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KATHIOPIEZ KINAYNOY KATA European Leukemia Net

Risk category Genetic abnormalities

Favorable t(8;21)(q22;922.1); RUNX1-RUNX1T1 Ymotpot 30-40%
inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11
Mutated NPM1 without FLT3-ITD or with FLT3-ITDlow
Biallelic mutated CEBPA

Intermediate Mutated NPM1 and FLT3-|TD"igh allelic ratio
Wild-type NPM1 without FLT3-1TD or with FLT3-ITDlow allelic ratio (w/o
adverse-risk genetic lesions)
t1(92:;11)(p21.3;923.3); MLLT3-KMT2?
Cytogenetic abnormalities not classified as favorable or adverse

Adverse t1(6:9)(p23:934.1); DEK-NUP214
t(v;11923.3); KMT2Arearranged
t(9:22)(g34.1;q11.2); BCR-ABL1
inv(3)(q21.3926.2) or t(3;3)(g21.3:;926.2); GATA2,MECOM(EVI1)
-5 or del(5q); -7; —17/abn(17p)
Complex karyotype®, monosomal karyotype®
Wild-type NPM1 and FLT3-ITD high
Mutated RUNX1¢
Mutated ASXL1¢
Mutated TP53F

Adapted from Dohner et al. Diagnosis and management of AML in adults: 2017 ELN recommendations
from an international expert panel. (BLOOD, 26 JANUARY 2017 , VOLUME 129, NUMBER 4)




OMA - T1Y KAI EYN

Table 6. Response criteria in AML

Category Definition Comment

Respanss
CR without minimal residual If studied pretreatment, CR with negativity for a genetic marker Sensitivities vary by marker tested, and by method
disease (CRyrp-) by RT-qPCR, or CR with negativity by MFC used; therefore, test used and sensitivity of the
assay should be reported; analyses should be done

in experienced laboratories (centralized diagnostics)
Complete remission (CR) Bone marrow blasts <5%; absence of circulating blasts and MRD " or unknown

blasts with Auer rods; absence of extramedullary disease;
ANC =1.0 X 10°/L (1000/L); platelet count =100 X 10°/L
(100 000/pL)
CR with incomplete All CR criteria except for residual neutropenia (<1.0 X 10°/L
hematologic recovery [1000/psL]) or thrombocytopenia (<100 X 10%L[100 000/uL])
(CRy)
Morphologic leukemia-free Bone marrow blasts <5%; absence of blasts with Auer rods; Marrow should not merely be “aplastic’; at least 200
state (MLFS) absence of extramedullary disease; no hematologic recovery cells should be enumerated or cellularity should be
required at least 10%
Partial remission (PR) All hematologic criteria of CR; decrease of bone marrow blast Especially important in the context of phase 1-2 clinical
percentage to 5% to 25%; and decrease of pretreatment trials
bone marrow blast percentage by at least 50%

Adapted from Dohner et al. Diagnosis and management of AML in adults: 2017 ELN recommendations
from an international expert panel. (BLOOD, 26 JANUARY 2017 VOLUME 129, NUMBER 4)
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[Mapouaia Aeuxaiuikwy KUTTapwV < 5%
(KaTWTEPO 6PIO AViXVEUaNS PE HoppoAoyIKa kpiThpia 10-2)

Diagnosis Relapse

0,
Standard CR 1 (1005)
criteria (5%) _ 101

Time since diagnosis

Adapted from :Minimal Residual Disease in Acute Myeloid Leukemia
Monica L. Guzman, Ph.D. ISLH 2017




2KOMOZ EYN

«AVTIKEIMEVIKOCH EAEYXOC ATTOTEAETUATIKOTNTAC BEPATIEIAC KAI KAT ETIEKTAON
£CATOMIKEUON AUTAC

Tautotroinan agBevwy Pe HEYAAUTEPO KivOUVO UTTOTPOTIAG, TTIBAV TTPWIMN
BepateuTikn TTapéufaaon

Avayvwpion acBsvwy ou Ba eTTweeAnBouv aTd TNV YETAUOTXEUD
[TapakoAoUBnaon peTa TNV PETANOOXEUON

EkTiunon amoteAeouaTikoTNTAC VEWV BEpaTTEIWV




2TOXOI' EYN

* EYN aviyxvetetal ava TakTa Xpovika diaotiuarta

>  KaraAAnAdTepog deikTNG;;;;

* Ymapyel kamolo katwraTto dpio (threshold) Tou va pounvUel UTTOTPOTTR;;;

* [loia givar n KatdAAnAn BepaTTEUTIKA ATTOQACN TTOU UTTOPEi Va AngBEi;;;
» + EYN - 1potrotoinan /ecaropikeuan Bepatreiag, mio evrarikr Bepareia

» - EYN > Miyotepn Bepareia

* Av BetikotroinBei EYN, moTte yiveral emavainwn;;;




AEYXAIMIKO STEM CELL

(LEUKEMIA STEM CELL -LSC) KAl EYN

Leukemia (2007) 21, 1700-1707

@ 2007 Nature Publishing Group Al rights reserved 0887-6924/07 $30.00 C D 3 4 + /C D 38'
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ORIGINAL ARTICLE IKavaTNTO aUTOAVAVEWONG KAl
Aberrant marker expression patterns on the CD34 -+ CD38- stem cell compartment d10g0opoTToiNaNG

in acute myeloid leukemia allows to distinguish the malignant from the normal

stem cell compartment hoth at diagnosis and in remission I Avaykn XapakTnpIiopou Twv
A van Rhenen', B Moshaver', A Kelder', N Feller', AWM Nieuwint, § Zweegman . Q) OssenkoppeleT and GJ Schuurhuis' LSCS

'Department of Hematology, VU University Medical Center, Amsterdam, The Netherlands and *Department of Cytogenetics, 9 EY N KAl rl éKBGO‘ n —_

VU University Medical Center, Amsterdam, The Netherlands , )
emBiwan oxeti(eTal ue 10V

ap10uo Twv LSCs kard 1
MR S1ayvwaon.

Clinical Cancer
Research

High Stem Cell Frequency in Acute Myeloid Leukemia at
Diagnosis Predicts High Minimal Residual Disease and Poor
Survival

Anna van Rhenen, Nicole Feller, Angéle Kelder, et al.

Clin Cancer Res 2005;11:6520-6527. Published online September 15, 2005.
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The biomarkers of leukemia stem cells in acute myeloid leukemia

Yahui Dingl, Huier Gao’, Quan Zhang1

[ Leukemia stem cell ]

Membrane marker

Figure 1 Different biomarkers of leukemia stem cell.
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AEYXAIMIKO STEM CELL
(LEUKEMIA STEM CELL -LSC) KAl EYN

LSCs o€ oxéon ue mo «wpigouc» BAACTEC, TTapouaialouv
XnueloaveekTIKOTNTA TMOAVWS AOYyw TOU OTI AUTA TA KUTTAPA TTAPANPEVOUV OF
«npepia» (quiescent) otnv Go gaon

Au@idpoun axéan LSCs kal pikpotepiBAAovTog.
lkavoTnTa AVadIANOPPWANG TN AIMOTIOINTIKAC QWAIAC O€ AUTO-EVIOYUOUEVN

(self-reinforcing) TTOU £XEI OAV ATTOTEAET A TOV
TTOAATTAQCIATPO TWV AEUXAIMIKWY KUTTAPWY Kal TNV peiwan Twv HSCs

Koen Schepers et al Myeloproliferative Neoplasia Remodels the Endosteal Bone Marrow Niche into a Self-Reinforcing
Leukemic Niche , Cell Stem cell , p285-299, 5 September 2013




MEGOAOQOI EYN

[ToAuTrapapeTPIKN KUTTAPOUETPIO por¢ — multiparameter flow cytometry — MFC
AAuo1dwth avtidpaon oAupepdang — polymerase chain reaction - PCR
PCR ot mpaypartiké xpovo, Real time PCR (RT-PCR)
RCR moooriki, Real time quantitative PCR (RT-gPCR)

Digital PCR

Texvohoyia aAAnAouyiong emduevng yeveds — next generation sequencing — NGS







. MOAUTTAPAMETPIKN KUTTAPOMETPIO PONG
multiparameter flow cytometry - MFC

e Havixveuon EYN pe kuttapopeTpia por¢ mapoualadel E10IKEC DUOKOAIEC TTOU
o@eilovTal TNV AvOooPAIVOTUTTIKA £TEpOYEVEIa TNG OMA

LAIP = Leukemia associated immunophenotype DfN = different - from - normal =
= OXETI(OMEVOG HE TNV Acuyaipia OI0QOPETIKA aTTO TO PUOIOAOYIKO
avoooPUIVOTUTTOG

AtuTtra TTPOTUTTO EKQOPOOTNE OTOUC AsuxaldikoUu¢  AvixveUel GAoU¢ Toug TTANBUCOUG TToU {e@EUyOoUV

BAGaOTEC KOTA TNV dIAYVWAT KAl XPron auTwy yid a1rd T0 QUOIOAOYIKO TTPOTUTTO CUVOUNCGHOU

avixveuan TN UTTOAEIPPATIKAG VOOOU KATA TV EKPpaONS avtiyovwy (pattern)

TTapakoAoubnon Mropei va xpnoiyotroinBei kar étav Asitel o
ApXIKOS Avoao@aIvVOTUTIOG, N OTAV UTTAPXE!
UETATPOTTA avogo@alvoTuTIou (‘immunophenotype
shift”)

2uvduaouog kai Twv 6Uo > LAIP-based DfN approach

Minimal/measurable residual disease in AML:a consensus document from the European LeukemiaNet MRD Working
Party blood® 22 MARCH 2018 | VOLUME 131, NUMBER 12




|. MoAUTTOPOUETPIKI KUTTAPOMETPIO PONG
multiparameter flow cytometry - MFC

O1 ouyVOTEPEC Trou Trepiypagovtal atnv OMA givai :

1.

Acuyxpovn avTIyoviKN EK@Paon SEIKTWY : TAUTOXPOVN EKPPACN AWPWVY KAl WPINWY
OEIKTWV OTO id10 KUTTAPO (T1.X ouvEk@paan Tou CD34 kai tou CD15)

‘Ek@paon evog deiktn GAANG KUTTAPIKAG OEIPAC : ONA EKPPAa DEIKTWY TNG AEUPIKAG
0€1pag aToug BAaaTeC TG puehikng oeipac (CD2,CD5,CD7,CD10,CD19)

YrepEK@pPAon avriyovou

Mn avapevopeveg 1010TNTEG OKEDAONG : (EKQPATN AEUPIKWY DEIKTWY O€ KUTTAPA LE
uypnAf euBeia kal TTAGyia oKEDAAT , TTOU AVTIOTOIXOUV OTA PUCIOAOYIKA MUEAOEIDN
KUTTaPQ )

Atrougia EK@Paong E1I0IKWV yIa TV KUTTOPIKN o€1pd avTiyovwy : ( CD13 kai
CD33)




|. OAUTTOPOAMETPIKN KUTTOPOMETPIO PONG
multiparameter flow cytometry — MFC

['pryyopn pEBodOC
o LAIPs (51% - 94%) (5 xpwpartikry MFC)
 >1LAIP/aoBevi

* Euaigbnaoia éwg 10+ (5 xpwpartiki MFC)
Néec ouoTdoEiC :

8 xpwuara

Acgiypa puehou

Avappopnon 5-10 mL MYEAQY ki T0 1° d€iypa yia avooo@aivoTutro
xpnon 500,000 - 1 ek WBCs;

MMPOTAZXH: cutoff of 0.1%. = diaxwpiop6g EYN +/ -

Minimal/measurable residual disease in AML:a consensus document from the European LeukemiaNet MRD Working
Party blood® 22 MARCH 2018 | VOLUME 131, NUMBER 12




Multi Center

Yes/No

Study
population
Adult/Children

MRD
measurement
following

Table 1. Key studies on the prognostic value of MRD by Multi Parameter Flow Cytometry

Number of
Patients

Cut-off MRD level

X

Univariate
analysis
significant for

Multivariate
ELENSH
significant for

Study details

San Miguel et al® N A 46% 53 Ve <0.05% 0.2% RFS, 0S RFS
Venditti et al * Y A 70% 56 I,C 0.045% 0.035% I;- -
-RES O ‘RES O
San Miguel et al° <0.01%, MRD>1%: 3yrRR: 85%
0.01-0.1% ] MRD 0.1-1.0%: 3yr RR:45%
0.1-1% - MRD 0.01-0.1%: 3yr RR 14%

MRD <0.01%: 3yr RR: 0%

levers et al™ Y 1 0.5% RFS,0 RFS,0 yr 05 69% (MRD neg) vs
41%(MRD pos)
Kern et al ¥ Y A 100% 106 Day 16 Log difference CR, EFS, RFS, OS  EFS, RFS
2.11
Kern et al ® N A 100% 62 1,C Log difference  Log difference I:RFS 1: RFS
2.11 2.53 C:RFS,08 C:RFS
Feller et al N A 100% 72 I, 15, C, PBSCT 1:1% 0.11% 0.13% I, b, C, Iy, 1, C,
1,:0.14% PBSCT;RFS,0S  PBSCT;RFS,0S
Buccisano et al A A 89% 100 1,C 0.035% 0.035% landC: I:- 5yr RFS 72% (MRD neg} vs
RR,RFS,08 C: RR,RFS,05 11%(MRD pos)
Langebrake et al® Y AC ? 150 Day 15,1, 1;, C 0.1-2% 0.1-1.3% Day 15, I;RFS - MRD similar EFS as traditional
Risk factors
Maurillo et al™* Y A ? 142 I, C 0.035% 0.035% land C; RFS, 05  land C; RFS, 0S 5 yrs RR 60%(MRD pos)vs 16%
9MRD neg)
Al Mawaliet al™ N A 94% 54 (8 0.15% 0.15% I: RFS,0S I: RFS,0S
C:RFS,08 C-
Van der Velden et al ® Y C 7 94 Iy, I, C, end of <0.1% l: RFS, OS 1;:RFS, OS 3yr RFS 64%(MRD pos) vs 14%
Tx 0.1-0.5% {MRD neg )
>0.5%
Loken et al” Y C 100% 188 Iy, I, end of Tx >0%, 0-1% 1;:08, RFS 1,:0S, RFS RR at 3yrs 60%vs 29%
1,:RFS, 0S 1:RFS, RR
Inaba et al® Y C ? 203 I, I, end of Tx <0.1%, l:EFS,RFS 1,:EFS,RFS Morphological assessment has
0.1-1% |,:EFS,RFS 1,:EFS,RFS limited value in comparison to
>1% flowcytometry
Terwijn et al Y A 89% 517 by (b <0.1% <0.1% 1,:RFS, 0OS 1,:RFS, OS Cut off points between 0.05-0.8
1;:RFS, 0S 1,:RFS, OS are all significant
Freeman et al Y A 93% 427 Iy, |y, <0.1% <0.1% 1,:RFS, 0S 3yr 0S 38%(MRD pos) vs 18%
1,:RFS, 0OS (MRD neg) after Cycle 2
Walter etal ** N AC 100% 253 Pre Tx <0.1% DFS MRD predictive in CR1 andCR2

0S




Early immunophenotypical evaluation of mmimal residual disease mn acute
myeloid leukenua identifies different patient risk groups and may
contribute to postinduction treatment stratification

Jesus F. San Miguel, Maria B. Vidnales, Consuelo Lopez-Berges, Joaquin Diaz-Mediavilla, Norma Gutierrez, Consuelo Canizo,

Fernando Ramos, Maria J. Calmuntia, José J. Pérez, Marcos Gonzalez, and Alber
BLOOD, 15 SEPTEMBER 2001 - VOLUME 98, NUMBER. &

o 126 000¢eveig

P—— aviyveuan EYN, pia @opa Kal auéowe PETA
TNV Bepartreia epodou Ba propouoe va
KOTNYOPIOTTOINOEI TOUC A0BEVEIC O€ OUAdEC
KIvOUVOU.

a) oAU ¥aunAou kivduvou : EYN<0.01%, kayia

UTTOTPOTTI) OTa 3 £TN,

B) xaunAou kivouvou : EYN<0.1%, aBpoiaTikA
guxvotnTa utroTPOTIAG (cumulative relapse rate)
14% o1a 3 £,

y) evdiapeaou kivouvou : EYN<0.1-1%
aBpoIaTIKI) GUXVOTNTA UTTOTPOTING 45% OTa 3
Months ETF] KQl

Figure 1. Relapse rates in the 4 AML risk categorig 6) UL|JF])\OU KIvOuvou : EYN>1% GepOIO'TIKI"]
LAP cells in the first BM in mCR. High risk (MRD: g '

14 14 0 /4
intermediate risk (MRD: 10 3 to 102 LAP * cells): low riskRAYAUILCRVILCa e Iq Ry Xeale RE Iy
cells); and very low risk (fewer than 10—4 LAP~ cells; none have had relapses). VIRU negy arter Lycle

Incidence of Relapses

o 20 40 S50 80 100 13

MRD predictive in CR1 andCR2

0S



Table 1. Key studies on the prognostic value of MRD by Multi Parameter Flow Cytometry*

Multi Center  Study Number of MRD Cut-off MRD level Univariate Multivariate Study details
Yes/No population Patients measurement analysis analysis
Adult/Children following significant for significant for
San Miguel et al® N A 46% 53 Ve <0.05% 0.2% RFS, 0S RFS
Venditti et al * Y A 70% 56 I,C 0.045% 0.035% I;- -
C:RFS, OS C:RFS, 0OS
San Miguel et al 5 A 75% 126 | <0.01%, - RFS,08 RFS MRD>1%: 3yrRR: 85%
0.01-0.1% ] MRD 0.1-1.0%: 3yr RR:45%
0.1-1% - MRD 0.01-0.1%: 3yr RR 14%
>1% - MRD <0.01%: 3yr RR: 0%
Sievers et al® Y C ? 252 Iy 0.5% RFS,08 RFS,08 3 yr 0S 69% (MRD neg) vs
41%(MRD pos)
Kern et al ¥ Y A 100% 106 Day 16 Log difference CR, EFS, RFS, OS  EFS, RFS
2.11
Kern et al ® N A 100% 62 1,C Log difference  Log difference I:RFS 1: RFS
2.11 2.53 C:RFS,08 C:RFS
Feller et al N A 100% 72 I, 15, C, PBSCT 1:1% 0.11% 0.13% I, b, C, Iy, 1, C,
1,:0.14% PBSCT;RFS,0S  PBSCT;RFS,0S
Buccisano et al A A 89% 100 1,C 0.035% 0.035% landC: I:- 5yr RFS 72% (MRD neg} vs
RR,RFS,08 C: RR,RFS,05 11%(MRD pos)
Langebrake et al® Y AC ? 150 Day 15,1, 1;, C 0.1-2% 0.1-1.3% Day 15, I;RFS - MRD similar EFS as traditional
Risk factors
Maurillo et al™* Y A ? 142 I, C 0.035% 0.035% land C; RFS, 05  land C; RFS, 0S 5 yrs RR 60%(MRD pos)vs 16%
9MRD neg)
Al Mawaliet al™ N A 94% 54 (8 0.15% 0.15% I: RFS,0S I: RFS,0S
C:RFS,0S C-
Van der Velden et al ® Y C 7 94 Iy, I, C, end of <0.1% l: RFS, OS 1;:RFS, OS 3yr RFS 64%(MRD pos) vs 14%
Tx 0.1-0.5% {MRD neg )
>0.5%
Loken et al” Y C 100% 188 Iy, I, end of Tx >0%, 0-1% 1;:08, RFS 1,:0S, RFS RR at 3yrs 60%vs 29%
1,:RFS, 0S 1:RFS, RR
Inaba et al® Y C ? 203 I, I, end of Tx <0.1%, l:EFS,RFS 1,:EFS,RFS Morphological assessment has
0.1-1% |,:EFS,RFS 1,:EFS,RFS limited value in comparison to
LA flowcvtometn
Terwijn et al 1,:RFS, 0S 1,:RFS, 05 Cut off points between 0.05-0.8
1;:RFS, 0S 1,:RFS, OS are all significant
! 2 —r o o oo OO SO VIND POS] VS L070
1,:RFS, 0OS (MRD neg) after Cycle 2
Walter etal * N A C 100% 253 Pre Tx <0.1% DFS MRD predictive in CR1 andCR2

0S




(Y
High Prognostic Impact of Flow Cytometric Minimal
Residual Disease Detection 1in Acute Myeloid Leukemaia:
Data From the HOVON/SAKK AML 42A Study

Mornigque Terwijnn, Wim L.J. van Putren, Angéle Kelder, Vincent H.J. van der Velden, Rik A. Brooimuans,
Thormas Pabst, Johan Maertens, Nancy Boeckx, Georgine E. de Greef, Peter .M. Valk, Frank W.M.B. Preijers,
Peter C. Huijgens, Angelika M. Dréger, Urs Schamnz, Mojca Jongen-Lavrecic, Bart J. Biemond, Jakob R. Passweg,
Michel varn Gelder, Pierre Wijerrmans, Carlos Grawx, Mario Bargetzi, Marie-Cecile Legdewr, Jurgen Kuball,
Orkke de Weerdt, Yves Chalandon, Ulrs Hess, Leo F. Verdonck, Jan W. Graramea, Yvornne J.MM. OQussoren,
Willerrijn J. Scholrern, Jennirta Slomp, Alexander W. Snel, Marie-Christiane Vekemans, Bob Liwenberg,

Gert J. Ossenkoppele, and Gerrit J. Schuurhuis
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Leukemic Stem Cell Frequency: A Strong Biomarker for
Clinical Outcome in Acute Myeloid Leukemia

Monique Terwijn', Wendelien Zeijlemaker', Angéle Kelder', Arjo P. Rutten', Alexander N. Snel’,
Willemijn J. Scholten', Thomas Pabst?, Gregor Verhoef®, Bob Lowenberg®, Sonja Zweegman’,

Gert J. Ossenkoppele', Gerrit J. Schuurhuis'*
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Prognostic value of monitoring a candidate immunophenotypic
leukemic stem/progenitor cell population in patients allografted
for acute myeloid leukemia

Charlotte Bradbury'!, Aimee E Houlton!, Susanna AkikiZ, Richard Gregg', Max RindI?,
Josephine Khan', Janice Ward!, Naeem Khan3, Mike Griffiths2, Sandeep Nagra', Robert
Hills#, Alan Burnett?, Nigel Russell>, Paresh Vyas5.’, David Grimwade®, Charles

Craddock'?, and Sylvie D. Freeman'-3

Leukemia. 2015 April ; 29(4): 988-991. do1:10.1038/1eu.2014.327.
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Minimal/measurable residual disease in AML:
a consensus document from the European
LeukemiaNet MRD Working Party

Gerrit J. Schuurhuis,” Michael Heuser,** Sylvie Freeman,** Marie-Christine Béné,* Francesco Buccisano,” Jacqueline Cloos,'*
David Grimwade,” Torsten Haferach,® Robert K. Hills,? Ch istopher 5. Hourigan,'® Jeffrey L Jorgensen,”” Wolfgang Kern® Francis Lacombe, ™
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YBpi1dika yovidia

PML-RARA * [lpoAguyaiyikol KAwWvoI Kal
RUNXI-RUNX1T1 ueTaAAageIS Age Retated Cional

Hematopoiesis

g o DNMT3A, ASXL1, TET2
Rt EvaioBnoia

104-10%

MeTaAAGEeIC e Germline peTaAAageig

NPM1 ( 53%) RUNX1, GATA2, ‘EAeyxo¢
CEBPA, DDX41, TTPOEAEUONG
ANKRD26




Minimal/measurable residual disease in AML:
a consensus document from the European
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WT1 XapnAA €101koTNTA KAl
guaiolnaia, pévo av
Oev UTTApxouv GAAoI
1pdT101, PB

Real-Time Quantitative Polymerase Chain Reaction
Detection of Minimal Residual Disease by Standardized
WT1 Assay to Enhance Risk Stratification in Acute Myeloid
Leukemia: A European LeukemiaNet Study

Daniela Cilloni, Aline Renneville, Fabienne Hermitte, Robert K. Hills, Sarah Daly, Jelena V. Jovanovic,
Enrico Gottardi, Milena Fava, Susanne Schnittger, Tamara Weiss, Barbara Izzo, Josep Nomdedeu,

Adrian van der Heijden, Bert A. van der Reijden, Joop H. Jansen, Vincent H.J. van der Velden, Hans Omimen,
Claude Preudhomme, Giuseppe Saglio, and David Grimwade

voLumMmE 27 - NUMBER 31 - NOVEMBER 1 2009

Favorable prognostic
Number of cutoff (proportion of Sensitivity of
patients Time point PB vs BM patients) Associated risk the assay

129 After induction PB or BM DM =2 log reduction in the same | 5=y CIR 40% (vs 75% if <2 10—
tissue (PB or BM) (625%) log)
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AAAo-MAK

e MetaAAaceic

Xipaipa yovidiwy s
(M1KPOBOPUPOPIKWY FLT3-ITD, AOTABEIG, HOvO GE
mepioxwv DNA) > FLT3-TKD, guvouao PO pie 2°

TIEPIOPITHEVN NRAS, KRAS, MRD oeikm
eualo0naia IDH1, IDH2,
MLL-PTD, EVI1




Néec ouoTaOoEIC :

Xpovikd diaotApara = 1° didyvwon
=> 2° peETa 2 KUKAOUG BepaTtreiag
-> HeTd TéNog Bepartreiag (BM ko PB)

AcOBeveic mpog MAK - petda to TEAog XMO aAAd 6x1 vwpitepa atrod 4 efOopadeg amd oxnpa
TPOETOINATIOG

PML-RARA, RUNXI-RUNX1T1, CBF-MYH11, NPM1 = k&8¢ 3 p yia 2 xpévia (BM kai PB) peta
e¢aropikeuon !

1. MARpN¢ popiakn avramokpion : CRygrp. : 2 deiypata (-) og diaoTnua > 4¢f0, evaiobnaia
Touldyiotov 1:1000 (apv MRD pe avixveuon BAaoTwyv = amwAela dEikTn)

2. Mopiaki mapapovi pe xapnAd perdypa@a: CR popgoloyikn kai <100-200 copies/10¢ ABL
copies (~ 1-2% target/reference gene)

3. Mopiakn wp60dog: augnon >1 log,, peTagu 2 BeTikwv delypatwy (o€ aodeveig pe Tapapovi
XapnAoU apiBpou peTaypa@wyv)

4. Mopiakn utrotpotri: adgnon >1 log,,, HETASU 2 BeTIKWV deIypATWY (08 CRyRp.)




ONA

2nuavtikdtepo onueio EYN = TEAOZ OEPAINEIAL 2TAOEPOINOIHZHE
PCR apv = xaunAog Kivouvog utroTpoTrig

Improved Outcomes With Retinoic Acid and Arsenic Trioxide
Compared With Retinoic Acid and Chemotherapy in
Non—High-Risk Acute Promyelocytic Leukemia: Final Results
of the Randomized Italian-German APL0406 Trial

Uwe Platzbecker, Giuseppe Avvisati, Laura Cicconi, Christian Thiede, Francesca Paoloni, Marco Vignetti,
Felicetto Ferrara, Mariadomenica Divona, Francesco Albano, Fabio Efficace, Paola Fazi, Marco Shorgia,
Eros Di Bona, Massimo Breccia, Erika Borlenghi, Roberto Cairoli, Alessandro Rambaldi, Lorella Melillo,
Giorgio La Nasa, Walter Fiedler, Peter Brossart, Bernd Hertenstein, Helmut R. Salih, Mohammed Wattad,
Michael Liibbert, Christian H. Brandts, Mathias Hinel, Christoph Rollig, Norbert Schmitz, Hartmut Link,
Chiara Frairia, Enrico Maria Pogliani,t Claudio Fozza, Alfonso Maria D’Arco, Nicola Di Renzo.

Agostino Cortelezzi, Francesco Fabbiano, Konstanze Ddihner, Arnold Ganser, Hartmut Dohner, !
Franco Mandelli, Gerhard Ehninger, Richard F. Schlenk, and Francesco Lo-Coco

Prospective Minimal Residual Disease Monitoring to Predict
Relapse of Acute Promyelocytic Leukemia and to Direct
Pre-Emptive Arsenic Trioxide Therapy

David Grimwade, Jelena V. Jovanovic, Robert K. Hills, Elizabeth A. Nugent, Yashma Patel, Rajinder Flora,
Danicla Diverio, Katy Jones, Hannah Aslett, Elaine Batson, Kristian Rennie, Roger Angell, Richard F- Clark
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Favorable prognostic
Number of cDNA vs cutoff (proportion of Sensitivity of

patients Time point PB vs BM patients) Associated risk the assay

301 At end of BM cDNA Negative (95%) 3-y CIR 1% (vs 34% if At least 103

treatment (ATRA positive)
+ anthracycline
based)

115 At end of BM cDNA Negative (100%) 4.2-y CIR 1.9% n.d.
treatment (ATO
+ ATRA, low
and

intermediate
risk APL)




Prospective Minimal Residual Disease Monitoring to Predict
Relapse of Acute Promyelocytic Leukemia and to Direct
Pre-Emptive Arsenic Trioxide Therapy

Dravid Grimwade, Jelena V. Jovanovic, Robert K. Hills, Elizabeth A. Nugent, Yashma Patel, Rajinder Flora,

Dyaniela Diverio, Katy Jones, Hannah Aslett, Elaine Batson, Kristian Rennie, Roger Angell, Richard E. Clark,
Ellen Solomon, Francesco Lo-Coco, Feith Wheatley, and Alan K. Burnett

npw”‘ln eﬁpCﬂTEUTIKr'] .o L2 pa;igrts ev;;ts

mapEupaon pe ATO S e

- CIR=5% (3y) % 151 |
MRC AML15 % N "

Time Since CR (years)



XaunAou/evdidueoou ATRA + AvBpakukAivn MRD kdB¢ 3 urveg yia 2 xpdvia
KIvbuvou (Sanz Score) (BM/PB)

ATPA +ATO MRD éw¢ CRyeo- (BM)

YynAoU kivduvou MRD kB¢ 3 urveg yia 2 xpdvia - min
(BM/PB)

* Meta v ohokApwan Bepareiag Betikomoinan dciyyarog (PCR)
EMBELAIWPEVOU > ETTIKEIPEVN UTTOTPOTTN

* ‘Eykaipn avayvwpion JOPIOKAS UTTOTPOTING =2 ETTIOTIEUAN KAIVIKAG
AVTIUETWTTIONG =2 EAATTWON AIUOPPAYIKWY ETTITTAOKWV




RUNX1-RUNX1T1 [t(8:21)]

o Oxi xpoviki atiyun fi ehayxiato 6p1o EYN katd tnv didpkela Tng Beparreiag mou va
OIKaloAoyei TpoTToTToinan Bepateiag

e Avrikpoudueva amoTeAEouATA

Favorable prognostic

Number of cDNA vs cutoff (proportion of Sensitivity of
patients Time point PB vs BM DNA patients) the assay
9 At end of “ cDNA Negative (70%) by CIR 23.6% (vs 50.9% if | 10-
treatment positive), 4y 05 96% (vs

o 63.6% if positive)
9 At end of cDNA Negative (30%) LAy CIR282% vs 33.8%if | 10°°
treatment positive), 4-y OS 86.4% (vs

87.7% if positive, n.s)

Prospective long-term minimal residual disease monitoring using RQ-PCR in RUNX1-RUNX1T1-positive acute
myeloid leukemia: results of the French CBF-2006 trial.

Willekens, et al; French AML intergroup Haematologica 2016 Mar;101(3):328-35..

120 At end of cDNA Negative (49%) 4y EFS 81% (vs 61% if 107
freatment positive), 4y OS 93% (vs

67% it positive)

Minimal Residual Disease Monitoring in Acute Myeloid Leukemia (AML) with Translocation t(8;21)(q22;q22):

Results of the AML Study Group (AMLSG) Mridul Agrawal, et al Blood 2016 128:1207;



RUNX1-RUNXTTT [t(8;21)]

Minimal residual disease monitoring by quantitative RT-PCR 1n core binding
factor AML allows risk stratification and predicts relapse: results of the
United Kingdom MRC AML-15 tnal

John A. Liu Yin,” Michelle A. O’Brien,’ Robert K. Hills,? Sarah B. Daly,” Keith Wheatley,* and Alan K. Burnett®

Favorable prognostic

Number of cDNA vs cutoff (proportion of Sensitivity of
patients Time point PB vs BM DNA patients) the assay
163 In follow—up PB cDNA <100 copies/10° ABL copies | 5-y CIR7% (vs 100% if=100), | 10-°
(85%) 5-y OS 95% (vs 59% if
=100)
163 In follow-up BM cDNA <500 copies/10° ABL copies | 5-yCIR7% (vs 100%if =500), | 10
(83.5%) 5y OS 94% (vs 57% if
=500)

*  BMlog eAartwon kai BM ( 500 copies) and PB ( 1000 copies) peta v Bepareia epodou =

TTPOYVWOTIKOG OEIKTNG , UE TTIO ITXUPO TTPOYVWATIKO OEIKTN TNV EA

(TToAuTTapayOVTIKH)

artwaon 3 log atov BM




CBF-MYH11 [inv (16)]

EYN onuavtiki yia TpdBAewn UtToTPOTING
Aiayvwaon kai peta kabe 3 p yia 2 xpévia (BM kai PB)

Ox1 xpoviki atiyun 1 ehaxiato 6pio EYN katd v didpkela Tn¢ Beparreiag mou va
OIKaloAoyei TpoTToTroinan Bepateiag

I Avixveuan HETaYPAQWY YIa £TN XWPic EVOEICEIC UTTOTPOTTNG

Minimal residual disease monitoring by quantitative RT-PCR 1n core binding
factor AML allows risk stratification and predicts relapse: results of the
United Kingdom MRC AML-15 trial

John A. Liu Yin,” Michelle A. O’'Brien,’ Robert K. Hills,? Sarah B. Daly," K gLooD, 4 0CTOBER 2012 - VOLUME 120, NUMBER 14

Favorable prognostic

Number of cDNA vs cutoff (proportion of Sensitivity of
patients Time point PB vs BM DNA patients) Associated risk the assay

At end of cDNA
treatment

<10 copies/10° ABL copies
(80%)

5-y CIR 36% (vs 78% if =10)

Aev umdpeae va kabopiatei eAartwaon Tou Log
Ox1 d1agopa otnv OS

cDNA <50 copies/10° ABL copies
‘ ‘ (73%)

5-y CIR 10% (vs 100% if =50),

5-y OS 100% (vs 25% if
=EM

In follow-up




Favorable prognostic
Number of cDNA vs cutoff (proportion of Sensitivity of
patients Time point PB vs BM DNA patients) Associated risk the assay

After 2 cycles of Negative (84.5%) 3-y CIR 30% (vs 82% if 10 °(range, 1037
chemotherapy positive), 3-y OS 75% (vs to 1071
24% if positive)

At end of Negative (92%) 3-y OS 80% (vs not estimable | 105 (range, 10-*7

treatment if positive) to 1071

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Assessment of Minimal Residual Disease
in Standard-Risk AML

A. lvey, R.K. Hills, M.A. Simpson, ]J.V. Jovanovic, A. Gilkes, A. Grech, Y. Patel,
N. Bhudia, H. Farah, J. Mason, K. Wall, S. Akiki, M. Griffiths, E. Solomon,
F. McCaughan, D.C. Linch, R.E. Gale, P. Vyas, S.D. Freeman, N. Russell,

A.K. Burnett, and D. Grimwade, for the UK National Cancer Research Institute

AML "".""'.-"'-_"—_}r'li iNng Grou P This article was published on January 20,
- 2016, at NE|M.org.

DOz 101056/ NE|Moal 50747 1




A Overall Survival B Relapse in All Patients
No. of Patients No. of Events No. of Patients No. of Events
MRD-negative 164 40 MRD-negative 164 50
MRD-positive 30 21 MRD-positive 30
P<0.001 P<0.001
100 100-
MRD-positive 86%
s MRD-negative 73% s -
S 504 8 50+
E S MRD-negative 34%
" MRD-positive  24% x 25
0 1 1 1 1 1 0_ 1 1 I | |
0 1 2 3 4 5 0 1 2 3 4 5
Years since Entry Years since Remission
No. at Risk No. at Risk
MRD-negative 164 144 116 77 39 8 MRD-negative 164 120 93 64 33 6
MRD-positive 30 18 10 5 3 2 MRD-positive 30 12 5 4 1 1

EYN /PB perd tov 2° KUKAO Bepatreiag mo onpavTIKOG TTPOYVWOTIKOG TTAPAYOVTUG
(TroAupeTafAnTh avaiuan)

FLT3-ITD, DNMT3A emnpealouv tTnv TPoOyvwan (HovoTrapayovTikn)

10 a6 > Tpwiun Bepareia

Adapted from: Assessment of Minimal Residual Disease in Standard-Risk AML , Adam Ivey, et al., for the UK National Cancer
Research Institute AML Working Group, NEJM 374;5, February 4, 2016




Number of
patients Time point

NPM1

Favorable prognostic
cDNA vs cutoff (proportion of
PB vs BM DNA patients)

Associated risk

Sensitivity of
the assay

After 2 cycles of
chemotherapy

Negative (26%)

3-y OS 84% (vs 76% if NPM1/
ABL =1% vs 47% if NPM1/
ABL >1%)

The level of residual disease based on mutant NPM1 is an inc
prognostic factor for relapse and survival in AML

Nona Shayegi,! Michael Kramer,' Martin Bornhduser,' Markus Schaich,’ Johannes Schetelig,! Uwe Platzbecker,’

Christoph Réllig," Caroline Heiderich,? Olfert Landt,® Gerhard Ehninger.' and Christian Thiede' on behalf of the Studv
BELOOD, 4 JULY 2013 - VOLUME 122, NUMEER 1

Alliance Leukemia (SAL)

80 At end of
treatment

Negative (49%)

1-y CIR 37% (vs 63% if NPM1/
ARl =19% vwe R59% if NPM1/
ABL >1%); 2-y OS 82% (vs
61% if NPM1/ABL =1% vs
45% if NPM1/ABL >1%)

1073




<=0,01% relapse ' - neg. relapse

>0.01% relapse —_ <=1%
<=0,01% death , - 1% rﬂiﬁ
>0.01% death neg. dpath

<=

<=001 39 neg 39
001 32 <=1% 26
>1% 15

« EYN>1% (100 copies NPM1™/10000 ABL1)—> xaunAé OS kai DFS (yetd XMO kai
auto-MAK)

* 10 000 > mpwiun Bepameia ue S5-azacytidine (3-7129% NPM1/ABL)

Adapted from: The level of residual disease based on mutant NPM1 is an independent prognostic factor for relapse and
survival in AML. Shayegi et al. Blood 4 july 2013




<=0.01% relapse — neg. relapse
>0.01% relapse —_— <=1% relapse
<=0.01% death —_— =10

>0.01% death - e n;g/° geelzﬁjse
=== <=1% death
==== =>1% death

Probability
Probability

p-value < 0.001 p-value < 0.001

neg_orelapse ) neg. relapse
igoz/ﬁ rlelapse <=1-0°A3 relapse
o relapse >10% relapse

Probability

neg. death
<=2% death
>2% death

T
1460

Probability

neg. death
<=10% death
>10% death

EYN >10% —> xaunAd OS kai DFS (peta aAlo-MAK)

Adapted from: The level of residual disease based on mutant NPM1 is an independent prognostic factor for relapse and
survival in AML. Shayegi et al. Blood 4 july 2013




her © » . sroportion o ) o
. =z 2 DO o= = » . = D =Ie B
137 After 2 cycles of BM cDNA Negative (19%) 4-y CIR 6.4% (vs 53% if 10"5t0 10°¢
chemotherapy

positive), 4y OS 90% (vs
56% if positive)

Monitoring of Minimal Residual Disease in NPM I-Mutated
Acute Myeloid Leukemia: A Study From the German-Austrian
Acute Myveloid Leukemia Study Group

Jan Kronke, Richard F. Schlenk, Kai-Ole Jensen, Florian Tschiirtz, Andrea Corbacioglu, Verena I. Gaidzik,
Peter Paschka, Shiva Onken, Karina Eiwen, Marianne Habdank, Daniela Spéth, Michael Liibbert,
Moharmmed Wartad, Thomas Kindler, Helrmue R. Salih, Gerhard Held, David WNachbaur,

Marie vorr Lilienfeld-Toal, Ulrich Germing, Detlef Haase, Hans-Giinther Mergenthaler, Jiirgen Krauwuter,
Arnold Ganser, Gudrun Gohring, Brigitte Schilegelberger, Hartmut Dohner, and Konstanze Dohner

129 At end of BM cDNA Negative (48%) 4-y CIR 15.7% (vs 66.5% if 10°to 10°¢

treatment positive), 4y OS 80% (vs
44% if positive)
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Fig 2. Cumulative incidence of relapse during follow-up in 36 patients exceeding
PM 1 mutation (NPM1™YY transcript levels of 200 NPMT1™MYY/10% ABL copies in
bt least one follow-up sample obtained in the post-treatment period. Time to
elapse is calculated from the first sample with an NPM1™"" transcript level of
ore than 200 NPM1™YY/104 ABL copies to relapse.

Adapted from: Monitoring of minimal residual disease in NPM1-mutated acute myeloid leukemia: a study from the German-
Austrian acute myeloid leukemia study group. Jkronke et al al .Clin Oncol 2011 Jul 1;29(19):2709-16. doi: 10.1200/JC0.2011.35.0371.




NPM1

Néec ouoTAOEIC :

‘EAeyxog yia EYN ka1 oto BM ka1 oto PB

EYN (-) oto PB aAAa (+) oto BM pera To TEAOG TG Bepatreiag = €Aeyxog kade 4
£B0 yia TouAdyloTov 3 UAVES

Eav at¢non EYN (log) = okéwn yia Bepatreia didowong

EYN (-) 2 k@0 3 piveg yia 2 xpovia

NPM1 ataBepdg Ogiktng

Ymotpoty xwpi¢c NPM1 ? = trpoépyetal atmmod TPOAEUXAIPIKOUG KAWVOUG
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Minimal residual disease prior to allogeneic
hematopoietic cell transplantation in acute
myeloid leukemia: a meta-analysis

Sarah A. Buckley,* Brent L. Wood,? Megan Othus,® Christopher S. Hourigan,*
Celalettin Ustun,® Michael A. Linden® Todd E. DeFor,” Michele Malagola,®
Chloe Anthias,** Veronika Valkova,** Christopher G. Kanakry,**** Bernd

Gruhn,* Francesco Buccisano,” Beth Devine**** and Roland B. Walter***

Haematologica 2017
Volume 102(5):865-873

Allogeneic Hematopoietic Cell Transplantation for Acute
Myeloid Leukemia: Time to Move Toward a Minimal Residual

Disease—Based Definition of Complete Remission?
Daisuke Araki, Brent L. Wood, Megan Othus, Jerald P. Radich, Anna B. Halpern, Yi Zhou, Marco Mielcarek,

Elrﬁ]’ll }r Cedmns Paadawich T dsmalliaii, and Daland D Tdfla

J Clin Oncol 34:329-336. @ 2015 by American Society of Clinical Oncology

Pre- and Post-Transplant Quantification of Measurable
(“Minimal”) Residual Disease via Multiparameter Flow Cytometry
in Adult Acute Myeloid Leukemia

Yi Zhou', Megan Othus?, Daisuke Araki®, Brent L. Wood', Jerald P. Radich*®, Anna B.

Halpern®, Marco Mielcarek*®, Elihu H. Estey*’, Frederick R. Appelbaum*®, and Roland B.
Walter* -8
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(MRD)

Flow
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Generation
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Under evaluation MRD

Current MRD approaches
approaches

Adapted from: Minimal residual disease in acute myelogenous leukemia
N. M. Cruz | N. Mencia-Trinchant | D. C. Hassane | M. L. Guzman, IJLH DOI: 10.1111/jjlh.12670
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