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1.
Which genes should be included
in a next-generation sequencing panel
for mature lymphoid malignancies providing
diagnostic, prognostic and therapeutic information?

2.
How can such panel be implemented in
routine clinical practice?



Ql.
Composition

Lymphoid gene panel

Reads

Amplicon-based

l Sequencing

NGS techniques for DNA variant detection

43

\ Patient sample

A 4

_+

Extracted DNA

Anchored Multiplex PCR (AMP)-based

Reads

Fragmentation
+
Adaptor ligation

--------
.
- S

Universal adaptor primer 2}

PCR
+
Sequencing

Hybridization capture-based

Fragmentation
+
Adaptor ligation

0
G .
---------

Capture

+
l Sequencing

Reads




Ql.
Composition
Lymphoid gene panel

Insight

Library
Sample construction
Preparation & target
enrichment

Data
Interpretation

Data
Analysis

* GeneRead * QlAseq Targeted * |llumina * QlAseq Targeted * |ngenuity Variant
DNA FFPE Kit DNA Panels & Thermo Fisher DNA Panel Analysis Analysis (IVA)
* QlAamp Circulating * QIlAseq indexes Scientific pipeline ¢ QIAGEN Clinical
Nucleic Acid Kit ® Biomedical Genomics Insight (QCI)
Workbench

Figure 1. Overview of the sample-to-insight NGS workflow with QlAseq Targeted DNA Panels. The complete sample-to-
insight procedure begins with DNA extraction. Next is library construction and target enrichment with QlAseq Targeted
DNA Panels. Following NGS, data analysis is performed using the QlAseq Targeted DNA Panel Analysis Software
pipeline or Biomedical Genomics Workbench. Ultimately, detected variants can be interpreted with the Ingenuity®

Variant Analysis (IVA) tool or with QIAGEN Clinical Insight (QCI™).
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Figure 2. A heatmap representation of the prevalence of gene mutations in mature T lymphoid malignancies from the LYSA/GBMHM consensus
panel. The borders of the squares are colored when the alteration has a clinical impact in a particular lymphoma subtype (diagnostic in yellow, theranostic in blue).
AITL = angio-immunoblastic T lymphoma, ALCL = anaplastic large cell lymphoma, ATLL = adult T leukemia/lymphoma, EATL = enteropathy associated T
lymphoma, HSTL = hepatosplenic T ymphoma, LGL = large granular lymphocytic leukemia, MEITL = monomorphic epitheliotropic intestinal T lymphoma, NKTCL
= nasal type NK/T cell ymphoma, PTCL-NOS = peripheral T cell ymphoma, not otherwise specified, PTCL-TFH = nodal peripheral T cell lymphoma derived from SUJOBERT P et al.
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NM_004380
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NM_006572
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How can such panel be implemented in
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1 Exonic and splice variant fulfill technical validation e Ignore or
(Lab-specific thresholds for coverage and VAF, artefact, etc....) repeat
l Yes
2 Common variants in the population ves _B'E"ilﬂ or
Any ethnic-based MAF >0.1% (GnomAD, ESP, 1000 genome) Likely Benign
No
3 '. ) ] Yes h .
In Consensus Pathogenic Variants (CPV) list* E— Pathogenic
l No No l
5 | No clear LoF mutation 4 | Clear LoF mutation
(missense, in-frame indel) (fs, stop, AG/GT splice) *See CPV Solid/Myeloid list
l l l **See Ts & Oncogene list
‘Scoring system’ In Oncogene** InTs gene**
(see scoring table) l l
Likely
L Pathogenic

Figure 1. ComPerMed workflow for the biDngical classification of somatic variants.
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ﬂ Exonic and splice variant fulfill technical validation No T Table 2. Consensus Pathogenic Variant (CPV) list of the ComPerMed genes selected for .
(Lab-specific thresholds for coverage and VAF, artefact, etc....) repeat myelo:id tumours. Lym p h Ol d ge ne pa n eI
Yes .
Gene Transcript Hs1 Hs2 Hs3 Hs4 Hs5
ﬂ Common variants in the population Yes 1D
Any ethnic-based MAF >0.1% (GnomAD, ESP, 1000 genome) ASXL1 NM_015338.5 none
CALR NM_004343.3 ex9of-del exYof-ins
No CEBPA NM_004364.3 none
CSF3R NM_156039.3 T6181
3 In Consensus Pathogenic Variants (CPV) list* Pathogenic DNMT3A  NM_175629.2 R882C/H
EZH2 NM_004456.4 Yo646F/H/N/S
l i o l FLT3 NM_0041192  ex14if-dup D835A/E/H/V/Y
; - IDH1 NM_005896.3 R132C/G/H/L/S
5 | No clear LoF mutation 4 Clear LoF mutation
J(rnissense in-frame indel) (fs, stop, AG/GT splice) . - IDH2 NM_002168.3 R140L/Q/W R172K/M/S
’ — *See CPV Solid/Myeloid list JAK2 NM_004972.3 ex12 if-del/if-dup V617F
See Ts & Oncogene fist KIT NM_000222.2  see CPV Solid list
3 Y MPL NM_005373.2 5505N W515any ms
SA— in Oncogene®® InTs gene®® NPM1 NM_0025206  exllof-ins
firs aing o] RUNX1  NM_001754.4 none
L 1 SETBP1  NM_015559.3 D8S68N G870S
SF3B1 NM_012433.3 E622D R625C/H H6620 Koe6eN/R/T K700E G742D
- Likely SRSF2 NM_003016.4 P95H/L/R P95_R102del
Pathogenic TET2 NM_0011272082  none
TP53 NM_000546.5 R175H Y220C G2455 R248Q/W R273C/H R282W
U2AF1 NM_006758.2 S34FY Q157P/R
Figure 1. ComPerMgd workflow for the biological classification of somatic variants. WT1 NM_024426.5 none

Hs: Hotspot; if-del: inframe deletion; if-dup: inframe duplication; of-del: out of frame deletion; of-ins: out of frame
insertion; any ms: any missense variant; none: no consensus pathogenic variants present.

Table 3. Scoring Table for the biological variant classification of non-loss-of-function (LoF) variants.

Parameter Score Score Score Score Score

‘ +2 +1 +0.5 0 -1
Total # of entries of that particular AA Solid: =50 50 >x>10 / <10 /
change at that position in COSMIC Hemato: =10 W=>=x>5 / =5 /
In silico prediction tools SIFT and Both damaging
MutationTaster / / and deleterious Other /
Harmful in functional studies (PubMed, i _
JAX-CKB, MDA, MCG) / / Yes Not reported No
Described in at least one genomic db / / As (Likely) Not As (Likely)
(CIVIC, ClinVar, OncoKb, VarSome) Pathogenic described/unknown  Benign

Variants with a score =2 will be classified as “Likely PathoEenic”. Variants with a score <2 are classified as “VUS”.
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Patientnr 5102223580 Hematologie

Voorschrijvende arts: Snauwaert Sylvia
Geboortedatum: 22/02/1951
Bloedgroep : A Positief

Voorschrift: 09/01/20
Ontvangst: 09/01/20 om 16:10 Selectief SJ JAD9 1463
Afname: 09/01/20 om 16:00 van 23/04/20 om 11:30 Pagina1/4
Materiaal: 1 x BM Cytogenetica (PCG), 1 x EM op EDTA (BED), 1 x Beenmerg
Klinische geg.: Vermoeden therapie-gerelateerde acute leukemie
Naam Resultaat Vorig resultaat Eenheid Referentiewaarden
Beenmergonderzoek

NGS myeloid panel

Genen panel en toestel QiaSeqg myeloid custom DNA panel v1.0 (Qiagen) op MiSeq

Achtergrond: Volgende genen worden via targeted NGS resequencing onderzocht: ASXL1,
CALR, CEBPA, CSF3R, DNMT3A, EZH2, FLT3, IDH1, IDH2, JAK2, KIT, MPL, NPM1,
RUNX1, SETBP1, SF3B1, SRSF2 (=SFRS2), TET2, TP53, U2AF1 en WT1. Enkel varianten
tot een waargenomen allel frequentie van 2% worden gerapporteerd. De gevoeligheid van
de analyse is minstens 5% allel frequentie voor substitutievarianten en kleine indels (<25 bp,
zoals bv. NPM1 type A,B,D hotspot en CALR typ 102 mutaties). Grote indels (zoals bv.
CALR typ 10" mutaties) vertonen een verminderde gevoeligheid, alsook de detectie van
grote ITD mutaties. Daarom wordt volgens indicatie een FIt3-ITD PCR-fragmentanalyse ter
bevestiging uitgevoerd. Deze test kan geen onderscheid maken tussen een verworven en
een germline mutatie. Voor meer informatie over de doelwitregios en de gebruikte
transcripten zie http://iwww.azsintjan.be/labogids. Gedetailleerde informatie over de analyse

Variant-1 DNMT3ARc.2645G>A p.(Arg882His)§42% VAF

Variant-1 classificatie Pathogeen, gekende hotspot mutatie

Besluit Een pathogene mutatie in het DNMT3A gen werd waargenomen.
Het waargenomen mutatieprofiel past bij de diagnose van therapy related myeloid neoplasm.

Klinische info pathogene mutaties

DNMT3A mutaties komen voomamelijk voor bij AML (20-30%) en MDS (10-15%) en in mindere mate bij CMML en andere
myeloproliferatieve aandoeningen. Ook bij gezonde oudere personen worden mutaties van het DNMT3A gen waargenomen (Clonal
Hematopoiesis of Indeterminate Potential - CHIP, 10% op de leeftijd van 80j). Mutaties in dit gen zouden prognostisch ongunstig
zijn.

NGS VUS varianten
Volgende variant van onbekende betekenis (VUS) werd vastgesteld: DNMT3A, c.1648G>A p.(Gly550Arg), 46% VAF

BCP)

BCP)

BCR)

BCP)

BCR)
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Lymphoid gene panel

Section test results

A
HGVS-nomenclature (Human Genome Variation Society)
$.264SG>A p.(Arg882His)
Coding DNA prgtein
sequence
Guanine-to-adenine  Arginine-to-Histidine
at position 2645 at codon 882
Section conclusion & interpretation
A\ 4

VUS (Likely) benigne variants must not be reported



1

Exonic and splice variant fulfill technical validation
(Lab-specific thresholds for coverage and VAF, artefact, etc....)

Yes

ﬂ Common variants
Any ethnic-based MAF >0.1% (GnomAD, ESP, 1000 genome)

in the population

No

In Consensus Pathogenic Variants (CPV) list*

lNo

5]

No clear LoF mutation
(missense, in-frame indel)

k.

‘Scoring system’
(see scoring table)

Ncl

4 | Clear LoF mutation
(fs, stop, AG/GT splice)

v

In Oncogene** In Ts gene**
Likely
RS Pathogenic

Ilgnore or
repeat

Pathogenic

*See CPV Solid/Myeloid list
**See Ts & Oncogene list

Figure 1. ComPeRled workflow for the biological classification of somatic variants.

Variant analysis

Table 2. Consensus Pathogenic Variant (CPV) list of the ComPerMed genes selected for

myeloid tumours.

Gene ;Flgans cript Hs1 Hs2 Hs3 Hs4 Hs5
ASXL1 NM_015338.5 none

CALR NM_004343.3 ex9of-del ex9of-ins

CEBPA NM_004364.3 none

CSF3R NM_156039.3 T6181

DNMT3A  NM_175629.2 R882C/H

EZH2 NM_004456.4  Y646F/H/N/S

FLT3 NM_004119.2 ex14if-dup D835A/E/H/V/Y

IDH1 NM_005896.3 R132C/G/H/L/S

IDH2 NM_002168.3 RI40L/IQ/W R172K/M/S

JAK2 NM_004972.3  ex12 if-del/if-dup V617F

KIT NM_000222.2 see CPV Solid list

MPL NM_005373.2 5505N W515any ms

NPM1 NM_002520.6 ex1lof-ins

RUNX1 NM_001754.4 none

SETBP1 NM_015559.3 D868N G870S

SF3B1 NM_012433.3 E622D R625C/H H6620Q K666N/R/T K700E G742D
SRSF2 NM_003016.4 PY5H/L/R P95_R102del

TET2 NM_001127208.2 none

TP53 NM_000546.5 R175H Y220C G2455 R248Q/'W R273C/H R282W
U2AF1 NM_006758.2 S34FfY Q157P/R

WT1 NM_024426.5 none

Q2.
Implementation
Lymphoid gene panel

Hs: Hotspot; if-del: inframe deletion; if-dup: inframe duplication; of-del: out of frame deletion; of-ins: out of frame
insertion; any ms: any missense variant; none: no consensus pathogenic variants present.

Table 3. Scoring Table for the biological variant classification of non-loss-of-function (LoF) variants.

Score Score
+2 +1

Solid: =50
Hemato: =10

Parameter

50 =x =10
W=x=>5

Total # of entries of that particular AA
change at that position in COSMIC

silico prediction tools an both damaging

MutationTaster / / and deleterious Other /
;:l;)r(t_l&f;gn‘;\ig‘;tiﬁ'gg;udies (PubMed, / / Yos Not reported No
Described in at least one genomic db / / As (Likely) Not As (Likely)
(CIVIC, ClinVar, OncoKb, VarSome) Pathogenic described/unknown  Benign

Variants with a score >2 will be classified as “Likely Pathogenic”. Variants with a score <2 are classified as “VUS".
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Total costs per sample

Price per sample (€)
51-gene Lymphoid Panel

Extraction 3.63
Concentration calculation 0.66
QiaSeq (custom panel + index set) 82.24
Sequencing 127.87
Instruments 18.89
Bioinformatic software 8.84
Maintenance contracts 10.87
Working time 64.68 Price per sample (€)
validation & quality control 42.96 21-gene Myloid Panel
Total 360.65 239.52

21% VAT + 56,6% overhead costs 680.76 452.12
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Clinical indications

ARID1A! DDX3X? MYD8812 TET212 2020
B2M" DNMT3ALZ  NFKBIE? TNFAIP3! @ 1. Inconclusive tentative diagnosis
BCL2! EP300? NOTCH112 TNFRSF14

1,2 1,2 1,2 1,2 ..

BBISE,?LZ Eé;'iw NO,\T;,:'; I{:f;izl [+ lymphomas of very rary entities]
BTKL2 FOXO1! PIM1 XPO11 o

CARD1112 GNA13 PLCG1! decision: MOC

CCND11 ID312 PLCG212
D28t IDH21.2 RHOAL2
CD58 JAK31 SF3B112

CD79AL KLF21.2 sOcs1

CD79B12 KRAS STAT312

CDKN2A! MAP2K1 STATSB! O

CREBBP! MEF2B! STAT6

Lymphoid gene panel

2. New guidelines/targeted therapies?

CXCR412 Myct TCF312

Lincluded in panel of SUIOBERT et al.
2 Included in panel of ROSENQUIST et al.
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Clinical indications

ARID1A! MYD8812 2020
B2M? NFKBIEY2 TNFAIP3!? .
BCL2?! EP300! NOTCH1'2 TNFRSF14

BIRC31? EZH212 NOTCH212 TP5 -
BRAFl,Z FBXW7 NRAS TRAle [+ |ymph0maS Of Very rary entItIES]
BTK™2 FOXO01? PIM1 XPO1?!

CAR GNA13 decision: MOC
CCND1! ID312 PLCG2L2

Lymphoid gene panel

1. Inconclusive tentative diagnosis

CD58 SF3B112
CD79A! KLF2%2 SOCs1
CD79B12 KRAS
CDKN2A! MAP2K1 .

CREBBP! e STATEL 2. New guidelines/targeted therapies?

CXCR41? MYC? TCF312

Lincluded in panel of SUIOBERT et al.
2 Included in panel of ROSENQUIST et al.

B-cell lymphomas
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Clinical indications
TO DO - verification study

ARID1AL DDX3X? MYD8812 TET212 2020
B2M" DNMT3ALZ  NFKBIE? TNFAIP3! @ 1. Inconclusive tentative diagnosis
BCL2! EP300? NOTCH112 TNFRSF14

1,2 1,2 1,2 1,2 ..

BBISE;,Z Eé;'iw NO,\T;,:'; I{:f;izl [+ lymphomas of very rary entities]
BTKL2 FOXO1! PIM1 XPO11 o

CARD1112 GNA13 PLCG1! decision: MOC

CCND11 ID312 PLCG212
D28t IDH21.2 RHOAL2
CD58 JAK31 SF3B112

CD79AL KLF21.2 sOcs1

CD79B12 KRAS STAT312

CDKN2A! MAP2K1 STATSB! O

CREBBP! MEF2B! STAT6

2. New guidelines/targeted therapies?

CXCR412 Myct TCF312

Lincluded in panel of SUIOBERT et al.
2 Included in panel of ROSENQUIST et al.

@ 70 DO - cell free DNA panel
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