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JARDIN P. Next Generation Sequencing and targeted genotyping as tools for 
personalized medicine in lymphoma. Presentation BHS 2017

DUBOIS S. Clin Cancer Res (2016), 22(12); 2919–28.

CHOP
chemotherapy

R-CHOP
Immuno-

chemotherapy

R-CHOP + …
Precision 
therapy

Next-generation sequencing

Chromosomal translocations

Gene expression profiling

1985

2000

2017

2009

DLBCL, NOS



HCL LPL FLCLL

BRAF V600E MYD88 L265P TP53 EZH2

NOTCH1
SF3B1
BIRC3

Diagnostic Prognostic Therapeutic





Questions
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?
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Literature search

European Expert
Group on
NGS-based Diagnostics in
Lymphoma
(EGNL)

LYmphoma Study Association
(LYSA)

Groupe de
Biologistes
Moléculaires des 
Hémopathies
Malignes
(GBMHW)
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Literature search

Consensus panel B-cell lymphomas (33 genes)
Consensus panel T-cell lymphomas (11 genes)

SUJOBERT P et al. 
HemaSphere (2019) 3(1):e169
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Literature search
DUBOIS et al.

Lymphopanel (34 genes)
DLBCL

HUNG et al.
Lymphopanel (32 genes)

CLL - FL - DLBCL
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HUNG et al. J Mol Diagnostics (2018);20(2):203-14DUBOIS et al. Clin Cancer Res. 2016;22(12):2919-28



Literature search

95 
genes

BCL6
BCL10
CDH2
FAS

FGFR1
FGFR2

FGFR3
GNAI2
IDH1
IKZF1
IKZF3
IRF8

ITPKB
JAK1
JAK2

KMT2C
MTOR

PDGFRA

PRKDC
SYK

TMEM30A

Exclusion of genes based on: 

occurence in only one gene panel without any references

74 
genes Exclusion of genes based on:

No clear diagnostic/prognostic/theranostic information
BTG1

CCND3
CDKN2B

CHD2
CIITA

IRF4/MUM1

KIT
KLHL6

MAPK7
MFHAS1
PIK3CA
PIK3CD

POT1
PRDM1/BLIMP1

PTEN
PTPN1
PTPN6

SAMHD1

SGK1
ZMYM3

54
genes
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Literature search

54
genes
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54
genes

Literature search
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KMT2D; 16,611 bp (17%)

ATM; 9168 bp (9%)

CREBBP; 7298 bp (7%)

EP300; 7214 bp (7%)

ARID1A; 6838 bp (7%)

TET2; 6000 bp (6%)

PTPRD; 5736 bp (6%)

= 98,933 base pairs54
genes

Literature search

21-gene myeloid panel
21,645 base pairs
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Literature search

67,418 base pairs

Exclusion of genes based on:

Size of the gene does not outweigh the 
diagnostic/prognostic/theranostic information

Genes included

ARID1A1

B2M1

BCL21

BIRC31,2

BRAF1,2

BTK1,2

CARD111,2

CCND11

CD281

CD58
CD79A1

CD79B1,2

CDKN2A1

CREBBP1

CXCR41,2

DDX3X2

DNMT3A1,2

EP3001

EZH21,2

FBXW7
FOXO11

GNA13
ID31,2

IDH21,2

JAK31

KLF21,2

KRAS
MAP2K1
MEF2B1

MYC1

MYD881,2

NFKBIE1,2

NOTCH11,2

NOTCH21,2

NRAS
PIM1

PLCG11

PLCG21,2

RHOA1,2

SF3B11,2

SOCS1
STAT31,2

STAT5B1

STAT61

TCF31,2

TET21,2

TNFAIP31

TNFRSF14
TP531,2

TRAF21

XPO11

ATM2 KMT2D/MLL2 PTPRD1

1 included in panel of SUJOBERT et al.
2 Included in panel of ROSENQUIST et al.

51 
genes

54
genes

98,933 base pairs
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Literature search

Functie 

gen  Gen Type pathologie
 mutatie 

frequentie (%)

 CNV frequentie 

(%)
Diagnostisch belang Prognostisch belang Therapeutisch belang Referentie

WM 27 1 0 2 (respons ibrutinib afh van mutatie MYD88 en CXCR4) Sujobert 2018, Rosenquist 2016

DLBCL 4 ? ? ? Rosenquist 2017

DLBCL 11 0
1 (DLBCL-ABC, R/ R-CHOP geeft slechtere 

progression free survival)
0

FL 3 0 0 0

ATLL  2-11 ? ? 1 (JAK3 inhibitoren)

CTCL/Sezary 3 ? ? ?

T-PLL 30-40 ? ? ?

AITL 2 ? ? ?

EATL 25 ? ? ?

PTCL NOS 3,8 ? ? ?

NKT  7-35 ? ? ?

MAPK KRAS OC CLL ? ? ? 1 (slechte respons chemo) Vendrami 2019, Rodriguez-Vicente 2017

MAPK MAP2K1 OC HCL variant 50 1 0 0 Waterfall 2014, Maitre 2018

DLBCL-ABC 13 - 30 2 0 1

DLBCL-GC 3 2 0 1

PCNSL 38-86 1 0 0

PTL 67 0 0 0

SMZL  5-21 0 0 0

WM 79-91 2 2 2 (cfr. CXCR4; mutatie belangrijk voor respons ibrutinib)

CLL  3-4 0 1 (gunstige outcome) 0

CLL 1 0 1 0

HL 27 0 0 0

PMBL 23 0 1 (refractair, slechte outcome) 0

CLL  8-17 0
1 (slechte outcome, aggressief verloop, refractair 

aan chemo + hoger risico op Richterse)
1

DLBCL-ABC 1 0 0 1

DLBCL-GCB 1 0 0 1

MCL  5-13 0 2 0

SMZL/SRPL 5 0 0 0

BL 8 0 0 0

CLL  8-17 0 1 1

DLBCL-ABC 1 0 0 1

DLBCL-GCB 1 0 0 1

MCL  5-13 0 2 0

SMZL/SRPL 5 0 0 0

BL 8 0 0 0

MAPK NRAS OC CLL ? ? ? 1 (slechte respons chemo) Vendrami 2019, Rodriguez-Vicente 2017

NFkB PIM1 OC DLBCL (vnl ABC) 18-20 ? ? 1 (mogelijk link met PIM kinase inhibitoren) Dubois 2016, Hung 2018

AITL/PTCL 15 ? 0 0

PTCL-NOS 15 ? 0 0
ATLL 33 ? 0 0

CTCL/Sezary 14-21 1 0 0

trans-

membraan
PLCG2 OC algemeen ? 0 0 2 (mutatie wordt gevonden bij ibrutinib resistentie) Sujobert 2018, Rosenquist 2016

AITL/PTCL 34-67 2 0
ATLL 12 ? 0 0

PTCL NOS 15-18 ? 0 0
Sezary 7 ? 0 0

JAK-STAT SOCS1 TSG PMBCL 15-50 0 0 1 (ruxolitinib mogelijks effectief) Dubois 2016, Iqbal 2016

LGL 36-40 2 ? ?
AITL 2 ? ? ?

ALK neg ALCL 20 ? ? ?
ATLL 23 ? ? ?
HSTL 10 ? ? ?
EATL 20 ? ? ?

MEITL 10 ? ? ?
NKTCL 14-25 ? ? 1 (onderzoek naar STAT3 inhibitoren)

CTCL/Sezary 3-21 ? ? ?

OCSTAT3JAK-STAT

OCMYD88TLR

TSGNFKBIENFkB

TSG/OCNOTCH1NOTCH 

TSG/OCNOTCH2NOTCH 

OCPLCG1TCR-NF-kB

TSG/OCRHOAandere

OCCXCR4andere

TSGGNA13andere

OCJAK3JAK/STAT

Dubois 2016, Hung 2018, Rosenquist 2017

Sujobert 2018, Rosenquist 2016, Zhang 2018

Sujobert 2018, Rosenquist 2016, Hung 2018, Dubois 2016, 

Bogusz 2016

Sujobert 2018, Rosenquist 2016, Hung 2018, Dubois 2016

Sujobert 2018, Rosenquist 2016

Sujobert 2018, Rosenquist 2016, Zhang 2018

Sujobert 2018, Rosenquist 2016, Hung 2018, Dubois 2016, 

Iqbal 2016, Bogusz 2016

Sujobert 2018, Rosenquist 2016

Sujobert 2018, Rosenquist 2016

Signalisatie pathways
MCL  3-10 0 1 2 (mogelijks resistent aan ibrutinib)

CLL 4-9 0
2 (slechte outcome, agressief verloop, refractair 

aan fludarabine)
1

SMZL 5 0 0 2

HCL >90 1 0 1 Sujobert 2018

CLL 2-4 0 0 1 Sujobert 2018

DLBCL 1 ? ? ? Dubois 2016

BCR BTK OC algemeen 0 0 2 (relaps CLL en/of refractair aan ibrutinib) Sujobert 2018, Rosenquist 2016

FL 11 0 2 (m7-FLIPI) 1

DLBCL-ABC  6-12 0 0 2 (resistentie BTK inhibitoren)

DLBCL-GCB  3-12 0 0 1

MCL 3-15 10 0 1 2

CLL 1-2

SMZL ~ 7

NMZL 8

AITL 5 ? ? ?

ATLL 25 ? ? ?

Sezary  6-15 ? ? ?

AITL 10 1 ? mogelijks target PD-1 inhibitor

Sezary 5 ? ? ?

ATLL 4 ? ? ?

DLBCL-ABC 3 0 1 1

FL 6 0 0 1

SMZL 1 0 0 1

DLBCL-ABC  21-23 1 0 1 (meer gevoelig aan ibrunitib)

DLBCL-GCB  1-3 1 0 1

PCNSL 64 0 0 1

PTL 83 0 0 1

WM 7 0 0 1

NFkB

andere CD28 OC

OCCD79aBCR

OCCD79bBCR

BIRC3 TSGNFkB

BRAFMAPK OC

OCCARD11
Rosenquist 2017

Sujobert 2018

Sujobert 2018, Rosenquist 2016, Hung 2018, Scott 2018

Sujobert 2018, Bogusz 2016, Rosenquist 2016, Hung 2018

Sujobert 2018, Rosenquist 2016, Dubois 2016, Hung 2018, 

Rosenquist 2017

Sujobert 2018, Rosenquist 2016

Sujobert 2018, Rosenquist 2016

Genes included

ARID1A1

B2M1

BCL21

BIRC31,2

BRAF1,2

BTK1,2

CARD111,2

CCND11

CD281

CD58
CD79A1

CD79B1,2

CDKN2A1

CREBBP1

CXCR41,2

DDX3X2

DNMT3A1,2

EP3001

EZH21,2

FBXW7
FOXO11

GNA13
ID31,2

IDH21,2

JAK31

KLF21,2

KRAS
MAP2K1
MEF2B1

MYC1

MYD881,2

NFKBIE1,2

NOTCH11,2

NOTCH21,2

NRAS
PIM1

PLCG11

PLCG21,2

RHOA1,2

SF3B11,2

SOCS1
STAT31,2

STAT5B1

STAT61

TCF31,2

TET21,2

TNFAIP31

TNFRSF14
TP531,2

TRAF21

XPO11

1 included in panel of SUJOBERT et al.
2 Included in panel of ROSENQUIST et al.
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TREON SP et al. NEJM (2015) 372:1430-40.  

LPL Literature search

MYD88L265P triggers tumor-cell growth through Bruton’s tyrosine kinase  
(target ibrutinib)

CXCR4WHIM in vitro resistance ibrutinib
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Literature search

Gene Exon transcript refseq Gene Exon transcript refseq

ARID1A 1-20 ENST00000324856.7 NM_006015 KRAS 2-5 ENST00000311936.3 NM_004985

B2M 1-3 ENST00000558401.1 NM_004048 MAP2K1 2-3 ENST00000307102.5 NM_002755

BCL2 1-2 ENST00000398117.1 NM_000633 MEF2B 2-9 ENST00000424583.2 NM_001145785

BIRC3 4-10 ENST00000532808.1 NM_182962 MYC 1-3 ENST00000377970.2 NM_002467

BRAF 15 ENST00000288602.6 NM_004333 MYD88 3-5 ENST00000396334.3 NM_002468

BTK 15 ENST00000308731.7 NM_000061 NFKBIE 1-6 ENST00000275015.5 NM_004556

CARD11 4-10 ENST00000396946.4 NM_032415 NOTCH1 26-27,34 ENST00000277541.6 NM_017617

CCND1 1 ENST00000227507.2 NM_053056 NOTCH2 34 ENST00000256646.2 NM_024408

CD28 1-4 ENST00000324106.8 NM_001243077 NRAS 2-3 ENST00000369535.4 NM_002524

CD58 1-6 ENST00000369489.5 NM_001779 PIM1 1-6 ENST00000373509.5 NM_001243186

CD79a 4-5 ENST00000221972.3 NM_001783 PLCG1 1,11,29 ENST00000373272.2 NM_002660

CD79b 5-6 ENST00000392795.3 NM_001039933 PLCG2 19,20,22,24,26,27 ENST00000359376.3 NM_002661

CDKN2A 1-2 ENST00000361570.3 NM_058195 RHOA 2-3 ENST00000418115.1 NM_001664

CREBBP 1-31 ENST00000262367.5 NM_004380 SF3B1 13-16 ENST00000335508.6 NM_012433

CXCR4 2 ENST00000241393.3 NM_003467 SOCS1 2 ENST00000332029.2 NM_003745

DDX3X 1-17 ENST00000399959.2 NM_001193416 STAT3 19-21 ENST00000264657.5 NM_139276

DNMT3A 8-23 ENST00000264709.3 NM_17562 STAT5B 14-17 ENST00000293328.3 NM_012448

EP300 1-31 ENST00000263253.7 NM_001429 STAT6 12-18 ENST00000300134.3 NM_001178078

EZH2 2-20 ENST00000320356.2 NM_001203247 TCF3 16-18 ENST00000344749.5 NM_001136139

FBXW7 8-10 ENST00000281708.4 NM_033632 TET2 3-11 ENST00000380013.4 NM_001127208

FOXO1 1-2 ENST00000379561.5 NM_002015 TNFAIP3 2-9 ENST00000237289.4 NM_001270507

GNA13 1-4 ENST00000439174.2 NM_006572 TNFRSF14 1-8 ENST00000355716.4 NM_003820

ID3 1-2 ENST00000374561.5 NM_002167 TP53 2-11 ENST00000269305.4 NM_000546

IDH2 4 ENST00000330062.3 NM_002168 TRAF2 2-11 ENST00000247668.2 NM_021138

JAK3 10-19 ENST00000458235.1 NM_000215 XPO1 15,19 ENST00000401558.2 NM_003400

KLF2 1-3 ENST00000248071.5 NM_016270
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Questions
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?
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Section test results

HGVS-nomenclature (Human Genome Variation Society)

c.2645G>A p.(Arg882His)
Coding DNA

sequence

Guanine-to-adenine
at position 2645

protein

Arginine-to-Histidine
at codon 882

VUS (Likely) benigne variants must not be reported

Section conclusion & interpretation

Q2. 
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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

validation & quality control 42.96

Total 360.65

21% VAT + 56,6% overhead costs 680.76

Total costs per sample

Price per sample (€)
21-gene Myloid Panel

239.52

452.12

Q2. 
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Clinical indications

1. Inconclusive tentative diagnosis

[+ lymphomas of very rary entities]

decision: MOC

Q2. 
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Genes included

ARID1A1

B2M1

BCL21

BIRC31,2

BRAF1,2

BTK1,2

CARD111,2

CCND11

CD281

CD58
CD79A1

CD79B1,2

CDKN2A1

CREBBP1

CXCR41,2

DDX3X2

DNMT3A1,2

EP3001

EZH21,2

FBXW7
FOXO11

GNA13
ID31,2

IDH21,2

JAK31

KLF21,2

KRAS
MAP2K1
MEF2B1

MYC1

MYD881,2

NFKBIE1,2

NOTCH11,2

NOTCH21,2

NRAS
PIM1

PLCG11

PLCG21,2

RHOA1,2

SF3B11,2

SOCS1
STAT31,2

STAT5B1

STAT61

TCF31,2

TET21,2

TNFAIP31

TNFRSF14
TP531,2

TRAF21

XPO11

1 included in panel of SUJOBERT et al.
2 Included in panel of ROSENQUIST et al.

…

2020

2. New guidelines/targeted therapies?



Clinical indications

1. Inconclusive tentative diagnosis

[+ lymphomas of very rary entities]

decision: MOC
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2020

2. New guidelines/targeted therapies?

Genes included

ARID1A1

B2M1

BCL21

BIRC31,2

BRAF1,2

BTK1,2

CARD111,2

CCND11

CD281

CD58
CD79A1

CD79B1,2

CDKN2A1

CREBBP1

CXCR41,2

DDX3X2

DNMT3A1,2

EP3001

EZH21,2

FBXW7
FOXO11

GNA13
ID31,2

IDH21,2

JAK31

KLF21,2

KRAS
MAP2K1
MEF2B1

MYC1

MYD881,2

NFKBIE1,2

NOTCH11,2

NOTCH21,2

NRAS
PIM1

PLCG11

PLCG21,2

RHOA1,2

SF3B11,2

SOCS1
STAT31,2

STAT5B1

STAT61

TCF31,2

TET21,2

TNFAIP31

TNFRSF14
TP531,2

TRAF21

XPO11

1 included in panel of SUJOBERT et al.
2 Included in panel of ROSENQUIST et al.

B-cell lymphomas

T-cell lymphomas



Clinical indications

1. Inconclusive tentative diagnosis

[+ lymphomas of very rary entities]

decision: MOC
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Genes included

ARID1A1

B2M1

BCL21

BIRC31,2

BRAF1,2

BTK1,2

CARD111,2

CCND11

CD281

CD58
CD79A1

CD79B1,2

CDKN2A1

CREBBP1

CXCR41,2

DDX3X2

DNMT3A1,2

EP3001

EZH21,2

FBXW7
FOXO11

GNA13
ID31,2

IDH21,2

JAK31

KLF21,2

KRAS
MAP2K1
MEF2B1

MYC1

MYD881,2

NFKBIE1,2

NOTCH11,2

NOTCH21,2

NRAS
PIM1

PLCG11

PLCG21,2

RHOA1,2

SF3B11,2

SOCS1
STAT31,2

STAT5B1

STAT61

TCF31,2

TET21,2

TNFAIP31

TNFRSF14
TP531,2

TRAF21

XPO11

1 included in panel of SUJOBERT et al.
2 Included in panel of ROSENQUIST et al.

…

2020

2. New guidelines/targeted therapies?

TO DO – cell free DNA panel 

TO DO – verification study

…
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