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What | will discuss

AMethods of MRD testing

APretransplant MRRprognostic or predictive
AMRD guided conditioning intensity.

APost transplant MRBWhen?Method?interventions



Will try to answer these questions at the end.

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

AShould conditioning therapy be tailored to MRD assessmesiilts?
ACan perHCT MRD inform po${CT maintenance strategies?

AHow frequently MRD should be monitored? NGS or MFC MRD
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MRD assay In general

HIGH SENSITIVITY LOW SENSITIVITY

1. RNA based PML:RARa AMulti-parameter flow cytometry
Runx1::Runx1T1, (~0.1%)
CBFB:MYH11 ANext generation sequencing (AML

2. DNA basedFLT3TD MRD specific mutation panel (3%)
NPM1mut MRDClonoseq AConventional PCR (~1%)

ALINGS
: ii:sl\jy(i LL;")‘ AFISH probes (~5%)
. AKaryotype analysis



Sensitivity
Applicability
Advantages

Limitations

MRD in ALL

Multi-color flow
cytometry
104
>90%

- Rapid

- Relatively inexpensive
- DfN method does not
require access to dia-
gnostic specimen

- Variable sensitivity

- Requires technical
expertise

- Fresh cells required
- Less standardized

- Immunophenotypic
shifts can lead to false
negative results

ASO-qPCR for IG/TR
genes

104 to 10®

qPCR for fusion
genes
10 to 10%
40-50% 90-95%
- Sensitive - Sensitive
- Standard primers used - Applicable to most
for specific fusions patients

- Standardized
guidelines in Europe

- Not applicable to all
patients

- Time-consuming

- Expensive

- Relies on pre-treat-
ment sample

- Requires extensive
experience and labor
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High-throughput
NGS
10%
>90%

- Very sensitive

- Applicable to almost
all patients

- Clone-unbiased (can
track multiple clones
and evolution)

- Only US FDA-appro-
ved assay (ClonoSEQ)
- Data for MRD use in
peripheral blood

- Expensive

- Longer turn-around

time than MFC

- Requires diagnostic
pre-treatment sample




Established

Method

Multi-parameter
flow cytometry
(MFC)

MRD in AML

Target

Leukemia-associated
immunophenotype

(LAIP) or different
from normal (DfN)

Sensitivity
107 to 1077

Applicable
in % of AML

85-90

Turn-around
time (days)

gl

Limitations/
problems

Less sensitive, more
subjective analysis

Established

Exploratory

Real-time

gquantrtative
PCR (RT-gPCR)

MNext-generation
sequencing

(NGSIt.#

Robust data: NPM1,
CBFB::MYH11,
RUNXT:RUNXTT1

Less validated:
KMT2A:MLLTS3,
DEK:NUP214,
BCR::ABL1, WT1

Potentially any
somatic mutationt

10 %t 107>

Limited applicability

Less sensitive, costly,
technically
challenging

Exploratory

Digital PCR
(dPCR)

Specific targeted
mutations

102 to 1079
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Specific assay
necessary for every
mutation, limited
sensitivity




Molecular MRD Techniques

Method Sensitivity Markers Advantages Applicability Disadvantages
Quantitative Polymerase 10*t0 10> (up to NPM1, RUNX1-RUNX1T1, CBFB-MYH11, PML- - Highly sensitive and specific ~50% - Limited to subsets of AML
Chain Reaction (gqPCR) 107 with adequate RARA, KMT2A-MLLT3, DEK-NUP214, BCR-ABL, -Well-standardized platform patients with specific mutations
material) and WTT. - Effective for specific fusion - Less than half of adult AML cases
transcripts and mutations applicable
Next-Generation 102 FLT3, IDH1, IDH2, NPM1, CEBPA, DDX41, TP53, -Comprehensive assessment of ~90% Higher intrinsic error rates result in
Sequencing (NGS) ASXL1, BCOR, EZH2, RUNX1, SF3B1, SRSF2, multiple genes low sensitivity
STAG2, U2AF1, ZRSR2 and any mutation - Detects any mutation within May detect gene mutations not
within sequenced regions® sequenced regions associated with leukemogenesis
- Potential for non-invasive (DTA genes)
testing with circulating cell-free
DNA
Error Corrected NGS 10 3to10°* Same Improved sensitivity compared ~90% Higher cost, sequencing
to standard NGS technology. instrument use

ErrocorrctedNGS-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.




DAVID T LeukemiaNet

Clinician's Guide

For the European LeukemiaNet (ELN) 2025 Measurable Residual Disease (MRD)
Guidelines in Acute Myeloid Leukemia (AML)

Introduction v

Select patient characteristics to view recommendations

ELN 2022 Risk Category Molecular Subgroup
Intermediate v FLT3-ITD and NPM1wt

Assessment Timepoint

v Select Time Point
EEEE

4»

After 2 cycles of intensive chemotherapy / Pre-alloHCT

End of treatment (after consolidation / alloHCT)

This website by the ELN-DAVID summarizes the 2025 update of the ELN MRD consen Follow-up
and does not represent a medical device.

Corresponding author: Prof. Dr. Michael Heuser (Michael.Heuser@uk-halle.de)

https://eln-amkmrd-2025.vercel.app/
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Introduction

Select patient characteristics to view recommendations

ELN 2022 Risk Category Molecular Subgroup Assessment Timepoint

Favorable mutNPM1 without FLT3-ITD O [After 2 cycles of intensive chen :]

Monitoring by NPM1 qPCR using cDNA

Timepoint: After 2 cycles of intensive chemotherapy / Pre-alloHCT
Recommended assay: qPCR
Recommended tissue: Peripheral blood (PB)

mutNPM1/ABLT COPIES (%) QUANTITATIVE MRD BURDEN QUALITATIVE MRD RESPONSE
<0.001% OR undetectable’ Negative Optimal
=0.001% to <0.01% AND detectable? Low-level positive Warning
=20.01% AND detectable? Positive Warning

'Undetectable by qPCR: CT=40 in =22/3 replicates and =10,000 ABLT copies, optimally =30,000 ABLT copies.
*Detectable by gPCR: CT<40 in =2/3 replicates.

Qualitative MRD response:

Classifies the MRD result into one of three categories based on its association with expected cal outcomes: (1) Optimal: Indicates low
relapse risk; no change to the management is required. (2) Warning: MRD-LL with uncertain impact on relapse risk; close monitoring
advised. (3) High risk of treatment failure: Associated with a high risk of relapse; modification of therapy should be considered.

Abbreviations:
alloHCT, allogenic hematopoietic cell transplantation; BM, bone marrow; DfN, different from normal; EOT, end of treatment; LAIP, leukemia

associated immunophenotype; LOD, limit of detection; MRD, measurable residual disease; MFC, multi parameter flow cytometry; NGS, next
aenaratinn ceniiancing: PR narinheral hlnnd: aAPCR  aiiantitative POCR: RT-APCR real tima aniantitative PCR: I IHS-NGS ultrahinh-
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www.nature.com/bmt GB—MT

ARTICLE OPEN W) Check for updates
Measurable residual mutated IDHT1 before allogeneic transplant
for acute myeloid leukemia

Gege Gui'?, Niveditha Ravindra(? Pranay S. Hegde®, Georgia Andrew®, Devdeep Mukherjee®, Zoé Wong (23, Jeffery J. Auletta (3*°,
Firas El Chaer®, Evan C. Chen’, Yi-Bin Chen (% Adam Corner®, Steven M. Devine (3*, Sunil G. lyer'®, Antonio Martin Jimenez Jimenez (',
Marcos J. G. De Lima ()°, Mark R. Litzow (32, Partow Kebriaei ('3, Wael Saber'?, Stephen R. Spellman (3%, Scott L. Zeger?, Kristin M. Page'?,
Laura W. Dillon *'** and Christopher S. Hourigan"'>™

o
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Not every molecular signal is MRD

Baseline: IDH1 mutated, NPM1/FLT3-ITD wild type
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LINOANRAY NATAN DRAILZ. L0

Bone Marrow Transplant. 2025 Feb;60(2):1150.



Key Tak@aways

AMRD monitoring should be part of standard of care

AMFC for mostMRD negative after cyc2 correlates well with
outcome AML1Y)

AMolecular MRENPM1, RUNXRUNX1T1, CBRBYH11, or PML
RARA whencafter 2 cycles /EOT , 3 monthly for 2 years

AAllogeneic transplant recommended in CR1 wi@R>40%.

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

J Clin Oncol. 2018 May 20;36(15): 14807



Recommendations for MRD evaluation techniques

AMolecular MRD assessment by-6HCR is recommended for patients with
NPM1 mutations or RUNX1::RUNX1T1, CBFB::MYH11, or PML::RARA
rearrangements.

AFor patients with mutated FLTIZD and the absence of the molecular
markers, ultrahigksensitivity NGS should be used as an alternative to MFC.

AFor MFE8 colourand 50 residual leukemic events in at least 500 000 total
events (0.5 million)LOQc0.01%

AFor ALL, MFC is standa@lonoseds not available in India. MEQ.OQC
0.01%



Caution in (miginterpretation

AFCM Is there a cubff? 0.1% or less ?
AMolecular abnormality that are not MRD
- DNMT3A, TEZ, ASXL1 (DTA mutation)
- IDH1,IDH2
- Germline mutation (VAF>50%)

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

ANGS MRD is not recommended by ELN yet

AEmerging NGS MRBmplicon based testing (FH3 D} Invivoscribe
(5 x 16°)



Diagnosis

Induction chemotherapy

X MRD testing

Allogeneic HCT

X

X

xxxxxxx>

Post-chemotherapy
MRD evaluation

Pre-HCT MRD evaluation

Post-HCT MRD monitoring

Use

Establish indication for
allogeneic HCT in low-risk
or intermediate-risk AML

Indicator of post-HCT relapse
risk

Relapse surveillance marker

Techniques

MFC, RT-gPCR or ddPCR

MFC, RT-qPCR or ddPCR, NGS
for FLT3-ITD

MFC, RT-qPCR or ddPCR,
NGS for FLT3-ITD and other
gene mutations, chimerism
analysis

MRD-driven
interventions

Proceed to allogeneic HCT

« Intensify HCT procedure

« Prophylacticimmunological
interventions

« Pharmacological maintenance
therapy, given broadly or to
groups at high risk

Pre-emptive immunological
or pharmacological therapies




Pre transplant MRC
Prognostic or

Predictive?




Minimal Residual Disease Status Before Allogeneic Bone Marrow Transplantation
Is an Important Determinant of Successful Outcome for Children and Adolescents
With Acute Lymphoblastic Leukemia

By Christopher J.C. Knechtli, Nicholas J. Goulden, Jeremy P. Hancock, Victoria L.G. Grandage, Emma L. Harris,
Russell J. Garland, Claire G. Jones, Anthony W. Rowbottom, Linda P. Hunt, Ann F. Green, Emer Clarke,
Alan W. Lankester, Jacqueline M. Cornish, Derwood H. Pamphilon, Colin G. Steward, and Anthony Oakhill

Event-free survival
100% m:

80% MRD negative

Pre transplant MRD + ALL has
60% |, very poor outcome unlike AML.

40% low level MRD pos

20% 17%

0%
0

12 24 36 48 60 72 84 96
Time from transplantation (months)

Blood. 1998 Dec 1:92(11):4082




Next-generation sequencing-based MRD in adults with ALL advances--
undergoing hematopoietic cell transplantation

Emily C. Liang,"* Simone E. Dekker,”* Jean M. G. Sabile,>* Stefan Torelli,’ Amy Zhang,3 Katharine Miller,® Parveen Shiraz,*
Brandon Hayes-Lattin,” Jessica T. Leonard,”" and Lori Muffly*"
! Department of Medicine, Stanford University School of Medicine, Stanford, CA,; 2Depa.r’cment of Medicine, Oregon Health & Science University, Portland, OR; 3Depar’cment of

Medicine, Quantitative Sciences Unit and *Division of Blood and Marrow Transplantation and Cellular Therapy, Department of Medicine, Stanford University School of
Medicine, Stanford, CA; and ®Division of Hematology and Medical Oncology, Department of Medicine, Oregon Health & Science University, Portland, OR

—
1

B
A N=139

N=122 MRD,, level, hazard ratio (P-value) 6
z 60% A - Detectable, HR =6.31 (P <.0001); n =48
< 500 - Very high (>107%), HR = 6.98 (P=.0014); n=5 éﬁ —
g 40% - Low (<10™), HR=13.56 (P=.01); n = 24 ..-g 7
% 30% 8 34
:f;j 20% - High (21010 <1073, HR=2.89 (P=.12);n= 11 % ) |
k| =
E 10% - a3 Undetectable, Reference; n =91
(=]

Undetectable, Reference; n =82

0%

0O 90 180 270 360 450 540 630
Days since HCT

o

90 180 270 360 450 540 630
Days since HCT

o

Number at risk
122 107 98 92 83 72 64 59
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CLINICAL TRIALS AND OBSERVATIONS

Phase 2 study of inotuzumab ozogamicin for
measurable residual disease in acute lymphoblastic
leukemia in remission

Elias Jabbour,' Fadi G. Haddad,” Nicholas J. Short,’ Jayastu Senapati,‘ Nitin Jain,’ Koji Sasaki,’ Jeffrey Jorgensen,2 Sa A. Wang,2
Yesid Alvarado,’ Xuemei Wang,” Courtney DiNardo,” Lucia Masarova,’ Tapan Kadia,’ Rebecca S. Garris,' Farhad Ravandi,’ and
Hagop Kantarjian'

'Department of Leukemia, Department of Hematopathology and Molecular Diagnostics, and 3Department of Biostatistics, The University of Texas MD
Anderson Cancer Center, Houston, TX

AN=26 ph pos=10)

ACR1 (73%), CR2(27%)

APrior Blina13/26 and ASGB/26

AInO= cycle1(0.6/0.3%), Cycled(0.3/0.3)
AAmong responder/18 underwentAlloSCT
AVOD2/26 (inph positive cohort with ponatinib)
A2-year survival of transplanted cohe0%

*mg/m2 on D1 and D8
Non linear kinetic(receptor saturation), hence
lesser dose (approved 1.8 mg/ARpproved)
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CLINICAL TRIALS AND OBSERVATIONS

Blinatumomab for minimal residual disease in adults with
B-cell precursor acute lymphoblastic leukemia

Nicola Gokbuget,” Hervé Dombret,2 Massimiliano Bonifacio,® Albrecht Reichle,* Carlos Graux,® Christoph Faul,® Helmut Diedrich,’
Max S. Topp,® Monika Briiggemann,® Heinz-August Horst,? Violaine Havelange,' Julia Stieglmaier,’ Hendrik Wessels,"" Vincent Haddad, 2
Jonathan E. Benjamin,"® Gerhard Zugmaier,"" Dirk Nagorsen,' and Ralf C. Bargou

Relapse-free survival by remission status at screening, without censoring at HSCT and post-blinatumomab chemotherapy

1. AmOng these patients, 38-8: I: Patients in st CR (N = 75); Median (95% C1) 24.6 (18.7-NR)
the KaplarMeier 221 M@‘ R N e s
_ - -é 0.6 - h"'-|..._
estimate for RFS at 18 252531 —_— Wt TR L
2 = 03 4 ———
months wasb4% (95% = £ 024 g SR TR —— 4
‘0 4ANumber of Patients at Risk:

CI’ 33% to 70%)’ 0'10; 75 70 ;8 t Sts 51 49 39 31 28 22 18 14 7 5 5 3 31 0

dina the 235 27 24 20 17 14 10 6 & 5 3 2 2 2 | 0 00 0
excee g 0o 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 G54
prespecified boundary Study month

of 28%

2. Allogeneic SQI74/116

KEY POINTS

® Among adults with
MRD-positive ALL in
hematologic remission
after chemotherapy,
78% achieved a
complete MRD
response with
blinatumomab.

® Complete MRD
response after
blinatumomab
treatment in this
population was
associated with
significantly improved
0Os.

J

Blood. 2018 Apr 5:131(14):153531.
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FIGARO trial
(Prospective MRD data )

A
§ 100% - Neg.a‘tive Negative Positive
2-Year CIR Unadjusted 3 Positive (any level) Eatients 73 63
T ° vents 18 26
Pretransplant MRD status (95% CI) P =
© 50% - )
MRD-negative 20.7% (12.2t030.7)  .034 2 HR (9% Cl = 197 (105 o 347) =03
= =  25% - " )
n=73 é
MRD-positive 38.3% (26.3 to 50.2) i — T T T T T T T T T 1
n = 63 0 2 4 6 8 0 12 14 16 18 20 22 24
Time From Transplant (months)
Negative: 73 68 63 60 59 52 49 49 48 47 47 46 40

Positive (any level): 63 62 53 47 42 41 37 35 34 34 32 29 28

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

J Clin Oncol. 2021 Mar 1;39(7):7BB83.
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Effect of postremission chemotherapy before human leukocyte
antigen—identical sibling transplantation for acute myelogenous leukenmia

in first complete remission

Martin S. Tallman, Philip A. Rowlings, Gustavo Milone, Mei-Jie Zhang, Waleska S. Perez, Daniel Weisdorf, Armand Keating,
Robert Peter Gale, Robert B. Geller, Mary J. Laughlin, Hillard M. Lazarus, Selina M. Luger, Philip L. McCarthy,
Jacob M. Rowe, Ruben A. Saez, Marcus R. Vowels, and Mary M. Horowitz

<
[~}
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5 S
e
-]
=
E
o
S =
£ <
—— None(n=62)
—— Standard dosc {n = 222)
b —— HiDAC(n= 147)
=]
<

0 | 2 3 4 5 6

Years since transplant

—— None {n=62)
—  Standerd dose (n = 222)
— HDAC(n=147)
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Probability

——
Effect of post remission therapy prior to reduced intensity
conditioning allogeneic transplantation for acute myeloid
leukemia in first complete remission

Erica D. Warlick, MD'7, Kristjan Paulson, MD=Z2, Ruta Brazauskas, PhD3, Xiaobo Zhong, MS3,
Alan M. Miller, MDD, PhD4, Bruce M. Camitta, MD5, Biju George, MIBBS, MID, DM®%, Bipin N.
Savani, MD7, Celalettin Ustun, MD'1, David I. Marks, MD, PhD8, Edmund K. Waller, MD,
PhD®, Frédéric Baron, MD'19, César O. Freytes, MDD, Gérard Socie, MD, PhD'Z2, Gorgun
Akpek, MD, VIHS 13, Harry C. Schouten, MD, PhD74, Hillard M. Lazarus, MD15, Edwin M.
Horwitz, MID, PhD'%, John Koreth, MIBBS, DPhil"'7, Jean-Yves Cahn, MD'8, Martin
Bornhauser, MID'2 Matthew Seftel, MIBEChB, VMIPH, MIRCPZ, Mitchell S. Cairo, MD=2° Mary J.
Laughlin, MD=217, Mitchell Sabloff, MISc, MDCM=22, Olle Ringdén, MID, PhD=23, Robert Peter
Gale, MD, PhD, DSc(hon), FACP24  Rammurti T. Kamble, MD=25, Ravi Vij, MBBS=2%5, Usama
Gergis, MD=27, Vikram Mathews, MID, DM, Wael Saber, MD, MS3, Yi-Bin Chen, MD=28, Jane L.
Liesveld, MD=2°, Corey S. Cutler, MD, MPH'1'7, Armin Ghobadi, MD3°9, Geoffrey L. Uy, MD=24,
Mary Eapen, MIBBS, MS3, Daniel J. Weisdorf, MD', and Mark R. Litzow, MD3"1

Overall Survival (OS) Cumulative Incidence of Relapse

10 1.0
0.95 - No Cytarabine Consolidation (N=202) & 0.9 No Cytarabine Consolidation (N=202)
0.8 % T Cytarabine Consolidation (N=402) ¢ 0.8 ----- Cytarabine Consolidation (N=402)
] \ . ’ y o 0. - )
07 P-value=0.28 § 0.7 P-value=0.86
0.6 % 0.6
0.5 £ 05
0.4 S 04
0.3 § 0.3
0.2 £ 0.2

| S
0.1 G 0.1

Years after transplant
Biol Blood Marrow Transplant 2014

Years after transplant
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Caveats In interpretation...

ARetrospective registry data failed to show benefit for more consolidatio
prior to transplant (impre MRD and pre precision oncology éera

APre transplant MRD is prognostics

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

/&HﬂWever. WIll this be different in the era of precision therapy?

Y 4



MRD + (To transplant or no transplant)

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

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

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

"D
” J Clin Oncol. 2021 Mar 1:39(7): 7BE8.



Targeting Molecular Measurable Residual Disease and
Low-Blast Relapse in AML With Venetoclax and Low-Dose
Cytarabine: A Prospective Phase Il Study (VALDAC)

Ing Soo Tiong, MBChB, MPhil, FRACP, FRCPA'? (%) ; Devendra K. Hiwase, MD, PhD, FRACP, FRCPA3*?; Emad Abro, MBBS, BSc(Hons), FRACP, FRCPAS;
Ashish Bajel, MBBS, FRACP, FRCPAZ’ (); Emma Palfreyman, MBBS, FRACP, FRCPAZ; Ashanka Beligaswatte, BA, MBBS, MD, FRACP, FRCPA**,

John Reynolds, PhD' (5); Natasha Anstee, PhD"'° (%) ; Tamia Nguyen, BSc, MLabMed?*’; Sun Loo, MBBS, FRACP, FRCPAZ"'0.1!

Chong Chyn Chua, MBBS, PhD, FRACP, FRCPA'"'%' (i); Michael Ashby, MBBS, FRACP, FRCPA' (); Kaitlyn M. Wiltshire, MBBS';

Shaun Fleming, MBBS, PhD, FRACP, FRCPA'; Chun Y. Fong, MBBS, PhD, FRACP, FRCPA'?([5); Tse-Chieh Teh, MBBS, PhD, FRACP, FRCPA'-'3;

Piers Blombery, MBBS, PhD, FRACP, FRCPA>'%, Richard Dillon, MA, PhD, MRCP, FRCPath'>'¢ () ; Adam Ivey, BSc, MSc, PhD';

and Andrew H. Wei, MBBS, PhD, FRACP, FRCPAZ"1°

G w0 5 |
-Proof of concept was there from - blinatumomab in MRD e
positive
B-acute lymphoblastic leukemia and arsenic trioxide in SH.
acute promyelocytic leukemia. S
25 |
In the MRD relapsecohort, seven proceeded to HCT with Median: Not reached
MRD negativity and all remain diseaséree and alive at last o LEyearov R ™
”OW'Up. 0 6 12 18 24 30 36
Time Since HCT (months)
- EirSt prospectivestudy of venetoclaxLDAC at rst MRD or e e e a1

oligoblastic relapse, confirming feasibility, safety, and

promising efficacy, especially for NPM1MUTRML. 3 Ciin Oicol. 2024 Jun 20:42(18):22673.doi: 10.1200/JC0O.23.01599



Summary

ABlina andinotuzumabozogamicinchanged the notion that pretransplant
ds burden reduction withargettedtherapy may improve post
transplantoutcomes like BGRLI(BOTH PROGNOSTIC AND PREDICTIVE)

AGiltertinib, CPX351,venetoclaxseems to be changing the paradigm for
AML

AHowever, we need more prospective MRD driven data which predict the
benefit of pretransplant therapy with utmost certainty .
[

7



MRD and
conditioning

Intensity




VYOLUME 35 - NUMBER 11 - APRIL 10, 2017

Myeloablative Versus Reduced-Intensity Hematopoietic Cell
Transplantation for Acute Myeloid Leukemia and
Myelodysplastic Syndromes

Bart L. Scott, Marcelo C. Pasquini, Brent R. Logan, Juan Wu, Steven M. Devine, David L. Porter, Richard T.
Maziarz, Erica D. Warlick, Hugo F. Fernandez, Edwin P. Alyea, Mehdi Hamadani, Asad Bashey, Sergio Giralt,
Nancy L. Geller, Eric Letfer, Jennifer Le-Rademacher, Adam M. Mendizabal, Mary M. Horowitz, H. Joachim Deeg,

and Mitchell E. Horwitz

272 patients of AML and MDS BMT CTN 0901

Accrual stopped in view of high relapses in RIC!!

Flu/Bu4 and BuCyd MAC

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

JCO 2017
LINGARAJ NAYAK DATI2.25



OS

A = MAC 18-month OS: 77.5% [95% CI, 69.4% to B3.7T%)
RIC 18-month OS5: 67.7% (95% CI, 59.1% to 74.9%)
100 =
80 -
— 60 4 = MAC 18-month relapse: 13.5% (86% CI, B.3% to 19.8%)
BE RIC 18-month relapse: 48.3% (95% CI, 39.6% to 56.4%)
L7
o
40
20 -
_'_F_—
0 3 6 9 12 15 18
Time Since Random Assignment (months)
MAC OS 135 130 126 116 110 104 101
RIC OS5 137 130 118 103 a7 a2 88
MAC rolapse 135 126 117 110 103 96 a2
RIC relapse 137 104 78 70 68 63 62

1.0

0.8 4

0.6 4

0.4 4

RFS (probability)

0.2 4

RFS

= MALC at month 18: 67.8% (95% Cl, 59.1% to 75.0%)
RIC at month 18: 47.3% (95% CI, 38.7% to 55.4%)

Me. at risk
MAC 135
RIC 137

3 6 9 12 15 18
Time Since Random Assignment (months)

126 116 107 100 82 B
104 [} 70 68 63 62
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Impact of Conditioning Intensity of Allogeneic
Transplantation for Acute Myeloid Leukemia With
Genomic Evidence of Residual Disease

Christopher S. Hourigan, DM, DPhil'; Laura W. Dillon, PhD!; Gege Gui, ScM'; Brent R. Logan, PhD?; Mingwei Fei, MSc?;
Jack Ghannam, BS!; Yuesheng Li, PhD'; Abel Licon, MS?®; Edwin P. Alyea, MD*; Asad Bashey, MD®; H. Joachim Deeg, MD®;
Steven M. Devine, MD’; Hugo F. Fernandez, MD?; Sergio Giralt, MD®; Mehdi Hamadani, MD?; Alan Howard, PhD7;

Richard T. Maziarz, MD'!; David L. Porter, MD'2; Bart L. Scott, MD®; Erica D. Warlick, MD!?; Marcelo C. Pasquini, MD?; and
Mitchell E. Horwitz, MD*

BMT CTRDO1
Retrospective analysis
2019
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Ultradeep sequencing of 190/218 AML
13 most commonly mutated genes

~N
30 %no mutation
J
~N
30% DTA (DNMT3A,
TET2,ASXL1)
J
~N
40 % positive(TP53, NRAS,
RUNXIKIT, IDH1, JAKZF3B1,
IDH2,FLt3ITD, NPM1)

J




MAC>>RIC in NGS MRD positive

100 100
80 1 P= .02
= 80
== 60 -
=
40 -~
— — 60
==
o
o S s asssssssnsans
40 -
20 -
NGS negative: MAC v RIC (P = .96)
100 - NGS positive: MAC v RIC (P = .02)
1 T T
80 P < .001 0 1 2 3
-..9__ . . .
9; 60 4 P R LR - Time Since Transplantation (years)
s e < No. at risk
< 40 4 = NGS negative
[ab] 2 ppep e ——— 1 =
= é  — —— = MAC 30 23 18 16
s0d T T T RIC 35 29 24 22
_.-:“ _ - —_————— T T NGS positive
- MAC 65 55 45 35
! ' ' RIC 60 36 29 24
(0] 1 2 3

Time Since Transplantation (years)

No. at risk

NGS negative NGS negative, MAC

MAC 30 21 16 15 — =— = NGS negative, RIC
RIC 35 24 20 18 — — NGS positive, MAC

NGS positive e NGS positive, RIC
MAC 65 50 a3 32 LINGARAJ NAYAK DATIR2.25

RIC 60 23 17 13




Pre-Measure
Study

Error corrected NGS MRD

3020 Patients (age 218 y) with acute myeloid leukemia with variants in
FLT3, NPM1, IDH1, IDH2, and/or KIT, who underwent first allogeneic
transplant between 2013-2019 in first complete remission

145 Excluded (no preconditioning whole-blood
sample drawn <100 d prior to transplant)

Y
2875 Available for analysis

) J

1663 Underwent transplant (2013-2017)

1209 Excluded

1202 No preexisting audited
clinical data

7 <1 pg of DNA isolated

4

1212 Underwent transplant (2018-2019)

591 Excluded
584 Underwent transplant after
February 14, 2019
7 <1 pg of DNA isolated

1075 Analyzed for pretransplant measurable residual

disease by next-generation sequencing

\J

454 Discovery cohort (baseline genetics)
276 FLT3-ITD
239 NPM1
63 FLT3-TKD
51 IDH2
27 IDH1
26 KIT

\J

Identification of variants in NPM1 and
FLT3-1TD as prognostic measurable
residual disease genetic biomarkers

83 Excluded if variants in
NPM1/FLT3-ITD not reported «
at baseline

\J

371 Exploratory analysis of clinical outcomes
in discovery cohort patients with variants
in NPM1 and/or FLT3-1TD analyzed for
pretransplant meashridbl&Fesigual) NAYAK DETI2.25

disease by next-generation sequencing

Y

621 Validation cohort (baseline genetics)
332 FLT3-ITD
292 NPM1
149 IDH2
80 FLT3-TKD
79 IDH1
34 KIT

170 Excluded if variants in
> NPM1/FLT3-ITD not reported
at baseline

A

451 Analysis of clinical outcomes in
validation cohort patients with variants
in NPM1 and/or FLT3-ITD analyzed for
pretransplant measurable residual
disease by next-generation sequencing



NGS (error corrected)
better than Flow MRD

@ Flow cytometry and NGS-MRD

100 -

Overall survival, %

0

No. at risk

80
60
40
20+

P <.001

C | FLT3-ITD MRD in patients with FLT3-1TD AML

NPM1/FLT3-ITD MRD negative
Flow cytometry negative

0 12 24 36
Time since transplantation, mo

NPM1/FLT3-1TD MRD negative
Flow negative 605 481 367 212

Flow positive

37 30 19 10

NPM1/FLT3-1TD MRD positive
Flow negative 110 67 38 16

Flow positive

22 12 6 5

Flow cytometry positive

NPM1/FLT3-1TD MRD positive
Flow cytometry negative

Flow cytometry positive

3-yrelapse: 67% positive vs

100 -
80 -
N
o 60-
v
o
= 40-;
= !
20 :
{
0+
0
No. at risk
FLT3-ITD MRD

Negative 523

Positive
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85

26% negative for FLT3-1TD MRD

12 24 36 48 60 72
Time since transplantation, mo

372 282 156 95 68 20
32 20 11 9 8 2



JAMA | Original Investigation

DNA Sequencing to Detect Residual Disease in Adults With
Acute Myeloid Leukemia Prior to Hematopoietic Cell Transplant

Laura W. Dillon, PhD; Gege Gui, ScM:; Kristin M. Page, MD; Niveditha Ravindra, MD; Zoé C. Wong, BS; Georgia Andrew, BSc;
Devdeep Mukherjee, PhD; Scott L. Zeger, PhD; Firas El Chaer, MD; Stephen Spellman, MBS; Alan Howard, PhD; Karen Chen, MS;
Jeffery Auletta, MD; Steven M. Devine, MD; Antonio Martin Jimenez Jimenez, MD; Marcos J. G. De Lima, MD; Mark R. Litzow, MD;
Partow Kebriaei, MD; Wael Saber, MD, MS; Daniel J. Weisdorf, MD; Christopher S. Hourigan, DM, DPhil

Conditioning intensity
Patients were divided into 3 categories of conditioning treatment regimens prior to hematopoietic cell transplantation using
the following criteria:

1. Myeloablative conditioning (MAC)

Cyclophosphamide and Thiotepa
Busulfan (=9 mg/kg, oral or >7.2 mg/kg, IV) and Fludarabine
2. Reduced intensity conditioning (RIC)
a. TBI <500 cGy but >200cGy, non-fractionated or TBI <800 cGy but >200cGy, fractionated
b. Melphalan and Fludarabine
c. Busulfan (<9 mg/kg, oral or <7.2 mg/kg, IV) and Fludarabine
d. Cyclophosphamide and BNCU and Etoposide (VP-16) (CBV)
e. BCNU + Etoposide (VP-16) + Cytarabine (Ara-C) + Melphalan (BEAM)
3. Non-myeloablative conditioning (NMA)
a. TBI=200cGy

b. Fludarabine with or without Cyclophosphamide JAMA. 2023 Mar 7:329 (9):7 55
c. Total lymphoid irradiation (TLI) alofie” "/ NAYAK DEIE.25

a. Total body irradiation (TBI) >500 cGy, non-fractionated or TBI >800 cGy, fractionated
b. Busulfan and Cyclophosphamide

c. Busulfan and Melphalan

d. Busulfan and Thiotepa

€.

f.



All RIC are not same.

EI Reduced-intensity conditioning in patients testing NPM1/FLT3-ITD MRD negative

Mel
Mell40
121/156

Others
Flu Bu2
104/105

JAMA. 2023 Mar 7:329(9): 74%5.

Melphalan
Other

100 - 100 -
P15 o | TN P=.79
80 - i 80 TRy,
S g T,
o 601 S 60 e .
=3 2
= 401 = 40
e ©
20 j/_’_'_'i g 201
O_ T T T 1 0 T T T 1
0 12 24 36 48 0 12 24 36 48
. Time since transplantation, mo Time since transplantation, mo
No. at risk
RIC
Other 104 69 51 26 20 104 80 61 32 25
Melphalan 125 90 67 37 18 125 99 71 40 19
’El Reduced-intensity conditioning in patients\testing NPM1/FLT3-1TD MRD p@
100 - 100 =
P=.004 5o 1 P<.001
80 °. 80-
® 2
o =
] i 2 1
S 40 2 40
20 g 20
0_ T T T 1 0 T T T 1
0 12 24 36 48 0 12 24 36 48
. Time since transplantation, mo Time since transplantation, mo
No. at risk
RIC
Other 21 4 2 0 0 21 8 3 0 0
Melphalan 31 19 11 6 4 31 24 14 7 4
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To conclude

A Reduced-intensity allogeneic transplantation is a reasonable approach
for adult patients with myeloid malignancy who test MREnegative
before conditioning.

A Those MRDpositive but ineligible for MAC may still find RIGIHCT
their best available next therapy.

A Best available data for MRD as predictive factor in AML

A With venetoclaxbased therapies, MRD seems to be predictive like Blina in
B-ALL.



TRANSPLANT MRI



Post-Transplant Maintenance Therapy
Preventing Relapse Until GVL Effect Sets In

Leukemia
Relapse

GVL Effect

POST-TRANSPLANT MAINTENANCE
—

LINGARAJ NAYAK DATER.25



SORMAIN TRIAL

Censored +
Log-rank P=.013
HR, 0.39 (95% Cl, 0.18 to 0.85) = Sorafenib

= Placebo

CHINESE TRIAL

24-month RFS

Sorafenib: 85.0% (95% Cl, 70% to 93%)
Placebo: 53.3% (95% Cl, 36% to 68%)
Log-rank P=.002

HR, 0.256 (95% Cl, 0.10 to 0.65)

10 20 30
Time (months)

—_
X
~
©
=
jun ]
v
©
-
(<5
>
o

Hazard ratio 0-48 (95% Cl 0-27-0-86);
p=0-012

|
10 No. at risk:

Number at risk Placebo 40 19 17

(number censored) Sorafenib 43 31 25
Sorafenib group 100(0) 92(0) 64 (20) 33(50) 23(60) 0(83)
Control group 102 (0) 81(0) 48(22) 30(40) 10 (60) 1(69)
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Real-world experience of Taking the bitter pill..

sorafenib maintenance after

allogeneic hematopoietic Need a better tolerable drug

stem cell transplantation for
FLT3-1ITD AML reveals high
rates of toxicity-related
treatment interruption

Sarah Morin™, Federica Giannotti', Anne-Claire Mamez?,
Amandine Pradier?, Stavroula Masouridi-Levrat®,
Federico Simonetta® and Yves Chalandon™*!

1Division of Hematology, Department of Oncology, Geneva University Hospitals, Geneva, Switzerland,
2Translational Research Center for Oncohematology, Department of Medicine, Faculty of Medicine,
University of Geneva, Geneva, Switzerland

LINGARAJ NAYAK DATER.25

1. A retrospective analysis

2. 30 patients with FLTED
undergoingallogeneiocSCT and
received sorafenib as post
transplant mantainance

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

Front Oncol. 2023 Mar 15;13:1095870.



What we want from anantainanceherapy
posttransplant?
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)



¢ KS 0dzZNRSY 27F LN

A Intuitively , A maintenance therapy will benefit by keeping the
disease under control until the GVL sets in which depends on
duration of posttransplant iImmunosuppression.

A Tolerance to maintenance therapy pdsansplant is always a
concern.

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

A With increasing advancement-of:NGS MRD, Can we predict better



MORPHO STUDY

CLINICAL TRIALS AND OBSERVATIONS

Measurable residual disease and posttransplantation

gill’iigglg 1{/Inlzjmtenance for patients with FLT3-ITD- BMT-CTN 1506/Morpho:

Mark J. Levis,' Mehdi Hamadani,2 Brent R. Logan,? Richard J. Jones,’ Anurag K. Singh,* Mark R. Litzow,* John R. Wingard,® 346 p 0 St-t rans p 'a nt F LT3' IT D AM L p at' e nt S

Esperanza B. Papadopoulos,” Alexander E. Perl,” Robert J. Soiffer,” Celalettin Ustun,” Masumi Ueda Oshima,'? Geoffrey L. Uy,"’
Edmund K. Waller,'? Sumithira Vasu,'* Melhem Solh,"* Asmita Mishra,'® Lori S. Muffly,’® Hee-Je Kim,'’ Matthias Stelljes,"” Yuho Najima,'’
Masahiro Onozawa,”® Kirsty Thomson,?’ Amon Nagler,? Andrew H. Wei,”* Guido Marcucci,?* Caroline Chen,?® Nahla Hasabou,*

Matt Rosales,” Jason Hill,?* Stanley C. Gill,*® Rishita Nuthethi,?® Denise King,?® Adam Mendizabal,*® Steven M. Devine,”’

Mary M. Horowitz,” and Yi-Bin Chen?®

173 patients ? 173 patients
Placebo H Gilteritinib

Is there a benefit to FLT3
inhibition post-transplant?

oGilteritinib as Post-Transplant Maintenance for AML With
Internal Tandem Duplication Mutation of FLT3 Does the detection of a Does a potent FLT3 inhibitor

Mark J. Levis, MD, PhD' (; Mehdi Hamadani, MD® (3 ; Brent Logan, PhD* (; Richard J. Jones, MD'; Anurag K. Singh, MDF; Mark Litzow, MD* (; FLT3/ITD mutation by a prevent relapse when the
John R. Wingard, MD® (%); Esperanza B. Papadopoulos, MD?; Alexander E. Perl, MD” (3); Robert J. Soiffer, MD®(®; Celalettin Ustun, MD®(®; S9N

Masumi Ueda Oshima, MD'® ([3); Geoffrey L. Uy, MD'" (); Edmund K. Waller, MD, PhD'? (&; Sumithra Vasu, MD, MBBS'?; Melhem Solh, MD'* ([%; en ec

Asmita Mishra, MD'(®; Lori Muffly, MD'® (); Hee-Je Kim, MD'" (); Jan-Henrik Mikesch, MD'®; Yuho Najima, MD, PhD'® (); va"dated' S smve M R D M R D assay det ts d
Masahiro Onozawa, MD, PhD? (@ ; Kirsty Thomson, MB, ChB?'; Arnon Nagler, MD, MSc?? () ; Andrew H. Wei, MBBS, PhD* (%) ; Guido Marcucci, MD*, ed' ‘7 I I , 1 7
Nancy L. Geller, PhD?*(; Nahla Hasabou, MD?®; David Delgado, MD?%; Matt Rosales, PhD*®; Jason Hill, PhD** (&); Stanley C. Gill, PhD**(®); assay pr |Ct re'a pse = FLT3“ mUtatlon \

Rishita Nuthethi, PhD?; Denise King, MS* (); Heather Wittsack, MPH?"; Adam Mendizabal, PhD?’; Steven M. Devine, MD?* (®);
Mary M. Horowitz, MD, MS2(®; and Yi-Bin Chen, MD* (f); on behalf of the BMT-CTN 1506/MORPHO Study Investigators

J Clin Oncol. 2024 May 20;42(15):1-26@5.
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Study Highlights (MORPHO)

MRD+ pre-HCT

A
1. Pre transplant MRD positive by NGS MRD ¢ _ 0.3:
predicts benefit taGiltertinib maintenance. E |
2. Absolute survival garil3 %(NNTF 8 patients w § ZZ
fairly tolerable drug. |
0.0

E Events/N Year 2 Rate (95% Cl)
Gilteritinilb  25/79 70.4% (58.6%, 79.4%)

4 Placebo 38/79 57.4% (45.6%, 67.5%)

HR = 0.558 (0.336, 0.924) P-value = .0215

0 12 24

3. 30%has multi clonal ITD where the benefit Of number of subjects At risk

Gilteritinib 79 60 51

Giltertinib was not great. Placebo79 48 43

4. Tolerance to FIt3 inhibition varied across
ethnicity!!

J Clin Oncol. 2024 May 20;42(15):1-064'5. LINGARAJ NAYAK DATE?.25
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