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ORIGINAL ARTICLE

Is there an impact of measurable residual disease as assessed by
multiparameter flow cytometry on survival of AML patients treated in
clinical practice? A population-based study

Aldana Rossoa,b , Gunnar Juliussonc,d , Fryderyk Lorenze, S€oren Lehmannf, Åsa Derolfg,
Stefan Denebergg, Martin J€adersteng , Petar Antunovich, J€org Cammengah , Lars M€ollgårdi ,
Lovisa Wennstr€omi, Emma €Olanderj, Mats Ehingerk, Linda Fogelstrandl,m , Martin H€oglundf and
Vladimir Lj Lazarevicc,d

aDepartment of Clinical Sciences, Division of Geriatric Medicine, Lund University, Lund, Sweden; bDiagnostic Radiology, Department
of Translational Medicine, Lund University, Lund, Sweden; cDepartment of Hematology, Oncology and Radiation Physics, Skåne
University Hospital, Lund, Sweden; dStem Cell Center, Department of Laboratory Medicine, Lund University, Lund, Sweden;
eDepartment of Oncology and Hematology, Umeå University Hospital, Umeå, Sweden; fDepartment of Medical Sciences, Division of
Hematology, Uppsala University Hospital, Uppsala, Sweden; gDepartment of Hematology, Karolinska University Hospital, Huddinge,
Sweden; hDepartment of Hematology, Link€oping University Hospital, Link€oping, Sweden; iDepartment of Hematology, Sahlgrenska
University Hospital, Gothenburg, Sweden; jDepartment of Hematology, Sundsvall Hospital, Sundsvall, Sweden; kDepartment of Clinical
Sciences, Pathology, Skåne University Hospital, Lund University, Lund, Sweden; lDepartment of Clinical Chemistry, Sahlgrenska
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ABSTRACT
The Swedish national guidelines for treatment of acute myeloid leukemia (AML) recommend
analysis of measurable residual disease (MRD) by multiparameter flow cytometry (MFC) in bone
marrow in the routine clinical setting. The Swedish AML registry contains such MRD data in
AML patients diagnosed 2011–2019. Of 327 patients with AML (non-APL) with MRD-results
reported in complete remission after two courses of intensive chemotherapy 229 were MRD-
negative (70%), as defined by <0.1% cells with leukemia-associated immunophenotype in the
bone marrow. MRD-results were reported to clinicians in real time. Multivariate statistical ana-
lysis adjusted for known established risk factors did not indicate an association between MFC-
MRD and overall survival (HR: 1.00 [95% CI 0.61, 1.63]) with a median follow-up of 2.7 years.
Knowledge of the importance of MRD status by clinicians and individualized decisions could
have ameliorated the effects of MRD as an independent prognostic factor of overall survival.
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Introduction

The survival of patients with acute myeloid leukemia
(AML) has increased over time [1]. This is partly due to
improvements in supportive care and the increased
use of allogeneic hematopoietic stem cell transplant-
ation (allo-SCT) [2,3]. Approximately 80–90% of
younger (<65 years) and 50% of older (>70 years) AML
patients eligible to receive intensive chemotherapy
attain complete remission [1,2]. However, the relapse
rate is high, and survival after relapse is limited [3].

In AML, acquired cytogenetic abnormalities and
gene mutations defined at diagnosis influence treat-
ment strategies and outcomes. Genetic risk

classification was established more than twenty years
ago as a strong prognostic marker and has guided the
use of allo-SCT as part of the primary treatment [4].
Recently, several genetic markers have been added to
the MRC risk classification by the European
LeukemiaNet (ELN) to improve the assessment of risk
of relapse and death [5].

Assessment of measurable residual disease (MRD)
has the potential to improve the prediction of relapse-
free survival (RFS) and overall survival (OS) in AML [6].
A recent meta-analysis provided further evidence of
an association between pre-allo-SCT MRD and post-
transplant relapse and survival [6]. MRD can be
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detected using multiparameter flow cytometry (MFC)
and molecular techniques, including real-time quanti-
tative PCR (RT-qPCR), digital PCR, and next-generation
sequencing–based technologies [5]. These methods
differ in sensitivity and applicability depending on the
specific immunophenotypical and genetic features of
the targeted leukemia [5]. MFC-MRD has lower sensi-
tivity than RT-qPCR but has the advantage to be
applicable in the majority of all AML patients in con-
trast to RT-qPCR [5]. MRD is increasingly analyzed in
clinical practice although firm guidelines regarding its
implementation in treatment decisions for AML
patients are yet to be established [3,7].

Since 2012, the Swedish national guidelines for
AML [8] recommend the assessment of MRD by MFC
following two courses of intensive chemotherapy
treatment and after completed consolidation. The
MRD analysis is performed at five experienced univer-
sity hospital laboratories across Sweden and the MRD
results have been reported to the Swedish AML
Registry regularly since 2013. We here report the first
analysis on the relationship between MRD and OS in a
population-based setting using an extended Cox
regression model adjusted for well-established
risk factors.

Material and methods

Study population

This analysis of registry data was performed according
to the Ethics Review Committee decision in Lund (Dnr
2015/260). Data was extracted on 20th Feb 2020 from
the national Swedish AML Registry, with an overall
coverage of 98% of adult patients with AML and com-
plete survival follow-up [1,9]. In this study, we
included records from patients who were in CR1 after
two courses of intensive chemotherapy, and then had
a valid MRD assessment, as recommended in the
Swedish guidelines. In total, MRD results were avail-
able for 455 patients diagnosed with AML between
August 2011 and August 2019 (Figure 1), among
which 327 (72%) within the time frame recommended
by the guidelines. The measurements of MRD were
performed within the routine clinical practice, with a
median time of 68 days from diagnosis to MRD sam-
pling (range 47–114 days). The median follow-up
was 2.7 years.

Patients received treatment according to the
Swedish national AML guidelines [8], which were
established in 2005 and updated regularly, but hith-
erto without major changes in treatment recommen-
dations. Intensive chemotherapy for AML (excluding

acute promyelocytic leukemia [APL]) is recommended
for most patients up to age 75–80 years [10]. This
treatment consists of cytarabine 1 g/sqm/2h b.i.d. for
five days and daunorubicin 60mg/sqm/8h for three
days. Most patients are eligible to receive consolida-
tion chemotherapy after recovery with identical drugs
and dosages. Early intensification with a second identi-
cal induction course given before recovery from
course #1 was an option for some patients judged to
be at high risk. In some cases, patients were switched
to alternate intensive treatment, mostly FA-Ida (fludar-
abine, cytarabine and idarubicin) or ACE (amsacrine,
cytarabine, etoposide) [8]. Most patients had one or
two further consolidations including intermediate dose
cytarabine. Allo-SCT was considered as consolidation
in first complete remission (CR1) if feasible for patients
with intermediate or adverse risk, but patients without
FLT3-ITD and sustained MRD-negative complete remis-
sion could be followed without allo-SCT, considering
age and comorbidities.

The Swedish national guidelines since 2012 recom-
mend collecting MRD data after the second course of
intensive chemotherapy for all patients similar to other
international guidelines [3,7]. MRD results were always
available to clinicians in real-time. The guidelines state
that MRD-positivity is a risk factor for relapse, but in
high-risk patients the decision to perform allo-SCT
should not be influenced by MRD. Furthermore, there
is a general recommendation to proceed to allo-SCT
also in MRD-negative intermediate-risk patients if the
patients do not have other risk factors of treatment-
related mortality and have a suitable HLA-matched
donor [5]. The Swedish national guidelines were
recently updated (April 2019) recommending routine
collection of molecular markers for MRD when feas-
ible, such as with CBF and NPM1-mutated AML but
this did not influence the outcome of this spe-
cific study.

Analysis of MRD

Analysis of MRD was performed on bone marrow aspi-
rates using MFC according to the methodological
guidelines implemented in the pediatric NOPHO-DBH
AML-2012 study (EudraCT 2012-002934-35). Analyses
were performed in a harmonized fashion in five uni-
versity hospital laboratories using either the 8-color
panel for FACSCantoII (Becton Dickinson) as previously
described [11], or a modified 10 color panel contain-
ing the same antigens for use on Navios (Beckman
Coulter). All involved laboratories participated in
digital quality control ring trials performed nationally
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and/or within NOPHO, and in regular educational
meetings for quality assurance. MRD positivity was
in this analysis defined as at least 0.1% cells
with leukemia-associated immunophenotype (LAIP)
described at diagnosis, which was specifically reported
into the AML registry.

Statistical analyses

The association of MRD with OS was investigated
using an extended Cox regression model. A directed
acyclic graph was defined to determine the minimum
set of variables to be included to reduce confounding.
For classification of patients based on allo-SCT, we
only considered allo-SCT performed in CR1. Allo-SCT
was modeled as a time dependent covariate.
Interactions between allo-SCT and MRD, MRD and

type of AML, and MRD and genetic risk classification
were also included in the model. To minimize overfit-
ting, variable selection was performed using a priori
defined priority order of variables. The highest priority
was given to AML type, age, sex, allo-SCT, MRD, gen-
etic risk, and the interaction terms. Surviving patients
were censored at the date of last follow-up regardless
of treatment received. Relapse-free survival (RFS),
defined as the time from diagnosis to reported first
relapse or death due to any cause, whichever occurs
first, was analyzed in the same manner as OS. The ful-
fillment of the proportional hazard assumption was
assessed visually by log-log plots. The goodness-of-fit
was investigated using the Cox-Snell residuals. Formal
test for goodness-of-fit was not applied since they are
not expected to have enough power to be informative
in our study [12]. Several sensitivity analyses for OS

Figure 1. Study disposition including statistically analyzed MRD groups (MRD: measurable residual disease).
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were performed to assess the robustness of the model
estimates and are results are shown in Supplementary
Appendix. A subset of 150 patients whose MRD meas-
urements were collected as recommended in the
national Swedish guidelines also had a report on the
exact MRD level. Therefore, we performed a supple-
mentary analysis using the exact MRD value as a cova-
riate in the model. The analysis was performed in a
similar manner as the primary analysis. To investigate
the effect of the timeframe selected for finding MRD
measurements fulfilling the guidelines request, we
also analyzed change of sampling time frame from
45–90 days to 45–60 days (n¼ 138) and to 45–180 days
(n¼ 408). We also investigated the effect of trans-
plant-related mortality by censoring patients who
received allo-SCT at the transplantation date. The con-
fidence intervals were calculated using bootstrapping.
For the calculation of Kaplan–Meier curves, allo-SCT
was modeled as a time-dependent covariate [13].
Cumulative incidence curves calculated using the Cox
models are shown in Supplementary Appendix
(Figures A2 and A3).

Sample size calculations were not performed for
this study. The width of the confidence intervals is
used as an estimate of precision. The statistical signifi-
cance level was set to 0.05. The objectives of the
study were exploratory and therefore correction for
multiple comparisons was not implemented. The stat-
istical analyses were performed using Stata IC 14.2
software (StataCorp LLC, College Station, TX, USA).

Results

Demographics and baseline characteristics for the 327
patients with MRD data collected according to the
Swedish guidelines are listed in Table 1. The median
age at allo-SCT in CR1 was 57 years (range
18–72 years). Overall, MRD-positive patients had similar
clinical characteristics as compared to MRD-negative
patients. Patients diagnosed during the same time
period but with MRD-results sampled outside our
studied time interval had similar characteristics as
those with MRD-results within the time period. A
higher proportion of patients in the MRD-positive
group received allo-SCT than in the MRD-nega-
tive group.

Treatment outcomes are shown in Table 2. In Table
A6 in Supplementary Appendix, treatment outcomes
for intermediate risk patients are shown. The propor-
tion of patients who died was around 30% for both
MRD-positive and negative patients. Kaplan–Meier

survival curves for OS were calculated for MRD-
positive and negative patients who received vs did
not receive allo-SCT (Figure 2). Patients who received
allo-SCT had the best survival. The Kaplan–Meier
curves for MRD-positive and negative patients who
received allo-SCT overlapped, as did the curves among
patients who did not receive allo-SCT in CR1.

Cox model results for OS are listed in Table 3 and
showed expected findings. Higher age and diabetes
were associated with poor survival. Patients with inter-
mediate and adverse genetic risk had approximately
two- and fourfold higher hazard than patients with
favorable risk, respectively. Patients with de novo AML
had better survival than patients with AML secondary
to antecedent hematologic disease, mainly myelodys-
plastic syndrome or myeloproliferative neoplasia (s-
AML) and therapy-related AML (t-AML). However, MRD
was not associated with overall survival (HR: 1.00, 95%
CI [0.61, 1.63], p value 0.982). The results from the sen-
sitivity analyses were concordant with the results
obtained for OS and are shown in Supplementary
Appendix (Table A3). A Cox model for RFS was also
calculated (Table 3 and Figure 3) and the results were
comparable to those obtained for OS.

Discussion

Measurable residual disease has the potential to pro-
vide information about the risk of relapse and death
in AML [2,3,14,15]. However, it remains unclear how
MRD should be analyzed and interpreted in order to
guide therapeutic decisions [3]. Uncertainties include
which patient category should be analyzed, the time
point for sampling, if single or multiple samplings are
required, use of blood versus bone marrow, which
technique is optimal, which sensitivity is required, if
there is added value in relation to other prognostic
markers, and most importantly how we should use
the MRD results to guide clinical decisions.

We here investigated the impact of MFC-MRD from
the bone marrow collected at a predefined clinical
timepoint, as recommended in the Swedish national
AML guidelines. In this study, approximately two-thirds
of the patients in CR1 were MRD-negative after the
second cycle of intense chemotherapy. This is in line
with what has been observed in recently reported
studies [16,17] To assess the association of MRD with
survival, we implemented an extended Cox regression
model adjusted for well-established risk factors. Some
of the results are concordant with those reported ear-
lier in the literature [6,14,16]. Hence, we found that
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age, AML type, genetic risk and diabetes all were asso-
ciated with survival [2,18,19]. However, the main find-
ing was that our model failed to show that MRD is
associated with survival when MRD is assessed in
bone marrow aspirates by MFC after two cycles of
intense chemotherapy in a ‘real life’ clinical setting.
The results obtained for RFS was similar to the find-
ings of the OS analyses.

A recent meta-analysis indicates that MRD-negativ-
ity is associated with superior survival [15]. The studies
included in the meta-analysis did not prospectively
adjust consolidation therapy based on MRD-status
[15]. We hypothesize that the lack of observed associ-
ation between MRD and OS in our study is both
related to patient and leukemia characteristics, and to
the implementation of MRD-information during the

Table 1. Demographics and baseline disease characteristics at diagnosis for all 455 AML patients with available MRD data.
MRD� 0.1 % (n¼ 98) MRD< 0.1 % (n¼ 229) MRD outside guidelines (n¼ 128)

Sex, N (%)
Male 53 (54.1) 125 (54.6) 61 (47.7)
Female 45 (45.9) 104 (45.4) 67 (52.3)

AML type, N (%)
de novo 76 (77.6) 195 (85.2) 101 (78.9)
s-AML 5 (5.1) 6 (2.6) 9 (7.0)
t-AML 17 (17.3) 28 (12.2) 18 (14.1)

FLT3-ITD mutation, N (%)
No 57 (58.2) 130 (56.8) 66 (51.5)
Yes 20 (20.4) 42 (18.3) 28 (21.9)

Missing 21 (21.4) 57 (24.9) 34 (26.5)
NPM1 mutation, N (%)
No 58 (59.2) 104 (45.4) 63 (49.2)
Yes 18 (18.4) 66 (28.8) 29 (22.7)

Missing 22 (22.4) 59 (25.8) 36 (28.1)
Diabetes, N (%)
No 91 (92.9) 212 (92.6) 119 (93.0)
Yes 7 (7.1) 17 (7.4) 16 (12.5)

Cardiovascular disease, N (%)
No 84 (85.7) 180 (78.6) 112 (87.5)
Yes 14 (14.3) 49 (21.4) 16 (12.5)

WHO performance status, N (%)
0 42 (42.9) 78 (34.1) 42 (32.8)
1 45 (45.9) 123 (53.7) 65 (50.8)
2 8 (8.2) 19 (8.3) 15 (11.7)
3 2 (2.0) 3 (1.3) 2 (1.5)
4 1 (1.0) 1 (0.4) 4 (3.1)
Missing 0 (0.0) 5 (2.2) 0 (0.0)

Genetic Risk, N (%)
Favorable 13 (13.3) 64 (27.9) 19 (14.8)
Intermediate 45 (45.9) 106 (46.3) 64 (50.0)
Adverse 40 (40.8) 59 (25.8) 45 (35.1)

Allo-SCT, N (%)
No 39 (39.8) 138 (60.3) 65 (50.8)
Yes 59 (60.2) 91 (39.7) 63 (49.2)

Age at diagnosis (years)
Median (Range)

61 (19–78) 59 (18–82) 62 (21–83)

White blood cell count (x109 / L)
Median (Range)

7.3 (0.6–402) 9.4 (0.5–474) 5.15 (0.4–267)

Lactate dehydrogenase
(normal <3.4 ukat/L)
Median (Range)

4.7 (2.2–202) 5.7 (2.2–258) 5.3 (1.1–151)

Missing (n) 5 14 11
Bone marrow blasts (%)

Median (Range)
47 (16–98) 54 (8–98) 50 (0–96)

Missing (n) 4 7 6
Hemoglobin (g/L)

Median (Range)
93 (32–147) 93 (33–145) 93 (43–142)

Platelet count (x109 / L)
Median (Range)

60 (6–580) 65 (5–658) 80 (3–550)

Missing (n) 1 0 0
Body mass index (kg/m2)

Median (Range)
25.7 (16.8–42.9) 25.4 (16.9–51.2) 25.2 (15.4–42.2)

Missing (n) 4 13 9

Allo-SCT: allogeneic stem cell transplantation; MRD: measurable residual disease; s-AML: secondary AML; t-AML: therapy-related AML. ‘MRD outside guide-
lines’ indicate patients for whom MRD was analyzed outside the interval recommended by the National guidelines.
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planning of subsequent treatment, which was gener-
ally based on the national guidelines. We noted that
MRD-positive patients received allo-SCT more often
than MRD-negative patients during the whole study
period. We observed, as expected, that there was a
larger proportion of intermediate and high genetic
risk among MRD-positive patients (87% vs 72%), which
partially explain the larger proportion of allo-SCT
patients in this group. Other factors than genetic risk
were also expected to be considered during the evalu-
ation of the feasibility for allo-SCT. Patients eligible for
allo-SCT are in general younger, are sufficiently fit to
tolerate the procedure and have an acceptable control
of the disease. These latter factors are positively asso-
ciated with survival. Although the use of MFC-MRD
results were defined in the guidelines as an indication
for allo-SCT, it is likely that the treating physician and
local transplantation team considered MRD-results dur-
ing treatment planning and made an individual deci-
sion for every patient. MRD-positivity after induction
and/or consolidation could support intensified treat-
ment, such as adding one or more cycles of chemo-
therapy; however, the number of courses did not
differ between the groups. They may also have
decided to perform allo-SCT more often in MRD-posi-
tive patients to overcome the putative negative effects
of an MRD-positive specimen. MRD-positivity could
also be an indication for fully ablative conditioning
before allo-SCT rather than reduced intensity condi-
tioning [20], although the choice between myeloabla-
tive versus reduced conditioning mostly has been
based on age and comorbidities. There is also a possi-
bility that in some cases with MFC-MRD-negativity the

decision to proceed to allo-SCT was abandoned
because of acquired toxicities of intensive chemother-
apy, patient�s refusal or lack of suitable stem cell
donor. Whether MRD was used to support clinical
decisions was not recorded in the registry. This effect
created an imbalance between the MRD positive and
negative groups that cannot be modeled in the ana-
lysis and may have caused the lack of statistical signifi-
cance of the association between MRD and OS.

The European Society for Medical Oncology (ESMO)
recently updated their AML treatment guidelines [3],
which now recommend that AML patients in CR with
ELN favorable-risk should be consolidated with chemo-
therapy without allo-SCT, while patients in CR with ELN
intermediate- or adverse-risk should undergo allo-SCT,
if feasible [3]. We observed that patients who received
allo-SCT and were MRD-positive benefited from allo-
SCT regardless of their genetic risk. Randomized trials
would be needed to investigate whether allo-SCT could
prolong survival in eligible patients regardless of their
MRD status or risk classification, but such studies are
difficult to perform. Venditti et al [21] presented the
results from the GIMEMA AML1310 trial where inter-
mediate risk AML patients were to receive autologous
stem cell transplantation (auto-SCT) or allo-SCT depend-
ing on the MRD level. The authors found no significant
difference in 2-year OS between MRD negative (79%
[95% CI 66–94]) and MRD positive (70% [95% CI
57–86], p value 0.713) patients [21]. It also remains
unproven whether additional therapy, e.g. hypomethy-
lating agents with or without venetoclax, with the aim
to transform MRD-positivity to negativity before allo-
SCT would be beneficial.

Table 2. Treatment outcomes.
MRD � 0.1 % (n¼ 98) MRD < 0.1 % (n¼ 229) MRD outside guidelines (n¼ 128)

Status
Alive without relapse 63 (64.3) 142 (62.0) 63 (49.2)
Alive with relapse 4 (4.1) 10 (4.4) 2 (1.5)
Dead 31 (31.6) 76 (33.2) 62 (48.4)
Lost to follow-up before relapse or death 0 (0.0) 1 (0.4) 1 (0.8)

Time from diagnosis to first relapse – days
Median (Range) 286 (58–1288) 323 (105–1673) 268.5 (74–1280)

Time from diagnosis to death – days
Median (Range) 365 (104–1489) 399 (79–2076) 344 (72–1530)

Follow-up time – years
Median (Range) 2.3 (0.3–8.0) 2.7 (0.2–7.9) 1.8 (0.2–8.5)
Received Allo-SCT in CR1 (N, %) 59 91 63
Low genetic risk 3 (5.1) 7 (7.7) 3 (4.8)
Intermediate genetic risk 29 (49.1) 47 (51.7) 35(55.6)
High genetic risk 27 (45.8) 37 (40.7) 25 (39.7)
Did not receive Allo-SCT in CR1 (N) 39 138 65
Low genetic risk 10 (25.6) 57 (41.3) 16 (24.6)
Intermediate genetic risk 16 (41.0) 59 (42.8) 29 (44.6)
High genetic risk 13 (33.3) 22 (15.9) 20 (30.8)

MRD: measurable residual disease. ‘MRD outside guidelines’ indicate patients for whom MRD was analyzed outside the interval recommended by the
National guidelines.
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Our study has strengths and limitations. We have a
representation of AML patients treated in a routine clin-
ical setting. The patients were treated uniformly accord-
ing to national guidelines. Therefore, our results reflect
the outcomes of typical AML patients who attain CR1
within two cycles of induction in real-life clinical prac-
tice. We analyzed overall survival, which is a well-
defined endpoint. Survival follow-up was complete due
to the direct connection with the national population
database, and the median follow-up of surviving
patients was 2.7 years, which is likely to cover most
events [1].

We acknowledge that the interpretation of our
results remains difficult, partly due to the unavoidable
heterogeneity in a population-based study, and the

lack of valid control groups. We recently published
data on improved outcomes in the recent decade [1],
with the assumption that increased allo-SCT rates and
better supportive care would have contributed to the
improvement, as well as MRD assessments. Therefore, a
comparison of the observed survival time to that of his-
torical controls would be difficult to interpret. Despite
national sampling of data for eight years we did not
achieve sufficient sample size to assess impact of MRD
in specific disease subsets. MRD was measured at
slightly different time points, but sensitivity analyses
yielded overall similar results irrespective of time points
between our limits. Mechanisms behind the collection
of MRD values outside the timeframe recommended in
the guidelines remain uncertain. We are concerned

Figure 2. Kaplan–Meier curve for overall survival for patients with measurable residual disease as determined by MFC collected
according to the Swedish AML guidelines (Allo-SCT: allogeneic stem cell transplantation; MRD: measurable residual disease; OS:
overall survival).

Table 3. Cox Model for overall survival (OS) and relapse-free survival (RFS) with bootstrap 95% CI for
patients with MFC MRD collected according to the Swedish AML guidelines.

OS
N¼ 327, events¼ 107

RFS
N¼ 327, events¼ 121

HR (95% CI) p value HR (95% CI) p value

Age at diagnosis (yrs) 1.02 (1.00, 1.03) 0.013 1.02 (1.01, 1.04) 0.003
Genetic Risk
Intermediate vs favorable 2.87 (1.49, 5.51) 0.002 1.95 (1.10, 3.45) 0.022
Adverse vs favorable 4.34 (2.10, 8.94) < 0.0001 3.07 (1.67, 5.62) < 0.001

AML type
s-AML vs de novo 3.65 (1.37, 9.70) 0.009 3.34 (1.35, 8.28) 0.009
t-AML vs de Novo 1.51 (0.89, 2.57) 0.127 1.24 (0.76, 2.04) 0.376
Allo SCT (No vs Yes) 3.04 (1.87, 4.92) <0.0001 2.06 (1.32, 3.22) 0.001
Diabetes (No vs Yes) 2.04 (1.01, 4.11) 0.046 2.13 (1.14, 3.96) 0.017
MRD positive vs MRD negative 1.00 (0.61, 1.63) 0.982 1.06 (0.69, 1.64) 0.770

Allo-SCT: allogeneic stem cell transplantation; MRD: measurable residual disease; s-AML: secondary AML; t-AML: therapy-
related AML; MFC: multiparameter flow cytometry.
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that patients with poorer prognostic characteristics
may be over-represented in those without MRD results,
which hampers the comparison of survival between
patients with or without MRD measurements. However,
the clinical characteristics of patients without reported
MRD data according to the guidelines seemed compar-
able to the study group. The data was collected during
several years, and changes in the definition of genetic
risk could cause misclassification in some patients, since a
reclassification according to the ELN 2017 definition was
not doable. We incorporated information about available
main clinical and demographical characteristics, but there
might well be significant differences in medical and
health-related issues between MRD-positive and negative
patients not possible to consider in our model. Finally,
several laboratories did perform the analyses, but the
method across laboratories was harmonized. From April
2019, monitoring of NPM1-mutations and core binding
factor-leukemia was initiated, but these changes are not
likely to have had significant impact on the currently
studied patient population.

In summary, we investigated the association
between MRD and survival in Swedish AML patients
treated in clinical practice. MRD analyses were per-
formed with MFC after two courses of intensive
chemotherapy and results were available to clinicians
in real time. We observed that MRD-negative patients
received allo-SCT in CR1 to a lesser extent than MRD-
positive patients. Our analyses do not indicate that
MRD was associated with survival. However, the access

to MRD-results in real-time is likely to support medical
decisions on further AML treatment, and thus may
have influence on the subsequent overall survival.
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