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Nadorova cytogenomika

Charakteristickou vlastnosti nadorovych bunék jsou
chromosomové zmény : pocetni zmeény chromosomu

strukturni zmény chromosomu
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Historie cytogenetiky

Cytogenetics is the study of the structure and properties of chromosomes, their behaviour during somatic cell
division during growth and development (mitosis), and germ cell division during reproduction (meiosis), as well
as their influence on phenotype. Cytogenetics also includes the study of factors that cause chromosomal changes.
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Historie nadorové cytogenetiky

Philadelphia chromosome (Ph1)

Peter Nowell & David Hungerford ,,“f]\ - /7

Science 1960,132:1497




Historie nadorové cytogenetiky
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Classification of chromosomes into seven groups by size and relative centromere position
established the so-called "Denver System" (right) in 1960. Chromosomes within groups B - G
were not readily distinguishable from each other. The X chromosome is in the C group, and the
Y is in the G group: males are recognizable by five small G-type chromosomes.




Historie nadorové cytogenetiky

Pruhovani chromosomu
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Historie nadorové cytogenetiky

Philadelphia chromosome (Ph1)
(1973)

t(9;22)(q34;911)
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Dr. Rowley received the Lasker Award, given for distinguished contributions to medical science; the National Medal of Science from
President Bill Clinton; and the Presidential Medal of Freedom from President Obama, among many other honors (1925-2013)




Nadorova cytogenetika
(onkocytogenetika)

Zkouma ziskané chromosomoveé zmeény
nadorovych bunek

Hodnoti pocetni a strukturni zmeény
chromosomu

Zakladni metoda — G-pruhovaci technika
(rozliseni kolem 3-5Mb)

V jednom vysetreni analyzuje cely genom




Nadorova cytogenomika - metody
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Konvencni cytogenetika

Interphase
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Klasicka cytogenetika - karyotyp
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Cytogenetické vysetreni
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E.C.A. - EUROPEAN CYTOGENETICISTS ASSOCIATION NEWSLETTER  No.31 January 2013

Guidelines and Quality Assurance
for Acquired Cytogenetics

A common European framework for quality assessment
for banded chromosome studies and molecular cytogenetic investigations
of acquired abnormalities.

E.C.A. Permanent Working Group for Cytogenetics and Sodety

Authors:

Ros Hastings, Rod Howell, David Betts, Sarah Porter, Claudia Haferlach,

Nicole Dastugue, Isabelle Radford-Weiss, H.Berna Beverloo, Annet Simons,

Clemens Mellink, Simone Snijder, Eva van den Berg-de Ruiter, Jacqueline Schoumans,
Blanca Espinet, Reiner Siebert, Jerome Couturier, Alain Bernheim, Francesc Solé,
Isabelle Luquet, Sabine Stioui, Simona Cavani.
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In the first instance, banding analysis must be undertaken and, if an abnormal
karyotype is found, a minimum of five abnormal metaphases must be fully
analysed with a further five clonal metaphases counted and scored for
additional structural changes if available. In the event of anormal karyotype 20
metaphases must be examined with at least ten fully analysed and the
remainder counted and scored for structural abnormalities before the issue of
a normal report. If 20 metaphases cannot be examined the normal report must
be qualified (see section 5 on reporting).

Cytogenetics and molecular genetics European recommendations and quality assurance for
cytogenomic analysis of haematological neoplasms.

Rack et al. Leukemia (2019) 33:1851-1867




Molekularni cytogenetika

FISH
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Molekularni cytogenetika

Denaturace ° L o
Metody zalozené na fluorescencni

in situ hybridizaci (FISH) vytvari
m spojeni mezi metodami molekularni
genetiky a klasické cytogenetiky

TITIITINIT

o ® Metody vyuZivajici zakladni vlastnosti
Hybridizace

jednoretézcové DNA vzajemne se
LLLLLLLLL. vazat na zakladé komplementarity

bazi




2>  FISH Technology
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Typy sond

@ - centromerické
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Mnohobarevna fluorescencni in situ hybridizace
(mFISH)

Mnohobarevna fluorescencni in situ hybridizace (M-FISH) je molekularné
cytogeneticka metoda zalozena na hybridizaci 24 fluorescencné znacenych
celochromosomovych sond, které dovoluji soucasné obarveni vsech
chromosomovych paru odliSnymi barvami.
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Mband FISH

e Kombinuje paintingové
proby specifické pro danou
oblast chromosomu

e Sondy pripravené
mikrodisekci
chromosomovych oblasti

e Pruhovani pokryva cely
chromosom

(MR

Prevzato |.Chudoba




" ArrayCGH -
| komparativni genomova hybridizace

Nadorova DNA je
hybridizovana
spolecné s kontrolni
DNA k
hybridizacnimu sklu,
na kterém jsou
fragmenty genomické
DNA/oligonukleotidy

4 1:1—Pp

deletion amplification




arrayCGH/SNPs array

A

CGH-A
« BAC CGH-A
« Oligo CGH-A
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Rozliseni aCGH/SNPs ~400kb (25—-85-mer oligonucleotides)

B

SNP-A
« Combined CN/SNP-A

Test DNA
(tumor)
/ Frosglseud Oligo probes of SNP alleles
Models
AA BB AB Null model
=2
2 T
3
£
©
=
2
n
PHLA MR PME WME PH& KMA PNE MNB PHA MMA PUB HME P WA PME HNB

Genotyping calls

Genotype
Intensity— copy number

GeneChip 6.0 (906 600 SNP sequences a 900 000 nonpolymorphic oligonucleotides,
an average spacing of 0.7 Kb, tj 700bp).
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The microarray-principle, as exemplified by the Genechip® 250k NSP SNP-array (Affymetrix).
The array contains assays against approximately 250.000 SNPs, distributed in small rectangular
features on the array. Fluorescently labeled DNA is hybridized to the array, and the fluorescent
intensity for each feature is then detected. The photograph of array cartridges and the schematic
representation of the array features are reproduced with courtesy of Affymetrix




Genetické zmeny u hematologickych
malignit

90-95% nemocnych s chronickou myeloidni leukémii (CML)
60-80% nemocnych s akutni myeloidni leukémii (AML)
60% nemocnych s myelodysplastickym syndromem (MDS)

50-80% nemocnych s chronickou lymfocytarni leukémii (CLL)
70-90% nemocnych s akutni lymfoblastickou leukémii (ALL)
60-90% nemocnych s nehodgkinskym lymfomem (NHL)

90% nemocnych s mnohocetnym myelomem (MM)




Cytogenetika v hematologii

1.Diagnosa
2.Prognosa

3.Lécebné rozhodovani




Filadelfsky chromosom (Ph)

Prvni specificka chromosomova zmeéna u nadoru cloveka
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Cytogenetika CML

31! lf B2 85 a8 s

h-4

Diagnoza
4
90-95% Ph chromosom vysledek BE 23 B3 3% 85 sz 82
translokace t(9;22)(q34;921) g ? ¢ 3 i T 7
ee @8 ae LB B8 as
13 14 15 l 16 17 18
LR L .- ae o

19 20 21 22 ¥ mar

Prognoza

Pfidatné chromosomové zmény
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Pridatné chromosomové zmény u CML

“major’ route zmeény

+8
+der(22)t(9;22)
+19
i(17)(g10)

“minor’ route zmeény

Aberace | Frekvence
%
+8 38
+Ph 30
i(179) 20
+19 13
-Y 8
+21 7
+17 5
-7 5
t(3;21) 2
Komple 1
XNi

zmeny

+17, + 21

-Y, -7, -17

t(3;21)

t(4;6), t(2;16), t(1;21)

Mitelman ,Leuk Lymphoma 1993

Prognosa

Relativhé dobra:
+8,+Ph.,-Y

Relativné Spatna:
I(17)

Aberace 3926.3
-7/del7q

Wang et al, Blood 2016
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ELN sledovani MRN CML cytogenetika

Type of Response Definition
CHR Complete Hematologic Response Normal differential, WBC & platelets < ULN
MCyR Major cytogenetic Response 0-35% Ph+marrow metaphases
CCyR Complete Cytogenetic Response 0% Ph+marrow metaphases
MMR Major Molecular Response BCR-ABL/ABL £ 0.1% (International Scale)
MR4.0 BCR-ABL/ABL < 0.001% (IS) “4-log reduction”
MR#*> BCR-ABL/ABL < 0.003% (IS) “4.5-log reduction”
CMR Complete Molecular Response Undetectable BCR-ABL (test of sensitivity 24.5

logs)




CML — v dobé |écby inhibitory

Approbatlon
Generation

Imatinib 2003 2001
2008

Nilotinib

NIL and DAS have significantly increased apoptosis more than IM by involving both intracellular calcium signaling as well as
oxidative stress.




WHO Classification

* Odroku 2008 je cytogenetika soucasti diagnostiky a
klasifikace rady hematologickych malignit

= Cytogenetika je soucasti WHO klasifikace AML

= Spolecné s cytomorfologii stratifikuje nemocné s MDS a
MPN

= Klasifikace lymfomu- histologie, cytogenetika a FISH
potvrzuji klasifikacni zarazeni

= Je soucasti prognostickeé stratifikace u MM




WHO Classification 2022
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The 5th edition of the World Health Organization CEaSEiﬁcaUDn
of Haematolymphoid Tumours: Myeloid and Histiocytic/
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WHO klasifikace AML

The 2016 revision to the World Health Organization classification of
myeloid neoplasms and acute leukemia

Daniel A. Arber," Attilio Orazi,? Robert Hasserjian,® Jiirgen Thiele,* Michael J. Borowitz,® Michelle M. Le Beau,®
Clara D. Bloomfield,” Mario Cazzola,® and James W. Vardiman®

2016 2022

Acute myeloid leukemia (AML) and related neoplasms

AML with recurrent genetic abnormalities Tabide 7.
AML with t(8;21)(q22;922.1); RUNX1-RUNXTT1

AML with inv(16)(p13.1g22) or (16;16)(p13.1;q22); CBFB-MYH11

dgrate 1 el beuhamria

Acute mysoid leuksemis with defining genetic sbocrmalitie

APL with PML-RARA

AML with t(9;11)(p21.3;g23.3); MLLT3-KMT2A

AML with t(6;9)(p23,q34.1); DEK-NUP214

AML with inv(3)(g21.3928.2) or 1(3;3)(g21.3:q26.2); GATA2, MECOM
AML (megakaryoblastic) with t(1;22)(p13.3;913.3);RBM15-MKL1
Provisional entity: AML with BCR-ABL1

AML with mutated NPM7

AML with biallelic mutations of CEBPA

Provisional entity: AML with mutated RUNX1

Adte promyelodyta ke with P8 DS Pusicen
A myson beubsersa with BN SRLING T fueon
Amte et leubemia weth CSFECWYHT ] fokion
Aode mysioid el semia wath DECNLED 14 keion
Ake el booiaeend g wath SRS SWRTTA funion
Ande mypelodd loulkserria with BCRAA | e
fAe mvpeindd ol semia it KWT2A reanhsngeseent
Aafe mypekond leul i s wath MEDOWE re amangement

AML with myelodysplasia-related changes
Therapy-related myeloid neoplasms
AML, NOS

Azar myeker! louk serna with NUPSE 1 frange mert
Anude mprlokd nuk s a with AR T i
Ao mpsioed leul i s with TP mutition
AML with minimal differentiation = = 2
AML without maturation S At
L ki iR Acse mw odoet! leuhae rua with ctber defined gesic alimrsond
Acute myelomonocytic leukemia Acie mepdiodd lsuksemia, defined by differ o sses
Acute monoblastic/monocytic leukemia e mpedond ek sernia with minimal dilferentie§on
Pure erythroid leukemia Ao mpsoid ubosemi a withawt musturation

Acute megakaryoblastic leukemia Acaie sk bk sorrs g with el aton

Acute basophilic feuktelmla ‘ A A
Acute panmyelosis with myelofibrosis

Myeloid sarcoma Ande svpsomonooytic ek sms
Myeloid proliferations related to Down syndrome Adste monocytic leukaemia
Transient abnormal myelopoiesis (TAM) Adr erpthimd be ol i
Myeloid leukemia associated with Down syndrome Ands mapsharyoliste ekl




Diagnosis and management of AML in adults:
2022 recommendations from an international
expert panel on behalf of the ELN

Hartmut Déhner,’ Andrew H. Wei,z Frederick R. ﬂf’\ppelbf_u.m"l,3 Charles Craddock* Courtney D. DiNardo,5 Hervé Dombret,®
Benjamin L. Ebert,” Pierre Fenaux,® Lucy A. Godley,? Robert P. Hasserjian,'? Richard A. Larson,'’ Ross L. Levine,'? Yasushi Miyazaki, '
Dietger Niederwieser,'® Gert Dssenkoppeiaﬁ Christoph Rélligim Jorge Sierra,’’ Eytan M. Stein,'® Martin S. Tallman,’®

Hwei-Fang Tien,'” Jianxiang Wang,”® Agnieszka Wierzbowska,”' and Bob Léwenberg®®

Table 1. AML and related neoplasms and acute leukemias of ambiguous lineage

AML and related neoplams

AML with recurrent genetic abnormalities (requiring 210% blasts in BM or PB)* Myeloid sarcoma

o APL with t{15;17)(q24.1;921.2)/PML:: RARAT

o AML with t(8;21)(q22;922.1)/RUNX1::RUNX1T1 Acute leukemia of ambiguous lineage

o AML with inv{16)(p13.1922) or t{16;16)(p13.1,922)/CBFB:MYH11 e Acute undifferentiated leukemia

o AML with (9;11)(p21.3,923.3)/MLLT3:KMT2A% o MPAL with (9:22)(q34.1;q11.2)/BCR=ABL1

o AML with t(6;9)(p22.3,q34.1)/DEK::NUP214 s MPAL with t(v;11g23.3)/KMT2A-rearranged

o AML with inv(3)(g21.3926.2) or 1(3;3)(g21.3;926.2)/GATAZ, MECOM(EVI1)S » MPAL, B/myeloid, not otherwise specified

e AML with other rare recurring translocations| s MPAL, T/myeloid, not otherwise specified

o AML with mutated NPM1

s AML with in-frame bZIP mutated CEBPAY

» AML with 1(9;22)(g34.1;,911.2)/BCR:ABL1*

Categories designated AML (if 220% blasts in BM or PB) or MDS/AML Myeloid proliferations related to Down syndrome

(it 10-19% blasts in BM or PB) s Transient abnormal myelopoiesis associated with

o AML with mutated TP53# Down syndrome

s AML with myelodysplasia-related gene mutations ¢ Myeloid leukemia associated with Down syndrome
Defined by mutations in ASXL1, BCOR, EZH2, RUNX1, SF3B1, SRSF2, STAGZ,
UZAF1, and/or ZRSR2 Blastic plasmacytoid dendritic cell neoplasm

e AML with myelodysplasia-related cytogenetic abnormalities**
s AML not otherwise specified

Diagnostic qualifierstt

Therapy-related}#

s Prior chemotherapy, radiotherapy, immune interventions

Progressed from MDS

e MDS should be confirmed by standard diagnostics and >3 mo prior to AML diagnosis
Progressed from MDS/MPN (specify type)

* MDS/MPN should be confirmed by standard diagnostics and >3 mo prior to AML diagnosis
Gemline predisposition {specify type)




WHO prognosticka stratifikace AML

2017 ELN AML Recommendations Page 47 of 55

Table 5. 2017 European LeukemiaNet risk stratification by genetics®

Risk Category® Genetic Abnormality

Favorable 1(8;21)(q22;922.1); RUNX1-RUNX1T1
inv(16)(p13.1922) or t(16;16)(p13.1;,q22); CBFB-MYH11
Mutated NPM1 without FLT3-ITD or with FLT3-ITD"°*®
Biallelic mutated CEBPA

Intermediate Mutated NPM1 and FLT3-ITD™"®
Wild type NPM1 without FLT3-ITD or with FLT3-ITD""® (w/o adverse-
risk genetic lesions)

( Xp a )

Cytogenetic abnormalities not classified as favorable or adverse

Adverse 1(6;9)(p23;934.1); DEK-NUP214
t(v;11923.3); KMT2A rearranged
1(9;22)(q34.1;911.2); BCR-ABL1
inv(3)(q21.3926.2) or 1(3;3)(q21.3;926.2); GATA2,MECOM(EVI1)
-5 or del(5q); -7; -17/abn(17p)
Complex karyotype,® monosomal karyotypef
Wild type NPM7 and FLT3-ITD"9"®
Mutated RUNX1°
Mutated ASXL1°
Mutated TP53"

Frequencies, response rates and outcome measures should be reported by risk category, and, if sufficient numbers are
available, by specific genetic lesions indicated.

Prognostic impact of a marker is treatment-dependent and may change with new therapies.

Low, low allelic ratio (<0.5); high, high allelic ratio (>0.5); semi-quantitative assessment of FLT3-ITD allelic ratio (using DNA
fragment analysis) is determined as ratio of the area under the curve (AUC) “FLT3-ITD” divided by AUC “FLT3-wild type”;
recent studies indicate that acute myeloid leukemia with NPM1 mutation and FLT3-ITD low allelic ratio may also have a
more favorable prognosis and patients should not routinely be assigned to allogeneic hematopoietic-cell transplantation.*”
59,77

The presence of 1(9;11)(p21.3;923.3) takes precedence over rare, concurrent adverse-risk gene mutations.

Three or more unrelated chromosome abnormalities in the absence of one of the World Health Organization-designated
recurring translocations or inversions, i.e., t(8;21), inv(16) or t(16;16), t(9;11), t(v;11)(v;q23.3), #(6;9), inv(3) or 1(3;3); AML
with BCR-ABL1.

Defined by the presence of one single monosomy (excluding loss of X or Y) in association with at least one additional
monosomy or structural chromosome abnormality (excluding core-binding factor AML).""®

9 These markers should not be used as an adverse prognostic marker if they co-occur with favorable-risk AML subtypes.
TP53 mutations are significantly associated with AML with complex and monosomal karyotype.*”%¢%

Table 6. 2022 ELN risk classification by genetics at

initial diagnosis*

Risk categoryt Genetic abnormality

Favorable

1(8;21)(g22;q22.1)/RUNXT::RUNXTT11 %
inv(16)(p13.1q22) or 1(16;16)(p13.1;q22)/
CBFB:MYH111.1

Mutated NPM 11,5 without FLT3-TD
bZIP in-frame mutated CEBPA||

Intermediate

Mutated NPM 11,6 with FLT3-ITD
Wild-type NPM1 with FLT3-ITD (without
adverse-risk genetic lesions)
H2:11)(p21.3;923. 3V MLLT3::KMT 2A1 1
Cytogenetic and/or molecular
abnomalities not dassified as

favorable or adverse

Adverse

1é;Np23.3;,934.1)/DEK::NUP214
tiv;11923.3)/ KMT ZA-rearranged#
1?22)(g34.1;,911.2VBCR:ABL1
18;16)(p11.2;p13.3VKAT6A:CREBBP
invi3)g21.3g26.2) or 13;3)ig21.3,926.2)/
GATAZ2, MECOM(EWT1)
t(3g26.2,v)/MECOM(EVI1)-reamanged
5 or del(5q); —7; —17/abn(17p)
Complex karyotype,** monosomal
karyotypett
Mutated ASXL1, BCOR, EZH2, RUNX1,
SF3B1, 5R5F2, STAG2 U2AF1, and/or
ZRSR2t%
Mutated TP53°




% alive

Stratifikace podle cytogenetickych nalezu

100 -

75 A

50 A

25 -

MRC/NCRI AML Trials: Overall Survival

Ages 16-59

215 ;17) (n=607)
t(8;21) (n=421)

inv(16)/t(16; 16) (n=284)

t(9;11) (n= 51)

inv(3)1(3:5) (n=69

inv(3)/t (n=69)

t(9; 23)} =44*)

Other t(11q23) (n=60%)

t(3;5) (n=25%)

-5/del(5q) (n=258*)

-7/del(7q) (n=336*)

AML with other MDS-related (n=343*%)

81%
B _1-‘_‘_'_\—‘—‘_‘_ 510&
| 39%
27%
22%

=11% 10°

§3p

0 1 5 6 7 8 9 10

Years from entry

Grimwade D et al. Blood 2010;116:354-365




APL t(15;17)(q22;912) / PML-RARA

15/17 TRANSLOCATION, A CONSISTENT
CHROMOSOMAL CHANGE IN ACUTE
PROMYELOCYTIC LEUKAEMIA

SirR,—We have described a similar chromosomal abnor-
mality in two patients with acute promyelocytic leuksemia

Department of Medicine,

Franklin McLean Memorial JANE'E’ D. ROWLEY
Research Institue, Ha M. Go

University of Chiczgo, RVEY M. UOLOMB

Chicago, Minms 60637, U.S.A. CHARLOTTE DOUGHERTY

ah b

t(15;17)(922;q912)

PML-RARA

Janet D Rowley et al. Lancet 1977
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AKUTNI LYMFOBLASTICKA LEUKEMIE (ALL)

ALL — heterogenni onemocneni s monoklonalni proliferaci a
expanzi nezralych lymfoidnich bunék v KD, PK
a dalSich organech

Cytogenetika ma prognosticky vyznam

Diagnosticky vyznam - imunofenotyp

TABLE 2: WHO 2008 classification of acute lymphoblastic leukemia (ALL)

Precursor lymphold neoplasms

B-cell lymphoblastic leukemla,/lymphoma, not otherslse specified

B-cell lymphoblastic leukomila/Iymphoma with recurrent genotlc abnormalities
B-call lymphoblastic leukemla/iymphoma with t{9:23g34;011.2); BCR-ABL1
B-call lymphotdastic leckemia/lymphoma with tlv; L1g23); MLL rearranged
B-zell iymphoblastic leukemia, ymphoma with 1122 1Hpl 3L
TEL-AMLI (ETVG-RLINX1)
B-call lymphobilastic leukemia/ lynphoma with hyperploidy
B-pall iymphioblastic levkemia/ lymphoma with hypoploidy (hypodiploid ALL)
B-cell lymphoblastic leukemia/ lymphoma with t(5:14)q31:32); L3-GH
B-cell iymphoblastic levkemia/ymphoma with (1:19)g23:p13.3)
I'-.P-q-'-"n'_:lii! (TCF3-PEX)

T-coll lymphoblastic leukemia,/lymphoma

WHO = Workd Health Jegaseralion

Swendiow SH, Campo E, Haris WL, ot ad {eds)c WHO clagstication of lumours of Baematopoistic and krmphoid
tissoes. Lyon, Franoe: IARE Peess; 10:9-138, 2008,




Detske ALL Tvoii 30% viech détskych nadord

A icH@-cRLF2 i
1% BCRABLI 4%

Other 2% ETV6-RUNX1

P2RY8-CRLF2
5% t(4:11)

iAMP21

- Hypodiploid High
1% hyperdiploid

30%

100% -
B 100% T l B -
g —_.— —
90% Other

80% - mIGH@
70% - W CRLF2
60% - I iAMP21
50% - l . W Hap/hypo
40% - W Other MLL
30% - mt(4;11)
20% - mt(1;19)
10% - mt(9;22)
0% - | | | | | B HeH

14 59 10-14 15-19 20-24 25-39 40-60 0 /ORUNM

Age group (years)
Christine J. Harrison Hematology 2013;2013:118-125

Distribution of cytogenetic abnormalities from data collected from UK childhood ALL treatment trials.

©2013 by American Society of Hematology




Myelodysplasticky syndrom (MDS)

WHO klasifikace

=Refractory cytopenia with unilineage dysplasia (RCUD)
=Refractory anemia with ringed sideroblasts (RARS)
=Refractory cytopenia with multilineage dysplasia (RCMD)
=Refractory anemia with excess blasts-1 (RAEB-1)
=Refractory anemia with excess blasts-2 (RAEB-2)
*Myelodysplastic syndrome, unclassified (MDS-U)
*Myelodysplastic syndrome associated with isolated del(5q)

Klinicka heterogenita MDS je odrazem heterogenity
ziskanych somatickych genetickych zmén

Chromosomové zmeény u MDS

de novo MDS 40-60%
t-MDS nebo sekundarni MDS 90%
SNPs+arrayCGH 70%




Prognosticka stratifikace MDS

Very good

n=80(2.9%)

n=1844

Good

\

(65.9%)

Single:
del(11q)
-Y

‘Median 0S
60.8 months
HR
0.47(0.3-0.7)

fSinIe:
Normal

der(1.7)

oy

Intermediate
n=578 (20.7%)

Poor

n=101 (3 6%)

Double:

Double incl.
del(5q)

p
Single:
-T/Tg-

+8
Is0(17q)
+19

+21

Any other
Ind. clones

MedianOS

48.5 months
HR (Ref.)

1.00(0.8-1.3)

\

Double:

any other
double

Median 0S

25.0 months
HR

159(14-19)

rSingIe:
b= der(3)(g21)/
der(3)(q26)

(Double:
k= Double incl.
-117g-

S

2
Complex:
-13
abnormalities
\

Very Poor
n=196 (7.0%)

Complex:

=3
abnormalities

J

MedianOS

15.0 months
HR
2.83(2.2-3.7)

MedianOS

5.7 months
HR

4.37(3.5-5.5)




REVIEW ARTICLE OPEN

LYMPHOMA

'.5 Check lor updatos

The 5th edition of the World Health Organization Classification
of Haematolymphoid Tumours: Lymphoid Neoplasms

R Alaggio et al.

1722

Table 1. WHO Classification of Haematolymphoid Tumours 5™ edition: B-cell lymphoid proliferations and lymphomas.

WHO Classification, 5* edition

Tumaour-like lesions with B-cell predominance

Reactive B-cell-rich lymphoid proliferations that can mimic
lymphoma

lgG4-related disease

Unicentric Castleman disease

Idiopathic multicentric Castleman diseass
KSHV/HHVEB-associated multicentric Castleman disease
Pracursor B-cell neoplasms

B-cell iymphoblastic leukoemiasTymphomas
B4ymphoblastic leukaemia/tymphoma, ROS

Bymphaoblastic leukaemiatymphoma with high hyperdiploidy
Bymphoblastic leukaemia/tymphoma with hypodiploidy
B4ymphoblastic leukaemia/lymphoma with IAMP21
B-dlymphoblastic leukaemialymphoma with BCR=ABLT fusion

Bymphoblastic leukaemia/lymphoma with BCR2ABLI-like
features

Blymphoblastic leukaemialymphoma with KMT2ZA
Feanangemant

BHymphoblastic leukaemia/lymphoma with ETVE:
RUNX1 fusion

Bdymphoblastic leukaemia/lymphoma with ETVERLINXT-like
features

B4dymphoblastic leukaemia/lymphoma with TCF3=PEXT fusion
Blymphablastic leukaemia/lymphoma with IGHzIL3 fision
Bdymphoblastic leukaemialymphoma with TCF3zHLF fusion

BAymphoblastic leukaemia/lymphoma with other defined
genetic abnormalites

Mature B-cell neoplasms

Pre-neoplastic and neoplastic small lymphocytic
proliferations

Monodonal B-cell lymphooytasis

Chronic lymphocytic leukaemia/small lymphocytic lymphoma
(Entity deleted)

Splenic B-cell lymphomas and leukaemias

Hairy cell leukaemiz

Splenic marginal zone lymphoma

Splenic diffuse red pulp small B-cell lymphoma

Splenic B-cell lymphoma/leukasmia with prominent nucleali

WHO Classification, revised 4™ edition

Not previously included

Not previously included
Not previously inchided
Not previously included
Multicentric Castleman disease

(5ame)

Blymphoblastic leukaemialymphoma with hyperdiploidy

(Same)

(Same)

Blymphoblastic leukaemiaflymphoma with t(9:22)(q34:q11.2); BCR-ABLT
Bdymphoblastic leukaemia/lymphoma, BCR-ABLI-like

Biymphoblastic leukaemiadymphoma with tlv;11g23.3); KMT2A-rearmanged
Blymphoblastic leukaemiadymphoma with t{1221)(p13.2922.1}%; ETVS-RUINX 1
Not previously included

Blymphoblastic leukaemia/lymphoma with t(1;19)q23;p13 3); TCF3-PEXT
Bdymphoblastic leukaemiadymphoma with 1(5:14)g31.1,932.1); IGH/IL3
Not previously ncluded

[Same)

(Same)
[Same)
B-cell prolymphocytic leukaemia

(Same)
(Same)
(Same)

Not previously inchided (encompassing hairy cell leukaemia variant and some
cases of B-cell prolymphocytic leukaemia)




CYTOGENETIKA CLL

Prognosticky vyznam chromosomovych zmén u CLL

Dohner H, Stilgenbauer S, Benner A, Leupolt E, Krober A,
Bullinger L, Dohner K, Bentz M, Lichter P: Genomic
aberrations and survival in chronic lymphocytic

leukemia. . —
CLL and genetic abnormalities:
N Engl! Med 2000; 343:1910-1916. PrObablllty of survival
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Dohner et al. N Engl J Med 2000




CLL — prognosticka a lécebna stratifikace

= Associated i :
Category C

EgOn senetic factors Therapeutic strategies

del(17p)* /TP33 p33-independent drugs,
Very high risk mutation BTK mh_lhl'mrs.

' and/or allogeneic stem cell
BIRC3 mutation transplantation
del(11q)" JATM
mulation

Hioh risk and/or s

s NOTCHI mutation —

and/or
SF3BI mutation
Trisomy 12

Intermediate risk Normal karyotype  Not recommended
and FISH

Low risk Isolated dei(13g)” Not recommended

Puiggros et al, BMRI 2014




BCR signalizace u CLL

Antigen
BCR
CcD79
extracellular
o [Alels
| B BN .
N\ P LyN ) BYK 4 intracellular
LYN SYK o .
P «
T i _ 55
Fostamatinib Idelalisib Ibrutinib ‘
Entospletinib Duvelisib CC-292
AMG-319 ONO-4059 .
TGR-1202 ACP-196 o ’ a
Cah ‘ . ‘
RAS
‘ .
NFAT MEK D+
BCR (B cell antigen receptor) signalizace — s
. Joy veivevs .y, . “..p (LERK
nejdulezitéjsi patogeneticky mechanismus »
vedouci k vyvoji, progresi a relapsu CLL .
Bruton tyrosin kindza (BTK) - hlavni sou¢ast BCR ’.

signalni drahy

Konstitutivni aktivace BCR signalizace — bunécna proliferace, prezivani a
migrace

Inhibitor BTK blokuje BCR signalni drahu a indukuje apoptozu

Wiestner, Haematologica 2015




Pacient CLLO5

TRAILR1,2

der(10)t(3;10)
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SEC63
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Nehodgkinské lymfomy - NHL

= Maligni lymfomy jsou heterogenni skupina nadord lymfatické tkané

= Vznikaji na zakladé genetickych zmén v pdvodné normalnich burnkach
= Klasifikace lymfomu- histopatologie - WHO klasifikace lymfoma 2008
= Cytogenetika a FISH potvrzuji klasifikacni zarazeni

Folikularni lymfom (FL) MAL 8% Follculr;22%

Marginal zone; 3%-,

CLLtype; 7%_— # QOthers; 6%
indolentni B bunécny lymfom
Mantle Cell, G‘Vg

- Anaplasticlarge
T/null-cell: 2%

~20 % vSech lymfomu
Peripheral T cell;

T%
heterogenni klinicky pribéh , os nékolik rokd az 20 | |
N Lymphoblastic; 2%
90% nemocnych ma translokaci t(14;18)(g32;921) DLBCL; 3%/ Burk'tt/Burki®ﬁ\n'giobla‘5ti‘c/a
3% angiocentric; 3%

B 1% .
14. 18 \ i' ‘.! 1—%
\QQ a“g, 14t (14,18)  qg

Fuze IGH/BCL2




“ 4-7% nadorl( u déti a mladistvych

* incidence vzrlsta s vékem

= zvySené riziko déti s imunodeficitem (napf. AT)

= WHO klasifikace 2008

= Frekvence histologickych subtypl odlisna od dospélych

A
W Follicular DLBCL (B)
Burkitl's ™% 20%
8% - |
_ALCL
10%

Other | \

9%

0-14 year

Pfevzato: Hochberg et al, BJH 2008

ALCL
17%

15-19 year age group
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MNOHOCETNY MYELOM

MM je B-bunécné nadorové onemocnéni, charakterizované nekontrolovatelnou

proliferaci abnormalnich plasmatickych bunék v kostni dreni.

BOMNE MARROW

Initiating Event
- Translocation

Transition 1% per annum

Transition 10% per annum ':‘
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MNOHOCETNY MYELOM

Revised International Staging System for Multiple Myeloma:
A Report From International Myeloma Working Group

Mulustep Pathogenesis of Multiple Myeloma

2015

Multistep MGUS Intramedullary Extramedullary
progressive multiple multiple
disease myelama myeloma

; Hyperdiploidy

a0

[56% of patients) =

Cytogenstic b Secondary =
abnormalitics warsloabiony &
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= {50% af patients) = ¢
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N EnglJ Med 2011; 364:1046-1060 March 17,2011

Tabde 1. Standard Hso Fectors for KN and the F-HES
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ZAVER

=Cytogenetika je nedilnou soucasti diagnostickych a prognostickych
stratifikaci hematologickych malignit i détskych solidnich nadoru

=\/ jednom vysetreni analyzuje cely genom

*Dovoluje potvrdit klinickou diagnosu nalezem specifickych
chromosomovych zmén

*Nenahodné rekurentni zmeény urcuji prognosu onemocneni

=Urceni zmeény dovoluje monitorovat ucinnost |éCby




