and FLT3-ITDmut. The 

modification of ELN led to 27 (36%) patients with NPM1wild and FLT3-ITDwild to be 

classified as favorable rather than intermediate-I risk group.

Of 145 patients with adverse risk by modified ELN classification, 7 (4.8%) had 

inv3(q21q26.2) or t(3;3)(q21q26.2), 10 (6.9%) t(6;9), 26 (17.9%) t(v;11)(v;q23), 59 (40.7%) 

−5/del5q, 46 (31.5%) −7 and 16 had (11.1%) abnl(17p). CK was seen in 82 patients 

(56.2%). Within adverse group, older patients had more del5q/−5 abnormality (55.6% vs. 

35.5%, p=0.03) while younger patients had more t(v;11)(v;q23) (21.1% vs. 5.6%, p=0.03). 

The distribution of other lesion specific abnormalities including −7, abnl(17p), t(6;9) and 

CK were similar between younger and older patients.
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The median time to HSCT was 5.4 months (IQR, 4.2–7.9 months) and did not differ 

between modified ELN risk groups. The median time to HSCT was 6.4, 5.0, 5.7 and 5.1 

months for favorable, intermediate-I, intermediate-II and adverse risk groups respectively. 

Median time to HSCT was also similar for younger and older patients with 5.2 and 6 

months. Older patients were more frequently transplanted after 2008, compared with 

younger patients (p=0.03).

Transplant outcomes by modified ELN classification

Overall 272 of 464 patients were alive at last follow up with a median survival of 37.2 

months (IQR, 15.6–74 months). Of 272, 249 (91.5%) were alive and free of disease at their 

last follow-up. Because of the biological differences and less intensive conditioning 

regimens received by older patients, we performed outcome analyses separately for younger 

and older patients. The lowest relapse incidence in younger patients was observed with 

favorable and intermediate-II groups with 3-year incidences of 15.4% and 14.9% while the 

highest incidence was 39.8% in adverse risk group (Table 3, Fig 1). Younger intermediate-I 

risk patients with CN/FLT3-ITDmut had high a RI of 36.5% at 3-years which was not 

different from adverse risk patients (p=0.7). The 3-year RI of 31.1% and 35.5% in older 

patients with cytogenetic and molecular features consistent with favorable and intermediate-

II groups by modified ELN were approximately twice the 3-year RI observed in younger 

patients though that difference did not reach statistical significance (p=0.1 and p=0.06). 

However, older patients with intermediate-I and adverse groups had similar RI with the 

younger patients.

Younger patients in the favorable and intermediate-II groups had the longest LFS with 3-

year estimates of 67.8% and 65.7% while those in the adverse risk group the shortest LFS 

with an estimate of 44.6%. Patients classified in the intermediate-I group had 3-year LFS of 

53.4% which was not significantly different than the favorable and intermediate-II groups, 

but was significantly better than those in the adverse risk group (p=0.003) (Table 3; Fig 1). 

Older patients had 3-year LFS of 49.8% and 50.7% in the favorable or intermediate-I 

groups. The 3-year estimates were significantly lower in older patients with intermediate-II 

and adverse groups at 20.2% and 23.8% respectively. It was striking that older patients had 

inferior LFS compared with younger patients in each risk group, except the intermediate-I 

group with CN/FLT3mut (Figure1a–1d).

To investigate whether modified ELN groups remain associated with transplant outcomes 

when controlling for established prognostic factors in AML, we performed multivariable 

analyses. The results revealed that best outcomes in younger AML patients were observed in 

favorable and intermediate-II groups while intermediate-I and adverse groups represented 

the worst prognosis (Table 4). In the younger AML patients, age older than 40 was also 

associated with increased RI and decreased LFS and OS. For AML patients aged 60 or 

older, multivariate analyses were not performed for RI, LFS and OS since no other 

prognostic factor for transplant outcomes, other than modified ELN classification, was 

identified in the univariate analyses.

Transplant related mortality (TRM) at 1-year was 12.8% in younger and 19.4% in older 

patients (p=0.05). In younger patients, MMD recipients had higher TRM with 26.4% 
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compared with 12.9% in MRD recipients (p=0.01). No difference was observed between 

younger MUD and MRD recipients (p=0.5). In older patients, MUD and MMD recipients 

had similar TRM as MRD recipients (p=0.7); failure to detect a difference could be due to 

the small sample size of older MMD recipients.

HCT-CI was also able to identify two different prognostic groups for TRM in younger 

patients. TRM at 1-year was 7.2% and 11.9% for patients with HCT-CI score of 0 and 1–2 

while it was 18.9% and 14.9% in younger AML patients with a score of 3–4 and ≥5 

respectively. The difference observed in 1-year TRM between younger patients with HCT-

CI < 3 and ≥3 were significant (p=0.02). In older patients, no prognostic separation with 

HCT-CI was observed (p=0.2).

Transplant Outcomes within modified ELN groups

We analyzed the primary outcome of LFS for specific subsets within each ELN risk group if 

there was adequate sample size of at least 10 patients.

Favorable and intermediate-I groups by modified ELN—The favorable group by 

modified ELN included 13 patients with CBF and 76 with CN/FLT3-ITDwild. The 

indication of HSCT in CR1 for CBF patients was the presence of high-risk features 

including therapy-related AML, central nervous involvement at diagnosis, requirement of at 

least 2 lines of induction chemotherapy to achieve CR1 and minimal residual disease by 

molecular studies after consolidation chemotherapy. Patients with CN/FLT3-ITDwild were 

recommended HSCT in CR1 as our institutional policy.

Among younger patients within favorable group by modified ELN, 3-year LFS was 71.3% 

in 12 patients with CBF and 67.5% in 53 patients with CN/FLT3-ITDwild (p=0.9). As 

indicated, NPM1 mutation analysis was available only on a subset of patients. Therefore we 

modified ELN classification and prognostic classification of CN patients was determined 

only by the presence of FLT3-ITD mutation. Patient with CN was classified as favorable 

risk group if they had FLT3-ITDwild and intermediate-I if FLT3-ITDmut. Of 53 patients 

classified in the favorable group by modified ELN since they were CN/FLT3-ITDwild, 26 

had had NPM1 mutation analysis evaluable and 19 would actually be classified as 

intermediate-I risk by ELN since they were FLT3-ITDwild and NPM1wild. However, the 3-

year LFS of these 19 patients of 80.5% was comparable with 80.9% in 18 patients with CBF 

and CN/FLT3-ITDwild NPM1mut (see supplemental Table 1). Based on these observations 

and limited sample size of patients with FLT3-ITD and NPM1 evaluable, we did not change 

our classification and included all CN/FLT3-ITDwild as favorable group for our analyses.

Among older patients classified as favorable group by modified ELN, all 27 patients but one 

had CN/FLT3-ITDwild. LFS at 3- year was 55.3% and lower compared with outcome 

estimates in younger favorable group patients (p=0.09). On the other hand, older patients 

with CN/FLT3-ITDmut classified as intermediate-II group by modified ELN had 3-year LFS 

of 50.8%, which was comparable to LFS estimates in younger patients (p=0.9). We could 

not perform subgroup analyses for patient with FLT3-ITD and NPM1 mutations evaluable 

due to small sample size in older AML patient with CN.
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Intermediate-II group by modified ELN—Among younger intermediate-II group 

patients, 23 of 101 (22.8%) had t(9;11)(p22;q23) and this group had 3-year LFS of 70.4% 

which was comparable to 3-year LFS of 64.2% (p=0.4) in patients with a heterogeneous set 

of cytogenetic abnormalities not classified as favorable or adverse risk by ELN 

classification.

In 19 older patients with intermediate-II group, only 2 had t(9;11)(p22;q23) and subgroup 

analyses were not performed due to small sample size. The 3-year LFS of 20.2 % in older 

patients with intermediate-II group was significantly lower compared with 65.7% in younger 

patients (p<0.001). This striking difference in younger and older patients is most likely 

caused by the heterogeneity of the cytogenetic abnormalities in both age groups.

Adverse Group by modified ELN—In the younger adverse group, 3- year LFS was 

44.6%. When lesion specific abnormalities were analyzed, the presence of −5/del5q and 

abnl(17p) abnormalities were found to decrease the primary outcome of LFS significantly 

(Figure 2a–b). Three-year LFS was 18.4% in 39 patients with del5q/−5 compared with 

58.1% in 70 patients without the abnormality (p<0.001). Similarly 10 patients with abnl17p 

had 3-year LFS of 20%, which was inferior to 47.3% in 99 patients without this abnormality 

(p=0.03). The presence of −7 did not decrease LFS in younger adverse risk patients; 3-year 

LFS of 39.4% in 31 patients with −7 was comparable with 46.8% in patients without −7 

(p=0.2) (Figure2c). This finding remained the same when younger adverse risk group 

patients were categorized based on the presence of −5/del5q, −7 and abnl(17p) as presented 

in Table 5.

Of 109 younger adverse risk patients, 23 patients with t(v;11)(v;q23) had superior 3- year 

LFS of 57.6% compared with 41.3% in 86 patients without t(v;11)(v;q23) (p=0.06) (Figure 

2d) and this was most likely caused by the exclusive distribution pattern of t(v;11)(v;q23) 

abnormality. None of the younger adverse group patients with t(v;11)(v;q23) had other high 

risk cytogenetic abnormalities defined by ELN classification. The presence of CK within 

adverse group was not associated with inferior outcomes (Figure 2e); the 3-year LFS of 39.2 

% in 60 patients with CK was comparable with 51.2% in 49 patients without CK (p=0.2).

In older adverse group patients, only the impact of −5/del5q, −7 and CK were analyzed 

since other lesion specific abnormalities were not represented in adequate sample sizes. At 

3-years, LFS was 6.7% in 15 older adverse group patients with −7 which was lower 

compared with LFS of 38.7% in 21 patients without −7 (p=0.05). Similarly, older adverse 

group patients with −5/del5 had lower 3-year LFS of 13.9% compared with 35.2% without 

−5/del5q but that difference did not reach statistical significance (p=0.1). CK was also 

associated with lower LFS with 3-year estimated of 15.9% compared with 36.7% in adverse 

group patients without significance (p=0.1).

DISCUSSION

This large single-center study with prolonged follow-up demonstrated that the modified 

ELN classification allows prognostic separation of AML patients, both younger and older, 

undergoing allogeneic HSCT. Similar to the experience with chemotherapy (5, 6), modified 
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ELN classification in the context of allogeneic transplantation was able to effectively divide 

younger patients into 2 prognostic groups, with better outcomes in patients with favorable 

and intermediate-II groups than in the intermediate-I (including CN/FLT3ITDmut patients) 

and adverse groups. In the older AML patients, modified ELN classification was still able to 

identify two different prognostic groups but the prognostic groups were different than their 

younger counterparts. Older AML patients with favorable and intermediate-I group had 

better outcomes than the intermediate-II and adverse risk groups. The modified ELN 

classification was predictive for RI, LFS and OS in both age groups and was shown to be 

independent from other prognostic factors by multivariate analyses.

The most common cause of failure in AML after HSCT continues to be the relapse of the 

disease. Accurate characterization of patients at risk of disease recurrence is central to 

design of innovative strategies with the potential to reduce relapse. The most commonly 

used risk classification schemas were developed from cooperative efforts of the Medical 

Research Council (MRC)(13), Southwest Oncology Group/Eastern Cooperative Oncology 

Group (SWOG/ECOG(14)), Cancer and Leukemia Group B (CALGB)(15), and the recently 

described monosomal karyotype categorize AML patients based only on the cytogenetic 

information available(16, 17). The ELN classification is an integrated approach, combining 

leukemia associated molecular abnormalities with cytogenetics to provide a more 

informative characterization of prognosis. The ELN classification divides patients into 4 

prognostic risk groups, with patients having normal cytogenetics characterized according to 

molecular alterations recognized in the WHO classification, namely NPM1, CEBPA, and 

FLT3 mutations. In our analyses, molecular information other than the presence of FLT3-

ITD mutation could not be assessed since the information i.e. for NMP1 and CEBPα 

mutations was not available for the majority of CN patients. This might lead to 

categorization of CN patients with NPM1wild and FLT3-ITDwild as favorable risk rather 

than intermediate-I risk as suggested by ELN and decrease the LFS in the favorable risk 

group in our analysis. However, CN/FLT3-ITDwild (categorized as favorable in modified 

ELN) had similar LFS with CBF anomalies and superior LFS compared with CN/FLT3-

ITDmut who were categorized as intermediate-I risk group, suggesting that the risk groups 

might differ with post-remission therapy approaches applied.

However, our observation of comparable outcomes of CN/FLT3-ITDwild with CBF AML 

after HSCT in small number of patients needs to be validated in larger cohorts before it can 

be widely accepted. Despite this limitation, which is inherent in retrospective design 

analyses, we were able to identify prognostic groups for transplant outcomes using a 

modified ELN classification, confirming the value of combined molecular and cytogenetic 

information for risk analyses. We believe that addition of further genetic markers, (eg, 

DNMT3, TET2, ASXL1, RUNX mutations, FLT3-ITD allelic ratio) and novel molecular 

abnormalities emerging from next-generation sequencing may further refine the accuracy of 

patient risk stratification after transplantation. This information is critical to identify patients 

for hematopoietic transplantation and potentially post-transplant therapy strategies to 

prevent relapse.

We showed that for each modified ELN risk group, except the intermediate-I group 

including CN/FLT3-ITDmut patients, LFS was worse for older patients compared with their 
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younger counterparts. The prognostic significance of the some genetic alterations may vary 

in younger and older AML patients. In our cohort, older patients had more therapy related 

AML which independently is a poor prognostic factor. Older patients were also more likely 

to receive a RIC regimen that might lead a higher risk of relapse. Despite the inferior results 

in other risk groups, it is notable that for the intermediate-I group, outcome estimates were 

comparable to younger patients. There has been considerable debate about the prognostic 

significance of FLT3-ITD in older patients with AML (18–20). Our findings support the use 

of allogeneic HSCT for older patients with FLT3-ITD mutations. The 3-year LFS of 50.7% 

in older transplanted patients is very encouraging and significantly better than approximately 

20% reported with chemotherapy in this older population (19). On the other hand, our older 

cohort was limited in number, and our results need to be confirmed in larger studies before 

modified ELN is accepted as a useful tool for risk classification in older transplant patients.

Of particular interest is the effect of cytogenetically specific abnormalities on the outcome 

of ELN risk groups after HSCT. We observed that HSCT in CR1 was able to overcome the 

poor prognosis of adverse group younger patients if they had complex cytogenetics, −7 and 

t(v;11)(v;q23). On the other hand, among adverse risk group younger patients, −5/del5q and 

abnl17p represented a very poor prognostic subgroup with 3 year LFS of 18.4% and 20% 

respectively even if transplanted in CR1; this is similar to previous published reports (21, 

22). The inferior outcomes observed with −5/del5q and abnl17p might be related to 

mutations in the p53 gene (23). In Medical Research Council (MRC) AML trials, TP53 

mutations were present in 44% of patients with del(5q) and 66% in patients with a −5 which 

may explain the poor outcome in this group (24). More efficient treatment strategies to 

induce p53-independent cell death are urgently needed.

We could not investigate the chromosome specific effect of other poor risk cytogenetic 

abnormalities including inv(3)(q21q26.2), t(3;3)(q21q26.2) and t(6;9) due to the small 

sample size with these abnormalities. We believe that collaborative efforts will enable the 

investigation of outcome prediction for rare chromosome-specific abnormalities and help 

tailor treatment for these rare abnormalities.

The selection of patients for hematopoietic transplantation requires consideration for the 

outcomes of standard chemotherapy and hematopoietic transplantation in each prognostic 

group, while also considering the impact of age, comorbidities, psychosocial factors and 

performance status. A recent consensus statement by the ELN (25) proposed that allogeneic 

HSCT should be favored if projected disease free survival is expected to improve an 

individual's risk assessment by 10%. In our series, we clearly show that HSCT can provide 

long-term disease control in each modified ELN group. These data support use of allogeneic 

HSCT in CR1, particularly for patients with modified ELN intermediate-I, intermediate II 

and adverse prognostic groups.

In summary, our results demonstrate clear prognostic separation among modified ELN 

genetic groups for younger and older AML patients after allogeneic HSCT. Therefore the 

modified ELN classification can possibly be utilized not only for predicting post-transplant 

outcomes but also for stratifying patients in clinical trials investigating the role of best post-

remission therapies in AML CR1 patients. It will require further validation in larger cohorts 
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of patients before being widely implemented. We believe further studies to assess the 

prognostic significance of recently defined molecular abnormalities and minimal residual 

disease testing will enable us to better determine prognosis with each form of treatment and 

provide an improved basis for selection of patients for hematopoietic transplantation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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• A Modified European LeukemiaNet (ELN) classification using only FLT3-ITD 

mutational status as the molecular marker divides AML patients into two 

prognostic groups after transplantation.

• The best outcomes occurred in the modified ELN favorable and intermediate-II 

groups in younger and in the favorable and intermediate-I groups in older AML 

patients. Even the worst prognostic groups enjoyed prolonged leukemia free 

survival if transplanted in first complete remission.

• Modified ELN classification can be utilized not only for predicting post-

transplant outcomes but also for stratifying patients in clinical trials 

investigating the role of best post-remission therapies in AML first complete 

remission patients.
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Figure 1. 
Leukemia-free and overall survival after HSCT by modified ELN classification in younger 

and older AML CR1 patients. (A) LFS for patients age <60 (B) OS for age <60. In younger 

patients, 3-year LFS and OS are 67.8% and 70.4% in favorable; 53.4% and 57.6% in 

intermediate-I; 65.7% and 69.6% in intermediate-II and 44.6% and 52.9% in adverse risk 

groups. (C) LFS for patients age ≥60 (D) OS for age ≥60. LFS and OS at 3-years for patients 

age ≥60 are 49.8% and 54.3% in favorable; 50.7% and 55.3% in intermediate-I; 20.2% and 

19.7% in intermediate-II and 23/8% and 37.6% in adverse risk groups.
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Figure 2. 
Leukemia-free survival by lesion specific abnormalities in adverse group younger AML 

patients after HSCT. Presence of (A) del5q/−5 and (B) abnl 17p were associated with lower 

LFS. Three-year LFS was 18.4% vs. 58.1% with and without del5q/−5 (p<0.001) and 20% 

vs. 47.3% with and without abnl17p (p=0.03). (C) The presence of −7 did not decrease LFS 

in younger AR patients while (D) t(v;11)(v;q23) was associated with superior 3-year LFS 

within adverse group (E) The presence of CK within adverse group was not associated with 

inferior outcomes.
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Table 1

Standardized Reporting for Correlation of Cytogenetic and Molecular Genetic Data in Acute Myeloid 

Leukemia with Clinical Data According to the ELN Guideline

ELN Genetic Risk 
Group

Subsets

Favorable t(8;21)(q22;q22); RUNX1-RUNX1T1inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11

Mutated NPM1 without FLT3-ITD (normal karyotype)

Mutated CF6Pα(normal karyotype)

Intermediate-I Mutated NPM1 and FLT3-ITD (normal karyotype)

Wild-type NPM1 and FLT3-ITD (normal karyotype)

Wild-type NPM1 without FLT3-ITD (normal karyotype)

Intermediate-II t(9;11)(p22;q23); MLLT3-MLL Cytogenetic abnormalities not classified as favorable or adverse

Adverse inv(3)(q21q26.2) or t(3;3)(q21;q26.2); RPN1-EVI1t(6;9)(p23;q34); DEK-NUP214t(v;11)(v;q23); MLL rearranged−5 
or del(5q); −7; abnl(17p); complex karyotype
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Table 2

Patient and disease characteristics by disease status at HSCT

All patients N=464 Age <60 N=354 Age >=60 N=110

Variable n % n % n %

Median age (years, IQR) 52 (40–59) 47 (35–55) 64 (61–67) 0.01

AML-t 74 16% 49 13.8% 25 22.7% 0.03

Modified ELN subsets

 Favorable 92 19.8% 65 18.4% 27 24.6%

    CBF 13 12 18.5% 1 3.7%

    FLT3-ITDwild 79 53 81.5% 26 96.3%

 Intermediate-1* 66 14.2% 47 13.3% 19 17.3%

 Intermediate-2 120 25.9% 101 28.3% 19 17.3%

 Adverse 145 31.2% 109 31.1% 36 32.7% 0.09

 CN/FLT3-ITD-unknown 29 6.2% 25 7.1% 4 3.6%

 Cytogenetics-unknown 12 2.6% 7 2% 5 4.6%

CN with FLT3-ITD & NPM1 available 75/174 26/49

 NPM1mut FLT3-ITDwild 9 12% 6 12% 3 12%

 NPM1mut FLT3-ITDmut 33 44% 21 42% 12 48%

 NPM1wild FLT3-ITDmut 6 8% 4 8% 2 8%

 NPM1wild FLT3-ITDwild 27 36% 19 38% 8 32% 0.9

Lesion specific abnormalities within AR 145 109 36

 CK 82 56.2%

 inv3(q21q26.2) or t(3;3)(q21q26.2) 7 4.8% 6 5.5% 1 2.8% NT

 t(6;9) 10 6.9% 9 8.3% 1 2.8% NT

 t(v;11)(v;q23) 26 17.2% 23 21.1% 2 5.6% 0.03

 del5q/−5 59 40.4% 39 35.5% 20 55.6% 0.03

 −7 46 31.5% 31 28.2 15 41.7 0.1

 abnl (17p) 16 11% 10 9.2% 6 16.7% 0.2

Cell type

 PB 277 59.7% 215 60.7% 62 56.4%

 BM 162 34.9% 118 33.3% 44 40%

 CB 25 5.4% 21 6% 4 3.6% 0.3

Donor type

 MRD 211 45.5% 164 46.3% 47 42.7%

 MUD 176 37.9% 127 35.9% 49 44.6%

 MMD 77 16.6% 63 17.8% 14 12.7% 0.2

Conditioning intensity

 MAC 376 81% 315 89% 61 55%

 RIC 88 19% 39 11% 49 45% <0.001
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All patients N=464 Age <60 N=354 Age >=60 N=110

Variable n % n % n %

HCT-CI 430/464 323/354 107/110

 0 127 29.5% 108 33.4% 19 17.8%

 1–2 122 28.4% 96 29.7% 26 24.3%

 3–4 104 24.2% 73 22.6% 31 39%

 >=5 77 17.9% 46 14.2% 31 29% <0.001

Median time to HSCT from diagnosis (mo, IQR) 5.4 (4.2–7.9) 5.2 (4–7.7) 6(5–8.7)

Year of SCT (after 2008) 274 59% 199 56.2% 75 68.2% 0.03

Abbreviations: HSCT, hematopoietic stem cell transplantation; CR, complete remission; AD, active disease; ELN, European LeukemiaNet; CBF, 
Core Binding Factor; CN, normal cytogenetics; PB, peripheral blood; BM, bone marrow; CB, cord blood; MRD, matched related donor; MUD, 
matched unrelated donor; MMD, mismatched donor; MAC, myeloablative conditioning; RIC, reduced intensity conditioning; HCT-CI, 
Hematopoetic cell transplant-comorbidity index; NT, not tested.

*
Intermediate-I included only FLT3-ITDmut patients since the number of patients with NPM1 and FLT3-ITD available were limited.
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Table 5

Leukemia-free survival in younger adverse risk AML patients by −5/del5q, −7 and abnl(17p).

N=109 (%) Leukemia free survival

HR 95% CI P

Absence of −5/del5q, abnl(17p) and −7 54 (49.5%) 1.00

Absence of −5/del5q and abnl(17p) with presence of −7 13 (11.9%) 1.5 0.6–3.4 0.4

Presence of −5/del5q or abnl(17p) with absence of −7 24 (22%) 3.2 1.7–5.8 <0.001

Presence of −5/del5q or abnl(17p) with presence of −7 18 (16.5%) 2.7 1.3–5.5 0.006
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