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4th WHO classification of tumors of hematopoietic and lymphoid tissues

Table 1. WHO classification of tumors of hematopoietic and lymphoid tissues

Mature B-cell neoplasms
Chronic lymphocytic leukemia/small lymphocytic lymphoma
B-cell prolymphocytic leukemia

Splenic marginal zone lymphoma

Hairy cell leukemia

Splenic lymphoma/leukemia, unclassifiable”

e mezindrodné uzndvana klasifikace
e 4. vydani 2008
* revize 4. vydani 2017

Splenic diffuse red pulp small B-cell lymphoma™
Hairy cell leukemia variant”
Lymphoplasmacytic lymphoma
Waldenstrdm macroglobulinemia
Heavy chain diseases
o Heavy chain disease
v Heavy chain disease
p Heavy chain disease
Plasma cell myeloma
Solitary plasmacytoma of bone
Extraosseous plasmacytoma
Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT lymphoma)
Nodal marginal zone lymphoma
Pediatric nodal marginal zone lymphoma*
Follicular lymphoma
Pediatric follicular lymphoma™
Primary cutaneous follicle centre lymphoma
Mantle cell lymphoma
Diffuse large B-cell lymphoma (DLBCL), NOS
T-cell/histiocyte rich large B-cell lymphoma
Primary DLBCL of the CNS
Primary cutansous DLBCL, leg type
EBV-positive DLBCL of the elderly”
DLECL associated with chronic inflammation

Neoplazie
ze zralych B-lymfocytu
* 36 jednotek

Lymphomatoid granulomatosis

Primary mediastinal (thymic) large B-cell lymphoma

Intravascular large B-cell ymphoma

ALK-positive large B-cell lymphoma

Plasmablastic lymphoma

Large B-cell lymphoma arising in HHV8-associated multicentric Castleman disease

Primary effusion lymphoma

Burkitt lymphoma

B-cell ymphoma, unclassifiable, with features intermediate between diffuse large B-cell lymphoma and Burkitt lymphoma

B-cell ymphoma, unclassifiable, with features intermediate between diffuse large B-cell lymphoma and classical Hodgkin lymphoma

Campo et al. 2011



5th WHO classification

of tumors of hematopoietic and lymphoid tissues (2022)

Mature B-cell neoplasms
Pre-neoplastic and neoplastic small lymphocytic
proliferations

Monoclonal B-cell lymphocytosis
Chronic lymphocytic leukaemia/small lymphocytic lymphoma

Splenic B-cell lymphomas and leukaemias

Hairy cell leukaemia

Splenic marginal zone lymphoma

Splenic diffuse red pulp small B-cell lymphoma

Splenic B-cell lymphoma/leukaemia with prominent nucleoli

Lymphoplasmacytic lymphoma
Lymphoplasmacytic lymphoma
Marginal zone lymphoma

Extranodal marginal zone lymphoma of mucosa-associated
lymphoid tissue

Primary cutaneous marginal zone lymphoma

Nodal marginal zone lymphoma
Paediatric marginal zone lymphoma
Follicular lymphoma

In situ follicular B-cell neoplasm
Follicular lymphoma

Paediatric-type follicular lymphoma
Duodenal-type follicular lymphoma

Cutaneous follicle centre lymphoma

Primary cutaneous follicle centre lymphoma
Mantle cell lymphoma

In situ mantle cell neoplasm

Mantle cell lymphoma

Leukaemic non-nodal mantle cell lymphoma
Transformations of indolent B-cell lymphomas
Transformations of indolent B-cell lymphomas
Large B-cell lymphomas

Diffuse large B-cell lymphoma, NOS
T-cell/histiocyte-rich large B-cell lymphoma

Diffuse large B-cell lymphoma/ high grade B-cell lymphoma
with MYC and BCL2 rearrangements

ALK-positive large B-cell lymphoma

Large B-cell lymphoma with IRF4 rearrangement
High-grade B-cell lymphoma with 11q aberrations
Lymphomatoid granulomatosis

EBV-positive diffuse large B-cell lymphoma

Diffuse large B-cell lymphoma associated with chronic
inflammation

Fibrin-associated large B-cell lymphoma

Fluid overload-associated large B-cell lymphoma
Plasmablastic lymphoma
Primary large B-cell lymphoma of immune-privileged sites

Primary cutaneous diffuse large B-cell lymphoma, leg type
Intravascular large B-cell lymphoma

Primary mediastinal large B-cell lymphoma

Mediastinal grey zone lymphoma

High-grade B-cell lymphoma, NOS

Burkitt lymphoma
Burkitt lymphoma

KSHV/HHV8-associated B-cell lymphoid proliferations and
lymphomas

Primary effusion lymphoma
KSHV/HHV8-positive diffuse large B-cell lymphoma

KSHV/HHV8-positive germinotropic lymphoproliferative
disorder

Lymphoid proliferations and lymphomas associated with
immune deficiency and dysregulation

Hyperplasias arising in immune deficiency/dysregulation

Polymorphic lymphoproliferative disorders arising in immune
deficiency/dysregulation

EBV-positive mucocutaneous ulcer
Lymphomas arising in immune deficiency / dysregulation

Inborn error of immunity-associated lymphoid proliferations
and lymphomas

Hodgkin lymphoma
Classic Hodgkin lymphoma
MNodular lymphocyte predominant Hodgkin lymphoma

Allagio et al. 2021



5th WHO classification

of tumors of hematopoietic and lymphoid tissues (2022)

Mature B-cell neoplasms
Pre-neoplastic and neoplastic small lymphocytic

proliferations
Monoclonal B-cell lymphocytosis

Chronic lymphocytic leukaemia/small lymphocytic lymphoma

Cutaneous follicle centre lymphoma
Primary cutaneous follicle centre lymphoma
Mantle cell lymphoma

In situ mantle cell neoplasm

Mantle cell Wmphoma

Burkitt lymphoma
Burkitt lymphoma

KSHV/HHV8-associated B-cell lymphoid proliferations and

lymphomas

Primary effusion lymphoma

Splenic B-cell lymphomas and leukaemias
Hairy cell leukaemia

Splenic marginal zone lymphoma

Splenic diffuse red pulp small B-cell lymphonm
Splenic B-cell lymphoma/leukaemia with pron

Lymphoplasmacytic lymphoma
Lymphoplasmacytic lymphoma
Marginal zone lymphoma

Extranodal marginal zone lymphoma of mucd
lymphoid tissue

Primary cutaneous marginal zone lymphoma

Nodal marginal zone lymphoma
Paediatric marginal zone lymphoma
Follicular lymphoma

In situ follicular B-cell neoplasm
Follicular lymphoma

Paediatric-type follicular lymphoma
Duodenal-type follicular lymphoma

WHO-HAEM4R

any IDD setting, generally EBV-associated

Primary DLBCL of CNS

o
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Immune deficiency/
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lymphomas
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DLBCL, NOS

DLBCL/HGBL with MYC
and BCL2 rearrangement
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High-grade B-cell lymphoma, NOS

Allagio et al. 2021



Vznik B bunécného receptoru
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funkénich genl
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Prestavby IG gent

V segments D segments J segments C segments
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Klonalita IG — zakladni diagnostické vysetreni

Priitokova cytometrie Imunohistochemicky

Pomér kappa/lambda SR s AV R EEINGT o

— fyziologicky kolem 2:1

Identifikace prestavby IG
— zhodnoceni klonality lehkych i tézkych retézcl
— sekvenace V-D-J prestavby

— moznost sledovani klonu u pacientt po terapii pomoci
citlivych metod (qPCR)

— IGH: Stanoveni % somatickych hypermutaci (SHM) u CLL | S D



Klonalita IG — zakladni diagnostické vysetreni

Priitokova cytometrie Imunohistochemicky
| vy % G AL W L ST e ™ AR
- —Lambda+ 1P LTSN AT i

* Pokud je zachycena klonalni prestavba, pak jde s velkou pravdépodobnosti o
lymfoproliferativni onemocnéni

Pomeér kappa/lambda

— fyziologicky

* Pokud je vysledek vysetreni ,,polyklonalni, pak jde o normalni B lyfocyty
nebo je Spatné zvoleny vySetfovany material

* Pokud neni analyza hodnotitelnd, byva problém v materialu (likvor bez
bunék, atp.)

Identifikace prestavoyTa : nalni nalez
— zhodnoceni klonality lehkych i tézkych retézci

—sekvenace pfestavby

30000

— moznost sledovani klonu u pacientl po terapii pomoci
citlivych metod (qPCR) -

— IGH: Stanoveni % somatickych hypermutaci (SHM) u CLL |1 SN ST LM Hmﬂ



Vznik aberaci v lymfocytech

Somatické hypermutace
— Mutace v dalSich genech mimo IG

Izotypovy presmyk
— Vznik translokaci

Germinal centre

Dark zone Light zone

SHM CSR

Aberrant SHM

Chromosomal

(multiple oncogenes) | | translocation

Y

(Immunoglobulin-MYC,
immunoglobulin-BCL6)

|

Diffuse large B-cell
lymphoma

Burkitt lymphoma
and diffuse large

B-cell lymphoma

Physiological

Pathological



Translokace se vznikem

fuzniho genu

FISH

— Detekce pomoci specialnich

,break apart” sond

Detekce transkriptu
— analyza RNA
— cil pro sledovani MRD

M. Nambiar et al. / Biochimica et Biophysica Acta 1786 (2008) 139-152

BN -

Gene A

Gene B

—— - -

Fusion product

e

BCR ABL

(a) |

Chronic Myelogenous Leukemia

Reciprocal product

N

(C] EWS

Ewing's Sarcoma

DNA binding ___
domain

ETS family

V

Y

(b)

NPM

Tyrosine Kinase

v

Anaplastic Large Cell Lymphoma

ALK

Y

ETVE NTRK3

(d) |

Breast carcinoma




Translokace vedouci k aberantni

genove expresi . .
— Promoter —_ - —— — - Enhancer —_—
Gene A Gene B
v
FISH —aie- - e -
Altered expression of Gene A Reciprocal product

Detekce translokace / \
~PNA — omon [} W] wenee — oo J—HHHHHIH-

— Rlzné varianty PCR R
NGS y (a) Bc'i n (c) Partner gene * BCLs
— Cil pro sledovani MRD Follicular Lymphoma Y Diffuse Large B-cell Lymphoma
-1l
(b) a o-MYC

Y

Burkitt's Lymphoma




Detekce translokaci t(8;14), t(11;14) a t(14;18)

* Pokud je translokace zachycena, lze ji vyuzit jako cil pro MRD monitoring

* Pokud je vysledek vySetreni negativni, pak
* translokace neni pritomna
* translokace je mimo navrzenou esej
» partnerem translokace je IGK/L (az 25 % translokaci MYC u BL)
e je Spatné zvoleny vysetfovany material




Mutated in %
of samples:

<3%+
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MCL

Germinal center B cell
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Plasma cell

DLBCL

SMZL

CLL
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Platform (N)

WGS (4)

WES (29)

TS (172)

WGS (6)
WES (4)
TS (100)

WGS (4)
WES (63)
TS (149)
RNAseq (41)

WES (100)

RNAseq (80)

SNParray
(105)

WES (8)
TS (109)
RNAseq (6)

WGS (4)
WES (270)
TS (303)

WGS (30)
TS (57)

WES (203)
WGS (28)

TP53
NOTCHT1
SF3B1
ATM
MYD88
XPO1
CHD?2
POT1
SAMHD1
FBXWT
BIRC3
HISTIH1E
LRP1B
KLHLE
DDX3X
ITBKB
EGR2
KRAS
NRAS
MED12
ZMYM3
BCOR
RIPK1
CCND1
MLL2
WHSC1
DCP1D
TRMPG
MEF28B
NOTCHZ2
SP140
CREBBP
KDM2B
EZHZ
TNFRSF14
CARD11
TNFAIP3
STATE
EBF1
CD79B
MYC
D3
MLL3
SMARCA4
CCND3
GNA13
EP300
PIM1
ARID1A
PRDM1
BCL2
TBLIXR1
FAM46C
DIs3
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Rekurentné mutované geny u
nejcastéjsich lymfoproliferaci

MCL — mantle cell lymphoma

FL —follicular lymphoma

BL - Burkitt lymphoma

DLBCL — diffuse large B cell lymphoma
SMZL - splenic marginal zone lymphoma
CLL — chronic lymphocytic leukemia

WM — Waldenstrom macroglobulinemia
MM — multiple myeloma

Gruber and Wu. doi:10.1053/j.seminhematol.2014.05.004



Mutace v genu TP53

* Negativni prognosticky a prediktivni marker
e Citlivost eseje zavisi na metodé a frakci nadorovych bunék ve vzorku

* Pokud je vysledek vysSetreni negativni, pak
* mutace neni pritomna
* mutace neni pritomna nad limit metody (minoritni mutace)
* je Spatné zvoleny vysetfovany material

* Na vysSetreni TP53 a na nékteré dalsi geny rutinné separujeme nadorovou frakci — ¢astecné nebo
plné




Bialelicka inaktivace TP53 wl ]

BAF plot

TP53 ¢.833C>G p.Pro278Arg VAF 94 %

10

Detail delece genu TP53 . i
na chr. 17 ﬁ

0g2 rat

- -
J

Problém na druhé alele

* Pomoaoci sekvenovani Ize odhadnout (VAF > 50 %)
* delece druhé alely — FISH ovéri
* monosomie — FISH ovéri
* ¢cnLOH (ztrata heterozygotnosti) — SNP analyza
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PANEL LYNX
(LYmfoidni NGS panel)

komplexni analyza markert
lymfoidnich malignit

("t || || || Sz ik

detekce mutaci, chromozomovych

abnormalit, klonality IG a TCR, ACCAATATAACT
a vybranych translokaci A —ACCATAT - l HH
CT

mutace, inserce, delece chromozomove

- ’ % abnormality \preStaVbY IGaTR )\ translokace )

experimentu

jednoduché zpracovani dat pomoci
webového softwaru

interaktivni analyza a zobrazovani

I citliva analyza v jediném

vysledkd \
kompletni informace o progndze 4
pacienta R
o klinickd praxe
e N
.
QA
. . — SV . vysledkova
e interaktivni zobrazovani vysledkd 4 rava k
NCEITEC MUNI zprava ke
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Podpofeno z programového projektu TACR ZETA TJ02000133.




Nalezené aberace reportujeme podile guidelines
Vysledek vysetieni:

1. V testovanych genech BYLY NALEZENY tyto varianty:

Gen Klasifikace varianty  |Nukleotidova zdména Aminokyselinova zéména VAF *

varianta s prokazanym

BCL2 ey s EMSTOO000333681.5:c.23G>A ENSPO0000329623.3:p.Gly8GIu 14,3 %

klinickym vyznamem
BCL2 varianta s prokdzanym | 00000333681 5:c.256C>G  [ENSPO00D0329672 2-n lankhval  hesal

k'lnl[k‘,fm VyZnamem The Journal of Molecular agnostics, Vol 19, No. 1, January 2017

varianta s prokazanym
BCLZ e p. Y ENSTOOO0D333681.5:c.39G=C EMSPO000032S : lhelﬂll"lﬂ' of

klinickym vyznamem i

varianta s potencialnim ' E lotecular
KMT2D | L . ENST00000301067.11:c.3067C>T [ENSP0O0000301 _-i’-}'_-_.;-&,i' L Diagnostics

inickym vyznamem EISEVIER —
i 1almi jmd.amjpathol org

ARiD1a  |Y2713Nta s potendidiniml, cro 000254856 13:c.3634C>T [ENSPO000032C

klinickym vyznamem

CRepgp | 2N12Nta s potencidinimie 0 0000262367.9:c.4444T>A  [ENSPO0000262 SPECIAL ARTICLE

klinickym vyznamem
EP300 e e [ENSTO0000263253.9:c42306>T  fenspoocooze: — Standards and Guidelines for the Interpretation (!)fm
and Reporting of Sequence Variants in Cancer

A Joint Consensus Recommendation of the Association for
Molecular Pathology, American Society of Clinical Oncology,
and College of American Pathologists

Marilyn M. Li,*' Michael Dat_to,‘; Eric J. Duncavage,*” Shashikant Kulkarni,* ¥ Neal 1. Lindeman,'" Somak Roy, ***
Apostolia M. Tsimberidou,*'' Cindy L. Vnencak-Jones,*'’ Daynna J. Wolff,*" Anas Younes,*"7 and Marina N. Nikiforova*-**



Tier I: Variants of
Strong Clinical
Significance

Therapeutic, prognostic &
diagnostic

FDA-approved therapy

Included in professional
guidelines

Well-powered studies
with consensus from
experts in the field

Tier Il: Variants of
Potential Clinical
Significance

Therapeutic, prognostic &
diagnostic

FDA-approved therapies
for different tumor types
or investigational
therapies
Multiple small published

studies with some
cCONSensus

Preclinical trials or a few
case reports without
CONSensus

Tier lll: Variants of
Unknown Clinical
Significance

Not observed at a
significant allele
frequency in the general
or specific subpopulation
databases, or pan-cancer
or tumor-specific variant
databases
No convincing published

evidence of cancer
association

Tier IV: Benign or
Likely Benign Variants

Observed at significant
allele frequency in the
general or specific
subpopulation databases

No existing published
evidence of cancer
association



Detekce aberaci z volné DNA

BCL2 IGH
CCND1 IGH

Chromosomal breakpoint (ASO-PCR)

Nontumor leucocytes

* primarni CNS

Circulating tumor cells

/ Mutations: NGS (including CAPP-seq),
Circulating nontumor DNA ddPCR, ASO-PCR...

* obtizné bioptovatelny lymfom, progrese do CNS
* volna mimobunécna DNA
— uvolnuje se z bunék podstupujicich apoptozu,

nekrdézu ciDNA
v v s . s . V(D)W rearrangement: qPCR, ASO-PCR,
— ve vsech télnich tekutinach — plazma, likvor, @ INGS (including ClonoSEQ)..
moc, sliny vi [WBHN JH IGH
IFEF K / Clonotype 1
> — fragmentovana —cca 170bp % Clonotype 2

Clonotype 3

polocas rozpadu < 2,5 hod

= Blood vessel
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Channell Amplitude

« o o >
Droplet digital PCR g
= -/ \ y == Target of interest

on _)) <ol // .9, = Background DNA
* sledovani tzv. hot spot variant, citlivost az 1*10-5 Droplets § 6 ‘* 9 * .
e  MYD88 L265P u WM — vzorky s nizkou infiltraci
*  MYD88 L265P u primarnich lymfom( CNS v likvoru (pfitomna aZ u 80 % pts) (I W
* sledovani potvrzenych rekurentnich hotspot v plazmé (BRAF, KRAS, NRAS,..) , ” . H /c.‘:,nn:,.z/\ ' J\
E000
Detekce MYD88 L265P v likvoru
so0 : — pacienta s PCNSL
2000 IE]

w &

Channel2 Amplitude




NGS panel - DNA z KD a volna DNA z plazmy a likvoru

Pacient s agresivnim lymfomem

muz, ro¢nik 55, dg v 2021, 66 let

leukemizovany lymfom DLBCL/BL/HGBL,
masivni loziska v mesenteriu, po terapii
regrese

biopsie nebyla mozna pro Spatny stav

vySetreni drené cytogeneticky: komplexni

karyotyp, t(8;22) a t(14;18)

Casna progrese do CNS

ﬁ

IGH/BCL2

14:105,863,241

18:63,120,802

63

100

Zachyt Progrese do CNS
Biologicky material kostni dien likvor (cfDNA) plazma (cfDNA)
(DNA)

Mutace Gen HGVSc HGVSp Frekvence (%) Frekvence (%) Frekvence (%)

KMT2D ¢.8936_8937del p.Leu2979ArgfsTer1l0 21.7 32.7 ND

BTG1 c.428T>A p.Vall43Glu 34.5 48.5 ND

CREBBP c.2177_2184del p.Pro726LeufsTer103 23.2 45.8 ND

BCL2 c.392CT p.Alal31Val 27.3 36.1 ND

ASXL1 c.1534C>T p.GIn512Ter 6.3 3.6 32.1

EP300 c.3610T>G p.Cys1204Gly 33 47.3 ND
Translokace Gene partners koordinata koordinata partnera Frekvence (%) Frekvence (%) Frekvence (%)

ND

CNAs

Lokalizace na genomu
(hg38)
chr2:58183800-68149300
chr8:4617400-145005800
chr12:38525800-73670100
chr1:0-49650114
chr9:21726012-22249845

chr13:47033917-48010829

Typ

zisk

zisk

zisk

CN-LOH
biallelicka ztrata

ztrata

Dotcené geny (LYNX)

XPO1

PAG1, UBR5, MYC

KMT2D, STAT6
TNFRSF14, ID3
CDKNZ2A, CDKN2B

Frekvence (%)

70
70
80
70
80

30

Frekvence (%)

100
80
90
100
100

80

Frekvence (%)

ND
ND
ND
ND
ND

ND

IG prestavby

ﬁ

Lokus

IGK
IGL

V gen

IGKV2-26
IGLV3-22

Jgen

IGLI3

Frekvence (%)

97
72

Frekvence (%)

91
46

Frekvence (%)

ND
ND

CN-LOH - copy-neutral loss of heterozygosity; ND - nedetekovano




Prehled vysetreni u lymfoproliferaci

Stanoveni klonality IG/TR

— abnormalni kumulace lymfocytd nesoucich jednu konkrétni
prestavbu

Identifikace prestavby IG/TR

— moznost sledovani klonu u pacientl po terapii pomoci citlivych
metod

Detekce translokaci a fuznich gent
— lymfomy: MCL t(11;14), FL t(14;18), BL t(8;14)
— sledovani zbytkové choroby

Analyza rekurentné mutovanych gent
— TP53 — negativni prognosticky a prediktivni marker

— MYD88 — primarni CNS lymfomy, WM, MZL

Komplexni analyza pomoci NGS panelu

Klonalni vs. polyklonaini nalez

204812 1001051010 989.C12_10010510HZ

an

Detekce translokace t(14;18)(q32;q21) u FL

Mutace v genu TP53

P53 P53
C135S M246K
Vo o o . o e
\ [
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h
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T
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Chronic phase [ A VT

AR AN A\
Vyvyvy /\y\V ')

L1 1 1 L C L A A il
T e e o 13

—/

chromozom 18

— diagndza, progndza

MBR ex mcr ex

MBR in mcr in

Antiger rd
' Mutace vedouci k
-0 O i .
\jr/ \W(/ rezistenci
CD79
Extracellular
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Personalizovana medicina u lymfoproliferaci v praxi

Diagnostika integrujici
= propojovani informaci z hematologie, pritokové
cytometrie, patologie, cytogenetiky a genetiky

Diagnostika Sita na miru
= vybér relevantnich marker( a metod jejich detekce

Identifikace privatnich aberaci jedinecnych pro daného pacienta
= prestavba IG/TR
= sledovani zbytkové choroby

Zpracovani biologického materialu podle potreb vySetreni
= separace nadorovych bunék
= paralelni vySetfeni rliznych material(

Technologies Data Analysis Integration and interpretation

w2  Functional effect
of mutation

Network and
pathway analysis

Integrative analysis
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FAKULTNI
: NEMOCNICE
BRNO

Dékuji za pozornost



