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1) Can and should we use MRD 

monitoring for relapse 

surveillance/ pre-emptive 

treatment?

2) Can we use MRD to select 

patients for transplant ?



“The future of all oncology needs 

to be measurement of miniscule 

disease burden, to guide serial 

pre-emptive therapy, to prevent 

relapse”



Diviero, D. et al, Blood, 1998 Esteve, J. et al, Leukaemia, 2007

Lo Coco F. et al, Semin Haematol, 2002

APL: a model for MRD guided therapy



Grimwade, D. et al, JCO, 2009

1) Almost eliminated frank relapse

2) Made frontline ATO trials possible

APL: a model for MRD guided therapy



Morphological relapseMRD relapse



▶️ More time to act

▶️ No cytopenias

▶️ Patient clinically well

▶️ Can treat as outpatient

▶️ May need less salvage treatment

▶️ Salvage treatment may be less toxic

▶️ Salvage treatments may be more effective

- targeted therapies – less chance for clonal evolution

- immunotherapies – better effector to target ratio

Theoretical advantages of treatment at MRD relapse



Feasibility of MRD relapse treatment: FILO Group Experience

Orvain C. et al, 2024
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Feasibility of MRD relapse treatment: FILO Group Experience



UK NCRI Monitor vs No-monitor study

Potter N et al, EHA 2023
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UK NCRI Monitor vs No-monitor study

Morphological relapses MRD & morphological relapses



INTRODUCTION
Several studies have demonstrated the prognostic impact of measurable residual disease 
(MRD) evaluated by molecular methods in patients with AML with recurrent genetic 
abnormalities.  However, It remains unclear whether intervention guided by MRD results 
can improve outcome.  We therefore performed a randomised study comparing sequential 
molecular MRD monitoring against clinical monitoring only.  

Figure 3.  (a) Overall Survival by randomisation (b) Subgroup analysis by MRD marker and trial.

RESULTS
637 patients entered the monitoring randomisation (Figure 1). 

The MRD marker was NPM 1m ut in 398 (62%, of whom 140 had a FLT3 ITD), CBFB::M YH11 in 
87 (14%) RUNX1::RUNX1T1 in 62 (10%) KM T2A::R in 56 (9%) and other rare fusion gene in 
34 (5%) (Figure 2).

There was no difference in 5 year overall survival (OS) between patients randomised to 
MRD monitoring and no monitoring (66% vs 70%, HR 1.11, 95% CI 0.83-1.49, Figure 3).

In a pre-specified subgroup analysis, we detected an overall survival benefit for monitoring 
in patients with NPM 1m ut and FLT3 ITD+ (HR 0.53, 95% CI 0.31-0.91, p=0.02) with significant 
heterogeneity between this subgroup and the remaining patients (figure 4).  

This benefit was maintained when excluding patients in AML17 with NPM 1m ut who were 
MRD positive in the peripheral blood after two cycles of chemotherapy (i.e. those who 
were excluded from randomisation in AML19, HR 0.41 95CI 0.23-0.74, p<0.01).

METHODS
The UK NCRI AML17 and AML19 studies enrolled patients generally aged 18-60y with 
newly diagnosed AML into a series of intensive chemotherapy randomisations. In parallel,  

a combination of cytogenetics, PCR and RNA sequencing were used to identify patients 
with a suitable target for molecular MRD monitoring (NPM 1 mutation or any fusion gene), 

who could be randomised 2:1 to receive MRD monitoring after each cycle of 
chemotherapy and then every three months for two years, or no monitoring. For patients 

randomised to monitoring, results were provided to treating clinicians who made the 
decision to intervene or not in conjunction with a trial co-ordinator; there were no 

protocol specified interventions.  Early repeat samples were requested when samples 
were inadequate or concerning for molecular relapse or progression. Patients who were 

MRD positive in the peripheral blood after two cycles of chemotherapy were excluded 
from randomisation in AML19 because of their poor outcomes in AML17 (all of these 

patients underwent MRD monitoring). The primary endpoint was overall survival (OS).
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CONCLUSION
In this large randomised study we observed a substantial survival benefit for MRD 
monitoring in patients with AML with NPM 1 and FLT3-ITD mutations, indicating a 
benefit from early intervention prior to overt relapse in this group. 
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Figure 4.    (a) Overall Survival by randomisation in patients with NPM 1mut and FLT3 ITD
         (b) Subgroup analysis trial.

O
v
e
ra

ll 
S

u
rv

iv
a
l

a

b

NPM1 without FLT3 ITD

NPM1 with FLT3 ITD

CBFB::MYH11

RUNX1::RUNX1T1

KMT2A::R

DEK::NUP214

NUP98::R

KAT6A::CREBBP

BCR::FGFR1

ETV6::PDGFRA

RUNX1::MECOM

BCR::ABL

PICALM:MLLT10

RUNX1::CBFA2T3

RUNX1::PRDM16

NPM1::MLF1

Figure 1. CONSORT diagram

Figure 2. Molecular MRD 
markers used for sequential monitoring
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UK NCRI Monitor vs No-monitor study



Molecular CR
51%>1-log 

reduction
28%

>1-log increase
Haematological relapse

Reinduction death

Treatment of MRD relapse with Salvage Chemotherapy

Potter, N. et al, EHA 2023

UK NCRI Monitor vs No-monitor study



Targeted Therapy for MRD Relapse

VALDAC Study: Venetoclax and Low Dose Cytarabine for MRD or Oligoblastic Relapse

Tiong, I.S. et al, JCO 2024



Targeted Therapy for MRD Relapse in NPM1mut AML

European Multicentre Real World Data Using Venetoclax for NPM1mut MRD failure

Jiminez-Chillon, C. et al, Blood Adv 2023



Targeted Therapy for MRD Relapse in FLT3mut AML

FLT3 Inhibitors at MRD Relapse in Patients with Baseline FLT3 Mutation

Othman J. al, Leukemia 2023



1) Can and should we use MRD 

monitoring for relapse 

surveillance/ pre-emptive 

treatment?

2) Can we use MRD to select 

patients for transplant ?



Post-Induction NPM1 MRD Predicts Relapse and Death

51%

90%

Kronke J et al. J. Clin Onc 2011

Ivey, A. et al. NEJM 2015

Balsat M et al. J. Clin Onc 2017

92%

41%

73%

24%

18%

53%

Kapp-Schwoerer, S. et al. Blood 2020



NPM1 MRD Informs Patient Selection for CR1 SCT

Balsat M et al. J. Clin Onc 2017; 35: 185-193.



n=1357

n=737

1) Does becoming MRD negative
“cancel” baseline genetic risk ?

2) Should any MRD negative patients 
receive a transplant in 1st CR ?

Untangling Molecular Risk Factors in NPM1mut AML

Othman et al, Blood  2024



Hazard ratio for Overall Survival Odds Ratio for MRD negativity

Othman et al, Blood  2024

Untangling Molecular Risk Factors in NPM1mut AML



MRD negativity “cancels” effect of FLT3 ITD on survival

Othman et al, Blood  2024



Interaction of FLT3 and DNMT3A mutations and MRD

Othman et al, Blood  2024



Interaction of WT1, FLT3 & DNMT3A mutations and MRD

Othman et al, Blood  2024



Supplemental figure 8 – impact of allogeneic transplant in MRD negative subgroups 

 

 

 

MRD identifies patients benefitting from CR1 allograft

MRD- (all)MRD+ (all)

MRD- (FLT3)MRD+ (FLT3)

Othman et al, Blood  2024
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Clinical implications of MRD in Core Binding Factor AML

FLT3 ITD

Jourdan et al, Blood 2016, Rücker et al, Blood 2019
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Clinical implications of MRD in Core Binding Factor AML



Rücker et al, Blood 2019
Yin et al, Blood 2012

100% 97%

t(8;21) :  

PB > 100 copies and/or 

BM > 500 copies / 105 ABL

inv(16) :  

PB > 10 copies and/or 

BM > 50 copies / 105 ABL

AMLSG t(8;21)

NCRI AML15

Clinical implications of MRD in Core Binding Factor AML



❌ Intensification based on 
post induction MRD

✅ Intensification based on 
end-of-treatment MRD 
repeatedly above thresholds

✅ Pre-emptive salvage 
for MRD relapse FLAG-Ida-GO

DA-GO

Russell et al, JCO 2024

UK NCRI Approach to Core Binding Factor AML



Future directions

▶️ Modern diagnostics – more patients will have trackable marker

e.g. KMT2A fusions and other rare fusion genes

▶️ More prospective studies of targeted therapies for MRD relapse

- e.g. ALLG INTERCEPT study

▶️ FLT3 ITD MRD by NGS

Hoffmeister, L.M. et al, Leukemia 2024 Loo, S. et al, Blood 2024



Many thanks for your attention. We gratefully acknowledge all trial participants and their families.


