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Is it time for MRD-based management of AML? 



Relapse is the most important 
problem in adult AML

 More than %50 of patients with AML will relapse after achieving CR

 Whereas risk assessment has evolved to adopt cytogenetic and

molecular profiling, response criteria are still largely determined by

bone marrow morphologic assessment and peripheral cell count

recovery (assessment of CR is traditionally defined as <5% blasts in

the BM)

 Pretreatment risk factors (age, cytogenetic and certain mutations)

are used for prediction of relapse.



Current genetic risk classification per 
ELN-2017 and NCCN-2017 guidelines

Döhner H et al. Blood 2017; 129(4): 424-47
NCCN Guidelines: acute myeloid leukemia, version 1.2018



Integrated risk profiles-based ELN 
recommendations for allo-HCT in AML CR1

Cornelissen JJ et al. Blood 2016; 127(1): 62-70



Definition of MRD

Risk of relapse is associated with post-CT persistence of minimal residual disease

MRD is defined as existence of leukemic cells below morphologic detection limits

Detection of any disease with sensitive technics is in fact associated with poor 
prognosis

Persistence of leukemia even in morphologic CR should not be regarded as minimal

MRD better defined as measurable residual disease



MRD in routine clinical practice

ALL

APL

CML



Comparison of major MRD evaluation methods

Coltoff A et al. Ann Hematol 2018; 97(7): 1155-67



AML specific targets detected by qRT-
PCR 

Grimwade D et al. Blood 2014; 124(23): 3345-55



Screening antibody panel and selecting Ag combinations at diagnosis 
(leukemia-associated immunophenotype-LAIP)

Grimwade D et al. Blood 2014; 124(23): 3345-55



Screening for established immunophenotypic profiles to distinguish 
abnormal leukemic cells from normal cells (different from normal-DfN) 

Grimwade D et al. Blood 2014; 124(23): 3345-55



MFC-based MRD Studies in AML-1 

Schuurhuis GJ et al. Blood 2018; 131(12): 1275-91



MFC-based MRD Studies in AML-2 

Schuurhuis GJ et al. Blood 2018; 131(12): 1275-91



MFC-based MRD Studies in AML: Summary

 It is now well established that MRD detected by MFC is an independent

prognostic factor for relapse, RFS and OS.

 In younger patients < 65 years of age with AML who received ARA-C plus

antracyline based induction and consolidation therapy, MFC-based MRD negative

status was identified as the most important independent predictor of RFS and OS.

 Data in older patients with AML have also demonstrated the prognostic impact of

MRD monitoring by MFC in patients receiving intensive induction chemotherapy.

 Detection of MFC-based MRD before conditioning was also associated with

substantially higher likelihood of relapse and worse OS in allo-HCT setting.



Molecular MRD markers in AML: NPM1

Schuurhuis GJ et al. Blood 2018; 131(12): 1275-91



Molecular MRD markers in AML: RUNX1-RUNX1T1 

Schuurhuis GJ et al. Blood 2018; 131(12): 1275-91



Molecular MRD markers in AML: CBF-MYH11  

Schuurhuis GJ et al. Blood 2018; 131(12): 1275-91



Molecular MRD markers in AML: PML-RARA   

Schuurhuis GJ et al. Blood 2018; 131(12): 1275-91



Molecular MRD markers in AML: WT1   

Schuurhuis GJ et al. Blood 2018; 131(12): 1275-91



Molecular MRD Studies in AML: Summary

Molecular MRD detected by RT-PCR is an

independent prognostic factor for relapse, RFS

and OS.

Surveillance of MRD by molecular methods in

suitable patients (NPM1, RUNX1-RUNX1T1, CBF-

MYH11, PML-RARA) is an important tool for

predicting relapse



Freeman SD et al. J Clin Oncol 2013; 31: 4123-31



Freeman SD et al. J Clin Oncol 2013; 31: 4123-31



Freeman SD et al. J Clin Oncol 2013; 31: 4123-31

favorable

intermediate

adverse



2006-2014 (n: 356) 
AML: MA-alloHCT

Araki D et al. J Clin oncol 2016; 34: 329-36 



Araki D et al. J Clin oncol 2016; 34: 329-36 



Buckley SA et al. Haematologica 2017; 102: 865-73 



Challenges to clinical application of MRD testing-1

 The genetic heterogeneity of AML and lack of universal antigenic surface

markers of leukemic stem cells make it difficult to standardize MRD

evaluation protocols.

 There is no consensus regarding optimal key parameters like type of

specimen (BM vs PB), MRD target, timing of MRD assessment,

technology (MFC vs RT-PCR), testing protocols and cutoff values defining

positivity. Several of these issues has been addressed in current ELN

guideline.

 Antigenic (immunophenotypic) shift of blast cells and emerging

subclones



Challenges to clinical application of MRD testing-2

 Commonly mutated genes in AML, have been observed especially in older

people without any hematologic abnormalities (age-related clonal

hematopoesis with indeterminate potential, CHIP 10% in >65 subjects)

 Detection of the so-called DTA (DNMT3A, TET2, ASXL1) does not always

indicate pending relapse unless these were not associated with other

mutations.

 The kinetics of molecular relapse is associated with the type of AML in

terms of mutations. (CBF-MYH11 AML clone grows slowly compared to

PML-RARA. The recommendation of MRD testing for CBF-MYH11 AML is

every 6 months which is 2 months for APL)

Jongen-Lavrencic M et al. N Engl J Med 2018; 378 (13): 1189   



Challenges to clinical application of MRD testing-3

 Using a specified cutoff for MRD detection and analyzing patients in 2

groups (MRD+ and MRD-) is an oversimplification. Long-term OS can be

achieved in MRD+ patients, while a minority of MRD- patients will still

relapse as well.

 Data in patients receiving chemotherapy indicate that clinical impact of

MRD positivity depends on certain parameters like cut-off levels defining

MRD, risk groups of patients and time of evaluation

 The prognostic impact of MRD status in patients on non-intensive

therapies like hypomethylating agents is currently unknown.



PREDICTIVE OR JUST A 
PROGNOSTIC MARKER?



Zhou Y et al. Leukemia 2016; 30(7): 1456-64



Balsat M et al. J Clin Oncol 2017; 35: 185-93 



Balsat M et al. J Clin Oncol 2017; 35: 185-93 



Preemptive AZA in NPM1+ AML

 n: 10

NMP1+ AML CR1/CR2 with molecular relapse

 RT-PCR (NMP1/ABL > 1% after last therapy in BM) 

 Preemptive AZA at molecular relapse

Median follow-up: 10 months

 3 (30%) patients had clinical relapse

Sockel K et al. Haematologica 2011; 96(10): 1568-70 



Platzbecker U et al. Leukemia 2012;26 (3): 381-89 

Treatment of MRD with preemptive AZA in MDS/AML
patients after allo-HCT

MRD by a sensitive donor chimerism analysis of CD34+

blood cells
20/59 patients experienced a decrease of donor chimerism

< 80% while in CR
4 cycles of AZA (11 patients received additional 4 cycles)
 16 (80%) responded (increasing donor chimerism > 80%:

n:10; 50%) (stabilization in the absence of relapse: n:6;
30%)

Hematologic relapse (n:13; 65%) after a median of 231
days after loss of donor chimerism



Zhu HH et al. Blood 2013; 121(20): 4056-62

MMR: RUNX1-RUNX1T1/ABL < 0.4%



Zhu HH et al. Blood 2013; 121(20): 4056-62





Rubnitz JE et al. Lancet Oncol 2010; 11(6): 543-52 



Rubnitz JE et al. Lancet Oncol 2010; 11(6): 543-52 



Schuurhuis GJ et al. Blood 2018; 131(12): 1275-91



Schuurhuis GJ et al. Blood 2018; 131(12): 1275-91



Schuurhuis GJ et al. Blood 2018; 131(12): 1275-91



Schuurhuis GJ et al. Blood 2018; 131(12): 1275-91



Take home messages from ELN 

 MRD monitoring should be part of standard care of AML patients, because MRD is a new

response criterion (CR with/without MRD)

 MRD status has no effect on OS in multivariate analysis of patients with CBF-MYH11 AML

and therefore no recommendation is made for a change in therapy (high response rate to

salvage)

 There is no time point or MRD threshold during active treatment phase of patients with

RUNX1-RUNX1T1 AML that should lead to change therapy.

 If an upward trend of MRD , as defined by a log increase in either BM or PB, is detected in

patients with NMP1 + AML, consideration should be given to salvage therapy.

 No randomized, controlled trials of MRD-directed therapy has been conducted.

Schuurhuis GJ et al. Blood 2018; 131(12): 1275-91





Platzbecker U et al. Leukemia 2012;26 (3): 381-89 
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