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Introduction

Molecular testing in hematology

Diagnosis
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Risk
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Molecular genetic testing should screen for all the genetic
abnormalities that define disease (diagnosis and
classification), and risk categories (prognosis) or that are
needed for targeted treatment modalities (therapy).

Molecular Testing in MDS

i i i l l

Detection of Identification of Assessment of Identification of Identification of
germline lesions specific subtypes genomic profile, potential therapeutic genomic mutations for
that predispose to the with distinct clinical enabling the use of targets (ie, IDH1 or miminal/measurable
development of MDS features and outcome IPSS-M to establish IDH2, both in the residual disease
(myeloid neoplasms (ie, SF3B1-mutant more precise clinic and the monitoring (MRD)
with germline MDS or patient risk profile setting of innovative
predisposition, ie, TP53-mutant MDS) clinical trials)

DDX41-mutant MDS)

Figure 1. How molecular profiling can inform clinical decision making in MDS. IPS5-M, Molecular Intemational Prognostic Scoring System; MDS, myelodysplastic syn-

drome; MRD, minimal/measurable residual disease. Professional illustration by Patrick Lane, ScEYEnce Studios.
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Molecular testing in hematology: Classification
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Introduction

Molecular testing in AML: Diagnosis and classification

WHO 2022

Acute myeloid leukaemia
Introduction

Acute myeloid leukaemia with defining genetic abnormalities
Acute promyelocytic leukaemia with PML:RARA fusion
Acute myeloid leukasmia with RUNX1:RUNX1T1 fusion
Acute myeloid leukasmia with CBFBZMYH11 fusion
Acute myeloid leukaesmia with DEK:NUP214 fusion
Acute myeloid leukaemia with RBM15::MRTFA fusion
Acute myeloid leukasmia with BCRIABL1 fusion

Acute myeloid leukasmia with KIMTZ2A rearrangement
Acute myeloid leukaemia with MECOM rearrangement
Acute myeloid leukaemia with NUPS8 rearrangement
Acute myeloid leukasmia with NPM1 mutation
Acute myeloid leukasmia with CEBPA mutation
Acute myeloid leukaemia, myelodysplasia-related

Structural
Variations
(SVs)

100s bp to Millions bp

Translocations /
fusion genes

Gene mutations

N

Acute myeloid leukaemia with other defined genetic alterati

Acute myeloid leukaemia, defined by differentiafion
Acute myeloid leukasmia with minimal differentiation
Acute myeloid leukaemia without maturation
Acute myeloid leukaemia with maturation
Acute basophilic leukasmia
Acute myelomonocytic leukaemia
Acute monocytic leukaemia
Acute erythroid leukaemia
Acute megakaryoblastic leukaemia

Myeloid sarcoma

IMyeloid sarcoma

Single Nucleotide
Polymorphisms
(SNPs)

1 base pair (bp)

v

Table 8. Cytogenetic and molecular abnormalities defining acute
myeloid leukaemia, myelodysplasia-related.
Defining cytogenetic abnormalities

Complex karyotype (=3 abnormalities)

5q deletion or loss of 5q due to unbalanced translocation

Monosomy 7, 7q deletion, or loss of 7q due to unbalanced
translocation

11q deletion
12p deletion or loss of 12p due to unbalanced translocation
Monosomy 13 or 13q deletion
17p deletion or loss of 17p due to unbalanced translocation
Isochromosome 17q
idic(X)(q13)
Defining somatic mutations
ASXL1
BCOR
EZH2
SF3B1
SRSF2
STAG2
U2AF1
ZRSR2



Introduction

Molecular testing in AML: Diagnosis and classification

ICC 2022

Table 25. Classification of AML with percentage of
blasts required for diagnosis

Acute promyelocytic leukemia (APL) with t{15;1 THg24.1,921.2)
PML::RARA = 10%

APL with other RARA rearangements® = 10%

AML with 1(8,21)(g22,q22 IVRUNXT1:RUNXTTT = 10%

AML with in{18)(p123.1922) or t{16,16)(p13.1,q22/CBFB:MYHT1
= 10%

AML with 19,11)(p21.3,q23 3VMLLT3::KMT24 = 10%

AML with other KMTZA rearangementst = 10%

AML with t6,9)(p22.3;q34.1)/DEK::NUPZ14 = 10%

AML with in(3)521.3g26.2) or 13;3)q21.3,g26. 21/ GATAZ,
MECOM(EVIT) = 10%

AML with other MECOM rearrangements$ = 10%

AML with other rare recuming translocations [see supplemental
Table 5) = 10%

AML with 19,22)(g34.1;q411 2VBCR-ABL1S = 20%

AML with mutated NPMT = 10%

AML with in-frame bZIF CEBFA mutations = 10%

AML and MDS/AML with mutated TP53T 10-19% (MDS/AML) and
= 20% (AML)

AML and MDS/AML with myelodysplasia-related gene mutations
10-19% (MDS/AML) and = 20% (AML)

Defined by mutations in ASXL1, BCOR, EZHZ, RUNX1, SF3B1,
SRSF2, STAG2, U2ZAF1, or ZR5R2

Translocations /
[ fusion genes

Gene mutations

AML with myelodysplasia-related cytogenetic abnormalities
10-19% (MDS/AML) and = 207 (AML)

Defined by detecting a complex karyotype (= 3 unrelated clonal
chromosomal abnormalities in the absence of other dass-
defining recuming genetic abnomalities), del(Sqyt(Saq)y
addisq), —7/del7g), +8, del(12pl/t(12p)/add(12g), i(17g),
—17/add{17p} er del{17p), del(20g), and/or idic(X)iq13) clonal
abnormalities

AML not otherwise specified (NOS) 10-15% (MDS/AML) and
= 20% (AML)

Myeloid sarcoma

& myeloid blasts or blast equivalents in the bone marrow or blood®
Complex karyotype and/or
AML-defining Mutated ASXLT, del(5g)/t{5g)/add(5q),
: : Mo Mutated TP53 Mo, BCOR, EZH2, RUNX1, Mo -7/del(7q), +8, del({12p)/ No . AML not otherwise
bromattios VAF=10% FLELL e ¥ w12p)/add(i2p). i(170) specified
UZ2AF1, and/or ZRSR2 -17/add(17p)/del{17p),
del(20q), or idic(¥)(g13)
10-19% | =220% 10-19% | =220% 10-19% | =220% 10-19% | =220%
blasts | blasts blasts | blasts blasts | blasts blasts | blasts
. MDS/AML with MDS/AML with
MDS/AML with myelodysplasia-related myelodysplasia-related u_mMD"S.jAML nf;it d
mutated TP53 gene mutation cytogenetic abnormality BrWER Spaciia
v v v v v
AML with AML with AML with myeﬁ::qdl_y;::sia AML not
. Wi . -
m?"b:gr:ngﬁtr;iﬁc mutated TP53 myelo:r'g:r:[iasua-.r;l‘lmd related cytogenetic otherwise specified
9 abnormality
Diagnostic qualifiers appended to any of the above diagnoses®
Prior MDS or Germline
Tharspy-related MDS/MPN predisposition®

Figure 1. Hierarchical classification of the International Consensus Classification of AML. The classification is hierarchical (ie, AML with recurrent genetic



Introduction
Molecular testing in AML: Prognosis and risk stratification
ELN 2022

Table 6. 2022 ELN risk classification by genetics at
initial diagnosis*

Risk categoryt Genetic abnormality

Gene Fusions 10 Mo Gene Fusions

Favorable

Translogations
fusion denes

o (8;21)(q22;q22. 1)/RUNX1::RUNX1T11,3

ad) inv(16)(p13.1922) or t{16;16)p13.1,q22)/

CBFB:MYH111,3
Mutated NPM11,§ without FLT3-ITD
bZIP in-frame mutated CEBPAJ|

E AT

Intermediate

Mutated NPM11,§ with FLT3-ITD
Wild-type NPM1 with FLT3-ITD (without
adverse-risk genetic lesions)
t(9;11)p21.3;q23.3)/MLLT3::KMT2At ¢
Cytogenetic and/or molecular
abnormalities not classified as

favorable or adverse

Adverse

Gene nutations

o t(6;9)p23.3,934.1)/DEK::NUP214

o t{v;11923.3VKMT2A-rearranged#
1(9;22)(q34.1;,11.2)/BCR::ABL1

e t(8;16)(p11.2;,p13.3)/KAT6A::CREBBP

o inv(3}(q21.3926.2) or 1(3;3)(q21.3;926.2)/
GATA2, MECOM(EVIT)

o t(3926.2,v)/MECOM(EVIT)-rearranged

e —5ordel(5q); —7; —17/abn{17p)

e Complex karyotype,** monosomal
karyotypett

e Mutated ASXL1, BCOR, EZH2, RUNX1,
SF3B1, SRSF2, STAG2, U2AF1, and/or
ZRSR2}%

e Mutated TP53"

Probability of Survival

e, T iy L6)

-

t{15:17)

t{B;21)
t{6:9)

MLL fusions

inv{3)

0.0 T T T T
G g 10

Years

0.8

0.6

0.4

0.2

0.0

CEBPAbilIiC

-

[DHZ7

RS

Chramatin-splicensame

Years

Panel shows Kaplan—Meier curves for overall survival among patients in the 11 genomically
defined subgroups. Papaemmanuil NEJM 2016
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Molecular testing in AML: Minimal Residual Disease (MRD)

MRD assesment in AML

» Establish a deeper remission status

(monitoring respons to therapy)

» Refine postremission relapse risk
assessment (prognosis)

» |dentify impending relapse

1077
107
107
107
10°
10
107

Proportion of leukemic cells

Table 7. Methods for detection of MRD in AML

Established

Method

Multi-parameter

flow cytometry
(MFC)

Leukemia-associated
immunophenotype
(LAIP) or different
from normal (DHM)

Sensitivity

107% to 107*

Applicable
in % of AML

Turn-around
time (days)

Limitations/
problems

Less sensitive, more
subjective analysis

Established Real-time Robust data: NPM1, 10 %to 1077 40-50* 3-5 Limited applicability
uantitative CBFB:MYH11,
PCR (RT-gPCR) RUNX1:RUNX1TT
Less validated:
KMT2A:MLLT3,
DEK::NUP214,
BCR:zABLT, WT1
Exploratory Mext-generation | Potentially any 10 % to 10°° ~100 5-10 Less sensitive, costly,
sequencing somatic mutationt technically
(NGS)H .t challenging
Exploratory Digital PCR Specific targeted 10 % to 10°° ~70 3.5 Specific assay
(dPCR) mutations necessary for every
mutation, limited
sensitivity

*Less frequent in elderly patients with AML.

to clonal hematopoiesis and germline mutations.

Déhner et al Blood 2022
1The NGS-MRD threshold has not been defined for individual mutations; NGS-MRD positivity is provisionally defined as = 0.1% variant allele frequency, excluding mutations related

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

e.g. RT-gPCR of mutated NPM1, WT1 expression,
PML::RARA, RUNX1::RUNX1T1, BCR::ABL1 gene fusions, ...
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Molecular testing in AML: Targeted therapy

é") Genetic analyses Results preferably available within
Personalized CancerTherapy ﬁ P Cytogeneticss . 574
§ ‘V Screening for gene mutations

required for establishing the
diagnosis and to identify
actionable therapeutic targets#

hids
frmk

Molecular Profiling \ Prognostic Markers \

e FLT3,9 IDH1, IDH2 e 3.5d

o NPM1 e« 35d

« CEBPA# DDX41, TP53; ASXLI, o 1stcycle
BCOR, EZH2, RUNX1, SF3B1,

SRSFZ, STAG2, U2AF1, ZRSRZ

Screening for gene

Markers predictive of drug .- rearrangements*™
her oo qenes (f aaiabe) DPNer et al Blood 2022

FLT3 mutated AML Standard CT + FLT3-inhibitor (eg midostaurin, quizartinib)
IDH1/2 mutated AML Standard CT, aza + IDH1/2-inhibitor (eg ivosidenib)
PML-RARA fusion gene AML ATRA/ATO
CBF-fusion gene AML Frontline CT + gemtuzumab ozogamicin
NPM1 mutated AML Standard CT + menin inhibitor (bleximenib, revumenib) (clin. trial)
KMT2A rearr. AML Standard CT + menin inhibitor (bleximenib, revumenib) (clin. trial)
Genetically defined MR-AML Standard CT vs (CPX-351) vs Ven-HMA?
TP53 mutated AML Experimental therapy
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Gene mutations
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Molecular testing in AML
Laboratory diagnosis of AML

By bone marrow aspiration and biopsy using

morphologic m Cytology, anatomopathologie | ¥ |

Immunophenotypic Flowcytometry 1‘&0
[ cytogenetic/molecular analysis Molecular testing, genetics ,ﬁ. ]
# Multidisciplinary approach: integrated conclusion WH0O2022 + 1CC2022
Genetic analyses Results preferably available within
Cytogenetics§ « 57d DNA
I Screening for gene mutations I _
I ~ Stable
actionable therapeutic targets# Var|ab|||ty |n breakp0|nts
S ey R s 3ad 1 copy/cell: less sensitive
« CEEBPA# DDX41, TP53; ASXL1, « st cycle
BCOR, E£HZ, RUNX1, SF3B1,
SRSF2, 5TAG2, U2AF1, ZRSR2
Screening for gene RNA
rearrangements > ° .
« PML:RARA, CBFB:MYH1, e 35d Not Stablle (Sample 4. C, RBC lysis <72h)
T e, Less variability in fusion genes
other fusion genes (if available) > Copleslce” Sensrtlve

Dohner et al Blood 2022



Molecular testing in hematology
Different techniques

Translocation
Deletion ® -
A-G-C-T-A-C-T
L Ix 1] i
T-C-A-A-T-G-A Repest = version
Expansion

Single Nucleotide
Polymorphisms
(SNPs)

1 base pair (bp) 100s bp to Millions bp

Aneuploidy

Full Chromosomes

Mutations @ ranslocations
(SNV, small Indel) —_

Structural
alterations

\

Copy numb;r alteration

—]

S

DNA extraction RNA extraction

Cell culture

PCR NGS FISH

Karyotype

& -.: it s 3
Xal e

M mem A o v
Ao ARH G

g2 8w

sk fe s Be S §

DNA extraction

DNA extraction




Molecular testing in hematology et

Different techniques

Molecular testing is defined as any testing that reveals the changes in the nucleotide in a DNA and
RNA sequence.

e« Conventional PCR

. RT-PCR
PCR . Quantitative PCR

Translocations (RNA) . Alele-specific PCR
Gene mutations (DNA) « Multiplex PCR

Fluorescence

« Sanger Sequencing
_ * Next generation Sequencing
Sequencing o Targeted next generation sequenc

Translocations (RNA) o Whole genome sequencing

Gene mutations (DNA) 2 gﬁ;'zeeqxfeﬂiiigquendng




Molecular testing in hematology et

Different techniques
Molecular testing is defined as any testing that reveals the changes in the nucleotide in a DNA and
RNA sequence.

OGM « Optical Genome mapping
Translocations (DNA) | ‘
Copy number alterations (DNA) ' o = s me
Cytoband y Ni : = T
Structural variants % e > ///4//
CNV track ;’é/ \\g\' ‘
%, & Pwrﬂﬁ—qunﬁﬁ_’



Molecular testing in hematology
Different Techniques: Choice of technique

« | Target?

»  Detection of fusiontranscripts / DNA mutations?
Throughput? Single / Multiple genes / hotspot?

* Pur ?
TAT: [Diagnosis/Therapy?

Sensitivity

(detection limit): MRD?

« Many commercial kits on the market

IVDR?

Labor intensivity?

Price?

« Reimbursement from RIZIV/Inami?
« Guidelines (Belgium/European)
minimum requirements

rarely with

a specific method or technology

uza’

Single gene
assays

Cancer

- Sanger sequencing Diagnostics

Lt
Targeted sequencing: a
amplicon or hybrid capture

Broad sequencing:
whole genome, exome/transcriptome

Research?
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Molecular testing in AML
Translocations: detection of fusion genes

uza’

PCR | e

Hemavision®

Fusion Gene Fw primer - Rev primer Flourochrome

YIS 17)qReg21) PML-RARA (bor2, V) PML ex5-RARA £X5 FAM | c¥s

' Mioeeisaz) CEFS-MYHI CEFE ex3MYH ex30 ROX | C¥s

= = . Imv(1E)p13022) CBFE-MYH11 CBFE end-MYH11 ex3d M | c¥s

Mu|t|p|ex screening Real Time-PCR o " | -] o

L sz PML-RARA (bcrt, L) PML exGa-RARA 215 FAM | c¥s

15 1) p2Lg23) MLL-MLLT3 MLL ex7-MLLT3 ex7 ROX | crs

] ] YIS 17)qReg21) PML-RARA (bor3, 5 PML ex3-RARA £X5 M| cvs

H e m aVI S I O n ® * [riwezezs) MLL-MLLT3 MLL exE-MLLT2 exii ROX | C¥s

H11;19)923;013.3) MLL-ELL MLL ex7-ELL ex3 M| cvs

* [eaneiiaz) FUS-ERG FUS exs-ERG axid ROX | C¥s

. . . [HzziprEgi-12) ETVE-MN1 ETVE ex2-MN1 ex2 FAM | C¥s

« 28 different chromosomal rearrangements/translocations e oo o | on

7 | Reference gene GUS GUS ext1-GUS ex12 FAM | C¥5

5 | Reference gene BZM BIM ext-5IM exd FaM_ | cYs

. - - B 11 p3Za23) MLL-EPS15 MLL eXE+3-EPS15 23 FAM CYS5

* (S e m I )-Q u a I Itatlve ® [erymerez MLL-MLLTS MLL ExE+3-MLLT4 2x2 ROX | c¥s

H1:18)g23;013) TCF3-FEX1 TCF3 ex16-PEX1 23 FAM | C¥s

0 Mizenpiaaz) ETVE-RUNX1 ETVE exS-RUNK1 £x40 ROX | ©¥s

- Diagnosis and classification of acute leukemia (AML, ALL) [ s e e

y B} g21:923) WMLL-AFF1 MLL exB+3-AFF1 exiD ROX | c¥s

YT 18Nq22;p13) TCFa-HLF TCF2 ext£-HLF exd FAM | CYs

. 2 Caenmsz) STIL-TALT STIL x1-TALT ex1 ROX | c¥s

° C E/ I V D klt Y322y g34:q1) BCR-ABL1 (m-ber, F190) BCR ax1-ABL1 exd FAM | C¥s

P Miaaygeens) SET-NUPZ14 SET exa-NUP214 ex19 ROX | ©¥s

e | HMISNezEpIES) MLL-MLLTA MLL ex7-MLLT1 exd FAM | C¥S

Y22y 3] BOR-ABL1 (M-br, P210) BCR ex12-ABL1 2% ROX | C¥s

e —= = - - B ey e e rox [ ov

- Internal Amplification QC ,| | 3 house keeping genes—| - Specific fusion transcript - ol R e e

y , - 1(:12)g34p13) ETVE-A5L1 ETVE ex2+5-A5L1 exd FAM | ©¥S

- 7 ™ (AB I—, G U S y BZ M ) / . ' R T —— ETVE-ROGFRE ETVE ex2+35-FDGERE exi2 ROX | C¥S

= N ) s 110 11)(p12:923) MLL-MLLT10 MLL eXE+3-MLLT10 ax20 FAM | C¥S

ol E: /"' = ' Ninezez MLL-MLLT11 MLL exB+3-MLLT 11 ex2 ROX | C¥S

o= ! fan) 1PCIg13:923) MLLFOXO4 MLL ex7-FOXO4 2x2 FAM | C¥S

iu !“ b 1 i[11;17)jg23q21) MLL-MLLTE MLL ex7-MLLTE ex12 ROX CYs5

b = ! @2 1)q2622) RUNXT-MECOM RUNX1 ex5-MEGOM ex2 FAM | C¥5

al = ROX : FAM e T T—— MLL-MLLT10 MLL ex7-MLLT1D ext ROX Y5

Cy5 i o ) 5 [ETNEsER) NPMI-RARA NPM1 aid-RARA &35 FAM | C¥S

. z ) L 1(3:5)925.1,935) NPMi-MLF1 NPM1 exd-MLF1 exd ROX | C¥S

- - — = ————— e o e = e s | MIETNIR12:23) MLL-MLLT1D MLL ex7-MLLT10 ex13 FAM cYs

N S R R R KRR S e e N R R R R R R R N R R R R m 1:?;::?::‘:;) :‘:[‘:I::_E“;D" :‘::':::::‘::‘:::’9 :2: z::
2 | - - _ _




Molecular testing in AML
Translocations: detection of fusion genes

PCR

Specific Real Time-PCR

* Quanitative, sensitivity 10-°
» Specific

A\ - Urgent diagnosis APL: PML:RARA (<48l

« MRD FUAML (PML::RARA, RUNX1::RUNX1T1, CBFB::MYH11, ...)
 MRD pediatric ALL
* FU Chronic Myeloid Leukemia: BCR-ABL1



Molecular testing in AML
Translocations: detection of fusion genes

Specific real time PCR

Diagnosis and classification

Follow up: MRD monitoring

» Quantitative

« Sensitive (104 - 10)
« Reproducible

« Standardized

Figure 1. The BCR-ABL Transcript Percentage
Parallels the Number of Leukemic Cells

Dlagnosls, Pretreatment,
or Hermatologlcal Relsg

<

OREY BUST P RUSTFHIE

Mumber of Leukemic Cells
(3 |ED 5 [BUDLEWS | 33 01 Bulploarg)

-«

Undetectable Transcript
{Complete Maolecular Response)

Adapted with permission from Baccarani M et al. Blood.
2006;108;1800-1820.1°

Standardization MRD EAC-protocol (Gabert et al 2003):
Tagman based quantitative RT-PCR for fusion gene transcripts RUNX1::RUNX1T1, CBFB::MYH11,

PML::RARA, ...
ELN MRD consensus ( Schuurhuis et al 2018)
ELN MRD updated consensus (Heuser et al. 2021)

uza’
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Translocations: detection of fusion genes

Specific real time PCR

- v |

f'\rnl!l'-l\.f\. . h'bl -
P g
CNR

Tagman probes | penature

b Wi
r\.r\.r\,.\ -L;K.l::
Iy Anneal
T

LT T e T igiy Extend
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Translocations: detection of fusion genes

a Amplification plot

Specific real time PCR ot

-A-10°copies
0| |45 10°copies

Standardization |
 Quantification using standard curves §
« [Each analysis performed in duplicate/triplicate
« Controls included (negative, positive, nontarget) LI
» Results compared to housekeeping gene ) o
- ABL, B2M, GUS 40
« Gene expression quantitation 35
» Normalised Copy Number (NCN/100 ABL) S 30
« Sample to sample quality variations & 25
« Sensitivity (# copies housekeeping genes) 20\ ot a7
> “sample-specific LOD” 15 | Comotioncosicent =099

10° 10" 10° 10° 10° 10° 10° 10’
copy number
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Translocations: detection of fusion genes
Real time PCR

PCR

Red blood cell lysis: WBC Isolation

~— Plasma

RNA extraction

" 0PPRAOOO®-

"'P000000@:

‘'PPPP0OO®-

RNA
10 x 108 cells
s - b
54% total volume .:"0:’000' 1 2h ] ‘
L 2 S N
1% total volume « Monecytes ) J A
irisconigll
B .. '
\b Hematocrit T 2 h l
HEMAVISION
Primers and Probes Reverse transcription
(Target 1 (FAM) + Target 2 (ROX) + 1h i Tl
IAC (Cy5)) ] it !

v )
; . g gy A
mRNA Incubate with reverse transcriptase
to synthesize cDNA strand
N

cDNA
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Translocations: detection of fusion genes

Specific RT-PCR

MRD monitoring

« Quantitative, Very sensitive
« Fast (1 working day)

* Not too labor intensive

« Affordable

Multlplex screening RT-PCR

Many relevant translocations in

Classification /
Diagnosis

one test
« Fast (1 working day)
* Not too labor intensive
« Simple method (PCR)
« CE/IVD

Specific RT-PCR

uza’

. Limited to 1 specific alteration

Multiplex screening RT-PCR

Semi-quantitative
Expensive (~250 €)

Limited to the list of targets
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Translocations: detection of fusion genes

N GS RNA Seq uenci ng Archer FusionPlex Panel Heme v2 ® UZA

o
 Qualitative
I IV ABLL L ABL2 ® ALK [ ] BCLLIE @ BCL2 [ ] BCL3 BCLS ] BCR ]

° Targeted; but not necessar’y to knOW the BIRC3 o cerg © CCND1 ¢ ® CCND2 ccnDz @ CD274 coke @ CDKN2A
fUSion partner CEBPA CEBPD CEBPE CEBPG CHDL @ CHICZ ® ama @ CRessp ¢ @

Much bigger panels than with RT-PCR S N B @ omm e mn e mwm o wo @

ERG ® ETVE ] FGFR1 ® FOXPL GLIs2 ® D4 IKZF1 ® IKZF2 e

« Diagnosis and classification of acute
IGUkemia (AM L, ALL) IKZF3 ® IRF4 IRF8 JAK2 5] KaTeA @ KLF2 ® KMT24 @ MALTL @

. . . MECOM @ MKLL @ MIFL @ MLLTIO @ MLLTA @ MUCL MYC ® MYHL @
 Many commercial kits available

I I val
NF1 ® NFKB2 @ NOTCHL # @ NTRKZ @ MUF214 @ NUPPs @ P2RYe @ PAGL L
PAXS ® PDCDL PDCDILG2® FDGFRA & @ PDGFRE @ PICALM @ PML ® PRDM16 @
FTK2E @ RARA . REMLS @ rROSL @ RUNXL @ RUNXITL @ SEMasA @ SETDz @
STIL ® TALL o TCF3 ® TG e TR&3 ® TYK2 ® ICCHCT @
LEGEND
SNV/Indel

Fusion, splicing or exon-skipping
Expression
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Translocations: detection of fusion genes

NGS: RNA sequencing

Fusion

partner Target region

"N NANNS M

v Reverse transcription:
First and second strand cDNA synthesis

OO0

v End repair, phosphorylation and dA-tailing

P IX0O00000C
A P

' MBC Adapter ligation

Index 2 Barcoded Adapter
T
RN
Ul e

!

' Target-specific PCR 1

LR RN LRRL
AARRARY

GSP1

' Target-specific PCR 2

TIHNY
GSP2 [

Index 1 Barcoded Primer *

' Sequencing-ready library

Fusion
partner

Target region
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Translocations: detection of fusion genes

1,5 days

NGS: RNA sequencing

RBC Lysis Y - 1 day RNA Extraction
n —

1]
>y
- |

= |
\/ " seees

NGS Library prep

cooon onnne LERLELL]
S

v G
~ X

' 50ng
Bone marrow WBC pellet
(Blood) Qiacube
llumina
1 day
= o i o Y
""""" Miseq Sequencer
Archer Software Fastq files

Data Analysis

Sequencing

2

—_—
) T4t to Preseq
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Translocations: detection of fusion genes

NGS RNA sequencing

Classification /
Diagnosis

Large panel of fusion transcripts
« No need to know the fusion

partner o~y

 Easy analysis h
« Potential to expand to mutatio

and/or Expression analysis

uza’

NGS: RNA sequencing
« Long TAT (1 week)

e Labor intensive

» Expensive (~600 €)
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Translocations + copy number alterations
OGM: optical genome mapping ‘ :

Pillars NanoChannels

/
GAINS/LOSSES COPY NUMBER CHANGES BALANCED
Deletion Repeat array expansion Translocation
Reference genome (zrecn)
Genome Imaging map (b'ue)

Insertion Tandem duplication Inversion

Length of DNA
molecules:

150kb — 2.5Mb,
median size: >350 kb

NN
\J'#‘l;"g
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Translocations + copy number alterations
OGM: Optical genome mapping

Label DNA at specific motifs
RBC Lysis
y Extraction of UHMW DNA i
< Water ®.,0 % o
S | DNA (ﬁgg.;,"
Nl v Genomic DNA @ .<'~..1>'J
T Bufty coat Eﬁt Se . Labe“ng e
il \/ Extraction g
v — N
NS Hematocrit e _——e o [o) [®) o
Bone marrow WBC pellet ARUBE Wi v
Blood
(Blood) 1-2 days 6h
Interpretation
Data Analysis .
bionano
Structural variants "\-x% . - .////,// ‘—
bionano )
L - '
?%2 | ¢ \: —~
2, / . \\\,@ 2 sophyr chig
W Sy e 0 an fileS *
~1-4h/sample ~8h/sample 12-48h
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Translocations + copy number alterations

Classification/ |
OGM Diagnosis OGM
« All structural alterations in 1 |

method (genome wide)
« High throughput
* High resolution

* No sequencing (no mutations)
* High expertise

* Long TAT (1-2 weeks)

» Expensive (~600 €)

« Sensitivity: 5-15% VAF
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Translocations

Summary

Quantitative

RT-PCR

Sensitivity +++
Quantitative +++
Throughput -
Labor Intensive No
TAT 1-2 days
Cost <100 €

Translocation
screening

(RT-PCR)

o

No
1-2 days

~250 €

RNA

sequencing

(NGS)

o

Yes

1 week

~600 €

Optical
genome

mapping
(OGM)

yes

1-2 weeks

~600 €



Content

Molecular testing in hematology - AML

Gene mutations

NGS
PCR + fragment analysis




Molecular testing in AML

Gene mutations

Next Generation Sequencing (NGS)

Screening

Targeted (panel), Multiparametric
Semi-quantitative, sensitivity~5%
Diagnosis and classification of AML
Prognosis and risk stratification in AML
Many commercial panels available

ComPermed guidelines and workflows (2023)

TEST Variant analysis*: ASXL1, BCOR, CEBPA, DDX41,
DNMT3A, EZH2, FLT3, IDH1/2, KIT, NPM1, RUNX1,

SF3B1, SRSF2, STAGZ2, TETZ2, TP53, U2AF1, WT1, ZRSR2

Overzicht van onderzochte genenlexonen van het Myeloid NGS haloplex HS panel. |JZ A
Referentiegencom GRCh3T(hg13)

Gen RefSeq Exon{en) Type

ANKRD26 NM_014815.2 Alle Tumor Suppressor

ASKLT NM_015338.5 13 (laatste exon) Tumor Suppressor

BCOR NM_017745.5 Alle Tumor Suppressor

CALR NM_D04343.3 E Oncogen

CEL NM_005188.3 g-d Oncogen' Tumaor Suppressor
CEBFA NM_004364.3 1 Tumor Suppressor

CSF3R NM_156030.3 1417 Oncogen

DODX41 NM_016222.4 Alle Tumor Suppressor
DNMTIA NM_175620.2 4 B-23 Tumor Suppressor

ETNKT NM_D1B638.4 3 Oncogen

ETVE NM_0019687T .4 Alle Tumor Suppressor

EZH2 NM_004456.4 Alle Tumeor Suppressor’ Oncogen
FLT3 NM_D04118.2 14-15, 20 Oncogen

GATAZ NM_D32638.5 Alle Oncogen

oH1 NM_D05806.3 4 Oncogen' Tumaor Suppressor
1oH2 NM_D02168.3 4 Oncogen

JAKE NM_D04872.3 12,14 Oncogen

KIT NM_D00222.2 28111314 17 Oncogen

KRAS NM_004085.4 Alle Oncogen

MPL NM_D05373.2 10 Oncogen

NF1 NM_001042482.3 Alle Tumor Suppressor

MNPMT NM_D02520.6 1 Oncogen

NRAS NM_D02524.3 2-3 Oncogen

PTPNT1 NM_DO2E34.4 3,13 Oncogen

RLINX1T NM_001754 .4 Alle Tumor Suppressor

SETEP1 NM_0155508.3 4 Oncogen

SF361 NM_012433.3 1317 Oncogen

SRSF2 NM_D03016.4 1 Oncogen

STAG2 NM_0010427402 Alle Tumor Suppressor

TET2 NM_001127208.2 381 Tumor Suppressor

TP53 NM_000546.5 Alle Tumor Suppressor

U2AF1 NM_D06TS58E.2 26-T Oncogen

wWT1 NM_024426.4 ] Tumeor Suppressor’ Oncogen
ZRERZ MK_005080.3 Alle Tumor Suppressor

uza’



Molecular testing in AML
Gene mutations
Next Generation Sequencing (NGS)
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Molecular testing in AML

Gene mutations

NGS: Variant interpretation and clinical report standardization”

Variant calling and annotation
Biological Interpretation

Allelic frequency = 2% No

Variant coverage = 40x

l Yes

Pathogenic
on report

Probably pathogenic

Variant present in the coding sequence CDS or in

splice site?

l Yes

Common variant (polymorphism?)
MAF >1% (ExAc, ESP, 1000 genome databases*)

No

Variant Unknown Significance (VUS)
Probably benign
Benign

Clinical Interpretation

Technical error (check in IGV)

o

Variant frequency and significance in Databases
(COSMIC, OncoKb, cbioportal, CIVIC, ClinVar...*)

Known hotspot Frequent but
mutation not a hotspot

i

l

Pathogenic Likely Pathogenic
(Class 5) (Class 4)

Repeat or
Yes confirm with
. other method
Known pathogenic
variant (class 4 or 5) No
No Class
—NO—P No Class
Yes Benign or Likely Benign
F——
(class 1 or 2)
Yes No class or false positive
Infrequent
mutation
Tumor
Oncogene
suppressor gene
LOF (fs, No LOF
A B . .
stop, splice) (missense)
l A 4

Unknown significance
(Class 3)
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Gene mutations

NGS 1,5 days
Y2 day NGS Library prep
RBC Lysis Genomic DNA Extraction i Agilent Technologies
S R
A — —_—
l v " sasee T
- eseee | . 50ng S e
Bone marrow WBC pellet | HaloPlex HS Target Enrichment
(Blood) Qiacube System
1-2 days 2 days
JSiggen s 1 @ _ ¢ -
el R a
Miseq Sequencer
Sequxt + Pindel Fastq files a a

Data Analysis Sequencing



NGS

Molecular testing in AML
Gene mutations

uza’

High throughput

NGS

 Labor intensive

Classification /
Diagnosis

All relevant genes in one test
Flexible
Sensitivity: 2-5% VAF

» Sensitivity: 2-5% VAF
 Long TAT (>1 week)
« Expensive (300-500 €)
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Gene mutations

Specific PCR + fragment analysis (PCR)
* (Semi)-qualitative

Sensitivity ~10%

Specific (1 test per mutation type)

Easily standardized

Only used in special situations:
« Semi-urgent for therapy: FLT3-1TD/TKD
« (More sensitive technique: CEBPa, large FLT3-1TD (some NGS panels bad coverage))
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Gene mutations
PCR + fragment analysis

1 day ‘
FLT3-ITD & | DNA _ | Specific _ Capillary
FLT3-TKD | Ao PCR RE digest electrophoresis
FLT-3-TKD
NVMTM m | ™ |k | @ [—COOH
> <« o> <
2O |
Wild type —+| —FLT3-ITD
° _
WT e — 370bp - bt ]
ITD-mutant  E— >370bp —) — S — = -
D SO T —(L
Fragments analysis Murphy et al 2003

(Capillary electrophoresis)



Molecular testing in AMI
Gene mutations
FLT3 molecular testing

Fragmentanalysis
Specific (1 test per mutation type)
Easily standardised

TAT 3-5d

~ 100 euro (in house)

Targeted therapy (FLT3-inhibitor)

TAT <8days
Single gene gf,:) CTATGCTCG * Narrowly targeted
testing _A_A_A * Result may trigger
Isolate/analyze Determine additional gene
single gene mutation status of testing
limited region

,

FAST CHEAP

NGS

Multigene myeloid mutation panel

Labor intensive, highly specialized
interpretive skills

TAT 2-3w
~ 400 euro
False negative results

L&) BRAF O
IS c EGFR @ * Cost effective

Multiple KRAS O * Efficient/time-saving

ene testin _é:' S FL1s O
. - _é:"‘g"' KT @ * Yields unexpected

NeM1 O findings

Determine mutation status
of all relevant genes
simultaneously

Isolate/analyze all
relevant (cancer) genes



Molecular testing in AML uzAa’

Optimal approach to ensure patients receive precision medicine diagnostics in an expeditious manner?

Genetic analyses Results preferably available within Di 2 & .
iagnostic group Therapeutic options
Cytogenetics§ « 57d g g P

Screening for gene mutations @ U ZA PMLRARA RT_ PC R <48 h

required for establishing the

diagnosis and to identify CBF fusion
actionable therapeutic targets# Dk
s FLT39 IDH1, IDHZ « 3.5d NGS-limited/rapid panel HemaV|S|0n < 1 Week
o NPM1 e 3.5d (send full panel)
« CEBPA# DDX41, TP53; ASXL1, o Istecycle Gene fusion testing OGM 1-2 weeks
BCOR, EZH2, RUNX1, SF3B1 :
: . . . (RT-PCR or FISH) TP53 mutation
SRSF2, STAG2, U2AF1, ZRSR2
o FLTS-PCR NGS < 3 weeks
Screening for gene Send cytogenetics
rearrangements* Untreated AML, !mmunophenotyping
2 3 >
o PML:RARA, CBFB:MYHTT, . 354 fit patient FLT3-ITD+ or D835+ PCR+FA <1 week
RUNX1:RUNXTT1, KMT2A
rearrangements, BCR:ABLT, 48-72 hours

other fusion genes (if available) Dohner et al Blood 2022

IDH1 |IDH2
rermne NGS < 3 weeks

CommunlCathn EEI\BA;;gcr)uble mutation+ PCR+FA <1 Week

clinici

t-AML or
AML with MRC (if known)

ATRA, all-trans retinoic acid; ATO, arsenic trioxide; CBF, core-binding factor; FISH, fluorescent in situ hybridization; GO, gemtuzumab
ozogamicin; HMA, hypomethylating agent; MRC, myelodysplasia-related change; RT-PCR, reverse transcriptase-polymerase chain
reaction; t-AML, therapy-related AML; 713, cytarabine by continuous infusion (7 doses) plus anthracycline (3 doses).

Perl et al Blood Advances 2017



Molecular testing in AML

Case report: Man 61y pancytopenia

Cytologie/immunofenotyping: Acute Myeloid Leukemia

Fusion genes (Hemavision) Gene mutations (PCR+fragmentanalysis)
* Hemavision negatief * FLT3/int tandem duplicatie gedetec,
" RUMXA-RUMNXIT1{8,21) nt gedet ® FLT3/puntmutatie D835 nt gedet
(622,922)
* CBFB-MYH11 inv(16)(p13,022) nt gedet )
* PML-RARA t(15;17) (q22:421) nt gedet WT1 overexpression
* MLLT3-KMT2A 1(911)(p22;23) nt gedet
* DEK-NUP214 t(6:9){(p23,q34) nt gedet *WT1 beenmerg (Otsuka) T 15436 copiesiyg <1300
* BCR-ABL1 1(9:22)(g34:411.2) nt gedet
® KMT2A herschikt t{v,11923) nt gedet

| AML with myelodysplasia related gene mutations

| Classification / Diagnosis (mutated SRSF2 and RUNX1)

| Targeted therapy | FLT3 mutated: sensitive for FLT3-inhibitors
standard CT + midostaurin

: Y ) Associated with adverse prognosis
| Risk stratification / Prognosis | Allo-SCT

: WT1 overexpression
| Follow up / MRD detection | MRD monitoring
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