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Measurable residual disease (MRD) before allogeneic hematopoietic cell
transplantation (HCT) is strongly associated with relapse risk and survival in acute
myeloid leukemia (AML).1-4 However, association is not prediction.5, 6 In association
studies, inferences about a risk factor (e.g. MRD) are made at the population level, not
the individual patient level.6, 7 This difference is important because, for clinical decisionmaking, we are most interested in predicting outcomes for a particular patient. This
ability is evaluated with classification models. Good association is usually necessary
but not sufficient for good classification. The degree to which MRD data improve postHCT outcome prediction in adults with AML is unknown.
To address this, we studied all adults ≥18 years with AML who received a first allograft
while in first or second remission between 4/2006 and 5/2021 and underwent bone
marrow MRD testing by multiparameter (10-color) flow cytometry (MFC) before and
approximately 1 month after HCT.8 The MRD assay methodology has remained
essentially unchanged throughout the study period, with stable assay performance over
time.8 MRD was identified using a “difference from normal” approach, with the assay
detecting MRD in most cases to a level of 0.1% and in progressively smaller subsets of
patients as the level of MRD decreases below that level.8 Disease risk and treatment
response was assessed via 2017 European LeukemiaNet (ELN) criteria9 except that
relapse was defined as emergence of >5% blasts by morphology or MFC in blood or
marrow, emergence of cytogenetic abnormalities seen previously, or
presence/emergence of any level of disease if leading to therapeutic intervention.8 Our
retrospective analysis was approved by the Fred Hutch’s Institutional Review Board.
Data follow-up was current as of February 10, 2022.

Overall survival (OS) and relapse-free survival (RFS) were estimated using the KaplanMeier method. Probabilities of relapse and non-relapse mortality (NRM) were
summarized using cumulative incidence estimates, with death without prior relapse
considered a competing risk for relapse and relapse being a competing risk for NRM.
Following our previous approach8 and supported by findings from restricted cubic
spline models and maximally selected rank statistics (Supplemental Figure 1), any
detectable level of MRD was considered positive. We used Cox regression to assess
the association between OS or RFS and covariates of interest, whereas cause-specific
Cox regression models were used for relapse and NRM in the setting of competing
risks. We used the C-statistic to quantify a model’s ability to predict outcomes, with
values of 0.6-0.7, 0.7-0.8, and 0.8-0.9 considered as poor, fair, and good. Statistical
analyses were performed using R (http://www.r-project.org).

We identified 979 patients for study inclusion (Table 1). 460 deaths, 308 relapses, and
193 NRM events contributed to estimates for relapse, OS, RFS, and NRM with a
median (range) follow-up after HCT among survivors of 62 (3-182) months. Compared
to adults without MRD, those with MRD had a significantly increased relapse risk
(hazard ratio [HR]: 4.28 [95% confidence interval: 3.40-5.40], P<0.001), shorter RFS
(HR: 3.11 [2.57-3.76], P<0.001), and shorter OS (HR: 2.65 [2.18-3.23], P<0.001).
Besides pre-HCT MRD status, several other factors were associated with relapse,
RFS, OS, and/or NRM (Supplemental Table 1).

We then assessed the ability of covariates to predict relapse, RFS, and OS in individual
patients. In univariate analyses, pre-HCT MRD status was the strongest (albeit poor)
individual predictor for relapse, RFS, and OS (C-statistics: 0.64 [relapse], 0.60 [RFS],
0.59 [OS]; Table 2). Comparable results were obtained with the ELN-recommended

≥0.1% MRD positivity threshold (C-statistics: 0.61, 0.58, 0.57). A basic multivariable
model that included age, cytogenetic risk at diagnosis, remission number, time
between most recent remission and HCT, Karnofsky score, neutrophil recovery before
HCT, conditioning intensity, and secondary AML status yielded C-statistics of 0.64,
0.62, and 0.62 for relapse, RFS, and OS (Table 2). Inclusion of pre-HCT cytogenetic
data (normalized vs. not normalized for patients presenting with abnormal karyotypes),
which we very recently found to provide complementary information to flow cytometric
MRD data despite its low sensitivity,10 improved models only minimally, yielding Cstatistics of 0.66, 0.63, and 0.63 for relapse, RFS, and OS. The prediction accuracy
could be further improved when information from pre-HCT MRD testing was included
(C-statistics of 0.70, 0.66, and 0.65 for relapse, RFS, and OS; C-statistics using ELN
cut-off: 0.70, 0.67, 0.65). In contrast, once the pre-HCT MRD status was included,
adding pre-HCT cytogenetic data did not further improve the models’ predictive ability
(Table 2).

In our models for relapse, RFS, and OS, we identified a significant interaction between
pre-HCT MRD status and conditioning intensity, with similar outcomes for MRDpositive patients across regimens but better outcomes for MRD-negative patients with
myeloablative conditioning. However, including this interaction term in models only
minimally improved the predictive performance for relapse (C-statistic 0.71 vs. 0.70)
but not for RFS or OS.

Currently, there is focus on pre-HCT testing because of the perceived value in using
data for decision-making regarding use/not use of allogeneic HCT and specifics of the
allografting approach. However, there is interest in MRD-directed post-HCT
interventions, for which early post-HCT MRD data could be useful. That is because our
recent data indicated that, across conditioning intensities, combined use of pre-HCT
MRD data and early post-HCT MRD data, obtained 20-40 days after HCT (“peri-HCT
MRD dynamics”), improves risk assessment over isolated pre-HCT MRD assessments
and identifies 4 groups of patients with distinct clinical outcomes.8 We therefore
performed a second set of analyses, restricting the dataset to 926 patients with preand early post-HCT MRD data available (Table 1). Patients in the MRDneg/MRDpos
group (n=21) were excluded from these models due to unstable hazard ratio estimates
caused by most patients in the subgroup having relapsed by time 0 of the relapse and
RFS measurements. In day +40 landmark analyses, peri-HCT MRD dynamics were
strongly associated with relapse, RFS, and OS and, weakly, with NRM; as in the entire
cohort, several other factors were associated with relapse, RFS, OS, and/or NRM in
this patient subset (Supplemental Table 2). In univariate models, peri-HCT MRD
dynamics were equally accurate as pre-HCT MRD data for the prediction of relapse (Cstatistic=0.70), RFS (C-statistic=0.63), and OS (C-statistic=0.61; Table 2). Likewise, Cstatistic values in multivariable models remained unchanged when data on peri-HCT
MRD dynamics rather than pre-HCT MRD status were included (0.71, 0.68, and 0.67
for the prediction of relapse, RFS, and OS).

We previously reported that detailed molecular data modestly improve the prediction of
therapeutic resistance or survival in adults receiving intensive AML chemotherapy.11
We therefore considered that refined cytogenetic/molecular risk categorization could
improve post-HCT outcome prediction. As a limitation of our dataset, molecular data
sufficient for risk classification based on ELN 2017 criteria were only available for 260
patients in the more recent period since 2016 when extended molecular profiling
became routine at our institution. In this latter subset, the addition of ELN 2017
cytogenetic/molecular disease risk to a multivariable model including pre-HCT MRD
status yielded C-statistics of 0.70, 0.69 and 0.68 for relapse, RFS and OS.

Decision-making in most areas of medicine, including HCT, entails important
uncertainties.12 While MRD data increased the accuracy of outcome prediction in our
cohort, our finding of C-statistics not exceeding 0.71 for relapse, 0.68 for RFS, and
0.67 for OS highlights that our ability to predict important outcomes in adults with AML
undergoing allogeneic HCT is limited even with MRD information available. This is

reminiscent of findings we obtained when building multivariable models to predict
outcomes after intensive AML chemotherapy.13 With this, our data caution against
over-reliance on MRD data (or any other routine clinical information) to guide decisionmaking and prognostication in individual AML patients considered for allografting or
post-HCT interventions.

Several reasons may underlie the modest contribution of MRD data to post-HCT
outcome prediction. First, there are inherent limitations to MRD testing that can result in
patient misclassification.14 Second, it is conceivable that MRD used as a binary readout
rather than continuous biomarker could decrease prediction accuracy. However, we
explored this through non-linear modelling of relationships between MRD and postHCT endpoints with cubic spline functions and did not find noticeable differences in
relapse or survival risks across MRD levels. This suggests the consideration of any
detectable level of MRD as positive did not negatively impact models’ predictive
accuracies. Third, since different MRD test modalities provide complementary rather
than congruent prognostic information,15 the incorporation of molecular MRD data may
improve outcome prediction. Unfortunately, molecular MRD testing was not routine part
of the pre-HCT evaluation in the study period. Fourth, because of the lack of detailed
molecular data, we could not assess a possible interaction between MRD and
genetic/molecular disease risk. Fifth, NRM represents a major contribution to mortality
after allogeneic HCT. Imperfectly accounted for in competing risks analyses, NRM
events may interfere with the ability to predict relapse and survival outcomes with MRD
data. Lastly, sustained AML remission after allogeneic HCT largely depends on graftversus-leukemia (GVL) effects. Pre-HCT and early post-HCT MRD primarily measure
AML sensitivity to prior chemotherapy and conditioning regimens and may not predict
immune-mediated eradication of leukemic cells. The identification of robust immune
biomarkers predicting GVL effects after allogeneic HCT could help refine relapse risk
stratification.
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TABLE 1. Demographic and clinical characteristics of the study cohorts

Median age at HCT (range), years
Male gender, n (%)
Median WBC at diagnosis (range), x103/µL
2017 ELN cytogenetic risk*, n (%)
Favorable
Intermediate
Adverse
Missing/Not reported
2017 ELN cytogenetic/molecular risk, n (%)
Favorable
Intermediate
Adverse
Missing/Not reported
NPM1 mutational status at diagnosis, n (%)
Positive
Negative
Missing/Not reported
FLT3-ITD mutational status at diagnosis, n (%)
Positive
Negative
Missing/Not reported
Secondary AML**, n (%)
Disease status at HCT, n (%)
First remission
Second remission
Median remission duration before HCT (range), days
Recovered ANC before HCT***, n (%)
Recovered platelet count before HCT***, n (%)
Recovered peripheral blood counts before HCT***, n
(%)
Pre-HCT Cytogenetics HCT, n (%)
Normalized karyotype
Abnormal karyotype
Non-informative karyotype****
Pre-HCT MRD status, n (%)

Pre-HCT MRD cohort
(n=979)

Peri-HCT MRD dynamics cohort
(n=926)

55 (18-81)
525 (54)
8 (0-348)

55 (18-81)
495 (53)
8 (0-348)

72 (7)
618 (63)
251 (26)
38 (4)

68 (7)
590 (64)
231 (25)
37 (4)

171 (17)
87 (9)
128 (13)
593 (61)

164 (18)
83 (9)
121 (13)
558 (60)

142 (15)
441 (45)
396 (40)

134 (14)
422 (46)
370 (40)

172 (18)
451 (46)
356 (36)
257 (26)

162 (17)
429 (46)
335 (36)
239 (26)

747 (76)
232 (24)
98 (7-788)
885 (90)
691 (71)
680 (69)

708 (76)
218 (24)
98 (7-788)
840 (91)
656 (71)
646 (70)

387 (40)
161 (16)
431 (44)

363 (39)
151 (16)
412 (44)

pos

MRD
MRDneg
Post-HCT MRD status day +20-40, n (%)
MRDpos
neg
MRD
Not available
Peri-HCT MRD dynamics, n (%)
MRDpos/MRDpos
pos
neg
MRD /MRD
MRDneg/MRDneg
neg
pos
MRD /MRD
Not available
Karnofsky score, % (range)
HCT Comorbidity Index, n (%)
0-1
2-3
≥4
Conditioning intensity, n (%)
MAC
Non-MAC
HLA matching, n (%)
HLA-identical related donor
HLA-matched unrelated donor
1-2 allele/antigen mismatched unrelated donor
HLA-haploidentical donor
UCB
Source of stem cells, n (%)
PB
BM
UCB
GVHD prophylaxis, n (%)
CNI + MMF ± sirolimus
CNI + MTX ± other
PTCy
Other

191 (20)
788 (80)

186 (20)
740 (80)

71 (7)
876 (89)
32 (3)

50 (5)
876 (95)
-

50 (5)
136 (14)
740 (76)
21 (2)
32 (3)
90 (40-100)

50 (5)
136 (15)
740 (80)
90 (50-100)

339 (35)
347 (35)
293 (30)

324 (35)
334 (36)
268 (29)

583 (60)
396 (40)

558 (60)
368 (40)

227 (23)
482 (49)
101 (10)
37 (4)
132 (13)

219 (24)
456 (49)
95 (10)
34 (4)
122 (13)

766 (78)
81 (8)
132 (13)

728 (79)
76 (8)
122 (13)

473 (48)
370 (38)
122 (12)
14 (1)

444 (48)
352 (38)
116 (13)
14 (2)

*Risk stratification according to the presence of cytogenetic abnormalities only. **Secondary AML was defined as disease following an antecedent
hematologic disorder or treatment with systemic chemotherapy, radiotherapy, or both for a different disorder. ***ANC ≥1,000/µL and platelets ≥100,000/µL.
****Normal cytogenetics in cytogenetically normal AML or missing cytogenetics at diagnosis. Abbreviations: AML, acute myeloid leukemia; ANC, absolute

neutrophil count; BM, bone marrow; CNI, calcineurin inhibitor; ELN, European LeukemiaNet; HCT, hematopoietic cell transplantation; MAC, myeloablative
conditioning; MMF, mycophenolate mofetil; MRD, measurable residual disease; MTX, methotrexate; PB, peripheral blood; PTCy, post transplantation
cyclophosphamide; UCB, umbilical cord blood; WBC, total white blood cell count.

TABLE 2. C-statistics for univariate and multivariate Cox regression analyses
Pre-HCT MRD cohort (n=979)
Parameter

Peri-HCT MRD dynamics cohort (n=926)

Relapse

RFS

OS

Relapse

RFS

OS

0.64

0.60

0.59

0.66

0.62

0.60

Post-HCT MRD status day +20-40

-

-

-

0.57

0.55

0.54

Peri-HCT MRD dynamics

-

-

-

0.67

0.63

0.61

2017 ELN cytogenetic risk at diagnosis*

0.59

0.56

0.55

0.59

0.56

0.55

Pre-HCT cytogenetics**

0.57

0.56

0.56

0.57

0.57

0.57

Age at HCT

0.55

0.57

0.57

0.53

0.57

0.57

Time between CR and HCT

0.55

0.52

0.52

0.55

0.53

0.52

Conditioning (MAC vs. non-MAC)

0.54

0.56

0.55

0.52

0.55

0.55

Karnofsky score

0.54

0.55

0.55

0.54

0.55

0.55

NPM1 mutational status at diagnosis

0.54

0.53

0.53

0.55

0.52

0.53

FLT3-ITD mutational status at diagnosis

0.54

0.52

0.51

0.54

0.51

0.50

Disease status at HCT (CR2 vs. CR1)

0.53

0.53

0.53

0.53

0.53

0.53

ANC recovery before HCT

0.52

0.52

0.52

0.52

0.52

0.52

Secondary AML*** (vs. de novo)

0.52

0.52

0.52

0.52

0.52

0.52

Basic covariates****

0.64

0.62

0.62

0.64

0.62

0.63

Basic covariates + NPM1/FLT3-ITD mutational status at

0.64

0.62

0.62

0.64

0.62

0.63

Univariate analyses
Pre-HCT MRD status

Multivariate analyses

diagnosis

Basic covariates + pre-HCT cytogenetics

0.66

0.63

0.63

0.65

0.64

0.64

Basic covariates + pre-HCT MRD status

0.69

0.66

0.65

0.70

0.68

0.66

Basic covariates + pre-HCT cytogenetics + pre-HCT

0.70

0.66

0.65

0.71

0.68

0.67

-

-

-

0.67

0.66

0.65

-

-

-

0.71

0.68

0.67

MRD status
Basic covariates + pre-HCT cytogenetics + post-HCT
MRD status day +20-40
Basic covariates + pre-HCT cytogenetics** + peri-HCT
MRD dynamics
*Risk stratification according to the presence of cytogenetic abnormalities only. **Abnormal vs. normalized vs. missing/non-informative. ***Secondary AML
was defined as disease following an antecedent hematologic disorder or treatment with systemic chemotherapy, radiotherapy, or both for a different disorder.
****Age at HCT, 2017 ELN cytogenetic risk at diagnosis (favorable vs. intermediate vs. adverse vs. unknown), remission (first vs. second), time between most
recent CR and HCT, Karnofsky score, recovery of ANC before HCT to 1,000/µL (yes vs. no), conditioning intensity (MAC vs. non-MAC), secondary AML (vs.
de novo). Abbreviations: AML, acute myeloid leukemia; ANC, absolute neutrophil count; CR, complete remission; ELN, European LeukemiaNet; HCT,
hematopoietic cell transplantation; MAC, myeloablative conditioning; MRD, measurable residual disease; OS, overall survival; RFS, relapse-free survival.

SUPPLEMENTARY TABLE 1. Multivariate Cox regression models in the pre-HCT MRD cohort
Covariate
Pre-HCT MRD status
MRDreg
MRDpos
Age at HCT (per 10 years)
Type of AML
De novo
Secondary
2017 ELN cytogenetic risk*
Favorable
Intermediate
Adverse
Missing/Not reported
Disease status at HCT
First remission
Second remission
Days between CR and HCT
ANC recovery before HCT**
Yes
No
Pre-HCT Cytogenetics HCT
Normalized karyotype
Abnormal karyotype
Non-informative karyotype***
Karnofsky score
Conditioning intensity
MAC
Non-MAC

Relapse
HR (95% CI)
P-value

RFS
HR (95% CI)

P-value

OS
HR (95% CI)

P-value

NRM
HR (95% CI)
P-value

1 (Reference)
3.6 (2.73-4.76)
0.98 (0.88-1.09)

<0.001
0.73

1 (Reference)
2.61 (2.08-3.29)
1.04 (0.96-1.14)

<0.001
0.34

1 (Reference)
2.05 (1.61-2.60)
1.06 (0.96-1.16)

<0.001
0.24

1 (Reference)
1.34 (0.87-2.07)
1.19 (1.02-1.38)

0.19
0.029

1 (Reference)
0.71 (0.52-0.96

0.028

1 (Reference)
0.85 (0.68-1.08)

0.18

1 (Reference)
0.95 (0.75-1.21)

0.69

1 (Reference)
1.13 (0.79-1.62)

0.49

1 (Reference)
2.71 (1.26-5.84)
4.62 (2.13-9.98)
4.67 (1.78-12.24)

0.011
<0.001
0.002

1 (Reference)
1.84 (1.10-3.08)
2.42 (1.43-4.09)
2.56 (1.26-5.20)

0.021
<0.001
0.009

1 (Reference)
2.01 (1.14-3.55)
2.66 (1.50-4.72)
2.84 (1.34-5.98)

0.015
<0.001
0.006

1 (Reference)
1.25 (0.61-2.56)
1.01 (0.47-2.14)
1.26 (0.40-3.92)

0.53
0.99
0.70

1 (Reference)
1.46 (1.07-2.00)
1.00 (1.00-1.00)

0.016
0.29

1 (Reference)
1.38 (1.08-1.76)
1.00 (1.00-1.00)

0.011
0.90

1 (Reference)
1.46 (1.13-1.87)
1.00 (1.00-1.00)

0.0031
0.91

1 (Reference)
1.30 (0.87-1.96)
1.00 (1.00-1.00)

0.20
0.38

1 (Reference)
1.45 (0.98-2.15)

0.06

1 (Reference)
1.41 (1.04-1.92)

0.028

1 (Reference)
1.31 (0.95-1.81)

0.10

1 (Reference)
1.35 (0.82-2.23)

0.24

1 (Reference)
1.67 (1.19-2.34)
1.02 (0.72-1.46)
1 (0.99-1.02)

0.003
0.90
0.87

1 (Reference)
1.53 (1.16-2.01)
1.00 (0.77-1.31)
0.99 (0.98-1.00)

0.002
0.97
0.16

1 (Reference)
1.39 (1.04-1.86)
1.07 (0.81-1.42)
0.99 (0.98-1.01)

0.026
0.62
0.28

1 (Reference)
1.26 (0.79-2.02)
0.93 (0.62-1.40)
0.98 (0.97-1.00)

0.34
0.72
0.02

1 (Reference)
1.69 (1.26-2.27)

<0.001

1 (Reference)
1.77 (1.40-2.23)

<0.001

1 (Reference)
1.62 (1.27-2.08)

<0.001

1 (Reference)
1.83 (1.25-2.68)

0.002

* Risk stratification according to the presence of cytogenetic abnormalities only. **ANC ≥1,000/µL. ***Normal cytogenetics in cytogenetically-normal AML
or missing cytogenetics at diagnosis. Abbreviations: AML, acute myeloid leukemia; ANC, absolute neutrophil count; CI, confidence interval; ELN,
European LeukemiaNet; HCT, hematopoietic cell transplantation; HR, hazard ratio; MAC, myeloablative conditioning; MRD, measurable residual disease;
NRM, non-relapse mortality; OS, overall survival; RFS, relapse-free survival.

SUPPLEMENTARY TABLE 2. Multivariate Cox regression models in the peri-HCT MRD dynamics cohort
Covariate
Peri-HCT MRD dynamics
MRDneg/MRDneg
MRDpos/MRDneg
MRDpos/MRDpos
MRDneg/MRDpos
Age at HCT (per 10 years)
Type of AML
De novo
Secondary
2017 ELN cytogenetic risk*
Favorable
Intermediate
Adverse
Missing
Disease status at HCT
First remission
Second remission
Days between CR and HCT
ANC recovery before HCT**
Yes
No
Pre-HCT Cytogenetics HCT
Normalized karyotype
Abnormal karyotype
Non-informative karyotype***
Karnofsky score
Conditioning intensity
MAC
Non-MAC

Relapse
HR (95% CI)
P-value

RFS
HR (95% CI)

P-value

OS
HR (95% CI)

1 (Reference)
3.64 (2.64-5.02)
9.25 (6.09-14.05)
0.98 (0.88-1.10)

<0.001
<0.001
0.79

1 (Reference)
2.64 (2.03-3.44)
6.35 (4.37-9.22)
1.07 (0.98-1.18)

<0.001
<0.001
0.15

1 (Reference)
2.23 (1.70-2.92)
3.00 (2.01-4.49)
1.07 (0.97-1.19)

1 (Reference)
0.66 (0.48-0.92)

0.015

1 (Reference)
0.81 (0.63-1.03)

0.091

1 (Reference)
2.60 (1.09-6.24)
4.30 (1.78-10.36)
4.48 (1.54-13.03)

0.032
0.001
0.006

1 (Reference)
1.74 (0.99-3.03)
2.12 (1.19-3.75)
2.49 (1.17-5.27)

1 (Reference)
1.29 (0.92-1.79)
1.00 (1.00-1.00)

0.14
0.20

1 (Reference)
1.67 (1.11-2.52)

P-value

NRM
HR (95% CI)
P-value

0.16

1 (Reference)
1.42 (0.88-2.29)
2.34 (0.91-6.03)
1.29 (1.09-1.52)

1 (Reference)
0.94 (0.73-1.21)

0.64

1 (Reference)
1.10 (0.75-1.61)

0.62

0.052
0.01
0.017

1 (Reference)
1.92 (1.04-3.52)
2.37 (1.28-4.40)
2.72 (1.24-5.99)

0.036
0.006
0.013

1 (Reference)
1.27 (0.60-2.69)
0.85 (0.38-1.93)
1.45 (0.45-4.65)

0.54
0.70
0.53

1 (Reference)
1.28 (0.99-1.66)
1.00 (1.00-1.00)

0.061
0.79

1 (Reference)
1.37 (1.04-1.79)
1.00 (1.00-1.00)

0.023
0.87

1 (Reference)
1.38 (0.90-2.11)
1.00 (1.00-1.00)

0.14
0.31

0.015

1 (Reference)
1.60 (1.16-2.21)

0.004

1 (Reference)
1.41 (1.00-1.98)

0.049

1 (Reference)
1.52 (0.90-2.56)

0.12

1 (Reference)
1.72 (1.20-2.46)
1.13 (0.78-1.65)
1.00 (0.99-1.02)

0.003
0.51
0.63

1 (Reference)
1.62 (1.22-2.17)
1.10 (0.83-1.46)
0.99 (0.98-1.01)

0.001
0.53
0.34

1 (Reference)
1.42 (1.04-1.94)
1.16 (0.86-1.56)
1.00 (0.98-1.01

0.028
0.34
0.59

1 (Reference)
1.41 (0.86-2.31)
0.97 (0.63-1.49)
0.98 (0.97-1.00)

0.17
0.88
0.042

1 (Reference)
1.39 (1.02-1.90)

0.039

1 (Reference)
1.58 (1.24-2.02)

<0.001

1 (Reference)
1.53 (1.18-1.99)

0.001

1 (Reference)
1.81 (1.21-2.72)

0.004

<0.001
<0.001

* Risk stratification according to the presence of cytogenetic abnormalities only. **ANC ≥1,000/µL. ***Normal cytogenetics in cytogenetically-normal AML
or missing cytogenetics at diagnosis. Abbreviations: AML, acute myeloid leukemia; ANC, absolute neutrophil count; CI, confidence interval; ELN,
European LeukemiaNet; HCT, hematopoietic cell transplantation; HR, hazard ratio; MAC, myeloablative conditioning; MRD, measurable residual disease;
NRM, non-relapse mortality; OS, overall survival; RFS, relapse-free survival.

0.15
0.077
0.003

SUPPLEMENTARY FIGURE LEGEND
Supplementary Figure 1
Restricted cubic spline functions (left panels) and maximally selected rank statistics (right
panels) for pre-HCT MRD levels and (A) time to relapse, (B) relapse-free survival, and (C)
overall survival.
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