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* Inleiding WHO classificatie van hematologische maligniteiten: ALL en
AML

* Diagnostische tools binnen de genetica
* OGM werkingsmechanisme

* OGM praktische voorbeelden

* Conclusie



2016 WHO classificatie van hematologische maligniteiten

‘Myeloproliferative Neoplasms I

Mastocytosis I

Myeloid/lymphoid neoplasms with eosinophila and gene
rearrangement

Myelodysplastic/ myeloproliferative neoplasms

Myeloid Neopl -
yeloid Neoplasms Myelodysplastic syndromes

Myeloid neoplasms with germline predisposition

AML and related precursor neoplasms

Blastic plasmacytoid dendritic cell neoplasm

‘Acute leukemias of ambiguous lineage

Hematological Malignancies

Precursor lymphoid neoplasms

Mature B-cel neoplasms

Mature T- and NK-cell neoplasms

Lymphoid Neoplasms

Hodgkin lymphomas

Immunodeficiency-associated lymphoproliferative
disorders

Histiocytic and dentritic cell neoplasms
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Wat is acute lymfatische leukemie (ALL)?

e Accumulatie van maligne, immature lymfoide cellen in bloed en
beenmerg
 85% B-ALL, 15% T-ALL

 Symptomen: vermoeidheid, herhaalde infecties, botpijn, petechién,...
* Diagnose: bloed en beenmergonderzoek: morfologie,
immuunfenotypering, histologie en genetica

* Incidentie: 3-4 kinderen per 100 000 per jaar (<1 voor volwassenen)
* Prognose: 5-jaarsoverleving kinderen >90% (50% voor volwassenen),
1/5 ondervindt herval (slechte prognose)




Verbeterde overleving van patiénten met ALL

1
w155 Total XVI (n=598) 2007-2017
0.9 {[\N\gs=tt = e Total XV (n =498) 20002007
. 14218 gosers Total XIIIA, XIIIB, and XIV (n = 465) 1991-1999
s e Total XI and XII (n = 546) 1984—1991
E 0.7 1 741+2.1
E . B02127 s Total X (n = 428) 1979-1983
@© -9
o)
>
© 0.5 -
©
> Total V—IX (n = 825) 1967—1979
E 0.4 1 434+17  g1.9+17
® —x‘\—-ﬁ_
S 03 -
o
0.2 -
01 - — Total I-IV (n = 90) 1962-1966
10.0£3.0 | .
0 T 1 T Ll L] 1 1 L} T L}
0 5 10 15 20 25 30 35 40 45 50

Years from diagnosis

Inaba and Mullighan. Pediatric acute lymphoblastic leukemia. Haematologica 2020.



Genetische risicofactoren in B-ALL
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Inaba and Mullighan. Pediatric acute lymphoblastic leukemia. Haematologica 2020.
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Klinisch relevante afwijkingen in ALL

High hypsrsliplsishy (50 <hr) t{1;19)(q23;ap13.3] PBXI, TCF3  t{X;14)(p22,q32)/2(Y;18)ip11q32) IGH, CRLFZ  Near hapleidy (2525 chy)
TAL1 abnarmalities® 15q13-15 rearrangemants del(¥)(p22.33)/del|Y){p11.32) P2ZRYE, CRLF2 Low hypadiplaidy [30-33 chr)
t{2;8){p11;q24) IGK, MYC High hypadiplaidy (<44, paor)
t{7;10)(q34;q24) TRE, TLX1* Trisemus

tl8;14)(q24;932) MYC, IGH
t{8:14)(q24;q11) MYC, 5L
dicis;12)(p11~12;p11~13) PAXS, ETVE
t10;14)|q24;q11) TLXI, TRA/TRO®
t{12;21){p13;q22) ETVE, RLINX1

del{21)(q22.2) ERS

*ketter than other T-ALL
“prognosis varisble

"extramely gRor

chromosomal aberrations are shown on the left-hand side and involved genes on the right-hand side

del(s){g32q33,3) EBF1, FOGFRE
H5:9){q22:q34) SNX2, ABLT
t{5;14)(q35;q32) TLXS, BCLI1E
del[7pl2.2) iKZFI
+7:18)(g34:p13) TRE, L¥L1
dig3;20)(p13;q11) PAXS
del8)(p22.3) CokNzA®
t]9;27)(g34;q11) ABLL, BCA™
10p12 aherrations MLLTIO
119232 aherrations KMT2A
t{14:18)(q32:q21) iGH, BCLZ

t(17:13)(q22;p13) HLF, TCFE™

Table 1
Adeapted from: Cancer cytogenetics: Chromosomal and Molecular Genetic
Aberrations of Tumor Cells, Foutrh Edition. Page 202-204.



2016 WHO classificatie van hematologische maligniteiten

AML with t(8;21)(q22;922.1)

Myeloproliferative Neoplasms I

Mastocytosis I AML with inv(16)(p13.1922) or t(16;16)
Myeloid/lymphoid neoplasms with eosinophila and gene rearrangement APL with PML:RARA
Therapy-related myeloid neoplasms
Myelodysplastic/ myeloproliferative neoplasms | AML with t(9;11)(p21.3;423.3)
AML with MDS-related changes
Myelodysplastic syndromes | AML with t(6;9)(p23;q34.1)
Myeloid Neoplasms Myeloid neoplasms with germline predisposition | AML with recurrent genetic abnormalities
AML with inv(3)(q21.3926.2)
[AML and related precursor neoplasms
Blastic plasmacytoid dendritic cell neoplasm | AML, NOS AML with t(1;22)(p13.3;q13.1)
Hematological - - "
Malignancies Acute leukemias of ambiguous lineage I Myeloid sarcoma AML with BCR::ABL1
AML with gene mutations
Precursor lymphoid neoplasms Myeloid proliferations associated with Down
Lymphoid Neoplasms Mature B-cel neoplasms

Mature T- and NK-cell neoplasms

Hodgkin lymphomas

Immunodeficiency-associated
lymphoproliferative disorders

Histiocytic and dentritic cell neoplasms




Wat is acute myeloide leukemie (AML)?

* Accumulatie van maligne, immature myeloide cellen in bloed en/of
beenmerg

* Minstens 20% blasten in bloed of beenmerg TENZIJ t(8;21), inv(16) of
t(16;16) en t(15;17)

* Aanwijzingen: cytopenieén, voorgeschiedenis (chemo/radiotherapie, MDS),
vermoeidheid, herhaalde infecties,...

* Diagnose: bloed en beenmergonderzoek: morfologie,
immuunfenotypering, histologie en genetica

* Prevalentie: 0.5%
* Incidentie: 3.6 per 100 000 per jaar (meest frequente acute leukemie (70%)
in volwassenen), mediane leeftijd ~70 jaar
-> veel minder frequent in kinderen (5x meer ALL)

* Prognose: afhankelijk van type AML



AML: link genetica - morfologie




Klinisch relevante afwijkingen in AML

Table 4. 2017 ELN Risk Stratification by Genetics

Risk Category* Genetic Lesion

Favorable t(8;21)(g22;022.1); RUNXT-RUNX1T1
inv(16)(p13.122) or t(16;16)(p13.1:q22); CBFB-MYH11
Mutated NPM1 without FLT3ITD or with FLT3-ITD""t
Biallelic mutated CEBFA

Intermediate Mutated NPM1 and FLT3ITD""t

Wild-type NPM1 without FLTZITD or with FLTZITD'*"t
(without adverse-risk gene mutations)

t(9;11)(p21.3;923.3); MLLT3-KMT2A%

Cytogenetic abnormalities not classified as favorable
or adverse

Adverse 1(6;9)(p23;034.1); DEK-NUP214
tlv;11q23.3); KMT2A rearranged
t(9;22)(g34.1;q11.2); BCR-ABL1
inv(3)(g21.3926.2) or 1(3;3)(g21.3;926.2); GATAZ,

MECOMI(EVIT)

-5 or del(5q); -7; -17/abn(17p)
Complex karyotype,8 monosomal karyotypel||
Wild-type NPM1 and FLTZITDM"t
Mutated RUNXTY
Mutated ASXLT1Y
Mutated TP53#

Bullinger et al. Genomics of Acute Myeloid Leukemia Diagnosis and Pathways. J Clin Oncol 2017.



Over welke diagnostische tools beschikt de dienst genetica?

7, o T * Karyotypering
AN * FISH

L * MLPA 1~ Denaturation; 2 - Hybridization

» PCR-gebaseerde technieken e )
* NGS
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Fluorescent in-situ hybridisation

Denature
Fluorescently to separate DNA strands and
U
allow probe access to target DNA,
Labeled Probe pr ‘ g

oo YOOV s My

hat is FISH"
Fluorescence In Situ Hybridization
Detects and localizes specific DNA sequences using
flucrescently labeled compliemeantary DNA probes ( \
/ Hybridize
together to bind

probe to target
DNA.

caon Vg

probe signals using a
fluorescent microscope.




Multiple ligation probe amplification

Amorce + demi-sonde 1 Amorce + demi-sonde 2

\ /

\ /
 Hibrdation et igation

ybridation et ligation

|

\ /

Sonde complete pouvant étre amplifiée



MLPA in B-ALL

* No deletion in any of the regions

* |solated deletion of ETV6, PAX5, or BTG1

* ETV6 deletion with single deletion of BTG1,
CDKN2A/B or PAX5

* All other CNA profiles

UKALL-CNA Risk

* |solated IKZF1, PAR1, or RB1 deletion
* Deletion of IKZF1/PAX5/CDKN2A/B




Polymerase chain reaction
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Next generation sequencing
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Diagnostische procedure

Acute lymfoblastische leukemie

* Karyotyperen: heparinestaal beenmerg, 1 dag niet gestimuleerde kweek

e FISH: BCR::ABL1 NUP214::ABL1
ETV6::RUNX1 (< 25 jaar) TRA/TRD/TRB
KMT2A KMT2A
TCF3 TLX3
CRLF2 TLX1
IAMP21 TAL1
ABL-class fusions (ABL1, ABL2, CSFIR, PDGFRB) | LMO2
PICALM
MYC

* MLPA: del/dup in genen met prognostische relevantie in B-ALL



Diagnostische procedure

Acute myeloide leukemie

Karyotyperen: heparinestaal beenmerg, 2 dagen gestimuleerde kweek

FISH: MECOM, KMTZ2A

Prognostisch panel: CBFB::MYH11, FLT3-ITD/PM, KMT2A-PTD, MECOM
expressie

NGS



Problemen met deze workflow

.’ Slechte kwaliteit chromosomen

4‘ Geen/onvoldoende mitosen

v s ° Overgroei normale cellen
an F

Beperkte resolutie (>5Mb)

Sterk gespecialiseerd personeel

Hogere TAT

S Studieprotocollen vereisen snelle stratificatie
van patiénten

Q

FISH/MLPA: Hogere resolutie
maar beperkt tot specifieke
(probe)regio’s

Cascade FISH

Combinatie testen

N



Optische genoommapping

CURRENT EXTENSIVE PANEL OF TESTS

NEW TECHNOLOGIES

*  Classical cytogenetics

*  FISH (up to 10 experiments)
= SNP arrays or MLPA

*  PCR-based techniques
Costly

Laborious (up to 12 tests)

Lengthy TAT (up to 4 weeks)

OPTICAL GENOME MAPPING

1 assay: detects numerical and
structural abnormalities
simultaneously

Less expensive
Simplified workflow (1 test)
Short TAT (1 week)

Increased diagnostic yield
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Visualisatie van de fluorescente labels

Nanochannel Arrays on Silicon

DNA counterstaining
DLS labels

wafers FCs assembled pillar region nanochannels

The Saphyr Chip
» 120,000 parallel Nanochannels linearize long DNA in solution
* Leverages mature semiconductor manufacturing
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Data analyse

(Raw Image Data:\ Algorithms convert the raw Algorithms align different Cross mapping acmg
Direct observation of images into .bnx files molecules for constructing a Reference
on long => population of molecules Consensus Genome Maps
DNA molecules (.cmap files)

(150 kb up to 3 Mb) * CNA profile
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DEICIENENA

GAINS/LOSSES

Deletion

Insertion

COPY NUMBER CHANGES

Repeat array expansion

BALANCED

Translocation

Inversion

Reference genome (green)

Genome Imaging map (blue)



OGM in de praktijk

* Gevalideerd voor diagnostische ALL en AML stalen
* 3 bio-informatische pipelines:

- De Novo Assembly Pipeline (150X effective coverage, enkel voor
ALL)

- Rare Variant Pipeline (300X effective coverage)
- Copy Number Analysis Pipeline
* Filter voor kopijnummerafwijkingen met hoge confidence en > 5Mb

* Submicroscopische structurele varianten van 500 bp — 5 Mb worden
enkel gerapporteerd wanneer zij een klinisch relevante locus
omvatten



Conclusie

* OGM is een geschikte diagnhostische test voor ALL en AML

+ informatieve resultaten werden bekomen voor elke casus
+ excellente concordantie met standaard testpanel voor

recurrente translocaties en submicroscopische afwijkingen
+ excellente concordantie voor winst/verlies van ganse of

partiéle chromosomen

* OGM is gebaseerd op ‘bulk’” DNA

- ploidie & aanwezigheid van sub-klonen niet steeds correct
gedetermineerd



Conclusie

e Turn-around-time van 1-2 weken

+ geschikt voor studieprotocols met snelle risico stratificatie,
zoals ALLtogether
- FISH BCR::ABL1 blijft noodzakelijk

* Interpretatie kan complex zijn en vergt grondige kennis van de
cytogenetica

- breekpunten niet exact: welke genen zijn betrokken?
Onschuldige variant?
- karyotypering blijft vooralsnog onmisbaar



Bedankt voor uw aandacht




