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Abstract

BACKGROUND: European LeukemiaNet (ELN) 2017 risk stratification by genetics is 

prognostic of outcomes in patients with acute myeloid leukemia (AML). However, the 

prognostic impact of the 2017 ELN genetic risk stratification after allogeneic hematopoietic cell 

transplantation (alloHCT) is not well established.

OBJECTIVE: We examined the effect of 2017 ELN genetic risk stratification on alloHCT 

outcomes of AML.

METHODS: We included 500 adult (≥18 years) AML patients in first (n=370) or second (n=130) 

complete remission receiving alloHCT from 2005 to 2016. Patients were classified into favorable 

(12%), intermediate (57%), and adverse (32%) 2017 ELN risk groups. The Cox proportional 

hazard model was used to conduct the multivariable analyses of leukemia-free survival (LFS) 
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and overall survival (OS). Relapse and non-relapse mortality were analyzed by the Fine-Gray 

regression model.

RESULTS: OS at 2 years was 72% in the favorable vs. 60% in the intermediate vs. 45% in 

the adverse risk groups (p<0.001). In multivariable analyses, the 2017 ELN classifier was an 

independent predictor of OS after alloHCT with significantly higher overall mortality in the 

intermediate (HR=1.68, 95% CI 1.06–2.68; p=0.03) and adverse (HR=2.50, 95% CI 1.54–4.06; 

p<0.001) risk groups compared to the favorable risk group. Similarly, LFS was worse in the 

intermediate (HR=1.63, 95% CI 1.06–2.53; p=0.03) and adverse (HR 2.23, 95% CI 1.41–3.54; 

p<0.001) risk groups while relapse was higher in the adverse risk group (HR=2.36, 95% CI 1.28–

4.35; p= 0.006) as compared to the favorable risk group.

CONCLUSION: These data highlight the prognostic impact of the 2017 ELN genetic risk 

stratification on the survival of AML patients following alloHCT. Patients in the adverse risk 

group had the highest risk of relapse and worst survival. Thus, the 2017 ELN prognostic system 

can help identify AML patients who may benefit from clinical trials offering relapse mitigation 

strategies in order to improve transplant outcomes.

INTRODUCTION

Most adult patients with acute myeloid leukemia (AML), who enter remission following 

induction chemotherapy, still remain at considerable risk for relapse.1–4 While consolidation 

chemotherapy in patients achieving complete remission can be curative for those 

with favorable cytogenetic and molecular features, the majority of AML patients with 

intermediate or adverse genetic risk have no curative options outside of allogeneic 

hematopoietic stem cell transplantation (alloHCT).5, 6 Performing an alloHCT for AML 

in complete remission (CR) depends on assessment of disease related factors to include 

cytogenetic and molecular abnormalities, presence of measurable residual disease (MRD) 

and disease risk index (DRI).7–9,10–12 Given considerable progress achieved in the genomic 

landscape of AML, the European LeukemiaNet (ELN) provided updated recommendations 

in 2017 regarding standardization of response criteria and AML treatment.13 In the original 

2010 ELN classification, the intermediate-I and intermediate-II risk groups, which constitute 

the majority of AML cases, were prognostically indistinguishable in older patients.9 

Subsequently, the 2017 ELN genetic classification was simplified to include 3 genetic 

risk groups: favorable, intermediate, and adverse.13 In addition, the revised 2017 ELN 

classification included recently categorized AML subgroups with mutational abnormalities 

such as ASXL1, RUNX1, and TP53. In this study, we examined the prognostic significance 

of the 2017 ELN genetic risk stratification on clinical outcomes of alloHCT in adult patients 

with AML.

METHODS

Study Population

Adult patients (age ≥18 years) with AML in CR1 and CR2 receiving their first alloHCT at 

Moffitt Cancer Center between 2005 and 2016 were included in this study. All transplant 

recipients consented to an institutional long-term follow-up data collection protocol. The 

data abstraction was analyzed in this retrospective analysis which was approved by the 
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institutional IRB (University of South Florida IRB). Data was collected from the Moffitt 

Cancer Center Blood and Marrow Transplant and Cellular Immunotherapy Research and 

Analysis Information Network (BRAIN) and supplemented by retrospective review of 

individual medical records. Patients with Acute Promyelocytic Leukemia (APL) and those 

without available cytogenetic information were excluded from our analyses.

All patients with AML in CR1 were assigned to favorable, intermediate and adverse risk 

groups by the 2017 ELN genetic risk classification applied at diagnosis of AML.13 In 

patients with AML in CR2, we considered both diagnostic and relapsed AML samples for 

2017 ELN classification and did not identify any differences in categorization between the 

two samples. The favorable risk category included Core Binding Factor (CBF) abnormalities 

such as t(8;21), inv(16) or t(16;16) and molecular features such as mutated NPM1 without 

FLT3-ITD and mutated biallelic CEBPA.13 The 2017 ELN favorable risk group consisted of 

AML in CR2 (n=41) or in CR1 (n=17) with detectable MRD at alloHCT.

The adverse risk category included monosomal14 and complex karyotypes,9, 15 −5/del5q, −7, 

−17/abn(17p), inv3(q21.3q26.2 or t(3;3), t(6;9), t(v;11q23.3), t(9;22) and adverse molecular 

abnormalities such as FLT3-ITD with wild type NPM1, RUNX1, ASXL1 and TP53 
mutations.13 The remaining cytogenetic and molecular risk abnormalities were considered as 

intermediate genetic risk.

A reverse transcription polymerase chain reaction (RT-PCR) or Sanger Sequencing 

molecular testing methods as previously reported have been used to test for FLT-3, 
NPM1 and CEBPA mutations since 2007.16–20 These tests were ordered separately even 

after introduction of Next-Generation Sequencing (NGS) due to the limitation of NGS to 

accurately detect FLT-3 and CEBPA mutations. Patients receiving alloHCT from 2005 and 

2007 were not tested for the abovementioned risk defining mutations and were therefore 

classified based on the best available cytogenetic data into intermediate risk (N=36).

Mutational analysis by Next-Generation Sequencing (NGS) in a bone marrow aspirate was 

initially performed at a CLIA certified commercial lab (Genoptix) between May 2011 and 

October 2014 using a 5 gene panel then a 21-gene panel as we previously reported.20 

Starting from October 2014, NGS was performed at Moffitt Cancer Center in a CAP/CLIA-

certified environment using a custom TruSeq myeloid 32-gene panel which was transitioned 

to an Illumina TruSeq Myeloid 54-gene panel in 2016.21 Insertions/deletions were reported 

at validated variant allele frequency (VAF) >10%. Single nucleotide variants were reported 

with a variant allele frequency (VAF) ≥ 5% in all tests. Genetic risk-defining analysis by 

NGS for detection of RUNX1, ASXL1 and TP53 mutations was missing in 77 patients who 

had intermediate cytogenetics and wild type or unknown FLT3-ITD. MRD data from the 

bone marrow aspirates preceding alloHCT was available for the subset of patients (N=93) 

and assessed by multiparametric flow cytometry (MFC), cytogenetics, RT-PCR and/or NGS.

Definitions and Endpoints

The primary endpoint of the study was the overall survival (OS) after alloHCT. Secondary 

endpoints included cumulative relapse incidence (CRI), leukemia-free survival (LFS), and 

non-relapse mortality (NRM). Outcomes were measured from the time of stem cell infusion 
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and surviving patients were censored at their last follow-up. OS was measured based on 

death from any cause, and LFS was defined as survival without disease progression or 

evidence of AML relapse. The intensity of conditioning chemotherapy was defined as 

previously reported.22, 23 The standard myeloablative regimen consisted of IV fludarabine 

40 mg/m2 and IV busulfan (starting dose 130–145 mg/m2) each daily × 4 days. Busulfan 

pharmacokinetic samples were obtained, and the final two doses were adjusted to target 

an average daily busulfan area under the curve of 5300 μM/L*min per day. Reduced 

toxicity regimens included IV busulfan/fludarabine with targeted average daily area under 

the curve of 3500 μM/L*min per day, fludarabine (40 mg/m2/day × 4 days)/(IV busulfan 

3.2 mg/kg × 2 days) and fludarabine (30 mg/m2/dayx4 days)/melphalan (140 mg/m2 

single dose). Non-myeloablative regimens included fludarabine (25 mg/m2/day × 5 doses)/

cyclophosphamide (50 mg/kg/day × 2 doses), fludarabine (30 mg/m2/day × 3 days)/2 Gy 

TBI, and cyclophosphamide 50 mg/kg/dayx4 days/equine ATG (30 mg/kgx3 doses).24 

Hematopoietic stem cell transplant comorbidity index (HCT-CI) was defined as reported by 

Sorror et al,25 and DRI as reported by Armand et al8 and the Center for International Blood 

and Marrow Transplant Research (CIBMTR) Acute Leukemia Working Committee. CR was 

defined as absence of detectable leukemia morphologically with bone marrow blasts < 5%, 

no circulating blasts in peripheral blood or presence of extramedullary disease together with 

peripheral blood absolute neutrophil (≥ 1.0 × 109/L) and platelet count recovery (≥ 100 × 

109/L).13 MRD positivity was defined as evidence of residual molecular (NGS or RT-PCR), 

MFC or cytogenetic abnormalities detected in pre-transplant bone marrow biopsy samples.10

Statistical Analysis

In this retrospective cohort study, we reported patient-, disease-, and transplantation-related 

characteristics descriptively. The competing risk modeling was used to estimate cumulative 

incidences for relapse and NRM in the 2017 ELN risk groups, with each treated as a 

competing risk for the other. The Kaplan-Meier method was used to estimate OS and LFS 

probabilities.26 The log-rank and Gray27 tests were used to assess the differences in the 

Kaplan-Meier and the cumulative incidence functions, respectively. The Cox proportional 

hazard model28 was employed to build the multivariable models for survival and leukemia-

free survival, and the Fine-Gray regression model29 was employed for relapse and NRM. 

The backward elimination method with a threshold level of statistical significance of 5% 

was used to identify significant risk factors and to derive final multivariable models. The 

2017 ELN genetic risk groups, regardless of level of significance, were included in all steps 

of model building. The ELN 2017 favorable risk group was used as a reference. All p-values 

were 2-sided. The statistical analyses were performed using R (version 3.5.2) and SAS 14.3 

(Cary, NC) software.

RESULTS

Patient Characteristics

We identified 500 adult patients with AML in CR1 or CR2 who received their first alloHCT 

between 2005 and 2016 at Moffitt Cancer Center (Table 1). On the basis of 2017 ELN 

genetic risk stratification, 58 (12%) patients had favorable, 284 (57%) had intermediate, and 

158 (32%) had adverse risk AML. Median age at transplantation was 55 years (range, 18–76 
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years). At the time of transplant, half of the study patients had HCT-CI ≥3, and 70% of all 

patients were CMV seropositive. Remission status at alloHCT was CR1 in 74% and CR2 

in 26% of patients; 14% of all patients had high-risk DRI. Matched unrelated donor (MUD, 

46%) transplants accounted for the majority of all alloHCT, followed by HLA-identical 

sibling (MSD, 28%), mismatched unrelated (MMUD, 16%), umbilical cord blood (UCB, 

6%), and mismatched related (MMRD, 3%) transplants. The majority of the study patients 

(68%) received myeloablative conditioning, and tacrolimus in combination with sirolimus 

was the most common (44%) graft-versus-host disease (GVHD) prophylaxis regimen.

Pre-transplant MRD status was available in 93 patients who were mostly treated after 2014: 

63 (68%) were MRD positive and 30 (32%) were MRD negative at alloHCT. We found that 

MRD status at alloHCT was associated with 2017 ELN genetic risk (p=0.02). In particular, 

there was a higher proportion of patients with 2017 ELN adverse risk AML in the MRD-

positive group (49%) than in the MRD-negative group (27%). Conversely, there was a lower 

proportion of patients with 2017 ELN intermediate risk AML in the MRD-positive group 

(38%) than in the MRD-negative group (60%). In addition, the MRD positive group had 

more patients (33%) with secondary AML than the MRD-negative (13%) group (p=0.04). 

We otherwise observed no significant differences among MRD groups across all patient- and 

transplant-related characteristics.

Relapse and NRM by 2017 ELN Genetic Risk Stratification

The cumulative incidence of relapse at 2 years after alloHCT was 30% (95% CI, 26–34) 

for the entire cohort: 26% in the favorable risk, 25% in the intermediate risk and 41% 

in the adverse risk 2017 ELN genetic risk groups (p=0.001, Figure 1 A). In multivariable 

analysis, increasing 2017 ELN genetic risk was associated with increased risk of relapse 

after alloHCT (Table 2). Compared with the 2017 ELN favorable risk group, the adverse risk 

group had a 2.4-fold (HR=2.36, 95% CI 1.28–4.35; p=0.006) greater risk of relapse after 

alloHCT. The CR2 remission status (HR=1.69; 95% CI 1.17–2.43; p=0.005) significantly 

increased the risk of relapse after alloHCT compared to CR1.

The cumulative incidence of NRM at 2 years was 19% (95% CI, 15–22) for the entire 

cohort: 10% in the favorable risk, 21% in the intermediate risk and 17% in the adverse risk 

2017 ELN genetic risk groups (p=0.33, Figure 1 B). In multivariable analysis, the 2017 ELN 

genetic risk had no significant impact on NRM. High risk DRI (HR=7.75, 95% CI 1.92–

31.30; p=0.004) and HCT-CI ≥3 (HR=1.47, 95% CI 1.00–2.18; p=0.05) were additional 

factors associated with increased risk of NRM after alloHCT.

LFS and OS by 2017 ELN Genetic Risk Stratification

LFS probability at 2 years after alloHCT for the entire cohort was 51% (95% CI 47–55): 

64% in the favorable, 54% in the intermediate and 42% in the adverse risk 2017 ELN 

groups (p=0.002; Figure 2 A). In multivariable analysis, 2017 ELN genetic risk remained 

strongly prognostic for LFS. Compared to the 2017 ELN favorable risk group, treatment 

failure (inverse of LFS) after alloHCT was 1.6-fold (95% CI 1.06–2.53; p=0.03) greater with 

intermediate risk and 2.2-fold (95% CI 1.41–3.54; p<0.001) greater with adverse genetic 

risk. Other factors that were associated with worse LFS included HCT-CI ≥3 (HR=1.56, 
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95% CI 1.23–1.99; p<0.001) and CR2 remission status (HR=1.53, 95% CI 1.16–2.01; 

p=0.003).

The probability of OS at 2 years after alloHCT for the entire cohort was 56% (95% CI, 

52–61): 72% in the favorable, 60% in the intermediate and 45% in the adverse risk 2017 

ELN genetic risk groups (p<0.001; Figure 2 B). In multivariable analysis, 2017 ELN genetic 

risk remained a significant independent predictor of OS after alloHCT. Overall mortality was 

1.7-fold greater with the intermediate (95% CI 1.06–2.68; p=0.03) and 2.5-fold greater with 

the adverse (95% CI 1.54–4.06; p<0.001) 2017 ELN genetic risk groups as compared to the 

favorable risk group. Factors associated with lower OS after alloHCT included HCT-CI ≥3 

(HR=1.61, 95% CI 1.25–2.08; p<0.001) and the use of RIC (HR=1.42, 95% CI 1.08–1.86; 

p=0.01), while alloHCT performed after 2010 was associated with improved OS (HR=0.71, 

95% CI 0.53–0.93; p=0.02). In addition, CR2 remission status (HR=1.48, 95% CI 1.12–

1.97; p=0.007) compared to CR1 was associated with worse OS. We also studied the effect 

of the 2017 ELN classification on CR1 and CR2 subsets separately. We found that the 

2017 ELN classification is prognostic for overall survival of patients in both subsets. In 

univariable analysis of patients with AML in CR1, the overall mortality risk was 2.2-fold 

higher in the intermediate risk and 3.8-fold higher in the adverse risk group compared to 

the favorable risk group (p<0.001; Figure 2 C). In patients with AML in CR2, the overall 

mortality risk was 1.8-fold higher in the intermediate risk and 2.2-fold higher in the adverse 

risk group compared to the favorable risk group (p=0.04; Figure 2 D).

DISCUSSION

In this study, we identified the significant independent prognostic impact of the 2017 ELN 

genetic risk stratification on OS of AML patients receiving alloHCT in CR1 and CR2. 

Survival was the highest in the favorable risk group, followed by the intermediate risk group, 

while the adverse risk group had the worst survival after alloHCT. In addition, our analysis 

showed that increasing 2017 ELN genetic risk is associated with greater risk of relapse and 

worse LFS after transplant. NRM, however, was not affected by the 2017 ELN genetic risk 

stratification.

Several genetic risk stratification systems have been examined in the past to prognosticate 

the outcomes of AML patients receiving alloHCT including models proposed by the 

Medical Research Council (MRC),30 Cancer and Leukemia Group B (CALGB),31 

Southwest Oncology Group/Eastern Cooperative Oncology Group (SWOG/ECOG)32 

monosomal karyotype based on cytogenetic information14, 33 and the modified 2010 ELN 

prognostic model34. However, most of these prior models were largely based on the 

AML cytogenetic risk and did not consider molecular aberrations. While the 2010 ELN 

prognostic model considered both cytogenetic and molecular abnormalities and stratified 

AML patients into 4 distinct risk groups (favorable, intermediate-I, intermediate-II, and 

adverse),9 it required modification in 2017 to include 3 genetic AML risk groups (favorable, 

intermediate, and adverse) for better prognostic separation.13, 35 In addition, the 2010 ELN 

did not include ASXL1, RUNX1, and TP53 molecular risk features, which were later 

assigned to the 2017 ELN adverse risk group as recent reports showed their independent 

influence on worse outcomes in AML.13, 36, 37
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In two prior studies, the 2010 ELN genetic risk classification had no significant prognostic 

impact on relapse or survival outcomes among patients with AML.34, 35 A study that 

included 1550 adults with newly diagnosed AML treated on CALGB first-line clinical 

trials demonstrated similar LFS and OS outcomes between intermediate-I and intermediate-

II groups across younger (< 60 years) and older (≥ 60 years) age cohorts, except for 

better OS in the intermediate-II group compared to intermediate-I in younger patients.35 

Similarly, survival outcome discrepancies were observed in another report of 464 patients 

receiving alloHCT for AML when the 2010 ELN genetic risk stratification was applied.34 

In that study, the best post-alloHCT survival outcomes were observed in the favorable 

and intermediate-II groups in younger (< 60 years) patients with no significant difference 

between these two groups. In addition, older (≥ 60 years) patients in the favorable and 

intermediate-I groups had similar survival.34 In our analysis, age was found not be an 

independent predictor for clinical outcomes. In addition, in contrast to above studies, the 

updated 2017 ELN risk stratification in our analysis showed clear prognostic separation of 

the 3 genetic risk groups and it was highly predictive of relapse and survival outcomes of 

patients receiving alloHCT for AML in CR1 and CR2. A recent study by Grimm et al. in 

234 patients with AML in CR1 also showed the prognostic effect of the 2017 ELN risk 

stratification on clinical outcomes after alloHCT.38

We also considered MRD status prior to transplant in our analysis, which in prior several 

reports influenced alloHCT outcomes in AML.7, 12, 39–42 Although MRD information in our 

study was only available in a subset of patients who were mostly treated in recent years, we 

observed an association between increasing 2017 ELN genetic risk and MRD positivity prior 

to alloHCT. A larger independent patient cohort is required to further explore the interaction 

between 2017 ELN genetic risk and MRD in predicting outcomes of alloHCT in AML. 

Nevertheless, our analysis demonstrated that the 2017 ELN genetic risk prognosticates 

relapse after alloHCT independent of MRD status and thereby identifies patients who would 

most likely benefit from relapse risk reduction strategies. In addition, as noted in ELN 

MRD consensus document, no standardized methods for the high-sensitivity quantification 

of MRD prior to HCT are yet available for AML.43 Uniform approach for detection of MRD 

is not yet available, however, flow cytometry and NGS have both been used. Challenges 

associated with MRD assessment by NGS include clonal evolution of tumor cells and 

concerns about each assay’s sensitivity. Standardization and validation of MRD assessment, 

which is currently being addressed by the ELN MRD Working Party, can help to improve 

patient selection for alloHCT and for clinical trial participation to reduce AML relapse.

Another limitation of our study is the missing data on several prognostic mutations in 

a subset of patients within the intermediate risk cytogenetic group. However, since the 

expression of adverse-risk defining mutations (ASXL1, RUNX1, TP53 or FLT3-ITD) 

within the intermediate risk cytogenetic group is expected to affect the genetic risk group 

assignment in <10% of our study population, we believe that the current categorization 

would not likely significantly influence the results of our analysis.

RIC compared to MAC in our study resulted in worse survival as consistent with previous 

reports.44 CR2 status compared to CR1 in our study was another factor that independent 

of the 2017 ELN genetic risk significantly increased the relapse risk and mortality after 
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alloHCT. These findings are consistent with those from a previous, large registry report by 

the European Group for Bone Marrow Transplantation (EBMT) showing higher relapse risk 

after transplant with CR2 status compared to CR1 in AML.45 Since AML relapse remains 

the leading cause of treatment failure and mortality after alloHCT, accurate characterization 

of patients who are at increased risk of relapse is important in order to design clinical 

trials with novel relapse reduction approaches such as immunotherapy or targeting agent 

maintenance.46–51

In conclusion, our study findings indicate that the 2017 ELN genetic risk stratification can 

serve as a readily available prognostic tool for alloHCT outcomes in patients with AML in 

CR1 and CR2. In addition, the 2017 ELN genetic risk can help to stratify patients with AML 

for participation in alloHCT clinical trials. Relapse reduction strategies can be of benefit to 

all, but particularly to patients with adverse risk AML, and CR2 status at transplant.
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HIGHLIGHTS

• 2017 ELN risk stratification by genetics is an independent predictor of 

survival after allogeneic transplantation in patients with AML.

• 2017 ELN risk stratification significantly increased mortality and treatment 

failure in the adverse and intermediate risk groups compared to the favorable 

risk group.

• Relapse after allogeneic transplantation was the highest in the adverse risk 

genetic group.

Hansen et al. Page 13

Transplant Cell Ther. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Relapse (A) and Non-Relapse Mortality (B) by 2017 ELN genetic risk for AML
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Figure 2. 
Leukemia-Free Survival of all patients (A), Overall Survival of all patients (B), Overall 

Survival of CR1 patients (C), and Overall Survival of CR2 patients (D) by 2017 ELN 

genetic risk for AML
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Table 1.

Patient characteristics

Variable Strata N (%)
Total N=500

2017 ELN genetic risk

Favorable 58 (11.6)

Intermediate 284 (56.8)

Adverse 158 (31.6)

Age, years

Median (range) 55 (18–76)

< 60 years 332 (66.4)

≥ 60 years 168 (33.6)

Gender

Male 261 (52.2)

Female 239 (47.8)

Karnofsky performance score

≥ 90 391 (78.2)

< 90 109 (21.8)

HCT-CI score

0–2 248 (49.6)

≥ 3 252 (50.4)

Disease type

De Novo 390 (78.0)

Secondary 110 (22.0)

Cytogenetic risk

Favorable 37 (7.4)

Intermediate 342 (68.4)

Adverse 121 (24.2)

Remission status at HCT

CR1 370 (74.0)

CR2 130 (26.0)

Pre-HCT MRD status*

Positive 63 (12.6)

Negative 30 (6.0)

DRI risk

Low 38 (7.6)

Intermediate 393 (78.6)

High 69 (13.8)

Conditioning intensity

Myeloablative 338 (67.6)

Reduced Intensity 162 (32.4)

Donor Type
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Variable Strata N (%)
Total N=500

MSD 142 (28.4)

MUD 232 (46.4)

MMUD 82 (16.4)

MMRD 16 (3.2)

UCB 28 (5.6)

GVHD Prophylaxis

T acrolimus/Sirolimus 221 (44.0)

Other 279 (56.0)

Recipient CMV serostatus

Positive 350 (70.0)

Negative 150 (30.0)

Year of HCT

2005–2010 184 (36.8)

2011–2016 316 (63.2)

Follow up of survivors, years

Median (range) 4.7 (2.0 – 5.0)

2017 ELN indicates European LeukemiaNet genetic risk classification; HCT-CI, hematopoietic stem cell transplantation comorbidity index; 
CR, complete remission; MRD*, measurable residual disease in subjects with available data at transplant; DRI, disease risk index; RIC, reduced-
intensity conditioning; MSD, HLA-matched sibling donor; MUD, HLA-matched unrelated donor; MMUD, mismatched unrelated donor; MMRD, 
mismatched related donor; UCB, umbilical cord blood. GVHD, graft-versus-host disease; CMV, cytomegalovirus.
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Table 2:

Multivariable analysis of clinical outcomes by 2017 ELN genetic risk

Variable Stratification N HR 95% CI p-value

Relapse

2017 ELN

Favorable 58 1.0 - -

Intermediate 284 1.23 0.69–2.18 0.48

Adverse 158 2.36 1.28–4.35 0.006

Remission status

CR 1 370 1.0 - -

CR 2 130 1.69 1.17–2.43 0.005

Non-Relapse Mortality

2017 ELN

Favorable 58 1.0

Intermediate 284 0.92 0.43–1.96 0.82

Adverse 158 0.43 0.17–1.07 0.07

HCT-CI

0–2 248 1.0

≥ 3 252 1.47 1.00–2.18 0.05

DRI

Low 38 1.0

Intermediate 393 3.19 0.95–10.71 0.06

High 69 7.75 1.92–31.30 0.004

Leukemia-Free Survival *

2017 ELN

Favorable 58 1.0

Intermediate 284 1.63 1.06–2.53 0.03

Adverse 158 2.23 1.41–3.54 < 0.001

Remission status

CR 1 370 1.0

CR 2 130 1.53 1.16–2.01 0.003

HCT-CI

0–2 248 1.0

≥ 3 252 1.56 1.23–1.99 < 0.001

Overall Survival *

2017 ELN

Favorable 58 1.0

Intermediate 284 1.68 1.06–2.68 0.03

Adverse 158 2.50 1.54–4.06 <0.001

Remission status

CR 1 370 1.0
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Variable Stratification N HR 95% CI p-value

CR 2 130 1.48 1.12–1.97 0.007

HCT-CI

0–2 248 1.0

≥ 3 252 1.61 1.25–2.08 < 0.001

Conditioning intensity

Myeloablative 338 1.0 0.01

Reduced Intensity 162 1.42 1.08–1.86 0.002

Year of HCT

2005–2010 184 1.0

2010–2016 316 0.71 0.53–0.93 0.02

HR, hazard ratio.

*
HR denotes for increased risk of mortality. 2017 ELN indicates European LeukemiaNet genetic risk classification; HCT-CI, hematopoietic 

stem cell transplantation comorbidity index; CR, complete remission; MRD, measurable residual disease; DRI, disease risk index; RIC, reduced-
intensity conditioning.

Adjusted for recipient age, HCT-CI, Karnofsky performance status, DRI, remission and MRD status prior to HCT, conditioning intensity, donor 
type, graft-versus-host disease prophylaxis, recipient CMV serostatus and year of HCT, as applicable based on the individual models.
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