
MRD and strategies to 
prevent relapse post 
stem cell transplant

BMT MASTERCLASS 2025

Dr Lingaraj Nayak, MD,DM,DNB

Professor 

,Dept of Medical Oncology

Tata Memorial Hospital, Mumbai
LINGARAJ NAYAK DATE-5.12.25



What I will discuss

ÅMethods of MRD testing

ÅPre-transplant MRDςprognostic or predictive

ÅMRD guided conditioning intensity.

ÅPost transplant MRD ςWhen?Method?interventions
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Will try to answer these questions at the end.

ÅShould patients with persistent MRD after induction therapy be 
offered additional treatment versus immediate HCT?

ÅShould conditioning therapy be tailored to MRD assessment results?

ÅCan peri-HCT MRD inform post-HCT maintenance strategies?

ÅHow frequently MRD should be monitored? NGS or MFC MRD
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What is MRD?
(minimal/measurable residual disease)
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MRD assay in general

HIGH SENSITIVITY 

1. RNA based - PML: RARa, 
Runx1::Runx1T1, 
CBFB::MYH11

2. DNA based- FLT3-ITD MRD 
NPM1mut MRD, Clonoseq 
assay (ALL)-NGS

3. FCM (ALL) 

LOW SENSITIVITY 

ÅMulti-parameter flow cytometry 
(~0.1%)

ÅNext generation sequencing (AML-
specific mutation panel (3%)

ÅConventional PCR (~1%)

ÅFISH probes (~5%)

ÅKaryotype analysis
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MRD in ALL
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MRD in AML



Erro corrcted NGS -a unique molecular identifier (UMI) is applied early during cDNA library generation to 
allow for the bioinformatic removal of mutations that are introduced during sequence amplification.

Molecular MRD Techniques 
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Not every molecular signal is MRD!

Bone Marrow Transplant. 2025 Feb;60(2):154-160.



Key Take-aways

ÅMRD monitoring should be part of standard of care

ÅMFC for most- MRD negative after cycle-2 correlates well with 
outcome (AML17)

ÅMolecular MRD-NPM1, RUNX1-RUNX1T1, CBFB-MYH11, or PML-
RARA ς when ςafter 2 cycles /EOT , 3 monthly for 2 years

ÅAllogeneic transplant recommended in CR1 when CIR>40%.

ÅA molecular relapse is easy to treat than a frank relapse.

J Clin Oncol. 2018 May 20;36(15):1486-1497LINGARAJ NAYAK DATE-5.12.25



Recommendations for MRD evaluation techniques

ÅMolecular MRD assessment by RT-qPCR is recommended for patients with 
NPM1 mutations or RUNX1::RUNX1T1, CBFB::MYH11, or PML::RARA 
rearrangements.

ÅFor patients with mutated FLT3-ITD and the absence of the molecular 
markers, ultrahigh-sensitivity NGS should be used as an alternative to MFC. 

ÅFor MFC- 8 colour and 50 residual leukemic events in at least 500 000 total 
events (0.5 million)- LOQ ς0.01%

ÅFor ALL, MFC is standard. Clonoseq is not available in India. MFC ς LOQ ς 
0.01%
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Caution in (mis-)interpretation 

ÅFCM- Is there a cut-off? 0.1% or less ?

ÅMolecular abnormality that are not MRD

    - DNMT3A, TET-2, ASXL1 (DTA mutation) 

    - IDH1,IDH2

    - Germline mutation (VAF>50%)

ÅSome favorable disease that has persistence of molecular MRD (CBF 
AML)

ÅNGS MRD is not recommended by ELN yet 

ÅEmerging NGS MRD- Amplicon based testing (Flt3-ITD)- Invivoscribe 
(5 x 10-5)
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Pre transplant MRD
Prognostic or 
Predictive?
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Pre transplant MRD + ALL has 
very poor outcome unlike AML.

Blood. 1998 Dec 1;92(11):4072-9LINGARAJ NAYAK DATE-5.12.25
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ÅN=26 (ph pos=10)

ÅCR1 (73%), CR2(27%)

ÅPrior Blina- 13/26 and ASCT- 5/26

ÅInO= cycle-1(0.6/0.3*), Cycle2-6(0.3/0.3)

ÅAmong responders- 6/18 underwent AlloSCT

ÅVOD-2/26 (in ph positive cohort with ponatinib)

Å2-year survival of transplanted cohort-60%
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*mg/m2 on D1 and D8
Non linear kinetic(receptor saturation), hence 
lesser dose (approved 1.8 mg/m2- Approved) 



1. Among these patients, 
the Kaplan-Meier 
estimate for RFS at 18 
months was 54% (95% 
CI, 33% to 70%), 
exceeding the 
prespecified boundary 
of 28%

2. Allogeneic SCT ς 74/116

Blood. 2018 Apr 5;131(14):1522-1531.
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FIGARO trial
(Prospective MRD data )

Positive pre -transplant MRD has twice the 
risk of relapse!

J Clin Oncol. 2021 Mar 1;39(7):768-778.
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Biol  Blood Marrow Transplant 2014
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Caveats in interpretation...

ÅRetrospective registry data failed to show benefit for more consolidation 
prior to transplant (in pre MRD and pre precision oncology era)

ÅPre transplant MRD is prognostics

ÅWhether predictive?? It's a debate in AML.

ÅHowever. Will this be different in the era of precision therapy?
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MRD + (To transplant or no transplant)

ÅFIGARO trial is the only AML transplant trial where MRD data was 
collected prospectively.

ÅTherapies to clear the MRD before transplant vs going ahead with 
transplant with positive MRD was always a debate.

ÅHowever, with increasing availability of targeted therapy, this debate 
is shifting more towards MRD clearance before transplant.

J Clin Oncol. 2021 Mar 1;39(7):768-778.
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-Proof of concept was there from - blinatumomab in MRD-
positive
B-acute lymphoblastic leukemia and arsenic trioxide in
acute promyelocytic leukemia.

- In the MRD relapsecohort, seven proceeded to HCT with 
MRD negativity and all remain disease-free and alive at last 
follow-up.

- First prospectivestudy of venetoclax-LDAC at rst MRD or 
oligoblastic relapse, confirming feasibility, safety, and 
promising efficacy,especially for NPM1MUTAML. J Clin Oncol. 2024 Jun 20;42(18):2161-2173. doi: 10.1200/JCO.23.01599
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Summary

ÅBlina and inotuzumab ozogamicin changed the notion that pretransplant 
ds burden reduction with targetted therapy may improve post-
transplantoutcomes like BCP-ALL(BOTH PROGNOSTIC AND PREDICTIVE)

ÅGiltertinib, CPX-351,venetoclax seems to be changing the paradigm for 
AML

ÅHowever, we need more prospective MRD driven data which predict the 
benefit of pretransplant therapy with utmost certainty .
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MRD and 
conditioning 

intensity
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272 patients  of AML and MDS

Accrual stopped in view of high relapses in RIC!!

Flu/Bu4 and BuCyðMAC

FluBu2 (80%) and FluMel(20%)--MAC

JCO 2017

BMT CTN 0901
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OS                                RFS

J Clin Oncol 35:1154-1161. © 2017 
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BMT CTN-901
Retrospective analysis
2019
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Ultradeep sequencing of 190/218 AML
13 most commonly mutated genes

30 %no mutation

30% DTA (DNMT3A, 
TET2,ASXL1)

40 % positive(TP53, NRAS, 
RUNX1,KIT, IDH1, JAK2,SF3B1, 

IDH2,FLt3-ITD, NPM1)
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MAC>>RIC in NGS MRD positive
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Pre-Measure
Study

Error corrected NGS MRD
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NGS (error corrected) 
better than Flow MRD
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Mel
Mel140- 
121/156

Others
Flu Bu2- 
104/105
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All RIC are not same.

JAMA. 2023 Mar 7;329(9):745-755.



To conclude

ÅReduced-intensity allogeneic transplantation is a reasonable approach 
for adult patients with myeloid malignancy who test MRD-negative 
before conditioning.

ÅThose MRD-positive but ineligible for MAC may still find RIC allHCT 
their best available next therapy.

ÅBest available data for MRD as predictive factor in AML

ÅWith venetoclax-based therapies, MRD seems to be predictive like Blina in 
B-ALL.
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POST 
TRANSPLANT MRD  
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CHINESE TRIAL 
SORMAIN TRIAL 



1. A retrospective analysis

2. 30 patients with FLT3-ITD 
undergoing allogeneioc SCT and 
received sorafenib as post 
transplant mantainance

3. 18/30 (60%) discontinued 
sorafenib due to toxicity

Taking the bitter pill..

Need a better tolerable drug

Front Oncol. 2023 Mar 15;13:1095870.
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What we want from a mantainance therapy
post-transplant?

1. Prevent relapse (without increasing GVHD)

2.   Defined duration

3.   Preserved Quality of life

4.  Any predictor of response to maintenance (to avoid giving to 
everyone)
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¢ƘŜ ōǳǊŘŜƴ ƻŦ ǇǊƻƻŦ ΧΦ

ÅIntuitively , A maintenance therapy will benefit by keeping the 
disease under control until the GVL sets in which depends on 
duration of post-transplant immunosuppression.

ÅTolerance to maintenance therapy post-transplant is always a 
concern.

ÅThe number needed to treat for preventing one relapse will 
determine the number of patient who will be exposed to toxicities.

ÅWith increasing advancement of NGS MRD, Can we predict better?LINGARAJ NAYAK DATE-5.12.25



MORPHO STUDY

J Clin Oncol. 2024 May 20;42(15):1766-1775.
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1. Pre transplant MRD positive by NGS MRD assay 
predicts benefit to Giltertinib maintenance.

2. Absolute survival gain ς13 % (NNT- 8 patients with 
fairly tolerable drug.

3. 30% has multi clonal ITD where the benefit of 
Giltertinib was not great.

4. Tolerance to Flt3 inhibition varied across 
ethnicity!!

Study Highlights (MORPHO)

J Clin Oncol. 2024 May 20;42(15):1766-1775. LINGARAJ NAYAK DATE-5.12.25


