Molecular hematolegy

BHS course: Laboratory hen

Marie-Berthe Maes

Labo klinische biologie - Hematologie
Universitair Ziekenhuis Antwerpen

10/2021




Introduction: WHO classification

WHO classification of tumours of haematopoietic and lymfoid tissues,
revised 4th edition, 2017
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Molecular testing in AML: WHO Classification

« WHO classification
Acute Myeloid Leukemia and related neoplasms

Table 1. Myeloid neoplasms with germ line predisposition, AML and related precursor neoplasms, and acute leukemias of ambiguous
lineage (WHO 2018)

Myeloid neoplasms with germ line predisposition (see Table 2)

AML and related neoplasme (cont'd)

AML with recurrent genetic abnormalities I Acute myvalomonocdic leukemia

AML with t8;21)(g22:022.1); RUNX1-RLUNXTT? ) ) ]

AML with inv(18){p13.1g22) or 1{16;16)p13.1;q22); CEFE-MYH 11 Recurrent translocations/inversions

Apiihe mm leukemia with PML-RARA" LIS 1 AR LA DI TSRS

AML with t9;11)(p21.3:023.3); MLL T3-KMT241 Acute basophike leukemia

AML with 16;9)(p23:q34.1); DEK-NUP214 Acule panmyelosis with miyelol Brogis

AML with inv{3)}{g21.3926.2) or H(3;3)g21.3:926.2); GATAZMECOM{EW1) Myedoid sarcoma

AML (rregakaryoblastic) with 81:22)ip13.2q13.3); ABM15-MKL 1L Myedoid profiferations related 1o Down syrdrome

Provisional entity: AWML with BCR-AGL 1 Temmntland shonremnll s lae I

AML with mutated NPM 1§ . .

Recurrent single gene mutations
AML with biallebe mutations of CEGFAE | Blasiic plasmacyioid dendrilic cell neoplagm
i Aeute leukemias of ambiguous linesge

AML with myelodyaplasia-related changesh] Acube unditferentialed leukemia
Therapy-redated mypelold necplasmms MPAL with 1(2:22)g34.1:911.2); BCR-ABL ™
AML, NOS MPAL with tiv;11923.3); KMT2A reamranged

AKIL with minimal differentiation MPAL, Birmyeloid, NOS

AKIL withoul maturation MPAL, Timyeloid, NOS

AKL with maturation

J U4




AML with recurrent genetic abnormalities

AML with balanced translocations / inversions

« structural chromosome rearrangement (translocations and inversions)
-> fusion gene

MLL-FTD FLT3
. 1(8;21) > RUNX1-RUNX1T1
« inv(16), t(16;16) -> CBFB-MYH11
- 1(15:17) > PML-RARA
- 1(9;11) >MLLT3-MLL
- 1(6;9) -> DEK-NUP214 .
«inv(3), t(3:3)  -> RPN1-EVI1
- 1(1;22) -> RBM15-MKL1
- 1(9;22) -> BCR-ABL1

APL BALL DK

« AML without regard to blast count: t(8;21), inv(16)/t(16;16), t(15;17)
« Characteristic morphological and immunophenotypic features

* Prognostic significance

uza’
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AML with recurrent genetic abnormalities

AML with balanced translocations / inversions: example
APL with PML-RARA (Hypergranular APL)
« 5-8% AML, adults mid-life

« Abnormal promyelocytes (FAB AML M3): kidney-shaped, bilobed nuclei, densely-

packed large pink granules, bundles of Auer rods: “Faggot cells”

d ( etics in Ongglogy and Haematolo
. ' ‘

Kennis / Ervaring / Zorg



AML with recurrent genetic abnormalities

AML with balanced translocations / inversions: example

APL with PML-RARA (Hypergranular APL)
« 5-8% AML, adults mid-life

« Abnormal promyelocytes (FAB AML M3): kidney-shaped, bilobed nuclei, densely-

packed large pink granules, bundles of Auer rods: “Faggot cells”
Cc

+ CD34 w/-, HLA-DR w/-, CD33 ++, CD64 + .—“—"_“_ —
+ T(15;17); PML-RARA “i;]—“—!‘—!-'i._‘"l_gt
R A

URGENT DIAGNOSIS L i L

« Significant early death rates: association with DIC and increased fibrinolysis

« Best prognosis, particular sensitivity to treatment with ATRA and Ars trifj%,

Kennis / Ervaring / Zorg



AML with recurrent genetic abnormalities

AML with gene mutations

« (Gene mutations are common in AML
(WHO2017 list p146-149)

Mo. of Unique Patients with Driver Mutation

gy | Al .
e P

Mutations in FLT3, NPM1, CEBPA, KIT, RUNX1, ASXL1, TP53 most
widely studied

Disease Models & Mechaniems (2014} doi: 10.1242'dmm 015874

REVIEW

Fig. 2. Recurrent mutation groups in de nove AML.
Ganes recurrently mutated in AML belong to distinct
m’;‘“’“‘“““ genes netional groups or pathways. The most prominent
3A.TETZ IDH12. /' etional groups and genes associated with these are
listed. The proportion of AMLSs with mutations affecting
each of these groups is displayed (data obtained from
The Cancer Genome Allas Research Network, 2013).

Fusion genes
PML-RARA, MYH1T-CBFE, RUNXT-
RUNXTTH

loid tran factors
e A, RUNXT =25

Chromatin modifiers

Tumour-suppressor genes
° TP53, WT1, PHFE MLL-fusions, ASXL1, EZH2, MLL-PTD
Cohesins
Splicecsome genes SMC1A, SMC3, RAD21, STAG2

SF3G1, SR5FZ, L2AFT

Signal transduction genes ’
FLT3, NRAS, c-KIT, PTPN1TT




AML with recurrent genetic abnormalities

AML with gene mutations

tients with Driver Mutation
- - n
B -]

Gene mutations are common in AML
(WHO2017 list p146-149)

Mo. of Unique Pa
5 "

Mutations in FLT3, NPM1, CEBPA, KIT, RUNX1,ASXL1, TP53 most
widely studied

WHO2017: class defining mutations:
AML with mutated NPM1
AML with biallelic mutations in CEBPa
AML with mutated RUNX1: provisional entity
Alvicwithrmutated 13— prognostic!

Limited association with morphologic and clinical features

Prognostic significance (NK AML patients) UZA,



AML with recurrent genetic abnormalities

NH2 COOH

AML le[h gene mutations: example o -
AML with mutated NPM1 — NH: 298 COOH

NPMmut *

« 30% adult AML
Prevalence increases with age, female predominance

« (myelo-)monocytic features, multilineage dysplasia, “cup-like”
blasts

« Normal karyotype (50-60% AML NK)

« Secondary mutations : 40% FLT3-ITD, DNMT3A
Distinct gene expression profile

* Favourable prognosis (NK, in absence of FLT3-ITD mutation)
Prognosis dependent on co-occuring mutations



Molecular testing in AML.: other classification

 Classification Papaemmanuil (NEJM 2016)

Genomic Classification and Prognosis in Acute Myeloid Leukemia.
\

AUNKT 0% [ MLL-PTD “26% \ MIT25% | MRAS 20%
ASXLT20% | DNMTEA 20% o clasg MO drivers / FLTHTD ~36% SRy ppTr——
SASF220% | STAGE™15% | Jpwe™™ s &% Fa H15:1THg22:q21) PML-RARA | F-1oTRD 15% ZBTBFA "20% | ASKLT "10%
NAAST16% [FLTATD “15% | [OAmmas T 1¥% WT1 5% EZH275% | KDMEA 5%
TETZ15% | BCOR-10% MGAE% | DHK1S 5%
= - Py -
LZAFTi0% | PHFE-10% H8:21)q22;q22.1); AUNXT-RUNXITI __ ————
FRASRIE%W | SFIBTC10% ™ MNRAS "%
o o T 35%
= -~ im{16Mp13.1 g22)* CEFE-MYHTT FLTETRD 20%
13% i -
KRAS ™ 15%
;11 283 X-HMT2A - KRAS " 20%
el TPES mutant - &% T NAAS "20%
ehramoscmal aneuploidy®
0% 15:22)34.1;911.2); BER-ABLT 1% FLT3-ITD T0%
BB SN p2Ag34.1); DEK-NUP2TS 1% KRAS 2%

WY 151135 pi 5.4 NUPSE-NSDT 1% :___

bBiCEBPA mutant 4% ] VEINGZ1 328.2)° GATAZMECOM 1%

GATAZ ~30% ' ——
NEAS WP Hher rare fusions 1% AT 305 | KRAS -15%
WTT "2l B35)(q25.1:925.1); MPA1-MLF? PTPNTI 20% | SFIBT 20%
CEFIR"20% 18 16)(p11.2;p13.3); KATEA-CREBEP GATAZ 1% | ETVE -15%
NPMmutant30% B16:21)p11 2022 2); FUS-ERG PHrE 15w | AL 1%
—— — [b18:1 132123 14.2); PICALM-MLLTI0 BrooA 1% | ASKLT-10%

DNIMTSA "50% | FLTHTD “40% | Cohesin® “20% | NRAS 20% 1T 11N 16.4:p15.2); NLUPSE-HOXAS =
IOHT " 15% | IDHZF""18% | PTPNT1 ~15% | TET2 "16% B3 21 {26 2:q22); ALINX 1-MECOM

Figure 1. Molecular classes of AML and concurrent gene mutalions in adull patienls up le the age of ~65 years. Clasa definilion i based on the sludy by

@ Papaemmanud et 8™ For sach AML elass denated in the pie chart, Ireguenl co-becuUring mutations are shown in the respective boxes. Dala on the Treguency of genetic
 lesions are compiled from Me dalasbases of the British Medical Research Council (MRC), e Gamnan-Austian AML Study Group [AMLEG), and from selested

, studies 37ATALIN0 8 nfeates mohesin genes including RADST [—10%), SMC1A (~5%), and SMOC (~5%): 1, inv{16)(p13.1622) or ({16, 16Hp13.1:q22); CBFE-MYH1T: &, inv
/" (3Ha=1.3026.2) or t{3:3){21.3:026.2); GA TAZ MECOM{EVITE and ®, TRS3 mutationg ane found i ~45%, and comples karyotypes in ~ 709 of this clags. The atucture of the

W ple chart is adapled from Grimwade et al,** generated by Adam lvey (King's College Londen, Londan, United Kingdorm).

Papaemmanuil NEJM 2016
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Molecular testing in AML: Papaemmanuil classification

Molecular subclassification and overall survival

Gene Fusions 1.0 No Gene Fusions

1.0+
ime{ 16) '
E 0.8 _L"‘-*rﬂg-;u_:;__,ﬂl i 03— ML"_-‘[ E—
£ t(15:17) o )
EE 0.6 0.6 | ., lOHZ
& Haizl) NPM I
B e- t(6;9) 0.4
_g o | MLL Bigiahe Chramatin-splicensame
B g S 0.2
+ inv(3) TP53-anauploidy
0.0 T | T T T 0.0 T T T 1 T
¥ 2 q i3 & 10 0 z 4 G & 10
Years Years

Panel shows Kaplan—Meier curves for overall survival among patients in the 11
genomically defined subgroups.
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* Molecular testing in AML

Prognosis and therapy
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Molecular testing in AML: Prognosis

Cytogenetic and molecular abnormalities: ELN 2017

Table 5. 2017 ELN risk stratification by genetics
Risk category® Genetic abnormality

Favorable 1B 21 Mg22:q22.1); RUNX1-RUNXTTT
i 16)(p13.1922) or 1(16;16){p13.1;q22); CBFB-MYH11
=P Mutated MPMT without FLTHTD or with FL TSHTD™t
Baallelic mulaled CEEFPA
Interrnedist®™> Mutated MPMT and FLTZTDM"
=P Wild-type NPM1 withoul FLTZITD or with FLTZTD™ ¢ (without
FLT3 adverge-fizk genalic kaions)
WE 11Hp21.3;023.3); MLLTI-KMT2AL
Cytogensatic abnormalities not classilied as lavorable o adverse
Adverse HE:9)(p23;q34.1); DEK-NUF214
tiv:11q23.3); KMT2A rearanged
12:22)g34.1:911.2); BCR-ABL1
inv{3){021.3926.2) or 1{3;3q21.3;026 2); GATAZ MECOMEWIT)
—5 or del{5q); —7: —17/abn(17p}
Complex karyolype, § monosomal karyotypell
= Wild-type NPMT and FLTIHTD™"t
Mutated RUNX Y
Mutated ASXL1Y

= uza’

Dohner et al Blood 2017




Molecular testing in AML: Targeted therapy

FLT3-inihibitor: midostaurin, quizartinib, ...

IDH1 and IDH2-inhibitor: ivosideni, enasidenib

DNMT-inhibitors (HMA): azacytidine (Vidaza), decitabine

BCL2-inhibitor: venetoclax

KIT-inhibitors: TKI imatinib, dasatinib

uza



* Molecular testing @ the laboratory
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Molecular testing @ the laboratory

Hematological diagnosis of AML based on WHO criteria

A4 B[]

@lab by bone marrow aspiration and biopsy using

ﬁ morphologic, Cytology, anatomopathologie | -

M ﬁ immunophenotypic, Flowcytometry ’f

» Multidisciplinary approach: integrated conclusion ~\WHQO2017
Kennis / Ervaring / Zorg UMI

cytogenetic/molecular analysis Molecular testing, genetics f




Molecular testing in AML: summary

ELN 2017: Management of AML: Molecular testing

* Recurring rearrangements (translocations/inversions)

Diagnosis/classification
Prognosis/therapeutic

RT-PCR

MRD monitoring

« (Gene mutations

Classification:
e  AML with mutated NPM1
« AML with biallelic mutation of CEBPA

*  AML with mutated RUNX1 NGS / additional
Prognosis/therapeutic techniques (PCR)

 Mutations in TP53, ASXL1
 Mutations in FLT3

* (Mutations in IDH2(/1)) UMI


Presentator
Presentatienotities




Molecular testing: Translocations/inversions

Translocations/inversions

« Multiplex screening RT-PCR
emavision®
« Qualitative
« 27 different translocations
» Diagnosis acute leukemia

. pecific Real Time-PCR
e quanitative, sensit 10°

« urgent diagnosis APL: PML-RARA
« MRD FUAML: PML-RARA, RUNX1-RUNX1T1, CBFB-MYH11

MRD pediatric ALL

Tube

1

Tran: on

HIET)ig24521)

Fusion Gene

PML-RARA (b2 V)

Inv(16)(p13:022) CBRE-MYHH CBFE ex3MYH11 ex30 ROX | c¥s
o | Imieieiaee) CEFE-MYH11 CBFE exd-MYH11 ex3d FaM | cvs
tB:21)q22:022) RUNX1-RUNX1T! RUNX1 exE-RUNXTT1 ex3 ROX | c¥s
5 |osiees PML-RARA (bor1. L) PML ex6a-RARA ex5 FaM | cvs
Y3:11)(022:423) MLLMWLLTZ MLL ex7-MLLT3 ex7 ROX | c¥s
HISA7)ig241021) PML-RARA (ber3, 5) PML 13-RARA x5 FaM | cvs
* [erimezen MLLWLLTZ MLL eXE-MLLTS ex11 ROX | c¥s
H1119yq2Ip133) WLLELL ML exT-ELL e FaM | cvs
® [ezngrae FUSERG FUS EX6-ERG ex14 ROX | c¥s
G H12:22)(p13,q11-12) ETVE-MN1 ETVE ex2-MN1 ex2 FAM cYs
YE3)P2E04) DEX-NUP214 DEK exs-NUP214 ex1g RoX | crs
7 | Reterence gene Gus GUS ex11-GUS ex12 FAM_ | c¥s
& | Reference gene B2M B2 ex2-52M exd FAM_| crs
11:11)(p32:g23) MLL-EPS1S MLL e¥B4+3-EPS15 £x3 Fam_ | cvs
? [emmwres MLL-MLLTS. MLL exE+2-MLLTS a2 ROX | c¥s
Y1:19yg23p13) TCF3-PEX1 TCF3 ex16-PEX1 213 Fam_ | cvs
" [wzaneea ETVE-RUNK1 ETVS exS-RUNX1 exdn RoX | c¥s
o [skeEpas) MLL-MLLT1 MLL EYB+3-MLLT1 ax2 Fam_ | cvs
Y211)q21,923) WLL-AFF1 MLL SxB+3-AFF1 =010 RoX | c¥s
1T 18Kg22p13) TCF-HLF TCF3 ex14-HLF exd FaM_| cvs
2 [eepan STILTALY STIL&x1-TAL1 ext Rox | ors
322)g34:qH) BCR-AEL1 (m-ber. F150) BCRexi-ABL1 exd FaM_ | cvs
) SET-NURZIA SET exe-NUPZ12 X158 Rox | ors
P ERIED TS MLL-ALLT1 MLL exT-MLLT1 exs FaM_ | cvs
Y9:22)g34q11) BCR-ABLI (W-bot. F210) BCR ex1z-ABL1 &xs Rox | ors
5 | HE22pEa) BCR-AELI {p-ber, P230) BCR ex1z-ABLT exd FaM_ | cvs
(1117 )q23021) ZETBI6-RARA ZBTB1E exd-RARA ex5 ROX | cvs
16 | Refernce gene =) ABLT ex3-ABL1 exd FAM_| cvs
1(3:12)g34:p13) ETVE-ABL1 ETV ex2+5-ABL1 exd FaM_ | cvs
T [Eziesen) ETVS-PDGFRE ETVE ex2+5-POGFRB ex12 RoX | ovs
1(10:1)ip12:923) MLLAILLT10 MLL ex+3-MLLT 10 ex2D FaM_ | cvs
" [ WLL-MLLT1 MLL exB+3-MLLTH ex2 RoX | cvs
L |EINEe) MLLFOXO4 MLL exT-FOXO4 ex2 FaM_ | cvs
11:17)i923:021) MLLWLLTE MLL 2X7-MLLTE eX12 ROX | cvs
13:21){926:922) RUNX1-MECOM RUNK1 2x5-MECOM ex2 FAM_| cvs
* Lowrmzes MLLALLT10 MLL exi-MLLT1D exg RoX | c¥s
Y5 7)935a21) NEMI-RARA NPM1 xd-RARA 855 FAM_ | cvs
¥ [snstam NPM1-MLF1 NPM1 exd-MLF1 exd RoX | c¥s
| HONR1ZE23) MLL-AILLT10 MLL &x7-MLLTID 2x13 FAM_ | cvs
1[3:21)(926:422) RUNX1-MECOM RUNX1 2x5-MECOM exg RoX | c¥s
23 | int)ip1zgz3) MLL-AILLT10 MLL exE-MLLTID 2xi2 RoX | cvs
24 |- = S -

FU Chronic Myeloid Leukemia: BCR-ABL1

Kennis / Ervaring / Zorg




Molecular testing: Translocations/inversions

Specific Real Time-PCR paratals the Number of Loukemic Colls

Dlagnosls, Pretreatrment,
or Hermatological Relsge

<

« Diagnosis and classification

E Follow up: MRD monitoring ]

OREY BUST |0 AUSYTIF-H0T

Mumnber of Leukemic Cells

« Quantitative

« Sensitive (104 - 10)
* Reproducible

- Standardised

(A Eg B uoewa ) ayl o3 Bujploog)

«

Undetectable Transcript
{Cornplete Maolecular Response)

Adapted with permnission from Baccaran! M et al. Bleod.
2006;108:1809-1820.1°

« Standardisation MRD EAC-protocol (Gabert et al 2003): Tagman technology
« ELN MRD consensus ( Schuurhuis et al 2018)

uza’
Kennis / Ervaring / Zorg



Molecular testing: Translocations/inversions

Specific Real Time-PCR

Revgrse Tagman probes
= } transcriptase ‘
;éi RNAisolation |=»| cDNA  |=| RT-PCR

(0] O >

Fav oo —iN-
E

i

Denature

1] Wl
ey — —

e
IHnnnmims

Anneal

e .
T

L ||||'|'|'||Iw| | Extend

Kennis / Ervaring / Zorg



Molecular testing: Translocations/inversions

Specific Real Time-PCR .

Quantification using standard curves F
Each analysis performed in duplicate/triplicate )
Controls included (negative, positive, nontarget)
Results compared to housekeeping gene

. ABL, B2M, GUS " w0
» Normalised Copy Number (NCN/100 ABL) 35 -
« Sample to sample quality variations 3 301
* (Gene expression quantitation ;“ 25
« Sensitivity (# copies housekeeping genes) 20 1
15

« “sample-specific LOD”

Kennis / Ervaring / Zorg

o| |5 10°copies

Standardisation g

Amplification plot
MLL-AF4

-©-10° copies B~
- 10°copies i o5y
& e = 4

¢ 10°copies
510 copies

0 5 10 15 20 25 30 35 40 45 50
PCR cycle

Standard curve

Intercept = 38.7
Correlation coefficient = 0.999

10° 10° 10° 10° 10° 10° 10° 10’
copy number

U4



Molecular testing: Gene mutations

Gene Mutations

* Next Generation Sequencing (NGS)
« “screening’, multiparametric
« Semi-qualitative, sensit 5%

+ Specific RT-PCR + fragment analysis
* (Semi)-qualitative, sensit 10%

semi-urgent for therapy: FLT3-ITD/TKD
More sensitive technique: CEBPa (some NGS panels bad

coverage)

uza’
Kennis / Ervaring / Zorg



Molecular testing: Gene mutations

Next Generation Sequencing (NGS): ......

DNA isolation

A4

sl

DNA enrichment /
library preparation

Sequencing run

Analysis data:
Variant interpretation +
clinical report

Kennis / Ervaring / Zorg

"; Owerzicht van onderzochis genenicxonen van haf Myslold NGS haloplax HS panal.
Refersnfagencom GRCRITIhEIS)
e Fielieg [ITE) Excmien] Ty Indloatie PAHD KHacce|
13 AML, MOS, MDE/WPN WFH,
ASKLT  |MM_D153385  |URG_S30H | (masi ewon) | Tumor Suppressor | | mostocytose
[BCOR | NM_D177255 ) Tumor SupprEssar | MDD, AML
CALR (= i1 ] Cnogen PN, MOE/WFN, masiocyos:
Cncogens Tumor
cBL MM_D0S9883 (Lmo_soEd |BS SuppreEzsor DS, MOSWEN, masincysoss
CEEFA | MM_DOS3523  |Lmo_4Za 0 |1 Tumor SuppEssor | AML
CoF3R | MM_1380383F  |LmG_1a3 0 1217 [ FH, MOE/WFN
. atel [OMuma8 |BM_17S682  |LRG_ A58 B 2523 Tumor SuppESsor | | AML, MDS, MOSUMPN, WEN
min S99 ETRwWT | WML D1EEIES 3 Tncogen WCEWEN
5 Tirmor Suppressorn
ETHZ NM_DD44564  (LRO_s3nH | A Oncogen AML, MO8, MPH, MDS/MFEN
d FLTs NM_DOS1132 |G 457 H | 1215, 20 [ AL
‘ncogeny Tumor
oHT WR_D0SE353  (LRG_sioH |4 Suppressor AML, MPH
a TOHZ RE_DC 16683  |LRo BN E (2 [ ANL. MPH, masiocyiose
JARZ RE_DO5723  |LRo_EB1ZH | 1214 Cincogen PN, MOSWFN, masincyose
y T NM_DO0Z22Z | L0307 0 | 2,5-11,13,17 | Cncogen ANL, masnoymse
RMTZA | MM_DOS53as ] Tumor Suppressor | AML
S RRAS NM_DO4585 4 ) ‘Cncogen AML, MDSWPN, masiocymss
P RN D=3z |Ume_sion |10 [ PN, MOEWFN, masiocyose
TP RN_DOOE20E |G 4530 |11 [ AR
(=T RM_DEE223  |Lmo_sznl |23 Cncogen ANL, MOGWPN, masiocymse
RUNKT |KM_DDMTS44  [LRG_452H [Ane Tumor Suppressor | AML, MDS, MOS/AWPN, masiocyinse
SETBF1 | WM_D155533 F Cncogen MOSREN
[GF3E7 |WM 0124333 |LRG G4 | 1317 Cnogen AML. MPH, MDE, masooyinse
AML. MPH, MDE, MDEWFEN,
SRSFT | WM_DDED154  |LRO_s40H |4 Oncogen rasccytose
ETAGZ | MM_DOMDEZ745.2 | LRG_TE2 H | Ale Tumor Suppressar | AML
AML, MDE, MPH WMDEWEN,
TETZ NM_DOM127208.2 LRe 525 1 | 3,511 Tumor Suppressor | | mastocytose
TFE: RN_DO0S26E | mG 32 b |33 Tumor Suppressor | AML, MOS, MPH
UZAFT | MM DDETEEZ  |LRG EIEE 25T [ ANL NOE
Tumor Suppresson
WT1 NM_O24425 4 T3 Oncogen AML

UzZA’




Molecular testing: Gene mutations

NGS: “Variant interpretation and clinical report standardization”

Pathogenic / Probably pathogenic / Variant Unknown Significance _E_rg_bably benign / Benign

on report  Repeator
p Yes . confirm with )
- ) ~ other method
Allelic frequency =z 2% No Known pathogenic —
Variant coverage = 40x variant (class 4 or 5) No R
l Yes : No Class
I S
Variant present in the_codl_ng sequence CDSorin | No ( No Class a/"
splice site? o
Yes
Common variant (polymorphism?) Yes ~ Benign or Likely E Benign
MAF >1% (ExAc, ESP, 1000 genome databases*) \\\_‘7%/’”
No
. _ Yes _ T
Technical error (check in IGV) > No class or false positive »
—_—
lNo
Variant frequency and significance in Databases Infrequent
(COSMIC, OncoKb, chioportal, CIVIC, ClinVar...*) mutation
Tumor
Known hotspot Frequent but suppressor gene Oncogene
mutation not a hotspot .A‘
. pathogenic  Likely Pathogenic LOF (fs, No LOF
"\.\ (Class 5) /,/" e (Class 4) ’_,,,/ stop, splice) (missense)
(Class3) L HEES)
H . . . . —— . _—7—7_![7_7_
The Belgian next generation sequencing guidelines for _—— Unknown significance B

haematological and solid tumours. Hébrant et al. BJMO 2017 \*\\&}fj,//



Molecular testing: Gene mutations

RT-PCR + fragment analysis

1 day ‘
f{ DNA —| Specific — Capillary
i PCR RE digest electrophoresis
TKD
+ Specific (1 test per mutation tvne)
* (Semi)-qualitative test
* Sensitivity (1-10%) Wild type ~| L~ FLT3-ITD

« Easily standardized

Murphy et al 2003

Kennis / Ervaring / Zorg
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Molecular testing: Gene mutations: FLT3

FLT3 molecular testing

Fragmentanalysis I -

Specific (1 test per mutation type)
Easily standardised

Duration test: 1 day
~ 100 euro (in house)

Single gene _5’ CTATGCTCG + Narrowly targeted
testing * Result may trigger
Isolate/analyze Determine additional gene
single gene mutation status of testing

limited region

Multigene myeloid mutation panel

Labor intensive, highly specialized
interpretive skills

Duration test: 5 days
~ 400 euro
False negative results (ITD>100bp)?

BRAF O
& EGFR @ * Cost effective
Multiple KRAS O Effici ; .

: > . cient/time-saving
gene testing 5, FLTs O _

_& KT @ * Yields unexpected

NPM1 O findings
Isolate/analyze all Determine mutation status
relevant (cancer) genes of all relevant genes

simultaneously

uza



Molecular testing @ the laboratory

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

Diagnostic group Therapeutic options

@ UZA RN HE RT-PCR <48h
CBF fusion ..
NGS—limited/rapid panel Hemavision < 1 week
(send full panel) B e b~ B e S—
Gene fusion testing
FLTB_FSEE-PCR or FISH) TP53 mutation NGS <1 month
Send cy’rogeneti0§ /- additional agents (e g venetoclax)
Unt_reate_d AML, Immunophenotyping < FA <1 week
fit patient FLT3-ITD+ or D835+
48-72 hours NGS <1 month
. . IDH1+ or IDH2+
Communication NGS <1 month
« 5w NPM1+ or
CI | n |C| CEBPa double mutation+
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). I
Perl et al Blood Advances 2017 UM




Case report

Bone marrow: diagnosis of AML, based on morphology and flow
cytometry




Case report

Hemavision: no chromosomal aberrations/translocations detected

ovs 123 AT Fam -1 FAM 4PMLRARA bord) . it

o
tttttt

1-23

NERRANRARRT
EREENARERRRET
ERRRAARRANT

Kwalitatieve PCR naar fusiegentranscripten (screening)

§ Hemavision negatief
§ RUNX1-RUNX1T1t(8;21)(q22;q22) nt gedet
§ CBFB-MYH11 1inv(16)(pl3;q22) nt gedet
§ PML-RARA t(15;17) (q22;q21) nt gedet
§ MLLT3-KMT2A t£(9;11)(p22;q23) nt gedet
§ DEK-NUP214 t(6;9)(p23;q34) nt gedet
§ BCR-ABL1 t(9;22D(q34;q11.2) nt gedet
§ KMT2A herschikt t(v;11g23) nt gedet

uza



Case report

Fragment analysis FLT3: detection FLT3-ITD (ratio >0,5) ]

Opmerkingen en besluit:

associated with bad prognosis and sensitivity to FLT3 Tyrosine
kinase inhibitors

ZUL7 . Pernl eL arl., NEJW ZO0I9J.]
Er werd geen FLT3-TKD gedetecteerd met fragmentanalyse.

uza



Case report

NGS: NPM1 mutation, confirmation FLT3 ITD

Next generation seguencing Myeloid Panel

§ Pathogene varianten 2
§ variant 1 NPM1
C.860_863dupTCTG; p.(Trp288Cysfs 12) - 36%
§ variant 2 FLT3
c. 1762_1788dup27; p.(Glu588_Glu596dup) -
40%
§ Vermoedelijk pathog. varianten 0

Met next generation sequencing werden 2 pathogene varianten gevonden in NPM1
en FLT3 (FLT3-ITD).

volgens de WHO 2017 kan deze AML geklasseerd worden als AML met gemuteerd
NPM1.

De aanwezigheid van FLT3-ITD in dit type AML is geassocieerd met een eerder
ongunstige prognose (risk stratification intermediate volgens Dohner et al.,
Blood 2017).

AML with mutated NPM1

Intermediate prognosis
Sensitive to FLT3-inhibitors
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