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Patofyziologie krve

Doc. RNDr. Sabina Sev¢ikova, PhD.
Babakova myelomova skupina
Ustav patologické fyziologie LF MU
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Hematopoéza

Proces tvorby bunécnych komponent krve

Dospély ¢lovék produkuje 5 x 10! hematopoetickych bunék denné

Vysoce regulovany, vysoce responzivni systém

Pinho 2019
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Kmenové
bunky

Hematopoéza

Prekurzory

Zralé bunky

sebeobnova

T - lymfocyt

B - lymfocyt

Erytrocyt

Trombocyt

Bazofil

Eosinofil

Neutrofil

Monocyt

Osteoklast
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Produkce krve

jatra tvori proteinové slozky krve

endokrinni zlazy produkuji hormony

zazivaci trakt a ledviny udrzuji vodni frakci




Rozklad krve

slezina — zanik krevnich bunéek

jatra — zanik krevnich bunék, vychytavani proteinu

ledviny — vychytavani proteinu, regulace vody




< 7 dni leukocyty

Zivotnost krvinek

14 dni trombocyty

120 dni erytrocyty
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Hematopoetické kmenové bunky - HSC

* Multipotentni - schopnost generovat cely hematopoeticky systém
* Embryogeneze - aorto-gonado-mesonephros, fetalni jatra

* Dospéli - kostni dren

* \/ysoce specializované raritni bunky

* Schopnost sebeobnovy
* Schopnost diferenciace ve funkcni progenitory

 Dulezité po transplantaci, infekci, poranéni
* Nutna rovhovaha mezi diferenciaci a sebeobnovou

Pinho 2019
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Hematopoetické kmenové bunky - HSC

e 1:10 000 bunék v kostni dreni

o T onenn e * Exkluze barvicky Hoechst, rezistence k 5-
corsosian  MFEESENNN [corio ey | S fluorouracilu nebo Y zareni

CD184 (CXCR4) 15 :")ﬁ'j B & ‘, A Proliferation &

¥ 1
i

CD271 (NGFR) ¢

Differentiation * nepfitomnost CD markeru diferencovanych
,, T ctorp: TR bunék

CD135 (FIk-2) Y 02025 (Tie2/Tek Cell-cycle Dormanc v . . ’
o uony TR ’ ’ * pfitomnost c-Kit (receptor pro cytokinovy

Angiopoietin-1: Ang-1 o ,
Hematopoietic Stem Cell Cell-cycle Dormancy rustovy fakto r)

* Nachazeji se ve specifickych nikach v kostni
dreni

Tsuruta 2012
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Dulezité pojmy

* Incidence je pocet novych pripadl onemocnéni za urcité casové obdobi (nejcastéji za rok)

vztazeny na populacni jednotku (nejc¢astéji 100.000 obyvatel)

* Prevalence je pocet pacientll s danym onemocnénim v urcitém okamziku. U onkologickych

ce/

onemocnéni je to pocet Zijicich pacientut (i vylécenych), u kterych byl diagnostikovan dany

typ nadoru.

* Celkové preziti - doba od diagndzy nebo zahajeni léCby

Survival Function
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Dulezité pojmy

* Remise je vymizeni vsech znamek onemocnéni vcetné normalizace laboratornich hodnot a
nalezu na zobrazovacich vysetreni v odpovédi na IéCbu.

* Kompletni remise — vymizeni znamek nadoru v odpovédi na léCbu.

7

e Relaps — vraceni nemoci. Dosazeni remise jesté nemusi byt uplné vyléceni. Pretrvavaji
loziska nadorovych bunék, mohou byt zdrojem relapsu.

e Casteéna (parcidlni) remise je pokles po¢tu nadorovych bunék o nejméné 50 %, zejména u
leukemii.
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Minimalni residualni choroba - MRD

* Malé mnozstvi nadorovych bunék, které nejsou zni¢eny lécbou (10°)
e Tyto bunky znovu proliferuji — rezistence na lécbu

* Novy komponent detekce kompletni odpoveéedi

* MRD negativita — spojena s lepSim OS

Paiva et al, 2008; Rawston et al., 2013
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MRD

Diagnosis

Relapse

Treatment

Clinical remission

MRD DETECTION

Persistence
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Detekce MRD

Number of
leukemia
cells

12

Morphologica
disease

Measurable residual
disease

Non-quantifiable
easurable residual
disease

%
n-detecta/v le
isee?i?

MRD

level

10=

10+

=105

108

'I 0-10

y G098 . o

v @ éD3“4 a e k ! 3
3.“i”l||||||||||

Methods of MRD detection

Light microscopic
evaluation

Multicolor flow
cytometry
Real time PCR
DI J |

T Nucleotide ™

Next generation
sequencing

MRD not quantifiable or
non-detectable with current methods

CURE
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Nadorova onemocnéni krvetvorby

§ Leukémie
3 Lymfomy

A
n Mnohocetny myelom
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Nadorova onemocnéni krvetvorby

§ Leukémie
3 Lymfomy

A
n Mnohocetny myelom
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Leukémie

Heterogenni skupina onemocnéni

NejcCastéjsi nadory u déti

Leukemické bunky ztraci schopnost diferenciace, vysoky proliferacni potencial

2 populace bunék v téle - zralé bunky a nezralé bunky = blasty




Klinické priznaky

Erytropénie — anémie

Trombocytopenie — krvacivost

Leukocytopenie — nachylnost k infekcim




Prognodza leukemii
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Lécba leukemii

* Indukce — |Iécba s cilem navodit kompletni remisi

» Konsolidace — opakovani indukcni [éCby u pacienta, ktery se dostal do kompletni

remise

 Udrzovaci lécba — dlouhodoba nizkodavkova lécba s cilem zabranit rlstu

residualnich nadorovych bunék

* Radiace, chemoterapie (kombinace)

= =
m e
O =



Po chemoterapii nasleduje

* Biopsie kostni drené
e Pokud vic nez 5-10 % blastu- dalsi [é¢ba

* Transplantace kostni drené
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Rozdeéeleni leukémii
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Rozdeéeleni leukémii
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Akutni leukémie

e velice rychly naruast nezralych bunék

* kostni dfen potom nestiha ‘vyrobit’ zdravé bunky

 leukemické buriky se dostanou do krve a napadaji dalSi organy (i CNS)
* nutna rychla |écba — ,medical emergency”

* nejCastejsi u deti
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Chronickeé leukémie

* Narast bunék relativné zralych, ale abnormalnich
* Trva meésice i roky
* Nékdy neni nutna lécba ihned (na rozdil od akutnich leukémii)

e VVétsinou u starsich lidi
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ALL -

Castéjsi u deti

AML -
Castéjsi u
starsSich lidi

CLL -
nejCastejsi
leukemie
dospélych

CML -

predevsim u
dospélych
J
MUN
MED


http://www.wikiskripta.eu/index.php/Akutn%C3%AD_lymfatick%C3%A1_leukemie
http://www.wikiskripta.eu/index.php/Akutn%C3%AD_myeloidn%C3%AD_leukemie
http://www.wikiskripta.eu/index.php/Chronick%C3%A1_lymfatick%C3%A1_leukemie
http://www.wikiskripta.eu/index.php/Chronick%C3%A1_myeloidn%C3%AD_leukemie

Hematopoéza

STEM CELLS PROGENITORS MATURE CELLS
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B-Lymphocyte
/Plasma cell . ’ .
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Kupffer cell
Langerhans cell
Dendritic cell
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Oc-CFC (?)

= =
m e



Rizikové faktory pro rozvoj leukémii

* lonizujici zareni

* chemické latky — benzen a aromatické uhlovodiky, cytostatika, alkylacni Cinidla a dalsi
karcinogeny

* nékteré syndromy: Downuv (trisomie 21), Klinefelterav (47, XXY)

* Casto po 1é¢bé jinych malignit — sekundarni leukémie

= =
m e
O =



Akutni myeloidni leukemie AML
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Akutni myeloidni leukemie AML

 Unava, horecka, snadnd tvorba modf¥in, krvacivost

* Akumulace blasttd v kostni dreni (> 20 %), selhani kostni drené
* Blasty v periferni krvi

e Zastava diferenciaci na néjakém stupni

* Nejcastejsi leukemie u dospélych nad 65 let (80 %)

e Zhruba 20 000 nové diagnostikovanych pacientl za rok

* 1,3/100 000 do 65 let, 12,5/100 000 nad 65 let
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Auerovy tycky

* Typicky znak pro AML

e V cytoplazmé myeloblastu

* Negativni prognosticky faktor

* Abnormalni fuzi primarnich granul

* Pojmenovany podle amerického fyziologa
Johna Auera v roce 1905




Prognéza AML




Klasifikace AML

FAB-French American
British

WHO klasifikace

e 8 subtypu
e Podle morfologie a cytochemie

e Podle molekul, morfologie, kliniky

= =
m e
O =



FAB
klasifikace

Classification of AML

AML w/o maturation MO no azurophil granules -

AML M1 few Aeur rods del(5); del(7); +8
maturation beyond
promyelocytes; Auer
AML w/ differentiation M2 rods t(8:21) t(6:9)
hypergranular
promyelocytes; Auer
Acute Promyelocytic Leukemia M3 rods t(15:17)
> 20% monocytes;
monocytoid cells in in(16) del(16) t(16:16)
Acute Myelomonocytic Leukemia M4 blood t(4:11)

monoblastic;

Acute Monocytic Leukemia M5 promonocytic t(9:11) t(10:11)
predominance of
erythroblasts;

Acute Erythroleukemia M6 dyserythropoiesis -

dry' aspirate; biopsy
Acute Megakaryocytic Leukemia M7 dysplastic with blasts -




Table 1. 2016 WHO classification of mature lymphoid, histiocytic,
and dendritic neoplasms

Table 1. (continued)

Mature B-cell neoplasms
Chronic lymphocytic leukemia’small lymphocytic ymphoma
Monoclonal B-cell lymphocytosis®
B-cell prolymphocytic leukemia
Splenic marginal zone lymphoma
Hairy cell leukemia
Splenic B-cell lymphoma/eukemia, unclassifiable
Splenic diffuse red pulp small B-cell lymphoma
Hairy cell leukemia-variant
Lymphoplasmacytic lymphoma
Waldenstrdm macroglobulinemia
Monoclonal gammopathy of undetermined significance (MGUS), IgM*
i heavy-chain disease
v heavy-chain disease
o heavy-chain disease
Monoclonal gammopathy of undetermined significance (MGUS), IgG/A*
Plasma cell myeloma
Solitary plasmacytoma of bone
Extraosseous plasmacytoma
Menoclonal immunoglobulin deposition diseases*
Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue
(MALT ymphoma)
Modal marginal zone lymphoma
Pediatric nodal marginal zone lymphoma
Follicular lymphoma
In situ follicular neoplasia®
Duodenal-type follicular lymphoma*
Pediatric-type follicular lymphoma*
Large B-cell lymphoma with IRF4 rearrangement*
Primary cutaneous follicle center lymphoma
Mantle cell ymphoma
In situ mantle cell neoplasia*
Diffuse large B-cell lymphoma (DLBCL), NOS
Gemminal center B-cell type*
Activated B-cell type*
T-cell/histiocyte-rich large B-cell lymphoma
Primary DLBCL of the central nervous system (CNS)
Primary cutaneous DLBCL, leg type
EBV"' DLBCL, NOS*
EBV" mucocutaneous ulcer*
DLBCL associated with chronic inflammation
Lymphomatoid granulomatosis
Primary mediastinal (thymic) large B-cell lymphoma

Monomorphic epitheliotropic intestinal T-cell lymphoma*
Indolent T-cell lymphoproliferative disorder of the G tract*

Hepatosplenic T-cell lymphoma

Subcutaneous panniculitis-like T-cell lymphoma
Mycosis fungoides

Sézary syndrome

Primary cutaneous CD30" T-cell lymphoproliferative disorders

Lymphomatoid papulosis
Primary cutaneous anaplastic large cell lymphoma
Primary cutaneous & T-cell lymphoma

Primary cutaneous CD8" aggressive epidermotropic cytotoxic T-cell lymphoma

Primary cutaneous acral CD8" T-cell lymphoma*

Primary cutaneous CD4" small/medium T-cell lymphoproliferative disorder

Peripheral T-cell lymphoma, NOS
Angioimmunaoblastic T-cell lymphoma
Follicular T-cell lymphoma®

Nodal peripheral T-cell lymphoma with TFH phenotype®

Anaplastic large-cell lymphoma, ALK
Anaplastic large-cell lymphoma, ALK ™™

Breast implani-associated anaplastic large-cell lymphoma*
Hodgkin lymphoma

Modular lymphocyte predominant Hodgkin lymphoma
Classical Hodgkin lymphoma
Modular sclerosis classical Hodgkin lymphoma
Lymphocyte-rich classical Hodgkin lymphoma
Mixed cellularity classical Hodgkin lymphoma
Lymphocyte-depleted classical Hodgkin lymphoma

Posttransplant lymphoproliferative disorders (PTLD)

Plasmacytic hyperplasia PTLD

Infectious mononucleosis PTLD

Florid follicular hyperplasia PTLD*
Polymormphic PTLD

Monomeorphic PTLD (B- and T-MNK-cell types)
Classical Hodgkin lymphoma PTLD

Histiocytic and dendritic cell neoplasms

Histiocytic sarcoma

Langerhans cell histiocytosis
Langerhans cell sarcoma

Indeterminate dendritic cell tumor
Interdigitating dendritic cell sarcoma
Follicular dendritic cell sarcoma
Fibroblastic reticular cell tumor
Disseminated juvenile xanthogranuloma
Erdheim-Chester disease”

WHO klasifikace
Swerdlow 2016



Preziti mladych a starSich AML pacientu
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* Horni graf ukazuje preziti mladych (<60 let)

Era Total Died 5-Year
— 1970-79 388 357 13%
— 1980-89 416 358 21% . o
— 1990-99 640 472 32% t A M L d k 1 9 7 O
—— 2000-09 769 434 46°/: p a C I e n u S O ro u

—— 2010-15 454 155 49%
p < 0.001

* Dolni graf preziti starSich pacientt s AML od

roku 1970

e Kantarjian et al 2015 - MD Anderson

Era Total Died 5-Year Median (Mo)
— 1970-79 170 169 8% 1.8

— 1980-89 245 245 4% 3.6

— 1990-99 531 508 9% 5.7

—— 2000-09 832 753 13% 8.8

— 2010-15 612 389 13% 1.5

p <0.001
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Akutni promyelocytarni leukémie APL

Vewvyse

nejmaligneéjsi lidska leukémie
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APL - lécba

ATRA First reports (1985) ATRA/ATO Publication

. ; of APL0406 trial results
First chemotherapies Huang: ATRA series of (2013)
(1967) 24 cases (1988)
ATRA: First results in
Bernard: Treatment by Western countries (1990)
th li 1973 -

. anthracyclines (1973) Sun: Efficacy of Ailing-1 (1992)
Hllles'taq: first Shen: ATO First controlled
description (1957) trial (1997)

ATRA/ATO in
mouse (1999)
v v v v v v
1960 1980 2000
A + A A
FAB: M3 RARA gene Gene expression
(1976) (1988) networks underlying
ATRA-induced APL
Rowley: t(15;17) MYL (PML) gene cell differentiation
(1977) (1991) (2000)
Differentiation of primary Retinoic acid and ATO
APL cells by retinoic acid degrade PML/RARA (1997)

ex vivo (1980-81)
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APL

PML-RARA I :'\’J;fh -~

 Akumulace promyelocytl (vyvoj stadium granulocytu)
M3 klasifikace podle FAB

* Nutna urychlena lécba

* Pro diagndzu nutna detekce t(15;17) PML-RARa

 Median pri diagndze je 40 rokd, riziko je stejné pro cely Zivot

e 1957 - subtyp leukemie

1970 - identifikace translokace - Dr. J. Rowley



Molekularni podstata APL . ST

K160
* RARa - receptor pro all-trans kyselinu arsenic]| R |
DEGRADATION DEGRADATION

retinovou
e PML - gen promyelocytarni leukemie

* Translokace t(15;17) — reciproka
translokace

RA/e' Reactivation model

aIE R %’MURARA degradation
PML/RARA Target genes \_’ \

l Derenression model




APL lécba

Crespo-Solis 2016

DNR 60mg/m?/d

Induction

(days 2,4,6.8) *
ATRA 45mg/m?/d
(from day 1 to CR})

Consolidation

Low risk

Intermediate risk

High risk +

——
ATRA 45mg/m?/d (1-15)

DNR: 25mg/m?d (1-4)

DNR: 25mg/m?/d (1-4)

DNR: 35mg/m?d (1-4)
|
ATRA 45mg/m?/d (1-15)

Ara-G 1000mg/m?d (1-4)
ATRA 45mg/m?/d (1-15)

MTZ 10mg/m/d (1-3)
——
ATRA 45mg/m?/d (1-15)

MTZ 10mg/m/d (1-3)
|
ATRA 45mg/m?/d (1-15)

—
ATRA 45mg/m?/d (1-15)

MTZ 10mg/m/d (1-5)

DNR: 60mg/m?d (1)

DNR: 25mg/m?/d (1,2)

DNR: 25mg/m2/d (1)

ATRA 45mg/m?/d (1-15)

ATRA 45mg/m?/d (1-15)

Ara-C 150mg/m%8hrs (1-5)

ATRA 45mg/m?/d (days 1-15)

Maintenance (2 years)

ATRA: 45mg/m?/d (days 1 to 15) every 3 months +
methotrexate: 15mg/m?/d, weekly + 6-mercaptopurine: 50mg/m2/d
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APL pre

INK

t

N

Cum Survival

ATRA/ATO+chemo: 91.7%

1.0— :\LLH;:——Q————
il ’ B E . ATRA<+chemo—>ATO: 78.6%
T
o= ATRA+chemo: 60-80%
0.4— _\—l Chemo: 35-45%
0.2 Pre-chemo
0.0—
T T T T T T T
0.00 2000 4000 6000 8000 10000 12000
Months

— ATO: 70-85% (87.6%, 3 y)

Chen 2011
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Akutni lymfoidni leukemie - ALL
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Akutni lymfoidni leukemie - ALL

* Maligni transformaci a proliferaci lymfoidniho progenitoru v kostni dreni, periferni krvi a
extramedularnich oblastech

* 80 % ALL u déti

* Incidence 1,6/100 000 (USA)

e 2016 - 6590 nové diagnostikovanych pripadud, 1400 dmrti

e Bimodalni distribuce incidence — déti (4 roky) a dospéli (50 let)

* U déti preziti 90 %, ale jen 30-40 % dospélych dosahne dlouhodobé remise
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Etiologie ALL

* V\yznamna korelace s Downovym syndromem, Fanconiho anemii, Bloomovym syndromem,
Ataxia Telangiectasia and Nijmegen breakdown syndrome

* lonizujici radiace, pesticidy, koureni

* Viry - Epstein-Barr a HIV

* Ale u zdravych velice Casto de novo

 Chromozomové aberace t(12;21), t(1;19), t(9;22) a aberace v MLL — nejsou dostatecné k

rozvoji ALL
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Lecba ALL

* Indukce (vinkristin, kortikosteroidy,
antracyklin)
* Transplantace kostni drené

Nebo

 Konsolidace
* Udrzovaci lécba — 2-3 roky

Terwilliger 2017

Acute Lymphoblastic Leukemia Overall Survival
Adult Patient Transplantation by Year of Transplant
Unrelated Transplants Facilitated by NMDP/Be The Match
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Chronicka myeloidni leukemie CML
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Chronicka myeloidni leukemie CML

Normal
chromosome 9

abl

Normal
chromosome 22 g
| *

Changed chromosome 9

Chromosomes break
Changed
chromosome 22
(Philadelphia
chromosome)

é ber-abl

Prvni nador spojeny se
specifickou aberaci
translokace meazi
chromozomy 9 a 22
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Filadelfsky chromozom

e 1960 — Peter Nowell a David Hungerford

popsali abnormalni chromozom u CML
* Prvni genetickd podstata nador

e 1972 - Pricina nebo konsekvence? Janet

Rowley —t(9,22)




CML

* 1. nador spojeny se specifickou aberaci

* Philadelphia chromosome

* 1972 popsana translokace t(9;22) (Rowley)

e 1983 popsana kinaza abl na chromozomu 9 (Heisterkamp)
e 1984 popsana oblast bcr na chromozomu 22 (Groffen)

* 1990 bcr-abl davod CML (Daley)

 Bcr-abl- abnormalni tyrosin kinaza (Lugo, 1990)
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CML

* Incidence 1-2/100 000

* 15 % nové diagnostikovanych pacientl s leukémii

* 9000 novych pripadd v USA/rok

* 1000 zemre (od zavedeni Iéku Gleevac je rocni mortalita 1-2 %)

* Prevalence — 25 000 (2000), 150 000 (2022)
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Gleevec (1993) Novartis

* Imatinib mesylate

 Aktivni proti koloniim CML (Druker 1996)

* O 2 roky pozdéji klinicka studie, 31 pacientll, 98 % odpovéd na lécbu

e Studie faze Ill — 16 zemi, 177 center, 1100 pacientd- vSichni pacienti na Gleevec

 Preziti 95 %, preziti 65 % v blastické krizi (8 let)

* Molekularni pozitivita bcr-abl je stale problém — leukemické bunky prezivaji — nebezpeci

relapsu
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Soucasna lecbha CML

* Imatinib (Gleevec)
 Dasatinib (Sprycel)
* Nilotinib (Tasigna)
e Bosutinib (Bosulif)
* Ponatinib (Iclusig)

e Asciminib (Scemblix)

A, Imatinib

CFy
N
() b °Q
Z X N N\
SHSRAE oL

Schvaleny FDA C, Nilotinib

e
NN N \ HN
NM”AMO

B, Dasatinib

CFs

(?}%@’To Q_Né

D, Ponatinib
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1.0
casna lécba CML 08
Soucasna lecba C N
E
8 06
o
=
* Imatinib — posledni dobou i generika S
= 04
. . (/z) Treatment Era Total Died
e Dasatinib s sl 13
G2 frmantedty
* 350 krat uc¢inné&jsi neZ imatinib — i set e
* Inhibice i Src drahy 0.0 l=sz 227 220 =

o 1 2 3 4 5 66 7 8 9 10 1 12 13 14
Years

* 5-leté preziti podobné jako imatinib

* Nilotinib
 Strukturni analog imatinibu, ale lépe se vaze
* 5-lety preziti lepsi nez imatinib

* Bosutinib - Src/Abl inhibitor
* Pro resistentni pacienty na predchozi |[écbu
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CML diagnoza

* 50 % pacientl asymptomatickych

* Anemie, zvétseni sleziny, unava, malatnost, snizeni vahy

* Cytogenetika — potvrzeni aberace

* 100 % pacientl bcr-abl, ale muzou byt ijiné pridruzené aberace (trisomie 8, ...)

* Aspirat kostni drenée
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Chronicka lymfocytarni leukemie - CLL
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Chronicka lymfocytarni leukemie - CLL

* 30% vsech leukemii

* NejCastejsi typ leukémie v zapadnich zemich

* Klonalni expanze B bunék — CD5 pozitivnich, v krvi, kostni dreni, lymfatickych uzlinach a
sleziné

e Casté&jdi u muzl (1.7:1)

* Incidence 4.1/100 000

* Median veku pri diagnoze 67 let

Hallek 2019
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Etiologie CLL

* Genetika

* Viry (EBV, HIV)
* Radiace

* Chemikalie

 Koureni
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CLL genetické zmény

* Primarni zména v multipotentnich hematopoetickych kmenovych bunéek

* Delece 13q, delece 11q, trizomie chromozomu 12

e Del(13q14) primarni zména — 55% pripadu

* Del(11q) - 25 % pacientl — delece 11g23- gen ATM — snizené OS

* Trizomie 12- 10-20 % pacient(

* Del(17q) — 5-8 % pacientl — resistence k chemoterapii
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Diagnéza CLL

e Krevni obraz, krevni natér, imunofenotypizace
* Vice nez 5000 B bunék/pul v periferni krvi

 Klonalita pomoci flowcytometrie
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Rizikové faktory CLL

°Delece a nebo mutace TP53
*/GHV mutace
*Sérovy B2 mikroglobulin

*\Vysoky vék (>65 let)

The chronic lymphocytic leukemia —

international prognostic index (CLL-IPI).

Characteristic Points
Age > 65 years 1
Rai Stage I-IV 1
Unmutated IGHV genes 2
Serum P2 microglobulin >3.5 g/dL 2
Del17p13 by FISH or TP53 mutation 4
Total score 0-10
Total Score CLL-IPI Risk Group
0-1 Low
2-3 Intermediate
4-6 High
7-10 Very high
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Lécba CLL

* Chlorambucil — alkylacni Cinidlo
* Purinova analoga — fludarabin, pentostatin, cladribin

* Monoklonalni protilatka —antiCD20 (rituximab)

* |brutinib — inhibitor bruton tyrosin kinazy, FDA schvaleno

* Venetoclax — inhibitor BCL2, FDA schvaleno

A Progression-free Survival According to Independent Assessment
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CLL

CLL-IPI
category

Low-risk

Intermediate-
risk

High-risk

Very high-risk

OS at
5 years

93.2%
79.3%

63.3%

23.3%

Potential clinical consequence
Do not treat

Do not treat except if the disease is
really symptomatic

Treatment indicated except if the
disease is asymptomatic

If you need to treat, do not use
chemotherapy but rather targeted
agents or treatment in clinical
trials
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Nadorova onemocnéni krvetvorby

§ Leukémie
3 Lymfomy

A
n Mnohocetny myelom
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Lymfomy

* maligni proliferace lymfatické tkané (uzliny) — bunky lymfoidni rady (B, T)
* Solidni nador krevnich bunék

e 1832 popsany Dr. Hodgkinem

* NejCastejsi nadory krve

* 5,3 % vSech nadoru

e Sifeni do dalSich uzlin a lymfatické tkané organu

e dle histologie - Hodgkinlv (Castéjsi u muzu)

. - non-Hodgkinovy lymfomy B, T, NK
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Lymfomy

Nejcastejsi lymfomy:

e difuzni velkobunécny B-lymfom (30 %)

e folikularni lymfom (22 %)

e MALT-lymfom (8 %)

e chronickd B-lymfatickd leukémie/lymfocytarni lymfom (7 %)
e l[ymfom z plastové zény = mantle cell lymphoma (6 %)

Vsechny maligni lymfomy se mohou prezentovat jako tzv. B priznaky:

* Ubytek hmotnosti (10 % / pul roku),
e subfebrilie / febrilie, no¢ni poceni
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Hodgkinovy lymfomy

* Nebolestivé zvétseni uzlin (kréni, axilarni)

* Horecka, svedeéni, poceni, malatnost, unava, pokles hmotnosti;
* splenomegalie

e kasel, dusnost

* vypotek, infiltrace parenchymatdznich organu, skeletu (pri pokrocilém postizeni).

* Etiologie neznama — genetika, HIV, EBV

* Mezi 20-30 lety, prudce nahoru po 50
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Hodgkinovy lymfomy

typ I pfevaha lymfocytld (malo Reed-Sternberg
bunék), nejlepsi progndza (5 %)

typ Il: nodularné-skleroticky (nodularni loziska, " Reed-Sternberg

bunky (retikularni, lymfocyty, histiocyty) v lymphocyte- 1”& F— cell
kolagennich viaknech (70 %)

typ lll: smiSeny (20-25 %)

typ IV: klasicky, hodné Reed-Sternberg bunék,

A ] Reed-Sternberg bunky — abnormalné velké lymfocyty,
(nejhorsi prognoza) (1 %)

charakteristické pro lymfomy, mnohojaderné



Hodgkinuv lymfom




Non-hodgkinovy lymfomy

* Heterogenni skupina nadoru (cca 40 typu)

* \Vlychazeji vétsinou z miznich uzlin, které se v détském véku rychle lokalné sSifi a metastazuiji
* Pfi diagnoze maji dve tretiny nemocnych pokrocila stadia nemoci.

e U déti vysoce maligni nddory — velmi intenzivni chemo — |é¢ba Uspésna v cca 80 % pripadi

* U dospelych — stredné maligni
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Nadorova onemocnéni krvetvorby

§ Leukémie
3 Lymfomy

A
n Mnohocetny myelom
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Mnohocetny myelom MM

* Druhé nejcastéjsi krevni nadorové onemocnéni

* 10 % hematologickych malignit
* Vek pri diagndze 65 let

* Incidence 4/100 000

e Cast&j&i u muzl

* Patogeneze nékolikastupnova

Multiple Myeloma

Red marrow
where plasma —_—
cells are made—== )

Normal plasma cells

{/’ B Y \i':
Q 4157\ DAntibodies

Multiple myeloma cells (abnormal plasma cells)

Hajek, 2012
Anderson, 2011
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Patogeneze MM - nékolikastupnovy proces
_|
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Primarni genetické zmény: ]

translokace IGH
hyperdiploidie

AN

hypometylace DNA
ziskané mutace

Sekundarni genetické zmény:
abnormality v po¢tu kopii
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MM

* Infiltrace kostni drené malignimi plazmatickymi bunkami
* Kostni léze

* Pfitomnost monoklonalniho imunoglobulinu (M-1g) v séru a/nebo moci
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Zdrava kostni dren MM kostni dren
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Projevy MM

utlum kostni drené: anemie, pokles imunity, krvacivé projevy

naruseni kosti: bolest, samovolné zlomeniny

tvorba defektnich imunoglobulinl: hyperviskozita, pokles imunity




Diagnoza MM

Pomeérné obtizna: bolest, slabost, nevykonnost, opakované infekce, unava

Pocet myelomovych bunéek v kostni dreni

Pfitomnost abnormalni bilkoviny v krvi/moci

Typické zmeény na kostech




Lecba MM
tohle jsme vyzkousel,....

Hajek, 2012
Anderson, 2011
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Lécba MM

...a tohle pouzivame

 Chemoterapie
* Transplantace kostni drené
* Imunomodulacni léky

* Inhibitory proteasomu

Hajek, 2012
Anderson, 2011
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Moznosti lecby MM

IMIDs (imunomodulacni léky)

Proteasomoveé inhibitory
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Thalidomid — prvni IMID

e 1953- Chemie Grinenthal

e 1957-distribuce

e Sedativum, hypnotikum

* Proti ranni nevolnosti u téhotnych Zen
e Tézky teratogen

* Nebyl dostatecne otestovan — jen na
krysach

e 10000 deti takto narozenych - 40 % déti
prezilo

* FDA - Dr. Francis Kelsey — nepovolila uziti
thalidomidu v USA

White House Archive
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Dr. Francis Kelsey (1914-2015)




Thalidomidové deti ....dnes
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Thalidomid — pokracovani....

* 1964 — Jason Sheskin — pacient s leprou a tézkymi komplikacemi

e 1993- Judah Folkman — angiogeneze, solidni nadory ale i hematologické

e 1994 — refrakterni MM pacient — thalidomid — klinickd studie 1/3 pacient( odpovéd
* 2006 — FDA — |éCba MM

* Neprijemné vedlejsi uCinky - neuropatie

Sedlarikova, 2012
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Moznosti lecby MM

IMIDs (imunomodulacni léky)

Proteasomoveé inhibitory
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Proteazomoveé inhibitory

* Proteasom — proteolyticky komplex pro ——
degradaci ubikvitinovanych protein ég;fg;}wmtw
* MM bunky produkuji velké mnozstvi

proteinU — inhibice proteasomu vede k e Bl pggg\/ T
hromadéni proteint v bufice a apoptdze AN \Q{\//f% bﬁ“}demm

* Bortezomib — prvni lék na této bazi S A—
V4 Vs 7 v //4“" 2 & \\ Aggresc_)me
schvaleny pro lécbu MM ;}%/ “f%\ }deZ:;’;i?on
.
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l1l. Pfezivani pacientii s hematoonkologickymi

onemocheénimi



Blood Lung Prostate Breast Bowel
cancer cancer cancer cancer cancer

Increase in blood cancer survival rates
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Incidence a preziti

Eiabnated Flows Casus 2%) of Canikansia; Five-Year Relative Survival Rates by Year of Diagnosis
Lymphoma and Myeloma, 2020 .
90 89
82
Myeloma 18% 81 75 75
32,270 cases 70 86
® 6 s
Lymphoma 48% & 54 47 51 45
85,720 cases S 45 40
ey E 36 29 31 34
Leukemia 34% 27 —25
60,530 cases Total cases: 178,520 @ 18 12 14
9 I
Figure 1. Source: Cancer Focts & Figures, 2020. American Cancer Society; 2020. 0 Myeloma Kin Non-Hodgkin Leukemia
Lmoma Lymphoma

1960-1963~ M1975-1977 M 1990-1992 W 2009-2015
Figure 2. Source: SEER (Surveillance, Epidemiology. and End Resuits)
Cancer Statistics Review, 1975-2016. National Cancer Institute; 2019,

*The difference in rates between 1975-1977 and 2009-2015 is statistically
significant (p<.05).

“Survival rate among whites (the only data available)
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Dékuji za pozornost



