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Acute Myeloid Leukemia

Morphology, flow cytometric, and molecular data
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Establish suspected diagnosis

: . Biological characteristics
Lineage assignment



Acute Myeloid Leukemia

Morphology, flow cytometric, and molecular data
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Acute Myeloid Leukemia
Morphology, flow cytometric, and molecular data
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LMA con (8;21)(922;922.1); RUNX1::RUNX1T1

Favorable category according 2022 ELN risk
classification by genetics at initial diagnosis
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t(8;21)(q22;q22.1); RUNX1::RUNX1T1
inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB::MYH11

Mutated NPM1 without FLT3-ITD
Biallelic mutated CEBPA
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Acute Myeloid Leukemia
Morphology, flow cytometric, and molecular data
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NPM1+ AML more leukemic cells were positive for CD11b, CD11c,

APL showed significantly higher expression of CD64, CD2, and CD13 1
CD15, CD36, and HLA-DR !

lGupta M, Radar plots facilitate differential diagnosis of acute promyelocytic leukemia and NPM1+ acute myeloid leukemia by flow cytometry. Cytometry B Clin Cytom. 2021
2Matarraz S, et al. Baseline immunophenotypic profile of bone marrow leukemia cells in acute myeloid leukemia with nucleophosmin-1 gene mutation: a EuroFlow study. Blood Cancer J. 2023
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2022 ELN risk classification by genetics alt initial diagnosis

t(8;21)(q22;922.1); RUNX1::RUNX1T1
inv(16)(p13.1922) or t(16;16)(p13.1;q22); CBFB::MYH11
Mutated NPM1 without FLT3-ITD

Biallelic mutated CEBPA

Mutated NPM1 and FLT3-ITD

Wild-type NPM1 with FLT3-ITD (without adverse-risk genetic
lesions)

t(9;11)(p21.3;q23.3); MLLT3::KMT2A

Cytogenetic/molecular abnormalities not classified as favorable or

adverse

t(6;9)(p23;q34.1); DEK::NUP214

t(v;11923.3); KMT2A rearranged

t(9;22)(q34.1;q11.2); BCR::ABL1
T(8;16)(p11,2;p13,3)/KAT6A::CREBBP

inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2); GATA2, MECOM(EVI1)
-5 or del(5q); -7; —-17/abn(17p)

Complex karyotype,§ monosomal karyotype

Mutated ASXL1, BCOR, EZH2, RUNX1, SF3B1, SRSF2, STAG2,
U2AF1 y/o ZRSR2

Mutated TP53

Doéhner H, et al, Diainosis and manaiement of AML in adults: 2022 recommendations from an international e""‘}’;‘j’ﬁ‘e' on behalf of the ELN. Blogi 2022 .
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Pronostic value of MRD detection

AML Chemotherapy Allogeneic HCT _
CR, CRh or CRi

without MRD
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MRD MRD MRD
Relapse disease

San Miguel Blood 2001 and Blood 1997; Venditti, Blood 2000; Kern, Haematologica. 2004; Kern, Blood 2004; Sievers, Blood 2003; Rubnitz, Lancet Oncol. 2010; van der Velden,
Leukemia 2010; Prebet, Haematologica 2014; Walter, Leukemia 2015; Vidriales, Leuk Res. 2016; Zhou, Leukemia 2016; Araki , JCO 2016;Tierens, Br J Haematol. 2016; Balsat, JCO
2017; Buckley, Haematologica 2017; Willekens, Haematologica, 2016; Boddu, Leukemia 2018; Brodersen, Blood Adv 2020; Deng, Leuk Lymphoma 2019; Freeman, JCO 2018; Gao,
Ann Hematol 2020; Guénot, Leukemia 2019; Hoffman, Blone Marrow Transpl. 2020; How, Am J Hematol. 2018; Jacobsohn, Biol Blood Marrow Transpl. 2018; Klyuchnikov, Eur J
Haematol. 2021; K6hnke, Haematologica. 2019; Lacombe, Hematol. Oncol. 2018; Liu, Bone Marrow Transpl. 2019; Lowenberg, Blood Adv. 2021; Maiti A, Blood Adv. 2021; Minetto,
Br J Haematol. 2019; Morsink, Leukemia. 2020; Morsink, Cancers 2020; Morsink, Leukemia 2020; Mushtaq, Leukemia. 2021; Patkar, Leukemia 2021; Rosso, Leuk Lymphoma. 2021.
Rubnitz, J Clin Oncol. 2019. Shah, Biol Blood Marrow Trnspl. 2018. Shimomura, Leuk Lymphoma 2020; Caballero-Velazquez, Cancers 2023.......
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Pronostic value of MRD detection

Induction therapy
AML

San Miguel Blood 2001 and Blood 1997;
JCO 2008; Rubnitz, Lancet Oncol. 2010; \
Leukemia 2016; Araki , JCO 2016;Tierens
Blood Adv 2020; Deng, Leuk Lymphoma
2018; Jacobsohn, Biol Blood Marrow Tra
2019; Lowenberg, Blood Adv. 2021; Mait
Leukemia. 2021; Patkar, Leukemia 2021, T
Caballero-Veldzquez, Cancers 2023.......

Relapse free survival

Vidriales B, Leukemia research 2016

e <0.01%LAP cells

08

06 —

04 —

0,2 —

0,0 |

20.01 to <0.1% LAP cells

t T T
100 133 166

Months

Consolidation therapy

100 il E
== MRD- 97 23

a MRD+ 24 16
E‘ 80+ Log-rank P < .001
s =
Eg 601
)
g2
£5
S 204

Allogeneic HCT

— 20.1% LAP cells

Before transplantation

0s LFS

1.00
|
1.00
|

MRD < 0.1%: 76% 2y

0.75
1
0.75
L

MRD < 0,1%: 66% 2y
MRD 2 0.1%: 50.5% 2y

0.50
|
0.50
|

Overall survival

MRD 2 0.1%: 36.6% 2y

Leukemia-free survival

0.25
L
0.25
L

Active disease

Active disease

| p<ooor

0.00

| p<ooo1
!

0.00

T T T T T T T T T T
0 1 2 3 4 0 1 2 3 4 5

Years from transplant

Caballero-Veldzquez, Cancers 2023

n, Blood 2004; Feller, Leukemia 2004; Inaba, JCO 2012; Sievers, Blood 2003; Maurillo,
Prebet, Haematologica 2014; Walter, Leukemia 2015; Vidriales, Leuk Res. 2016; Zhou,
natologica 2017; Willekens, Haematologica, 2016; Boddu, Leukemia 2018; Brodersen,

24
Time {months)

erwijn JCO 2013

. g — e

R R B

- iuénot, Leukemia 2019; Hoffman, Blone Marrow Transpl. 2020; How, Am J Hematol.
e, Haematologica. 2019; Lacombe, Hematol. Oncol. 2018; Liu, Bone Marrow Transpl.
-, Wlorsink, Leukemia. 2020; Morsink, Cancers 2020; Morsink, Leukemia 2020; Mushtaq,

. _acol. 2019. Shah, Biol Blood Marrow Trnspl. 2018. Shimomura, Leuk Lymphoma 2020;

Modificada de biorender
A e



2022 ELN risk classification by genetics alt initial diagnosis > Refine relapse risk

MRD
t(8;21)(q22;q22.1); RUNX1::RUNX1T1

inv(16)(p13.1922) or t(16;16)(p13.1;q22); CBFB::MYH11
Mutated NPM1 without FLT3-ITD
Biallelic mutated CEBPA

“(1) provide a quantitative methodology to
Mutated NPM1 and FLT3-ITD establish a deeper remission status;
Wild-type NPM1 with FLT3-ITD (without adverse-risk genetic

lesions) (2) refine postremission relapse risk
t(9;11)(p21.3;923.3); MLLT3::KMT2A assessment:

Cytogenetic/molecular abnormalities not classified as favorable or

adverse (3) identify impending relapse to enable

t(v;11923.3); KMT2A rearranged
t(9;22)(q34.1;q11.2); BCR::ABL1 :
T(8:16)(p11,2:p13,3)/KAT6A::CREBBP (4) as a s_urrogate end po!’:\t to accelerate
inv(3)(q21.3926.2) or t(3:3)(q21.3:q26.2); GATA2, MECOM(EVI1) drug testing and approval

-5 or del(5q); -7; —-17/abn(17p)

Complex karyotype,§ monosomal karyotype

Mutated ASXL1, BCOR, EZH2, RUNX1, SF3B1, SRSF2, STAG2,

U2AF1 y/o ZRSR2

Mutated TP53

1pdhner H, et al, Diagnosis and management of AML in adults: 2022 recommendations from an international exp;r}ganel on behalf of the ELN. Blo'od 2022 .




Pronostic value of MRD detection

AML

Chemotherapy

After 2 cycles

End of treatment Follow-up (24 mo)

BM every 3 mo, or

Method Diagnosis
Analysis qPCR
——» dPCR —— BMorPB ——
NGS
NPM1 —
qPCR
Clinical
biomarker
Analysis gPCR S
> dPCR or
CBF-AML —
qPCR
Clinical
biomarker
Analysis
MFC? —— BM
All AML —
MFC?
Clinical
biomarker

FE Eld ’ PB every 4-6 weeks
MRD relapse:
0y
:\SR?EZZ /:33: —> Conversion MRD"S to
g MRDP®* or 21 log, , increase
PB —t BM — PB every 4-6 weeks
MRD 2%, or MRD 'e:;gf;;eg
logred, <34 Conversion to
: MRDP®* or 21 log,, increase
Exploratory:
B EM BM every 3 mo
MRD positive — MRD positive —— MRD positive (exploratory)

Allogeneic HCT

- Independent unfavourable '

. predictor of post- - - ->
I transplant outcome

CR, CRh or CRiI
without MRD

Relapse disease

I ;Myeloablative? l
éEarly taper IS after HCT?

Dohner H, et al, Diagnosis and management of AML in adults: 2022 recommendations from an international expert panel on behalf of the ELN. Blood 2022
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Method for detection of MRD in AML

Applicable

Turn-around

Limitations/

in % of AML

time (days)

problems

Established Multi-parameter | Leukemia-associated 1073 to 1074 8520 2 Less sensitive, more
flow eytometry immunophenotype subjective analysis
(MFC) (LAIP) or different
from normal (DfiN)
Established Real-time Robust data: NPM1, 1010 1077 40-50* 3-5 Limited applicability
quantitative CBFB::MYH11,
PCR (RT-qPCRE) RUMXT:RUNXIT1
Less validated:
KMTZ2A:MLLTS3,
DEK::NUP214,
BCR:ABL1, WT1
Exploratory Mext-generation | Potentially any 1072 10 1074 ~100 510 Less sensitive, costly,
sequencing somatic mutationt technically
(NGS)tT.1 challenging
Exploratory Digital PCR Specific targeted 1073 10 1071 ~70 3-5 Specific assay
(dPCR) mutations necessary for every
mutation, limited
sensitivity

*les frequent in elderly patients with AML.

tThe NGS-MRD threshold has not been defined for individual mutations; NG5-MRD positivity is provisionally defined as = 0.1% wvariant allele frequency, excluding mutations related

to clonal hematopoiesis and germline mutations.

$Common gene mutations consistent with pre-malignant clonal hematopoliesis such as DNMT3A, TETZ, and AX5L1 excluded; further study is required to determine which mutations
are truly indicative of residual AML and not donal hematopoiesis.

Dohner H, et al, Diagnosis and management of AML in adults: 2022 recommendations from an international expert panel on behalf of the ELN. Blood 2022
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Acute Myeloid Leukemia
Method for detection of MRD in AML

Applicable Turn-around Limitations/
Method Sensitivity in % of AML  time (days) problems
Established Multi-parameter | Leukemia-associated 1073 to 1074 8520 2 Less sensitive, more
flow cytometry immunophenotype subjective analysis
(MFC) (LAIP) or different
from normal (DfiN)
Established Real-time Robust data: NPM1, 10 % 10 10°° 40-50* 3-5 Limited applicability
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Acute Myeloid Leukemia: Multiparameter flow cytometry MRD in AML

,
-

Qualified
assay

Technical
requirements

Do6hner H, et al, Diagnosis and management of AML in adults: 2022 recommendations from an intlelgational exgert panel on behalf of the ELN. Blood 2022
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Acute Myeloid Leukemia: Multiparameter flow cytometry MRD in AML
LAIPs
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Lack of specific tumour antigens: immunophenotype patterns in more than 90% of AML

Phenotypic changes: Non-determinant, leukemic subpopulations, technical issues,.....

Training: automatic analysis



Acute Myeloid Leukemia: Multiparameter flow cytometry MRD in AML
LAIPs
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Acute Myeloid Leukemia: Multiparameter flow cytometry MRD in AML

I Core Markers: CD34, CD117, CD45, CD33, CD13, |
T T e ST T : I cD56, CD7 and HLADR i

I Monocytic component: CD64, CD11b, CDA4.... I

Do6hner H, et al, Diagnosis and management of AML in adults: 2022 recommendations from an int'elgational exgert panel on behalf of the ELN. Blood 2022
v /S ... B




Acute Myeloid Leukemia: Multiparameter flow cytometry MRD in AML

Normal or reactive minor cell populations in BM and PB mimic minimal residual leukemia by FCM
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Acute Myeloid Leukemia: Multiparameter flow cytometry MRD in AML

I Core Markers: CD34, CD117, CD45, CD33, CD13, |
T T e ST T : I cD56, CD7 and HLADR i

I Monocytic component: CD64, CD11b, CDA4... I

“Abnormal immunophenotypes may appear
and/or disappear during monitoring,

I potentially because of transient expresion on

regenerating nonleukemic progenitors” |

I LDiagnostic sample is preferred |

Do6hner H, et al, Diagnosis and management of AML in adults: 2022 recommendations from an ith:nEational exgert panel on behalf of the ELN. Blood 2022
v B 40




1E4
1

August 2019
Pancytopenia

Pneumonia
24% CD34+

1E3
/|

NuTdT

=-1E2
1

September 2019
AB treatment

No chemotherapy
No cytopenia

1% CD34+

1E4

1E3

January 2020
AML
26% CD34+




Acute Myeloid Leukemia: Multiparameter flow cytometry MRD in AML

I Core Markers: CD34, CD117, CD45, CD33, CD13, |
T T e ST T : I cD56, CD7 and HLADR i

I Monocytic component: CD64, CD11b, CDA4... I

“Abnormal immunophenotypes may appear
and/or disappear during monitoring,

I potentially because of transient expresion on

regenerating nonleukemic progenitors” |

I LDiagnostic sample is preferred |

Do6hner H, et al, Diagnosis and management of AML in adults: 2022 recommendations from an ith:nEational exgert panel on behalf of the ELN. Blood 2022
v B 40




Acute Myeloid Leukemia: Multiparameter flow cytometry MRD in AML

I Core Markers: CD34, CD117, CD45, CD33, CD13,
. | cpse, CD7 and HLADR
1 ¢cD38?

“Abnormal immunophenotypes may appear
and/or disappear during monitoring,

I potentially because of transient expresion on I . T mmEmmEmmmm T -

regenerating nonleukemic progenitors” | o

The first pull of BM aspirate for MRD analysis
<72 hours

Bulk lysis or stain/lyse/wash or no wash
Standard operating procesures (i.e. Euroflow)
Sample Quality

New sample after 2-4 weeks

Technical
requirements

Do6hner H, et al, Diagnosis and management of AML in adults: 2022 recommendations from an injt:wtional exgert panel on behalf of the ELN. Blood 2022
v - JEEEEEES .. B



Acute Myeloid Leukemia: Multiparameter flow cytometry MRD in AML

I Core Markers: CD34, CD117, CD45, CD33, CD13, |
T T e ST T : . I cps6, €D7 and HLADR I
I Monocytic component: CD64, CD11b, CDA4... I
: “Abnormal immunophenotypes may appear : o

and/or disappear during monitoring,
I potentially because of transient expresion on I
regenerating nonleukemic progenitors” |

The first pull of BM aspirate for MRD analysis
<72 hours

Bulk lysis or stain/lyse/wash or no wash
Standard operating procesures (i.e. Euroflow)
Sample Quality

New sample after 2-4 weeks

Guidelines for rare events
FCS vs time and Doublets
exclusion plots

Viability dye or low FSC/SSC _g—
>500 000 CD45 events
>100 cells in blast
compartment

LLOD and LLOQ

Technical
requirements

,_/

Qualified
assay

Do6hner H, et al, Diagnosis and management of AML in adults: 2022 recommendations from an injt:;n.ational expert panel on behalf of the ELN. Blood 2022




Follow up of NPM1+ AML

AML with extramedullary (palate) involvement with NPM1, IDH1 and GATA2 mutations (normal karyotype).

Treatment: PETHEMA LMA NPM1 2017 with negative NPM1 MRD by gPCR after 15t consolidation.
Diagnosis

81,4% blasts
3,1% monocytes

T

ADR:V450-A

At 10 months after autologous transplant (before NPM negative)

0% blast
6,7% monocyte |,




Follow up of NPM1+ AML

AML with extramedullary (palate) involvement with NPM1, IDH1 and GATA2 mutations (normal karyotype).

Treatment: PETHEMA LMA NPM1 2017 with negative NPM1 MRD by gPCR after 15t consolidation.
Diagnosis

81,4% blasts
3,1% monocytes

T

ADR:V450-A

| IDH1 en NGS en BM
| NMP1: PB+ BM-

0% blast
6,7% monocyte




Acute Myeloid Leukemia

Clonal evolution

Genotype-phenotype correlation in single-cell studies
(scDNA+protein-seq) in AML
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Selection of IDH1/RAS clones during therapy containing a
FLT3 inhibitor

O SF3B1_p.K666N W SRSF2_p.P95H IDH1_p.R132S B FLT3-ITD @ FLT3 p.D835E O NRAS_p.G12D
@ PTPN11_p.F71L O WT1_p.R380W O WTI1_p.V371fs @ IDH1_p.R132C @ WT1_p.R369fs 0O WT1_p.R380fs
WT1 p.R380fs NRAS
WT1 p.R380W . ‘f Witp
FLT3 p.D835E

SRSF2
AML-04
C1D3 C7D34 C3D2
AML-04-001 azacitidine + quizartinib AML-04-002 [ersrarip ) AML-04-003
PB blast 56% BM blast 24% PB blast 51%

Morita K; Nat Commun. 2020
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Other perspectives for monitoring

Stem cells leukemia

A Therapy resistance and relapse

Minimal residual disease (MRD)
Drug Clonal
treatment Regeneration outgrowth

Resistant  Resistant
Cell death (blast) LsC non-LSC
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Other perspectives for monitoring

Stem cells leukemia

A Therapy resistance and relapse
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Discriminate HSCs and LSCs

SCvs LSC
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Zeijlemaker W, et al. A simple one-tube assay for immunophenotypical
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Stem cells leukemia
Follow up of LSCs

AML diagnosis BM AML follow-up BM NBM Diagnosis vs f-up Diagnosis vs NBM Follow-up vs NBM
Median (range) n Median (range) n Median (range) n P-value P-value P-value
CLL-1 0.7 (0.1-2.1) 27 4.1 (0.3-14.0) 30 1.6 (0.3-3.0) 10  <0.001 0.02 0.001
TIM-3 0.6 (0.2-4.9) 32 2.2 (0.3-10.8) 28 0.8 (0.6-1.6) 9  <0.001 0.23 0.002
CD7 1.0 (0.4-3.1) 32 2.4 (0.4-5.9) 37 1.7 (0.2-3.6) 10  <0.001 0.05 0.26
CD11b 1.0 (0.2-2.7) 24 3.1 (0.5-5.9) 22 2.5(0.7-54) 9  <0.001 0.001 0.65
CD22 2.0 (0.9-6.6) 12 3.5(1.4-10.6) 9 5.4 (2.0-11.0) 9 0.13 0.02 0.34
CD33 2.1(0.6-23.8) 30 5.5(0.1-910.6) 35 | 19.4(1.0-130.5) | 21 <0.001 <0.001 0.09
CD56 1.1 (0.3-4.0) 25 4.3 (0.7-26.4) 24 2.5(1.2-6.8) 9  <0.001 0.004 0.14
CD123 3.9 (0.4-17.7) 30 14.5 (1.3-40.1) 25 | 5.8(0.5-86.3) | 20 <0.001 0.06 0.006
Marker

Zeijlemaker W, et al. A simple one-tube assay for immunophenotypical quantification of leukemic stem cells in acute myeloid leukemia. Leukemia. 2016
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MRD and LSC

Proposed panel
Tube | FITC | PE PerCP-CY5.5 | PC7
1 CD7 CD56 CD34 CDI17
2 CDI15 | CD22 CD34 CDI17
MRD 3 CD36 | CD14 | CD34 CDI117
4 CD2 CDI33 | CD34 CDI17
Tube | FITC PE PerCP-CYS5.5 | PC7
1 CD45RA | Clecl2a | CDI23 CD34
TIM-3
LSC CD7
CDI11b
CD22
CD56

Zeijlemaker et al, currents protocols in Cytometry. 2019



Other perspectives for monitoring
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Defective anti-leukemic immune responses in AML patients

Deregulation of pathways involved in the innate/adaptive

immune response
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tco-inhibitory ligands in blasts and modifications in T cells
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Defective anti-leukemic immune responses in AML patients

Immune system evasion mechanisms

Defective antigen presentation and
immune activation in AML.
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Immune system and MRD

Bone Marrow Stromal Cell Regeneration in B cell precursor ALL

Day +78 — Childhood BCP-ALL Discovery + Validation Cohort (n=190)
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Immune system and MRD

Bone Marrow Stromal in MRD

B-Cell precursor ALL after CAR-T19
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Immune system and MRD

Plasmocytoid dendritic cells

pDC-LMMC
H 9 H
>
pDC-CMML pDC-AML BPDCN 04 1
1]
Leukemic stem cels ‘ &
< = <
Q e Q
Q. 0
L g ° T T T T u . ™ ! L ! : m e g T T T
CD34:PerCP-Cy5-5-A HLADR:V450-A CD123:APC-A
wy
n.l'
4]
. b
Matura mysioid colls pDCs >
O;]
ot
n.I
Xiao W, et al. Plasmacytoid dendritic cell expansion defines a < ks
distinct subset of RUNX1-mutated acute myeloid leukemia. e %
Blood. 2021 Wl , , , o ik i iciuedd |
CD34 PerCP Cy5-5-A:_F HLADR _V450-A: V450-£ CD123 APC-A: APC-A



Immune system and MRD
Other populations
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Enfermedad residual medible y seguimiento inmunolégico en LMA: j;en dénde nos
encontramos?
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