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BIELA RADA —
LEUKOPENIE, LEUKEMIE, LEUKOCYTOZY
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LEUKOPENIA, NEUTROPENIA, LYMFOPENIA

= Leukopénia - <4000 buniek/ul
= Neutropénia - <1500 buniek/pl
"  Lymfocytopénia — dospeli <1000 buniek/pl (symptomaticka <300 buniek/pl) vs. deti <3000 buniek/l

= Priciny
|. Znizena produkcia

2. Zvysena destrukcia alebo utilizacia buniek



IS8 \When you haven't been paying attention to the lecture and
the professor asks you what labs you would like to order
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LEUKOPENIA

= Pokles jednej alebo viacerych druhov bielych krviniek v periférnej krvi

= PRIZNAK!!

= Niekedy sa leukopénia a neutropénia zamienaju -> neutrofily 50 — 75 % vsetkych leukocytov u dospelého

= Agranulocytoza — klinické prejavy zavaznej neutropénie
= Vycerpanost, horucky, zavazny az fatalny priebeh (aj banalnych) ochoreni

=V Ustnej dutine — ulceracie mukdzy — najma gingiva a farynx



LEUKOPENIA PRICINY

Znizena produkcia Zvysena utilizacia alebo destrukcia
= Aplasticka anémia = HIV infekcia
=  Genetika = Onkohematologické ochorenia
= Autoimunitné ochorenia = Leukémie a lymfomy

® Liekmi indukovana

= Onkohematologické ochorenia

= Leukémie a lymfomy



NEUTROPENIA A AGRANULOCYTOZA

= Neutrofily

= 50 —-75 % z dif. rozpoctu leukocytov

= Sucast’ nespecifickej obrany, ,,prvi na bojisku*

= Expozicia virusom, baktériam, niektorym fyzikalnym a chemickym cinitelom, malignity

= Funkcie - DEGRANULACIA, fagocytéza, chemotaxia a regulacia zipalovej odpovede
= Stupne neutropénie

=  Mierna — 1000 — 1500 bb/pl

= Stredna — 500 — 1000 bb/ul

= Zavaina - <500 bb/ul (AGRANULOCYTOZA, niektoré zdroje <100 bb/ul)

= Kriticka - <100 bb/ul -> enormné riziko morbidity a mortality



AGRANULOCYTOZA

" Vrodena (zriedkavo)
= AD, ar, X-rec.— gény ELANE, HAXI,WAS (X-rec.), G6PC3 a p.
®  Autoimunitna neutropénia

= Znizena produkcia

= Chemoterapia — destrukcia/oslabenie hemopoetickej kmenovej bunky — napriklad adriamycin, doxorubicin, cyklofosfamid, cisplatina,
paklitaxel, karboplatina, etc.

" Onkohematologické ochorenia — myelodysplasticky sy., leukémie, lymfomy, etc.

= Nedostatok nutrientov — vit. B9, B12
= Zvysena destrukcia
= Autoimunitné ochorenia — napr. systémovy lupus erythematosus, Crohnova choroba, reumatoidna artitida

= Liekmi indukovana — idiosynkratickeé liekové reakcie

ELANE — elastaza exprimovana v neutrofiloch, HAXI| — hematopoetic cell-specific substrate Lyn | associated protein XI,, G6PC3 —glucose-6-phosphatase catalytic subunit



The risk categories of chemotherapy regimen to induce febrile neutropenia (FN)

Cancer type FN risk category (%)/Chemotherapy regimen
<10 10-20 =20
Breast cancer AC FEC/docetaxel AC- docetaxel
Epirubicin/cyclophosphamide + lonidamide FEC-120 Docetaxel-AC
FEC-100
Doxorubicin/cyclophosphamide-paclitaxel Cyclophosphamide/mitoxantrone Doxorubicin/docetaxel
CMF Paclitaxel (every 21 days) Doxorubicin/paclitaxel
Doxorubicin/cyclophosphamide DDG doxorubicin/Cyclophosphamide-paclitaxel TAC
TCH
FAC 50 Doxorubicin/vinorelbine
AC
Small cell lung cancer CAV - PE Etoposide/carboplatin ACE
CAV Topotecan
Etoposide/carboplatin ICE
Paclitaxel /carboplatin VICE
Tirapazamine/cisplatin/etoposide/irradiation DDG CAV -PE
CODE

https://pmc.ncbi.nlm.nih.gov/articles/PMC7721096/table/tb003/



The risk categories of chemotherapy regimen to induce febrile neutropenia (FN)

I Cancer type

FN risk category (%)/Chemotherapy regimen

=10

10-20

=20

Non-small cell lung cancer Gemcitabine/cisplatin

Non-Hodgkin lymphoma

Hodgkin's disease

Ovarian cancer Gemcitabine/cisplatin

https://pmc.ncbi.nlm.nih.gov/articles/PMC7721096/table/tb003/

Paclitaxel/cisplatin
Vinorelbine/cisplatin
Paclitaxel/carboplatin
Cisplatin/docetaxel
Etoposide/cisplatin
Docetaxel

ACOD

(R)-CHOP
Fludarabine/mitoxantrone
Dose adjusted EPOCH
Mega dose-CHOP
(R)-GEM-P

(R)-GEMOX (elderly patients)
GDP

CHP

Paclitaxel/carboplatin

Docetaxel/carboplatin

DHAF
ESHAP

R-ESHAP

VAPEC-B

ACVBP
(R)-Hyper-CVAD
ICE/R-ICE
Stanford V
MOPPEB-VCAD
FC

FCR

BEACOPP
ABVD
CEC

IGEV
Docetaxel

Topotecan



The risk categories of chemotherapy regimen to induce febrile neutropenia (FN)

Cancer type

<10

FN risk category (%)/Chemotherapy regimen

10-20

DD, dose-dense; DDG, dose-dense with G-CSF;
=20 AC, Cyclophosphamide+Adriamycin; FEC,
Epirubicin+Cyclophosphamide+Fluorouracil; CMF,

Urothelial cancer

Germ cell tumours

Colorectal cancer Irinotecan
IFL

Gastric cancer

Esophagal cancer

Other malignancies

TAP (endometrial cancer)

TPF (laryngeal cancer)

Doxorubicin/cisplatin (endometrial cancer)

Paclitaxel /carboplatin

Cisplatin/etoposide
BEP - EP

FOLFOX

FOLFIRI
Docetaxel-irinotecan
FOLFOX
LVFU-cisplatin

LVFU-irinotecan

Irinotecan/cisplatin

Gemcitabine/irinotecan (pancreatic cancer)
FOLFIRINOX (pancreatic cancer)

Stanford V (Hodgkin's lymphoma)
Paclitaxel/cisplatin (cervical cancer)

Gemcitabine/docetaxel (occult primary- adenocarcinoma)

Methotrexate+Cyclophosphamide+Fluorouracil;

MVAC TAC, Docetaxel+Epirubicin+Cyclophosphamide;

TCH, Docetaxel+carboplatin+trastuzumab; ACE,

Etoposide+Epirubicin+Cyclophosphamide; CAV,

Vincristine+Etoposide+Epirubicin; PE,
Etoposide+Cisplatin; ICE, [fosfamide+Epirubicin+
Cyclophosphamide; VICE,
Ifosfamide+carboplatin+etoposide+vincristine;

CODE,
VelP Vincristine+Etoposide+Cisplatin+Epirubicin;
CHOP,
cyclophosphamide++vincristine+doxorubicin+poni
sone; GDP,
gemcitabine+dexamethasone+cisplatin/carboplatin;
CHP,
cyclophosphamide+doxorubicin,+prednisone;
DHAP, cisplatin+cytarabine+dexamethasone;
ESAP, cytarabine+etoposide+ 6-

DCF mercaptopurine+cisplatin; ABVD,

doxorubicin+bleomycin+vinblastine+dacarbazine;

TC BEACOPP, etoposide+doxorubicin+

cyclophosphamide+vincristine+bleomycin+prednis
one+procarbazine; EPOCH,

TCF etoposidetvincristine+cyclophosphamide+

doxorubicin+prednisone; StanfordV,

ECF doxorubicin+vincristine+nitrogenmustard+vinblast
inetbleomycin+etoposide+prednisone; MAID,
mesner+doxorubicin+ifosfamide+dacarbazine;

ECX IGEV,

Isophosphoramide+gemcitabine+vinorelbine+pred
EOF nisone; FOLFOX,
oxaliplatin+fluorouracil+calciumleucovorin;
FOLFIRI,

EOX Irinotecan+fluorouracil+calciumleucovorin; DCF,
Docetaxel+cisplatin+fluorouracil; TCF,
Taxol+cisplatin+fluorouracil; ECF,
Epirubicin+cisplatin+fluorouracil; EOF,
Epirubicin+oxaliplatin+ fluorouracil; EOX,
Epirubicin+oxaliplatin+capecitabine; ECX,
Cisplatin+capecitabine+epirubicin; BEP,
Bleomycin+etoposide+cisplatin; TPF,
Taxol+cisplatin+fluorouracil; FOLFIRINOX,
Irinotecan+oxaliplatin+fluorouracil + calcium
leucovorin.

DDGc MVAC

BOP--VIP-B46

TIC (head and neck cancers)

MAID (sarcoma)

https://pmc.ncbi.nlm.nih.gov/articles/PMC7721096/table/tb003/



LIEKMI INDUKOVANE (IDIOSYNKRATICKE) NEUTROPENIE

|. Hapténova hypotéza
= Nutnost’ vytvorenia kovalentnej vazby s glykoproteinmi na povrchu neutrofilov
= Lieciva, ktoré prechadzaju biotransformaciou -> reaktivnejsie metabolity, dlhsi polcas prezitia
=  Formovanie ,,allo-antigénu® -> produkcia DDAbs proti neutrofilom

= Hypotéza ,,myeloperoxidazy* -> cast’ transformacie liekov moze prebiehat’ v neutrofiloch (zasah az po stupen
promyelocytu)

2. ,,Danger* hypotéza — hypotéza ,,dvoch signalov*
= Haptén — signal 1, ,,danger* signal 2 — HSPs, fragmenty hyalurénanov
= Rozhoduje signal 2 — absencia -> navodenie imunotolerancie vs. pritomnost’ -> destrukcia neutrofilov
= Stresované“ neutrofily -> produkcia ,,danger* signalov

= Konjugaty lieCiv -> aktivacia inflamazomu ->IL-1f3 a IL-18

DDABs — liekmi vyvolana produkcia protilatok, HSPs — proteiny teplotného soku
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LIEKMI INDUKOVANE (IDIOSYNKRATICKE) NEUTROPENIE

= Asociacia s HLA antigénmi -> ,,vklad” imunitnej zlozky

=  Gravesova choroba -> HLA-B*38:02 ev. HLA-DRB|*08:03.

= CAVE! - nizky pociatocny pocet neutrofilov - <1500 bb/ul



PRIZNAKY NEUTROPENIE A AGRANULOCYTOZY

= Opakované a protrahované infekcie

= Horucka (Casto nad 38 °C!)

= Slabost’

= Faryngitida

= Lymfadenopatie (Casto bolestivé)

®  Ulceracie v ustnej dutine a okoli anusu
= Bolest, opuch a vysev v mieste infekcie
= Hnacka

= Palenie pri moceni, bolestivé mocenie, nutkanie (urgencie); vytok z posvy, pruritus, palenie



VSEOBECNE ZASADY PRE MANAZMENT

NEUTROPENIE/AGRANULOCYTOZY

Vseobecné zasady Prevencia infekcii
= Vysadit’ liek, ktory sposobil = Dérazne dodrziavat’ zasady hygieny
neutropéniu/agranulocytozu (ev. zvazit' zmenu = Vlastny pribor, riady, umyvanie ruk, vlastné uteraky, etc.

davkovani nefit vs. risk , ,
avkovania, benefit vs. risk) = Absolvovat’ dostupné vakcinacie

= Zvazit’ nasadenie kortikosteroidov v pripade = Pri prci v zihrade poutit’ rukavice
autoimunity

= Podavanie G-CSF , o y -
= Vyhybat’ sa zvieraciemu trusu (macky, psy, kraliky...) a
=V niektorych $tudiach preukizany benefit (skratenie vymene plienok (pouzit’ rukavice a rusko!)
neutropénie z cca priemerne 9 dni na 4 — 5 dni) u

= Drzat’ maso od zeleniny, spracovat’ ho az po zelenine

Uzivanie profylaktickych liekov (respiracneé,
= Kontroverzny, zvazit' prinos urogenitalne, probiotika!)

=V pripade zavaznej agranulocytozy nutna hospitalizacia
(prisna asepsa, antisepsa!)



LYMFOPENIA

= Pokles jednej alebo viacerych subpopulacii lymfocytov pod referencni hodnotu pre danu vekovu skupinu
= Dospeli <1000 bb/pl
= Deti mladsie ako 2 roky <3000 bb/pl

= Dospeli maju prevahu neutrofiloy, zatial’ co lymfocyty tvoria asi 25 % leukocytov v periférnej krvi vs cca 67 — 38 % u deti podla vekove;j

skupiny
= Delenie
= T-lymfo(cyto)pénia — CD4+ ,,dostojnici* a CD8+ ,,melee, Specialne komanda, boj na blizko*
" B-lymfo(cyto)pénia — tvorba protilatok ,,artiléria*

= NK-lymfo(cyto)pénia — ,,policia* — likvidacia infikovanych, napadnutych a zmenenych bb.



PRICINY LYMFOPENIE

Akutna lymfopénia

= Akutna virusova infekcia (chripka HIN I, SARS-CoV-
2, hepatitida)

= Hladovanie

= Fyzicky/psychicky stres

= Uzivanie kortikosteroidov

= Chemoterapia/Radioterapia

= Expozicia ionizujicemu ziareniu (havaria atobmove;j
elektrarne, ,,Spinava* bomba)

Chronicka lymfopénia

Genetika

= Monozdmia 22ql 1.2 (DiGeorgeov sy), Wiscott-Aldrichov
sy, SCID, ataxia teleangiectatica, WHIMs

Podvyziva

Autoimunitné ochorenia — napr. lupus erythematosus,
reumatoidna artritida, myasténia gravis

Chronické infekcie napr. HIV, miliarna TBC
Leukémie a lymfomy
Dlhodoba kortikoterapia, m. Cushing

Sarkoidoza

SCID — zavazna t'azkd kombinovana imunodeficiencia, WHIMs — bradavice, hypogamaglobulinémia, infekcie a myelokatéza — retencia zrelych neutrofilov a T-, B- a NK-lymfocytov; gain-of-function
mutdcia (AD) CXCR4 receptora (ligand SDF-1; faktor odvodeny od strémy), pre uvolnenie bb. do periférnej krvi musi byt’ tento receptor inaktivovany)



PATOMECHANIZMY VZNIKU LYMFOPENIE (VYBRANE PRINCIPY)

|. Tranzientna lymfopénia pri virusovych ochoreniach

= Ovplyvnenie sekrécie cytokinov, blokada lymfopoézy, indukcia bunkovej smrti

= Mozné sposoby zaniku lymfocytov
= Apoptdza — priama infekcia napr. MERS-CoV, HIV, osypky
=  Pyroptéza — napr. HIV, SARS-CoV-2 ->1111L-1 B
= Autofagia — detekcia gp4| v neinfikovanych CD4+ lymfocytoch u HIV+ pacienta
= ADCC - protilatky proti virusovym antigénom zasahuju aj infikované bunky (rovnaky povrchovy znak)
= Virus-specifické CD8+ cytotoxické Ly -> FasL/FasR a TRAIL/TRAILR interakcia
= Dendritické bunky — FasL/FasR — virus chripky H5N I upreguloval FasL na dendritickych bunkach -> zanik virus-specifickych CD8+ Ly

= Aktivaciou-indukovana bunkova smrt’ -> SARS-CoV-2, RSV, CDV -> expresia FasL nepriamo Umerna poctu CD4+ -> zanik okolitych T-Ly

TRAIL(R) — TNF-pribuzny apoptozu indukujuci ligand (receptor), CDV — ,,canine distemper virus*
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VPLYV CYTOKINOV NA POTLACENIE POCTU LYMFOCYTOV

= |L-6
= Chronické infekcie, inhibicia hemipoézy — aktivacia STAT-3 kaskady
= |L-10

= Supresia proliferacie T-Lymfocytov, navodenie ,,vycerpania“ T-lymfocytov, aktivacia CD9+ regulacnych B-lymfocytov
=  TNF-q, interferony
= Indukcia apoptozy (TNF-a, IFN-y), alebo redukcia recirkulacie lymfocytov (IFN-a)
= Limitacia hemopoézy a preferencia granulocytoyv, involtcia tymusu
= Redistribucia lymfocytov do infikovanych miest a lymfatickych uzlin
= Upregulacia ko-inhibicnych molekul — napr. CTLA-4. PD-| (marker ,,vycerpania lymfocytov*)

= CAVE! — uzivanie glukokortikoidov u pacientov s lymfopéniou moze viest’ k prechodnému zlepseniu, ale ultimatne
k zhorseniu stavu (,,regulacné tyce v Cernobyle*)

CTLA-4 — cytotoxicky s T-lymfocytmi asociovany protein 4, PD-1 — ,,programmed death* protein |
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SCHEMAVYCERPANIA LYMFOCYTOV A INDUKCIA CYTOKINOVE] BURKY A NADMERNE]
AKTIVACIE NEUTROFILOV PRI PODAVANI KORTIKOIDOV POCAS LYMFOCYTOPENIE

MDSC — supresorové bunky odvodené od myeloidnej linie

Dostatok lymfocytov na zaciatku liecby Pritomna lymfocytopénia na zaciatku liecby

CD4+ Lymfocyty CD4+ Lymfocyty

CD4+ Lymfocyty

Neutrofily Neutrofiy
MDsC | MDSC
CD8+ Lymfocyty - CD8+ Lymfocyty -
Kortikosteroidy |
Kortikosteroidy MDSC
Neutrofily Neutrofily
Neutrofily

CD4+ Lymfocyty

CD8+ Lymfocyty CD8+ Lymfocyty

CD4+ memory cells CD4+ memory cells

CD8+ memory cells CD8+ memory cells

B-cell memory cells | | REGULOVANA ODPOVED B-cell memory cells SIRS/CYTOKINE STORM




VYCERPANIE A SENESCENCIA LYMFOCYTOV

Senescencia

= Prilis vela deleni lymfocytu
= CD57 upregulacia -> predispozicia k apoptoze

= Znizena produkcia IL-2

= HIV+ pacienti maju vela senescentnych T-Ly, vplyv
HIV infekcie otazny

Vycerpanie

Prolongovana expozicia antigénu
Upregulacia PD-|

=  Aj na APC ako makrofagy a dendritické bunky
Downregulacia T-lymfocytov

Downregulacia intracelularnej signalizacie cez TCR
(receptor T-buniek)

Interferencia s imunologickou pamatiou a toleranciou
HIV -> upregulacia PD-1 v CD4+ a CD8+ bunkach

Pokles populacie cirkulujucej a efektorovej pamate (Ki-
67+)



PRIZNAKY A MANAZMENT LYMFOPENIE

Priznaky

= Vseobecné — opakované bakterialne, virusové,
parazitické, fungalne infekcie, sklony k SIRS

= HIV/malignita -> zvacsené LU a slezina
= Respiracny infekt -> kasel, kataralny zapal, horucka
= Poruchy imunity -> zmensenie LU a tonzil

= RA/SLE -> bolesti kibov, rash

Manazment

Intervencia voci vyvolavajucej pricine
Gamaglobuliny pri nizkych hladinach protilatok

Transplantacia kostnej drene (hereditarne stavy,
onkohematologické ochorenia)

HIV —> ucinna antiretrovirusova terapia

CAVE! -> lymfopénia moze viest’ k rozvoju
autoimunitného ochorenia (toleranciu-prelamujici stav)



LEUKOCYTOZA

= Vzostup leukocytov v periférnej krvi >10 000 bb/pl

= Rovnomerne alebo selektivne (neutrofilia, eozinofilia, bazofilia, lymfocytoza, monocytdza)
= Priciny

= Neutrofilia — bakteridlne infekcie, pyogénne infekcie, sterilny zapal, Ml, popaleniny

= Eozinofilia — alergie, parazitické infekcie, malignity (Hodgkin, non-Nodgkinove lymfémy), systémové autoimunitné ochorenia
(SLE), vaskulitida,

= Bazofilia — CML (zriedkavo)

= Monocytéza — chron. infekcie (TBC, bakt. endokarditida, rickettsioza, malaria), systémova autoimunita (SLE), IBD (ulcerdzna
kolitida), chron. myelomonocytova leukémia (nezrelé)

= Lymfocytoza — chron. infekcie (TBC, bruceldza), virusové infekcie (hepatitida, CMV, EBV), pertusis,ALL a CLL (leukémie)

= Nezrelé formy — leukémie a lymfomy*

*z didaktického hl'adiska budd leukémie a lymfémy uvedené separatne



MECHANIZMY VZNIKU LEUKOCYTOZY

|. Zvysena syntéza v kostnej dreni a uvolnenie zo ,,storage pools*

= Metamyelocyt nie je schopny mitdzy -> transformacia na ,,tycku® -> 3 — 5 % cirkulujucich neutrofilov
2. Znizenie adherencie leukocytov k cievnej stene

= 50 % neutrofilov cirkuluje a 50 % adheruje za fyziologickych okolnosti
3. Znizena extravazacia leukocytov

4. Zvysenie poctu prekurzorov v kostnej dreni

= Efektivnejsia reakcia na G-CSF, GM-CSF, vplyv cytokinov napr. TNF-a, IL-2, IL-7, TGF-B1;, IL-1, IL-3, IL-4, IL-5, IL-6
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LEUKEMOIDNA REAKCIA

= Zvysenie poctu leukocytov v periférnej krvi >50 000 bb/pl
= Obvykle docasny stav
= Priciny
= Zavazné infekcie — C. difficile, miliarna TBC, Shigelloza (S. dysenteriae)
= Zapalove markery - 17IL-6
= Terapeutické (iatrogénne) — napr. podavanie kortikosteroidov, minocyklin, G-CSF GM-CSF

= Zriedkavé — mezentericky zapalovy pseudotumor (benigna neoplazia), alkoholicka steatohepatitida, hemoragie (masivne,
retroperitonealne)

= Korelacia/nejasna kauzalita — ATRA-terapia, asplénia, diabeticka ketoacidoza, hepaticka nekroéza, trizomia ch. 21 (cca. 10 %
incidencia), paraneoplasticky syndrom (velmi zriedkaveé)

ATRA — kys. all-trans-retinova



LEUKEMOIDNA REAKCIA

= Charakteristika

=V krvi prevazne POLYKLONALNE neutrofily (aj nezrelé formy — metamyelocyty, ,,tycky*)

=  Pri chronickej neutrofilovej leukémii su neutrofily monoklonalne (nevyhnutna imunofenotypizacia)

= Mbze byt aj lymfoidna

= 1S-ALP (pri leukémiach je 1 - CNL ale aj | - CML)

= Vit.BI2 v norme (pri leukémiach a podavani G-CSF je zvyseny — mobilizacia zo zasob v peceni)
= Biopsia kostnej drenej je hypercelularna, ale inac fyziologicka

=  Pri leukémiach alebo onkohematologickych stavoch obvykle z vacsej casti okupovana monoklonalnym patologickym klonom

=  CAVE! - leukemoidna reakcia obvykle neznamena onkohematologické ochorenie, aj tak ale treba pacienta
sledovat’ (mozny pociatok leukémie)!



DIFE DG. MEDZ| LEUKEMOIDNOU REAKCIOU A CNL RESP. CML

Stav | Leukemoidna reakcia (LR)

Parameter

Periférna krv

S-Leu-ALP
S-vit. BI2

Biopsia kostnej drene

Cytogeneticka
analyza

Imunofenotypizacia

Sérovy G-CSF

Klonalita buniek

Neutrofily, posun ,,dol'ava*
(- tycky®)
T

Variruje alebo 1

Myeloidna hyperplazia, fyziol.
maturacia, morfologia

Bez genet. abnormalit

CDI3+,CDI5+,CD34-,
HLA-DR-

]

Polyklonalne

Chronicka myelocytova Chronicka neutrofilova
leukémia (CML) leukémia (CNL)

Nezrelé prekurzory a bb.,
Bazofily, eozinofily

l
T

Bazofilia, eozinofilia, monocytoza,
Tblasty, retikulinova fibroza

Bcr-abl

CDI3+,CDI5+,CD34-,
HLA-DR+

l

Monoklonalne

Vyrazna neutrofilia,
Bez nezrelych bb!

T

]

Podobna morfoldgia s (LR),
,packed* kostna dren, fretikulinu

R6zne genet. abnormality (cca 37
% pripadov)

CDI3+,CDI5+,CD34-,
HLA-DR+

!

Monoklonalne



LEUKOCYTY NAD | KDE MAS BIOPSIU
50000 BB/MICROL KOSTNEJ DRENE,

TAKZE MA LEUKEMIUI , IMUNOFENOTYPIZACIU
A CYTOGENETIKU?

Zdroj: vlastna tvorba ©



LEUKOSTAZA (ALIAS SYMPTOMATICKA HYPERLEUKOCYTOZA)

= Vzostup leukocytov a/alebo ich nezrelych prekurzorov >100 000 bb./pl (def. hyperleukocytozy)

= Pri akdtnej myeloidnej leukémii (AML) sa m6zu symptomy manifestovat’ pri aj pri nizSich poctoch (uz od 30 000 bb/ul) ->
vacsi celularny objem leukemickych buniek

= Vzdy znadi pritomnost’ leukémie resp. onkohematologického ochorenia (leukemizacia)!

"  Pritomnost’ pri diagnostikovani
= AML (10 -20 %), ALL (20 — 30 %)
= CML (zriedkavo, symptomy sa nemusia prejavit’ ani pri 200 000 — 300 000 bb/ul), (CLL (?, zriedkavo) -> hyperleukocytoza je casta!
m Zavazny az zivot ohrozujuci stav — vyzaduje okamzitu hospitalizaciu a intervenciu

=  Progndza chaba — neliecena dosahuje mortalitu 20 — 40 % (najma pulmonarne komplikacie, tranzitorny ischemicky atak,
cievha mozgova prihoda, ev. kolaps KVS)



HYPOTEZY, MECHANIZMUS A MANIFESTACIA LEUKOSTAZY

= Hypotézy
|.  Zvysenie poctu nedeformovatelnych blastov -> obstrukcia mikrocirkulacie

2. ,,Hypoxicka tedria“ — tkanivova hypoxia -> Tmitoticka aktivita blastov -> fprodukcia cytokinov -> endotelialne poskodenie
a subsekventné hemoragie -> fblasty smerujuce k mikrocirkulacii

= Mechanizmus — obstrukcia kapilar a vznik tkanivovej hypoxie

=  Manifestacia

= PllUcne — dyspnoe, kasel, hypoxia (Casto nutnost’ umelej plucnej ventilacie); na RTG difuzne alveolarne alebo intersticidlne
infiltraty; stetoskopicky — praskoty, rachoty

= CNS - zmatenost|, rozmazané videnie, zavraty, ataxia, tinnitus, bolesti hlavy, poruchy vedomia (somnolencia az kéma);
zachvaty, fokalne deficity neurologickych funkcii (napr. ruka)

= Oftalmologické - Opuch retiny a retinalne hemoragie, dilatacia ciev
= Tkanivové — bolestivost’ v roznych castiach tela, (?)febrility

= Zriedkavé — priapizmus (erekcia bez stimulacie alebo po jej uplynuti trvajuca hodiny)
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HYPERLEUKOCYTOSIS

Supportive care: hyper-hydration, prevention of TLS, allopurinol/rasburicase '—

SYMPTOMATIC

> 300.000/mm’ (AML)

> 100.000/mm’ (ALL)

CHEMOTHERAPY
gt
LEUKAPHERESIS

- -‘_ » ' 3 (NO INAPL)

| COAGULOPATHY CORRECTION |

I>6—7g/d:NORac transfusion |
Hb / \‘ PLTS ———s | <20000/mm?’: PLTs transfusion
< 5-6 g/dl or signs of CHF:
RBC transfusion
//¢==================-\\\\
| Treatment of Leukostasis I‘/‘
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| Cytoreduction ] | Prevention I
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LEUKEMIE A LYMFOMY —VSEOBECNA CHARAKTERISTIKA

= Patria medzi onkohematologické ochorenia
=, ,Founder cell” — jeden klon
= Destrukcia a okupacie kostnej drene -> utlm hemopoézy
=  Prejavy su obvykle nespecifické
= Unava, opakované subfebrility a febrility (ev. ,,night chills* alebo periodické horuéky), nevysvetlitelné chudnutie a7 kachexia
= Castejsie infekcie
= Anémie — normocytova normochrémna (anemicka hypoxia)
= Poruchy funkcie trombocytov — petechie, purpury, ekchymozy, krvacavé stavy

= Lymfadenopatia (jedna alebo viac skupin)

= BIOPSIA KOSTNE| DRENE JE ROZHODUJUCA PRE DG.!
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https://calgaryguide.ucalgary.ca/wp- Authors:
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\ loss, recombination error) | Crystal Liu
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Combinations of these genetic defects causes
reduced tumor suppressor gene expression and/or

increased oncogene expression Initiating Mutational Event
1 ALL Any combination of mutations, chromosomal
In White Blood Cells and their precursors: AML alterations, or other genetic abnormalities that
e Lack of cell growth inhibition and / or apoptosis. creates a neoplastic cell (incapable of
e Over stimulation of cell division/growth CLL regulating cell growth/division).
l CML Translocation between Chr 9 and Chr 22 >
Neoplastic blood cell incapable of regulated cell Philadelphia chromosome ( abnormal Chr 22)
division —> BCR-ABL1 oncogene (along with other
l genetic abnormalities)

Neoplastic cells uncontrollably divide in a
monoclonal way: one neoplastic cell originates all
successive cells

\

{ Genfes regulating differentiatior‘\/maturation Genes regulating mat-uratio'n remain intact \ :I‘:rt:a.ugh it is tempting
_ disrupted, affecte_d neopl.as'_clc cells are _ (affected ?eoplas_tlc_cell is capablle of to group the leukemias
incapable of further differentiation/maturation further differentiation/maturation) together for study
/ l purposes, it is best to
—> learn the 4 main types
Specific mutations Specific mutations cause rapid division Some neoplastic cells take time to mature of leukemias
cause slower disease and buildup of existing neoplastic cells further = less rapid disease progression independently of one
progression —> Acute/rapid disease progression. (more indolent disease); cells don’t die another, as they have
1 1 a uniquely different
pathophysiology and
CML: Chronic Myeloid __ ~ Degeneration _  ALL: Acute Lymphoblastic Leukemia CLL: Chronic Lymphoid Leukemia clinical presentation
Leukemia during CML’s AML: Acute Myeloid Leukemia

”blast crisis”

Legend: Pathophysiology Mechanism Sign/Symptom/Lab Finding Complications Re-Published January 19, 2020 on www.thecalgaryguide.com @ OO



KLASIFIKACIA LEUKEMII A ONKOHEMATOLOGICKYCH STAVOV

W

Leukemie

Akutna myeloidna leukémia
Chronicka myeloidna/myelocytova leukémia
Akutna lymfocytova/lymfoblastova leukémia

Chronicka lymfocytova leukémia

Lymfomy a ine

Hodkginov lymfom

Non-Hodgkinove lymfémy

Myelodysplasticky syndrom
Polycytémia vera rubra
Esencialna trombocytémia
Myelofibroza

Mastocytoza



AKUTNA MYELOIDNA LEUKEMIA

Onkohematologické ochorenie vychadzajuce z nezrelych prekurzorov myeloidnej rady v periférnej krvi a kostne;j
dreni

= Patria sem aj stavy zahrnajuce nadmernu produkciu erytrocytov, trombocytov a ich prekurzorov — megakaryocytov

= Epidemioldgia a statistika
= Asi 22 000 pacientov dg. za rok 2025 v USA (asi || 000 umrti)

= 217 novych pripadov v SR za rok 2023 (incidencia 2,6/100000 obyv/rocne)

= Mierne castejSia u muzov
= Obvykle >45 rokov zivota

= 33 % vsetkych leukémii (ale cca | % vsetkych malignit)



PATOMECHANIZMUS AML

" Proces zahrnajuci niekol'ko krokov

= Vznik ,,preleukemickych HSPC* (NPMI,TET2, SMCIA) -> neskor ziskanie kldicovych mutacii -> vznik leukemickej
hematopoézy

=  Genetické predpoklady

= Nizka geneticka zataz oproti inym malignitam, ale mutacie maju vysoku penetranciu!

|.  Mutdacie ziskané za zivota (somatické)

= Signalne a kinazové kaskady (FLT3, ,,RASopatie®), epigenetické modifikatory (DNMT3A,TET2,IDHI, -2, MLL/KMT?2A), transkripcné
faktory (CEBPA, RUNXI),,,RNA splicing" faktory (SRSF2), tumor-supresorové gény (-TP53) a nukleofozmin (NPMI)

2.  Gametické/“sermline*
g

M. Down (GATAI gén), RUNXI, DDX4I

FLT3 — ,,fms-like* tyrozin kinaza 3, DNMT3A — DNA-metyltransferaza 3o, TET2 — Tet metylcytozindioxygenaza 2, IDH]I, 2 — izocitrat dehydrogenaza I, 2; MLL/IKMTA2 — leukémia zmiesane;j
linie/histon-lyzin N-metyltransferaza 2A, CEBPA — CCAAT/enhancer-viazuci protein alfa, RUNXI — Runt-suvisiaci transkripény faktor |, SRSF2 — ,,splicing" faktor 2 bohaty na serin a arginin
Pozn. jedna sa iba o priklady, zoznam identifikovanych génov je podstatne rozsiahlejsi - https://link.springer.com/content/pdf/10.1007/s11864-022-0102 | -8.pdf



PATOMECHANIZMUS AML

= Epigenetické mechanizmy

= Dysregulicia metylacie - DNA — DNMT3AR82H hypometylacia s ,,dominantnym fenotypom®, strata funkcie TET?2,
hypometylacia fuzneho génu MLL (CpG sekvencie)

= Zmeny v nekodujucich RNA

= Mikro-RNA — delécia miR-145 a miR-146, upregulacia miR-9 a miR-155 -> selekéna vyhoda pre klony, adaptacia a regulacia zapalovej
odpovede v prospech blastov

= Dlhé nekédujuce RNA (LncRNA) — podla konformacie slizia ako ,,onkogény/TSG* - HOTAIR (cis-HOTAIRMI), RUNXOR (interakcie a
translokacie promotora RUNXI k enhancerom, ,,looping” chromozémov)

= Zmena mikroprostredia

= Delécia Dicerl, sekrécia VEGF-A, interleukinov, redukcia CXCLI2, upregulacia GAS6,WNT-ligandov

GAS6 — signal zastavenia rastu 6, Dicer| — dsRNA endoribonukleaza



UNIK AML Z DOSAHU TERAPIE

= Blasty casom ziskavaju rezistenciu na ChT -> selekcny tlak -> vznik chemorezistentnej AML

|. Mikroprostredie bohaté na mastné kyseliny -> migracia ,,leukemickych kmenovych buniek* do tukového tkaniva
gonad
= Expresia scavengerového receptora CD36 a FABP4 -> oxidativny metabolizmus

2. Migracia chemorezistentnych LSC do endostealneho regionu kostnej drene

= Expresia E-selektinu a CXCLI2/SDF-1, expresia adhéznych molekul CD44,VLA4-VCAM| osi, CXCLI2R a CXCL4R

" Prognoza

= Kompletna remisia u 50 — 80 % pacientov (relaps obvykle do 3 rokoyv, 60 % u typov s priaznivou prognozou, 85 % u typov s
nepriaznivou prognozou)

= 5-rocné prezivanie — cca 29,5 % (dospeli) vs. 66 % (deti a adolescenti do |19 rokov)

CXCLI12/SDF-1 — CXC-motiv chemokin |2/faktor odvodeny od stromy-|, VLA4 - integrin
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How AML Complications Affect

the Body

Fatigue, nosebleeds, bleeding

PREJAVY A MANIFESTACIE AML e

Eye problems

Chest pain, palpitations, shortness
of breath, and lung damage

"  Poruchy hemopoézy

=  Normocytova normochrémna anémia

Vomiting, diarrhea, and
cramps

= | eukocytdza s funkénou leukopéniou

Infertility, heavy
periods, and blood in
urine

= Nachylnost’ na bakterialne, plesnové infekcie koze sliznic a
plic
Discolored skin,

rash, and red or purple
dots (petechiae)

=  Trombocytopénia -> krvacavé prejavy
= Riziko DIC — pritomnost’ blastov

®  Leukemicka invazia

Joint pain

= Hepatomegalia, splenomegalia, lymfadenopatia

=  Prejavy leukostazy

Arm or leg swelling

https://cdn.myhealthteams.com/graphic/65086ee7fe9c0e0a2fc6844 | /woriginal/MyLeukemiaT
eam_ComplicationsFromAcuteMyeloidLeukemia_Graphic-
82a00c4332a348bf| 5e8bec3c81763cc.webp? 1695051492

Cold hands and feet



AKUTNA LYMFOCYTOVA/LYMFOBLASTOVA LEUKEMIA

=  Onkohematologické ochorenie typické vzostupom poctu nezrelych foriem lymfocytov v kostnej dreni a periférnej
krvi

= Epidemioldgia a statistika
= Maximum vyskytu — 2 — 5 rokov zivota (USA — 2025 — incidencia 6100 pripadov, mortalita 1400 pripadov)
= 2015-7,7/100000 deti rocne vs. |/100000 dospelych rocne (CZE)
= Mierne vyssi vyskyt u chlapcov/muzov
" Prognoza
= Deti — priaznivejsia (60 % pripadov vsetkych ALL)
= Dospeli — chaba (80 % umrti na ALL napriek len 40% vyskytu zo vsetkych ALL)



FAKTORY VZNIKU ALL

=  Genetika

= Deti — hyperploidia (5| — 65 chromozdmov v blastoch - 25 % deti vs || % dospeli), t(12,21)/TEL-AMLI (ETV6-RUNXI — 20
— 25 % deti vs < 3 % dospeli)

=  Priazniva progndza uvedenych mutacii

= Dospeli — Ph+ (filadelfsky chromozom, t(9,22 — BCR-ABL — 25 % dospeli vs 5 % deti), hypoploidia (<46 Ch v bb -5 %
dospeli vs. 5 % deti)

= Nepriazniva prognéza danych mutacii
= Enviromentalne faktory

= Detsky vek — nezname, genetika (Downov sy, Klinefelterov sy, Fanconiho anémia, neurofibromatoéza, ataxia teleangiectatica,
Bloomov syndrom, Li-Fraumeniho sy — zdedena strata jednej alely p53)

= Dospeli — chemické (benzén), biologické (HTLV-1, EBV), radiacia, liecba malignity v detskom veku (chemoterapeutika)

ETV6 — Ets-leukémia virus 6



MECHANIZMUS VZNIKU A ROZVOJA ALL

|. Akumulacia genetickych abnormalit v prekurzoroch B- a T-lymfocytov

Transformacia na ,,founder cell* -> leukemické kmenové bunky -> invazia a destrukcia kostnej drene

Utlm fyziologickej hematopoézy -> leukocytéza (mdze byt’ norma alebo znizené Leu) s funkénou pancytopéniou
Invazia do periférnej krvi

Migracia do lymfatickych uzlin a sleziny -> lymfadenopatia a splenomegalia

A i

Vysoky ,,obrat" nadorovych buniek -> 1LDH

CAVE! — mozna migracia blastov do CNS — intrakranidlne krvacanie, zachvaty, neuropatie, leukoencefalopatia,

tromboza, meningitida (potencialne letalne!) dlhodobeé deficity kongitivnych funkcii -> intratekalna Cht profylakticky a
liecebne



FAB classification of lymphoblastic leukaemia

o @

Frequency:

Between 25% and 30% of cases in adults,
and B5%: of cases in children.

Morphology:

Blasts are homogeneous, nucleus is regular,
chromatin is homogeneous,

small or no nucleoli, scanty cyloplasm,

and mild to moderate basophilia,

L1 Lymphoblastic leukaemia with
homogeneous structure

Immunophenotype

B: T
*CD18 *CD3
*Ch22 *CD7
*CD79a *CD5
*CD10 “CD2
*CD20 *CD4

*Cytoplasmic or superficial immunoglobulin

varied structure

Frequency:

Accounts for 70% of cases in
adults, and 14% in children.

Morphology:

Mucleus is iregular, helerogeneous chromatin
structure, large nuclenli.

L2 Lymphoblastic leukaemia with

Immunophenotype

B: T
*CD19 *CD3
*CD22 *CD7
*CD79a *CD5
*CD10 *CDh2
*CD20 *CD4

*Cytoplasmic or superficial immunoglobulin

L3 Burkitt's leukaemia

Frequency:

Rare subtype, accounting for
less than 1% to 2% of cases,

Marphology:

Large blasts, prominent nucleoli, stippled
homogeneous chromatin structure, abundant
cytoplasm, abundant cytoplasmic vacuolation
(bubble type) covering the nucleus.

Immunophenclype

B: T
*CD19 *CD3
*Ch22 +*CD7
*CD7% *CD5
*CD10 *CDh2
*CD20 *CD4

*Cytoplasmic or superficial immunoglobulin

Povod ALL Percento

vSetkych ALL

podla buniek

Prekurzory 80-85%
B-lymfocytov

Prekurzory 10— 15%
T-lymfocytov

Prekurzory 0-1%

NK-buniek

2015

https://www.researchgate.net/profile/Adrian-Santoyo-
Sanchez/publication/2840693 | | /figure/figl /AS:404129794019330@ 147336345958
3/French-American-British-FAB-classification-of-acute-lymphoblastic-leukaemia-
FAB.png



B-lymphoblastic leukemia/lymphoma, NOS

Unchanged

B-lymphoblastic leukemia/lymphoma with ETV6::RUNXI-like features

B-lymphoblastic leukemia/lymphoma with
hyperdiploidy

B-lymphoblastic leukemia/lymphoma with
high hyperdiploidy

B-lymphoblastic leukemia/lymphoma with TCF3::HLF fusion

B-lymphoblastic leukemia/lymphoma with
hypodiploidy

Unchanged

B-lymphoblastic leukemia/lymphoma with
IAMP21

Unchanged

B-lymphoblastic leukemia/lymphoma with
t(9;22)(q34;911.2); BCR-ABL1

B-lymphoblastic leukaemia/lymphoma with
BCR::ABL1 fusion

B-lymphoblastic leukemia/lymphoma, BCR-
ABLI-like

B-lymphoblastic leukemia/lymphoma with
BCR::ABL1-like features

B-lymphoblastic leukemia/lymphoma with
t(v;11923.3); KMT2A-rearranged

B-lymphoblastic leukemia/lymphoma with
KMT2A rearrangement

B-lymphoblastic leukemia/lymphoma with
t(12;21)(p13.2;q22.1); ETV6-RUNX1

B-lymphoblastic leukemia/lymphoma with
ETV6::RUNX1 fusion

B-lymphoblastic leukemia/lymphoma with
t(1;19)(q23;p13.3); TCF3-PBX1

B-lymphoblastic leukemia/lymphoma with
TCF3::PBX1 fusion

B-lymphoblastic leukemia/lymphoma with
t(5;14)(q31.1;32.1); IGH/IL3

B-lymphoblastic leukemia/lymphoma with
IGH::IL3 fusion

B-lymphoblastic leukemia/lymphoma with
other defined genetic abnormalities

B-lymphoblastic leukemia/lymphoma with
other defined genetic abnormalities

Zmeny v klasifikacii B-bunkovych ALL podla
WHO (vlavo, 4. ed — 2017, resp. 5. ed. -2022)
Nové jednotky v 5. edicii (vpravo hore)

https://lymphoblastic-hub.com/medical-information/the-5th-edition-of-
the-world-health-organization-classification-of-haematolymphoid-tumors-
key-updates-to-all-classification




WHO KLASIFIKACIA T-BUNKOVEJ-ALL (4. EDICIA — 2017, 5. EDICIA —
2022)

4th edition

T-lymphoblastic leukemia/lymphoma

5th edition

T-lymphoblastic leukemia/lymphoma, NOS

Early T-cell precursor lymphoblastic leukemia

Early T-precursor lymphoblastic leukemia/
lymphoma

NK-lymphoblastic leukemia/lymphoma

Entity deleted

https://lymphoblastic-hub.com/media/images/aa/d0/who-all-figure3.png

https://img.freepik.com/premium-vector/cartoon-cute-anime-girl-crying-illustration-creative_638892-439.jpg



ACH TIE PREKLEPY...— ,,A CUTE LYMFOCYTIC LEUKEMIA*




MANIFESTACIE ALL

= Ovplyvnenie hematopoézy
= >20 % blastov v kostnej dreni a periférnej krvi
= Funkéna pancytopénia -> anémia; nachylnost’ na infekcie; krvacavé prejavy (pokozka, GIT)
"  Hrozi DIC! — blasty v periférnej krvi
= Bolesti kosti — invazia kostnej drene
= Lymfadenopatia (obvykle viac skupin sucasne)
= Hepato- a splenomegalia

=, Night chills®, subfebrility, febrility



LIECBA ALL U DETI A DOSPELYCH (JUST FYI) —

PODLA AMERICAN CANCER SOCIETY

Deti

Indukéna

= |-asparaginaza, vinkristin, dexametazon (ak vysoké riziko (HR)
+ antracykliny — napr. daunorubicin)

= Ak Ph-Ch+ - imatinib
Konsolidacna

= Rozne lieky podla typu ALL — napr. metotrexat, 6-
merkaptopurin, vinkristin, L-asparaginaza (ak HR — doxorubicin,
etopozid, cyklofosfamid, cytarabin)

= Niekedy nutnost’,,druhej viny* — oneskorena konsolidacia
Udrziavacia

= 6-merkaptopurin (denne), metotrexat (tyzdenne) p.o.; vinkristin
+ kortikosteroidy i.v. (a 4 — 8 tyzdnov)

Radioterapia (ablacia kostnej drene)

Transplantacia kostnej drene

Dospeli

Indukcna

= Vinkristin + dexametazon/prednizon —
doxorubicin/daunorubicin

= Ak Ph-Ch+ - imatinib, dasatinib
Konsolidacna (intenzifikacnd)

= |matinib

® Imunoterapia - blinatumomab
Udrziavacia (2-roky)

=  6-merkaptopurin, metotrexat (Ph-Ch+)
Radioterapia (ablacia kostnej drene)

Transplantacia kostnej drene (moze pocas fazy 2)



PROGNOZA ALL A LIECBA REKURENTNEJ A REZISTENTNEJ ALL

Deti

Prognoza

Remisia — 90 — 98 %
Relaps —asi 10 %

Liecba rekurentnej a rezistentnej ALL

CAR-T-bunkova liecba (chiméricky antigénovy
receptor)

Konjugat lieciva a protilatky — inotuzumab ozogamicin

Dospeli

Prognoza

Remisia — 80 — 90 %
Relaps — 40 — 45 %

Liecba rekurentnej a rezistentnej ALL

CAR-T — B-bunkova-ALL
Ph-Ch+ - imatinib
KMT2A+ - revumenib
Nelarabin — T-bunkova ALL



Acute Leukemias
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CHRONICKA MYELOIDNA LEUKEMIA

= Onkohematologické ochorenie charakterizované vzostupom myeloidnych prekurzorov vyssieho stupna zrelosti
nez pri AML

= Epidemioldgia
= Odhad USA 2025 — incidencia 9 500 pripadov, mortalita cca | 300 pripadov
= 50 % pacientov vek 65+, zriedkavo u deti, resp. pred 40 rokom Zivota
= Charakterizovana vznikom fuzneho génu BCR-ABLI
= T(9;22)(q34;q31)
®  Chromozém 22 ma niekol’ko moznych bodov zlomu a translokacie — varianty el3a2 a el4a2 (210 kDa)

= Varianty 190 kDa (ela2 — B-bunkova-ALL), resp. 230 kDa (chronické leukémie)

= Pritomnost’ tohto génu postacuje k leukemickej transformacii



PATOMECHANIZMUS CML

|. Fazny gén BCR-ABL I
= Tyrozinkinazova aktivita

= Stimulacia kaskad JAK/STAT, PI3K/AKT, RAF MYC a RAS/MEK -> vyhoda v proliferacii, preziti buniek a rezistencii k
apoptoze

= BCR-ABL negativne CML -> mutacie v génoch SETBPI,ASXLI, NRAS/KRAS, SRSF2, CSF3R, U2AFI a p.

2. Vznik leukemickych kmenovych buniek -> chronicka faza ochorenia

SETBPI — Set viazuci protein I, ASXLI — ludsky homolog ,,additional sex chromatin génu |, NRAS — neuroblastémovy RAS virusovy homolég, KRAS — Kirsten virus sarkému potkanov,

SRSF2 — ,,splicing* faktor 2 bohaty na serin a arginin
U2AF| — U2 maly pomocny faktor | jadrovej RNA



PRIEBEH CML

|. Chronicka faza (3 — 5 rokov, 85 % pacientov pri dg.)

= <|0 % blastov v kostnej dreni, mozné abnormality v periférnej krvi (1Tr, TLeu - TNeu, 1Ba, 1Eo, posun ,,dolava*)

= Myelocyte bulge* — myelocyty prevysuju zrelSie metamyelocyty

= Pacienti asymptomaticki alebo nespecifické priznaky — strata hmotnosti, horucky/“night chills®, slabost’, splenomegalia
2. Akcelerovana faza (7 — | 2 mesiacov bez liecby)

= Zisk d'alSich mutdcii — p53-; CDKN2A-; GATA2-; RUNX I; IKZF I ; ASXLI;WTI

= Aditivne cytogenetické abnormality (ACA) st markerom progresie a zhorSovania progndzy (5 — 10 % v chronickej faze vs. 80 % v
blastickej faze)

= Rozvoj anémie, akcentacia predoslych priznakoyv, resp. ich manifestacia

CDKN?2A — inhibitor cyklin-dependentnej kinazy 2A; GATA2 — GATA viazuci protein 2; RUNXI — transkri¢pny faktor | suvisiaci s Runtom; IKZF| — zinkovy palec rodiny Ikarus I; ASXLI —
ludsky homolog ,,additional sex chromatin® génu |; WT-1 —“Wilmsov tumor |



PRIEBEH CML

3. Blasticka faza (blasticka kriza; 3 — 6 mesiacov; median prezitia 1,8 roku)
= Blasty v kostnej dreni a krvi >20 %
= Vysoky ,,obrat” buniek -> 1K*, 1LDH, Tkyselina mocova
= |[nfiltracia organov -> lymfadenopatia, splenomegalia, bolesti kosti
=, Maknutie® sterna -> expanzia hemopoetickej kostnej drene na ontogeneticky starsie miesta

= Transformacia na AML/ALL



Chronic Myeloid Leukemia (CMML): Pathogenesis and Clinical Presentation

Translocation of a Chr 9 segment
onto Chr 22, creating a
Philadelphia chromosome (Chr
22) containing the BCR-ABL1
fusion gene

Mutations from
ionizing radiation

Other genetic
abnormalities
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These genetic abnormalities accumulate in the
earliest cell of the blood cell differentiation
sequence: the pluripotent hematopoietic stem cell
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1. Chronic Stage (85% of clinical
presentation): Hematopoietic stem
cell division/differentiation in the bone
marrow results in P production of
multiple blood cell lines (detectable on
CBC, but patients are usually
asymptomatic at this stage)

e

Neoplastic division of
platelet precursor cells

Neoplastic division of WBC
precursor cells, especially
neutrophil precursors

—

—

Acquired I~ genetic abnormalities l

2. Accelerated Stage

More and more immature precursor
cells ("blasts”) divide and accumulate
in bone marrow (where 10-19% of
blood cells are “blasts”.) Blasts start
to spill over into the peripheral blood

Dividing “blasts” limit the
P space and resources
available for RBC synthesis

Acquired > genetic abnormalities l
cells > excess cell lysis
3. Blast crisis (transformation into AML/ALL)
Neoplastic blast cells have filled up the bone
marrow (where >20% of blood cells are blasts).
More blasts spill out into the peripheral blood.

Expanding marrow

pushing on bone

Bone marrow expands

into sternum
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—p- Thrombocytosis

Leukocytosis: Trapping of Splenomegaly:

- Neutrophilia, basophilia, WBC’s in the - Left upper quadrant pain
& eosinophilia -» spleen - - Early satiety (large spleen
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& band production spleen - Associated hepatomegaly

- Disorderly WBC
differential: i.e.
“myelocyte bulge”

(if spleen is overfilled &
WBCs spill over into liver)

Pallor

—p Dyspnea
Tachycardia

{4 oxygenation of blood means blood is
less red & body tries to compensate

<

- Hyperkalemia
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Release of intracellular contents > Gout
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LIECBA A PROGNOZA CML

= Liecba
= ZLATY STANDARD - Inhibitory tyrozinkinaz - Imatinib mesylate, dasatinib, nilotinib a p.
= Chemoterapia, imunoterapia
= Vysokeé davky ChT + transplantacia kostnej drene

= Transfuzia lymfocytov od donora -> na zvysenie Uspesnosti transplantacie kostnej drene — ,,graft vs. host" — lymfocyty darcu
napadaju blasty prijemcu

= Chirurgicka — splenektomia
" Prognoza
= 5-rocné prezivanie — 90 % (85 % preziva 10 rokov)

= Remisia — 40 — 60 %, relaps 60 % (vacsina po 6 mesiacoch od liecby, dobra reakcia na imatinib)



CML stem cells are resistant to TKI therapy

Quiescent due to the stem cell quiescence.

CML stem cells \\ \
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CML stem cells are the cellular source of | The remaining CML stem cells are responsible forx

the vast majority of CML cells. the recurrence after TKI therapy.

https://genengnews.com/wp-content/uploads/2020/09/Sep |8_2020_KazuhitoNaka CMLstemcells.jpg



CHRONICKA LYMFOCYTOVA LEUKEMIA

"  Onkohematologické ochorenie charakterizované vzostupom leukocytov v kostnej dreni a periférnej krvi (ev.s
infiltraciou tretich organov) — pritomnost’ monoklonalnych B-lymfocytov

= Ciastoéne zachovana signalizacia, vratane B-bunkového receptora (BCR)

= Zhlukovanie monoklonalnych B-lymfocytov -> vytlacanie zdravych buniek, defektné obranné funkcie, CD5+, CD23+
= Zakladné delenie

"  Pomaly progredujuca CLL (indolentna)

= Rychlo progredujuca CLL (agresivna)
=  Epidemiolodgia a statistika

®  Odhad USA 2025 — incidencia 24 000, mortalita 4 500 pripadov

®  Priemerny vek dg. 70 rokoyv, zriedka pred 40-tkou



PATOMECHANIZMUS CLL

|. Rozvoj monoklonalnej-B-lymfocytozy — ,,pre-leukemicky stav*
= Definicia — ,,low-grade” (<500 MBLy-Ly/ul) vs ,,high-grade* (500 — 5000 MBLy/ul)
= Genetika - ,first hit*
= Klasické faktory (SNP, parcidlne monozémie) — lokus 13q21.33-22.2, m-del q1 I, m-delq 3, m-del p17;47, XX/XY,+12;

= Mutacie vo faktoroch NOTCHI, BIRC3, SF3BI,MYD88,ATM a TP53

= Mutacie v komponentoch V(D)) — napr. IVGH4-59/61 (,,low-grade®) vs. IGHV1-69,IGH2-5, IGHV3-23, etc. (,,high-grade*) -> zlyhanie
transformacie gendmu (nutnost’ tvorby protilatok) -> ,,second hit"

= Vplyv environmentalnych faktorov (benzén; EBV; chemoterapia v anamnéze)
= Vytvorenie zhlukov MBLy v kostnej dreni a ich postupné vyplavenie do periférie

= Asymptomaticka, priemerny cas transformacie do CLL/SLL je cca 6,4 roka

,m-*“ zdoraznuje parcialnu monozémiu, SLL — malobunkovy lymfém



PATOMECHANIZMUS CLL

2. Prechod do CLL
= CLL moze zacat aj bez MBLy
= Akumulacia genetickych a epigenetickych abnormalit, zmeny mikroprostredia v kostnej dreni
= Enviromentalne vplyvy — ako MBLy + insekticidy, Agent Orange, radiacia
= Regulacia kaskad umoznujuca prezitie -> ,,Zlatovlaska a tri medvede* -> BCR, NF-«kB
= Okupacia kostnej drene, nastolenie ,,imunospresie” -> leukocytoza s malignymi B-Ly

= Pomerne dlho asymptomaticka -> v krvi MBLy, ,,prasknuté/“kosikové — smudge/basket* bunky, hypogamaglobulinémia



PREJAVY CLL

= Dlho asymptomaticka

= Nizky pocet funkénych Leu + hypogamaglobulinémia — castejsie infekcie

=  Produkcia zapalovych cytokinov -> horucky, ,,night chills*, strata vahy, strata apetitu
= Splenomegalia, lymfadenopatia

= |Ery -> normocytova normochrémna anémia

= | Tr — krvacavé prejavy



LIECBA A PROGNOZA CLL

Liecba
| Inhibitory Brutonovej kinazy — napr. ibrutinib, =
zanubrutinib ¥
2. Inhibitory Bcl-2 — venetoclax + obinutuzumab (anti- i
CD20)

3. Inhibitory Brutonovej kinazy + inhibitory Bcl-2

Bcl-2 — protein B-bunkového lymfému

Prognoza a rizika

Prognoza

5-rocné prezitie — 87 % pacientov

Remisia - ? % (kompletna, parcialna), relaps — 20+ %
(relaps od 6 mesiacov, obvykle ale po 7 rokoch)

= Rizika

Rozvoj autoimunitnych ochoreni — hemolyticka anémia
(5 — 10 %), trombocytopénia

Richterova transformacia -> na velkobunkovy B-
lymfém, Hodgkinov lymfém (zriedkavo)

Transformacia na agresivny typ leukémie —
lymfoblasticky lymfom, ,,vlasata* leukémia, T-bunkovy
lymfom, AML, etc.



https://imagebank.hematology.org/getimagebyid/62207size=3



RICHTEROVA TRANSFORMACIA (RT) — B-BUNKOVA-CLL NA

DIFUZNY VELKOBUNKOVY B-LYMFOM
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LYMFOMY

=  Onkohematologické ochorenia vychadzajuce z periférnych lymfocytov rozneho stupna zrelosti (B-, T-, NK-bunky)
= Heterogénna skupina ochoreni (rozny stupen malignity a progresie)
=  Mozu zacinat’ aj v kostnej dreni, aj na periférii
= Mozna transformacia na leukémiu -> najcastejsie ALL
= Klasifikacia
=  Hodgkinove lymfémy

= Non-Hodgkinove lymfomy



LYMFOMY

= Epidemioldgia a statistika (cca 5 % vsetkych malignit)
=  Hodgkinov lymfom
= Odhad USA za 2025 — incidencia 8 700 pripadov, mortalita | 150 pripadov
= Maximum vyskytu (vekova skupina) — |5 — 19 rokov a 55+ rokov
= Non-Hodgkinove lymfomy
= Odhad USA za 2025 — incidencia 80 400 pripadov, mortalita 19 400 pripadov

= Maximum vyskytu (vekova skupina) — riziko narasta s vekom, 50 % pripadov je 65+ rokov



PATOMECHANIZMUS LYMFOMOV

= Hodgkinov lymfom
= Zlyhanie transformacie B-lymfocytu na plazmatickd bunku -> mutacie v génoch pre Ig a Unik z apoptozy
= Genetické predpoklady su nezname — nie je dokazana zvysena incidencia u monozygotnych dvojciat
= Vplyv EBV virusu -> Unik z apoptozy (,,bunkova sudicka“)
= Non-Hodgkinove lymfomy
= Genetika — rozne abnormality
= B-—1t(14;18)/Bcl2,t(I1,14)/Cyklin DI, t(8;14)/c-MYC, Bclé6

= T — RASopatie, mutacie v PIK3R1, PIK3CA, PTEN, monozdmie (45, X0; m-del-3p,Y-delécia, aneuploidie +3, +7, +21, +X, +Y), translokacie
pre gény TCRS (14q32) aTCRa (14ql 1)

= Vplyv prostredia — onkogénne virusy (HTLV-1, EBV, HIV), chemické (benzén, chemoterapia), fyzikalne (radiacia), etc.
= Teodria ,,dvoch* az ,,troch* zasahov — podla typu lymféomu

= Casto délezita tloha ,,bystander buniek -> aktivacia lymfocytov bez stimulacie Ag (intercelulirne komunikacia)



HODGKINOV LYMFOM
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naive BCR, unmutated Ig

:
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EBV can rescue B-cells from apoptosis
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NON-HODGKINOVE LYMFOMY

a TCR-CD3 CD3 CDz28,
and co n &2 ':I‘?
stimulatory —_—
molecules -1\, ~TCR |
h ¢ b Immunoevasion

Virus-mediated ;\'“r 3 N
oncogenesis & b
\ / € Proximal TCR-CD28 pathway and

\ PI3K-AKT-mTOR signalling

9 e ——\ 77“"‘[\(_'\ -
(@) L0\ 9 2
( | :  —

Metabolic [ ( TCA \ > & : )
dysrequlation '\\ ‘cyclc/-' / | Lymphoma formation [ AT o —
B 1 { | y
—- o P ) RHOD @)~ @D+ @IOR)
/ |I /)-._- _.} 9 } 5 \
> o3
f d Transcription factors
Epigenetic @
alterations e P
€  JAK-STAT pathway ST AT
QA ~
W )

https://media.springernature.com/lw685/springer-static/image/art%3A10.1038%2Fs4 | 568-020-0247-0/MediaObjects/41568_2020 247 Fig3_HTML.pnglas=webp



Lymph _,./ ‘FTC-I:%%, / AITL K‘l A Nodal T, PTCL
NON-HODGKINOVE
- | b, - | f P [ £ | B
Tumour l LT ,,L‘—»\ Y \ e "zr}»‘—-._\ ; ( N l
V4 cell & J ( L_ { A AN },_- \f\ \' . ",/' e hre3 ) __-n. \.-,v 1%
LYMFOMY 23039 ) 2Lkew) - (et
\\ > - "\ \\ = ) : | “I:l S \ ¥ | A s
\.___\(" ‘ _¢-~’j &L - y >/ ) - 5
/ W \
X ITK-SYK RHOA, IDHZ or CDZ8
Teell—& Il RLTPR-FES or mutations, or ITK-FER
bl -l ITK~FER fusions or CTLA4-CD28 fusions
.
*
T-cell dependent immune Bystander T-cell help to / b = N EBV DLBCL
responses in reactive components malignant B-cells B :&- ke gpy g (‘i((,).].(.,},:,.,,,h. A2\
: ; Ea N - e -H2 mutations) o, ol
GC or interfollicular zone Marginal zone I % * 3‘& / ‘;i, 2' %
CLP ¢ \ |— | %~ - — % il o o 8 = :
H. pylori- Gastric \ ¥/ [ % \ ‘ 2 & ) -%
- Py Migration to the MZ : s _ , s
specific B cells autoantigens
@ Polyclonal /—\ @ / B cell <
HspC —_/ Aahione EBV- DLBCL
" HSC A5
O—={T Ty MZ ———  Malt lymphoma 7 P ki
T8 Fd = 7
’@ p ( '/— — ‘g?/ ° ‘,‘ [ ™ —_—— J
Bystander T-cell help N 4 .
outside the GC \. B
® H. pylori antigens = TER # ﬁﬁ;
® Gastric autoantigens = MHCII o } *
»= CD40-CD40L % BAana T Myeloproliferative neoplasms
mAuta;io'n \ Myeloid and myelodysplastic syndrome
A 2 cells R :
W IAK2A e ! e
mutation w b Eosinophil . —
vr NOTCHZ 6 \ .f) \
https://media.springernature.com/lw685/springer-static/image/art%3A10.1038%2Fs4|568-020- mu:aﬂ'om Hacrophingd o o4
. . . and other e b A =\
0247-0/MediaObjects/41568 2020 247 Fig5_HTML.pnglas=webp defects > )‘ z Q)
https://www.researchgate.net/publication/303388820/figure/fig2/AS:651522887143450@ 15323 & 112 Neutrophil Y Mast y 2
mutation Y cell 2

46569265/The-role-of-T-and-B-cell-interaction-in-the-development-of-MALT-lymphoma-FH-
Follicular.png




T-LYMFOM — MYCOSIS FUNGOIDES

Skin Matters
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DIFUZNY VELKOBUNKOVY B-LYMFOM

Fyziologicka lymfaticka
uzlina (Sipky oznacuju
germinativne centra)

Uzlina postihnuta lymfomom
Zanik germin. centier, dif.
rozptylené blasty
Zriedkavo zasahuje kostnu
dren (oproti Richterovej
transformacii)

https://wiki.clinicalflow.com/sites/default/files/DLBCLimage.jpg
https://media.springernature.com/full/springer-static/image/art%3A10.1038%2Fs41408-020-00389-w/MediaObjects/41408 2020 389 Figl_ HTML.png



MANIFESTACIA LYMFOMOV

Hodgkinov lymfom Non-Hodgkinove lymfomy
= Lymfadenopatia " Lymfadenopatia

= Obvykle jedna skupina LU, horna cast’ tela, nebolestiva = Moze byt viac skupin — pokozka, krk, axilla
= Systémove priznaky = Systémové priznaky

= Pruritus, noCné potenie, strata hmotnosti, horucka = Horucky a zimnica

nizkej intenzity, slabost’

Slabost), pocit ,,plnosti* v bruchu
= Hepato- a/alebo splenomegilia

Bolest’ hrudnika alebo tlak na hrudi
= Pulmonalne, kardiovaskularne, infiltracia kostnej drene

= Pel-Ebsteinova horucka?



EXISTUJE VLASTNE PEL-EBSTEINOVA HORUCKA?
(FENOMEN, KTORY JE, LEBO HO NIEKTO POMENOVAL)

"Every student and every doctor knows that
cases of Hodgkin's disease may show a fever
that is high for one week and low for the
next week and so on. Does this phenomenon
really exist at all?..."

Richard Asher (GBR, endokrinolog a hematolog, 1912-1969)

https://en.wikipedia.org/wiki/Richard_Asher#/media/File:Richard_Asher_for_Wikipedia.jpg



PROGNOZA LYMFOMOV

Hodgkinove lymfomy Non-Hodgkinove lymfomy
" Prognoza " Prognoza
= 87 % preziva 5 rokov = Vysoké percento relapsov

= 25 % pacientov m6ze mat’ refraktérnu formu = Od4-40 % (najhorsi difuzny velkobunkovy B-lymfom)



MYELOMY

=  Onkohematologické ochorenia vychadzajuce z plazmablastov (prekurzory plazmocytov) alebo aktivovanych B-
pamat'ovych buniek

= Mnohopocetny myelom (MM)

= Genetické abnormality — translokacia medzi génom t'azkého retazca (14q32) a onkogénom (napr. | 1ql3,4pl6.3, 6p21,
16923 a 20ql 1)

= Translokacia Chl4 -> vytvorenie skupiny plazmablastov -> monoklonalna gamapatia neurceného vyznamu (MGUS) ->
ytlejuci MM -> MM -> |leukémia z plazmoblastov

= |L-6 -> rozhodujuci faktor

= Prejavy — CRAB (hyperCalcémia, Renalna insuficiencia, Anémia, ,,Bone* |ézie -> patologické fraktury)

= Bence-Jonesova bielkovina pritomna v mocu



MYELOMY

® [né vyznamné myeldmy a monoklonalne gamapatie
=  Waldenstromova makroglobulinémia
®  Primarna amyloidoza
= Ochorenie tazkych retazcov
= Statistika
= Riziko 3 -5 % nad 50 rokov zivota
= Remisia a relapsy variruju podla typu

= MM sa vrati takmer u vsSetkych pacientov po vylieceni

https://prod-images-
static.radiopaedia.org/images/62580306/5acf04e55d95a67 | fa3e57f8f3bc8c26 1 e | 76f3558¢71063
67318214ba36e5b2_big gallery.jpeg
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INEVYZNAMNE ONKOHEMATOLOGICKE STAVY A OCHORENIA —

MYELOIDNY PREKURZOR

=  Vyznamné ako preleukemické stavy alebo mozné rizikové faktory vzniku leukémii

= Myelodysplasticky sy.

=  Polycytémia vera rubra

= Esencialna (primarna) trombocytémia
=  Myelofibroza

= Mastocytoza



CERVENA RADA —
ANEMIE A POLYCYTEMIE




ANEMIE

= Pokles koncentracie hemoglobinu v periférnej krvi (6 <130 g/I;? <I15/120 g/l) -> znizenie schopnosti krvi udrzat’
adekvatny parcialny tlak kyslika v mikrocirkulacii

= Pokles hodnoty Ery a/alebo hematokritu moze ale nemusi nastat’
= |de o SYMPTOM! -> patologicka pricina, zvy$enie objemu krvi, etc.
= Klasifikacia podla zavaznosti

= Mierna- 90 - 130 (resp. 120) g/l

= Stredne zavazna — 60 — 90 g/I

= Zavazna - <60 g/l



ANEMICKY SYNDROM

= Vznika nasledkom poklesu koncentracie hemoglobinu a zvysenej extrakcii kyslika periférnymi tkanivami
= Symptomy
|

Vseobecné — bledé sliznice a pokozka, slabost’, pokles fyzickej aj psychickej vykonnosti, dyspnoe a tachykardia (zhorsenie
pocas fyzickej aktivity)

Specifické — podla daného typu anémie (napr. sideropenicka anémia - koilonychia, palenie jazyka, atroficka gastritida,
anemicka stomatitida, xerostomia, aftézne ulceracie, oralna kandidoza, lingualne varikozity, angularna cheilitida, pica syndrom)

=  Anamnéza! (chronicka je lepsie tolerovana ako akutna, ale ,,nezaspat’ na vavrinoch®)

= Tehotna pacientka trpela na chronicku sideropenicki anémiu (v case porodu Hb 72 g/l), avsak asymptomaticka

= Pocas porodu — strata krvi -> pokles Hb <50 g/l -> nahla manifestacia tazkého anemického syndréom -> transfizia



Partial oxygen pressure (kPa)

—  — paO2

Mormal condition

Severe anemia or physical
activity during anemia

P02

arteries capillaries venes lung capillaries arteries

Anemia and hemoglobin changes in various part of circulation (Necas, 2009)



POV- KED STUDENT NA SKUSKE ZAGNE DELIT
ANEMIE NA MIKROCYTARNE, MAKROCYTARNE, ETC.
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KLASIFIKACIA ANEMII

Morfologicka

Patofyziologicka

Velkost’b | Obsah Hb | Priklad ________ Prikiady

Mikrocyty

Normocyty

Makrocyty

Hypochréomna
Normochrémna
Hyperchromna
Hypochrémna

Normochromna

Hyperchrémna
Hypochromna
Normochrémna

Hyperchrémna

Sideropenicka anémia
HIV, endokarditida
Vazna hered. sférocytoza

Chronické och., zlyh.
obliciek, pecene

Deficit vit. B9, B12
Perniciozna anémia

(?)Deficit vit. B, B12

Znizena Sideropenicka, sideroblasticka,

produkcia nedostatok vit. B9, B12, zlyhanie
obliciek

Zvysena Hemoragie, hemolyza, dilucna

destrukcia/straty = anémia, hemoglobinopatie,
iatrogénne, etc.

Casoveé hladisko

Akutna Chronicka



PODTYPY ANEMIE PODLA ICH PATOFYZIOLOGIE

Gravidita
Anémia Nahrada

tekutin
/\ 1
Zvysena destrukcia/straty Dilucia krvi

Znizena produkcia

v \

Nedostatok Nedostatok Poruchy Extravaskularne
hemopoetickych erytropoetinu celularity (Hemoragie)
faktorov kostnej drene R ] TT—
Intrakorpus- Extrakorpus- Akutne Chronickeé
kularne kularne
| Zlyhanie Aplasticka Hered. Prot?létky ! v
Sideropenicka obliciek, anémia, Sférocytoza autoimunit’a Traumy Ulceracie GIT,
LVit B9, vit B12 lproteiny, myelodyspl., 1 Glu-6P- hlo ne’ Tumory
chron. zapal leukémie Dehydrogen. um. chiop




SIDEROPENICKA ANEMIA

= Pricina
= Nedostatok zeleza k dospozicii v kostnej dreni (diétne, straty — menzes a i., zvysené poziadavky, etc.)
= Patomechanizmus

= |s-Fe?* -> |IRP-1 v oblickidch -> |EPO -> neefektivha hemopoéza
= |hepcidin (z pecene) -> fferoportin — snaha o zvySenie absorpcie Fe?* z ¢riev a uvolnenie z makrofagov

= (?)]hefestin -> |transport Fe3* cez transferin
= |s-Fe?* -> |akonitdza v Ery -> fproteinkinaza C - terytroidny-inhibi¢ny faktor (PU.l) -> |vyvoj Ery prekurzorov
= Vysledok
= |Ery, IMCH, |[MCV, |Ret-Ery, 1s-TFR, |Hb, |Ht

IRP-1 — Zelezo regulujuci protein |, Ret-Ery — retikulocyty, s-TFR — solubilny transferinovy receptor



FAZY SIDEROPENICKE] ANEMIE

|. Prelatentna sideropénia
= Pokles zasob zeleza
= | Feritinu, ostatné parametre v norme
2. Latentny deficit zeleza
s Zelezo-deficitna hemopoéza bez anémie
= Z3asoby zeleza spotrebované (makrofagy, kostna dren — bb obsahujuce feritin, etc.)
= |feritin, |s-Fe, Ts-TFR, ostatné v norme
3. Sideropenicka anémia
= |feritin, |s-Fe, |MCV, [MCH, |Hb, |Ht; 1sTFR, TRDW
= Saturacia transferinu <16 %

= | hepcidin — m6ze byt’ v€asnym varovnym priznakom!

RDW — distribu¢na Sirka Ery
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MEGALOBLASTOVA ANEMIA

= Pricina — nedostatok vitaminov B9, B12; (hereditarna) orotova aciduria, Fanconiho anémia
= |Vit. B9 (folat; donor —CH; skupiny) -> |uracyl na tymin -> |syntéza a oprava DNA
= |Vit.BI2 -> | metioninsyntetaza -> 15-metyl-folat -> |folat
= | metylmalonyl-CoA-mutaza -> |sukcinyl-CoA ale Tmetylmalonyl-CoA, 1propionyl-CoA, Tabnorm.-MK -> | (dys)myelinizacia
=  Orotova aciduria (ar)* -> |[UMPS -> |syntéza pyrimidinov
= Fanconiho anémia (ar)* -> defekt v klastroch zodpovednych za opravu DNA homologickou rekombinaciou
= Patomechanizmus
= Dysproporcia medzi maturaciou jadra a cytoplazmy -> predizena S-faza a menej asté mitdzy

= Pernicidzna anémia — autoimunitné ochorenie — protilatky proti intrinsic faktoru

UMPS — uridin-monofosfat-syntaza; sklada sa z OPRT — orotat-fosforibozyltransferaza a ODC- orotat-5-fosfatdekarboxylaza
*Orotova aciduria a Fanconiho anémia neodpovedaju na podanie vit. B9 a B12



Folic acid

Nucleus
Hz-ftlate Methylrp;lonic
aci
| i
synthesis Methylmalonyl-CoA
T H,-folate
Thymidi u
ymidine (Methyl-812) (Adenosyl BIZ)
e Methylmalonyl-CoA
Deoxyuridine Methylene- Folate Mset]ht'r? : Slge mutase
H,-folate cycle y
Succinyl-CoA
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Dietary folate —> H,-folate

( TCA cycle )
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\
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™
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Macro-ovalocytes

B12 Deficiency Folate Deficiency

Methymalonic acid Elevated Normal
<0.4 umol/L
Homocysteine Elevated Elevated

4-12 umol/L

Teardrop cell

\)
‘ Zvysené KVS riziko
T

Hypersegmented neutrophil

https://img.grepmed.com/uploads/13497/b12-hematology-deficiency-diagnosis-folate-original.jpeg
https://laboratorytests.org/wp-content/uploads/20 1 9/07/Megaloblastic-anemia.png



ANEMIA CHRONICKYCH CHOROB (ZAPALOVE] ODPOVEDE)

Pric¢ina — chronické ochorenie alebo perzistujuca zapalova reakcia s nadprodukciou IL-6
Patomechanizmus

= 1IL-6 -> Thepcidinu -> | externalizacia ferroportinu -> sekvestracia Fe v makrofagoch

= Z3ipalové cytokiny -> |reaktivita kostnej drene na EPO -> znizenie efektivity hemopoézy
Prejav

= Normocytova (ev. mikrocytova) normochromna anémia

= Ferritin je v norme alebo zvyseny (reaktant akutnej fazy; pri sideropenickej je znizeny)

= TIBC je v norme alebo znizena (Fe je v bunkach; pri sideropenickej je zvysena)

Progndza je chaba (vyzaduje vyliecenie ochorenia) — EPO + i.v. derivaty Fe kontroverzné

=  Antagonisti hepcidinu v buducnosti?/je to vlastne problém?



Inflammatory stimulus
(e.g., infection, autoimmunity, cancer)
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INEVYZNAMNE ANEMIEV DOSLEDKU ZNIZENEJ PRODUKCIE

Typanémie | Mechamzmus |Momeprigimy

Aplasticka anémia

|zolovana aplazia
cervenej rady

Anémia v dosledku
JEPO

Sideroblasticka anémia

Kongenitalna
dyserytropoeticka
anémia

Porucha myeloidného prekurzora alebo znizena
celularita kostnej drene

Izolovana porucha prekurzora Ery

Zvysena apoptoéza prekurzora Ery

Neschopnost’ inkorporovat’ zelezo do hému,
hromadenie v mitochondriach -> prstenec okolo
jadra

Subor poruch erytroidnych prekurzoroy,
inkompletné delenie, chromatinové mostiky, bi- a
multijadrové prekurzory

ALAS2 — delta-amino-levulonat syntaza 2

Idiopaticka, cytostatika, parvovirus B19, benzén

Vrodena — Diamondov-Blackfanov sy

Ziskana — idiopaticka, tymom, lymfom, HIV, EBYV, SLE,

reumat. Artritida, protilatky proti EPO

Bilateralna nefrektomia, zlyhavanie obliciek,
hemodialyza, chronicky zapal a malignity

Vrodené — X-viazana (ALAS2 gén), ar,
Ziskané — klonalna sideropenicka anémia;
alkoholizmus, deficit vit. B6, otrava olovom,
chloramfenikol, izoniazid, etc.

Typ la — CDANI (15q15),Typ Ib — CI5ORF4I
(15q14),Typ Il - SEC23B (20p| 1.2), Typ Il — KIF23
(15q21), Typ IV — KLF (19p13.13-13.12)



Sideroblasticka anémia- prstenec musi Kongenitalna dyserytropoeticka anémia typu |l — dvoj a
obkolesit’ aspon tretinu jadra a obsahovat’ viacjadrové prekurzory pritomné (Sipky)
aspon 5 granul

https://dlirpg7po | rqdm.cloudfront.net/page/|72Sd9e2zQbHIyvkjRG | mibIZNOHdGHSSOAxIXbE.webp
https://imagebank.hematology.org/getimagebyid/6089 | ?size=3



HEMOLYTICKE ANEMIE - INTRAKORPUSKULARNE

= Pokles koncentracie hemoglobinu v periférnej krvi v désledku hemolytickych pricin vychadzajucich priamo z
erytrocytu

= Priciny

= Porucha cytoskeletu a erytrocytalnej membrany — hereditarna sférocytdza, eliptocytoza, paroxyzmalna nocna
hemoglobinura, etc.

= Poruchy glycidového metabolizmu
= Enzymy pentdzového cyklu — glukdza-6-fosfatdehydrogenaza (G6PD), glutationreduktaza

= Enzymy Embden-Mayerhofovho cyklu — hexokinaza, 2,3-fosfoglyceratmutaza, pyruvatkinaza

=  Hemoglobinopatie a poruchy hemoglobinizacie — talasémie, niektoré hemoglobinopatie, kosacikovita anémia



PATOMECHANIZMUS INTRAKORPUSKULKARNYCH ANEMIi PODLA

KATEGORIi PRICIN

|. Poruchy erytrocytovej membrany a cytoskeletu

= Chybanie alebo strata Strukturalneho proteinu — napr. hereditarna sférocytéza — ankyrin, spektrin, protein 3, protein 4.1 ->
odpojenie membrany od cytoskeletu -> zmena tvaru a rigidity -> sféricky erytrocyt

=  Problémy s prechodom cez kapilary -> obstrukcie mikrocirkulacie
= Strata Casti erytrocytu v slezine -> napr. bikonkavne erytrocyty
= Kostna dren neporusena -> fretikulocyty

= Zhorsena osmoticka stabilita -> |znizend odolnost’ voci hypotonickému roztoku

= Paroxyzmalna noc¢na hemoglobinuria -> porucha v PIG-A géne -> prevazne nocna hemolyza (strata ochrany voci
komplementu)
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PATOMECHANIZMU INTRAKORPUSKULARNYCH ANEMIi PODLA

KATEGORIi PRICIN

2. Poruchy metabolizmu erytrocytu

= Erytrocyt nevie nahradzat’ stratené a poskodené enzymy (extruzia jadra pocas stadia ortochréomneho normoblastu)
=  Produkcia ATB anaerobnou glykolyzou; produkcia red. glutationu, methemoglobinreduktaza, 2,3-bisfosfoglycerat
= Deficit G-6PD
= X-recesivny -> |mnozZstvo enzymu -> |antioxidacna obrana -> hemolyza (pokles G-6PD pod 50 % fyziologickej kapacity)
= Geografickd lokalizicia -> Sardinia, centralna Afrika, juzna Cina
= Kontraindikacia niektorych liekov — antimalarika, sulfonamidy, nitrofurantoin
= Favizmus -> hemolyza po poziti niektorych strukovin (Vicia fava - fazul'a)

= Heinzove telieska -> denaturovany hemoglobin v désledku oxidacného stresu

= Deficit pyruvatkinazy — AR — rigidné erytrocyty, bez sférocytozy
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HEMOLYTICKE ANEMIE EXTRAKORPUSKULARNE

= Pokles koncentracie hemoglobinu v periférnej krvi v dosledku rozpadu cervenych krviniek zavineného pricinami
mimo erytrocytu

= Priciny
= Mechanické — nahrady chlopni, hemodialyza

= Toxiny a parazity — bakteridlne, malaria; popaleniny, cirhdza pecene, poruchy metabolizmu medi
= Poskodenie protilatkami a komplementom

" Protilatky proti antigénom erytrocytov



PATOMECHANIZMUS EXTRAKORPUSKULARNYCH ANEMII PODLA

KATEGORIi PRICIN

|. Mechanické poskodenie
®  Prechod mikrocirkulaciou v pripade fibrinu alebo trombotickych agregatov
=  Tromboticka trombocytopenicka purpura -> Erytrocyty mechanicky poskodzované ako sa snazia pretlacit’ okolo zrazenin
= Hemolyticko-uremicky syndrom
= Starsia hypotéza ,,zUzenych ciev*
= Novsia hypotéza — Shiga (Shiga-like) toxin sa viaze na membrany Ery a prispieva k aktivacii komplementu
= DIC

= Umelé chlopne, etc.

= Spolocny znak — pritomnost’ schistocytov a fragmentocytov



PATOMECHANIZMUS EXTRAKORPUSKULARNYCH ANEMII PODLA

KATEGORIi PRICIN

2. Baktérie — a-hemolyza (viridujuce baktérie), B-hemolyza (kompletna), y-hemolyza (ziadna)
®  Clostridium welchii, Staphylococcus spp., Streptococcus pneumonia, E. coli, Haemophilus influenzae

3. Parazity — malaria

= Plasmodium falciparum, vivax, ovale, malariae -> merozoity napadnu Ery a mnozia sa v nich -> periodické ,,praskanie Ery ->
periodické horucky -> poskodenie mikrocirkulacie a adherencia Ery ku kapilaram

4. Med — hemodialyza, m.Wilson
5. Popaleniny

6. Cirhoza pecene -> TLDL v cirkulacii -> rigidnejsia membrana Ery
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PATOMECHANIZMUS EXTRAKORPUSKULARNYCH ANEMII PODLA

KATEGORIi PRICIN

7. Protilatkové poskodenie — slezina zadrziava Ery obalené protilatkami vd'aka FcR ->mikrosférocyty

= Protilatky tepelného typu -> lieky formujuce haptény — |- 2 tyzdne po terapii produkcia IgG, IgA -> hemolyza a
hemoglobinuria (napr. alfa-metyldopa)

= Chladové aglutininy —> virusové infekcie (CMV, EBYV, chripka), baktérie (M. pneumoniae) -> prevazne IgM — manifestacia v
akrach (teplota <30 °C, optimum 0 — 4 °C) -> poskodenie Ery komplementom

= Chladové hemolyziny — paroxyzmalna chladova hemoglobintria -> u deti po virusovych ochoreniach -> protilatky sa naviazu
v akralnych castiach -> posobenie v centralnych castiach obehu

8. lzoaglutininy proti darcovskym Ery
=  ABO — vrodené -> inkompatibilna krv -> akdtna hemolyza

= Rh-systém -> nutnost’ senzibilizacie -> hemolyticka choroba novorodencov (opakovane matka Rh-, plod Rh+)
=  Pri prvom tehotenstve — Ery plodu do cirkulacie (obvykle pérod, potrat) ->produkcia IgM (neprejdu placentou), tvorba pamat'ovych bb.

= Druhé+ tehotenstvo — produkcia IgG -> prechod placentou -> destrukcia Ery plodu

9. Oneskorena hemolyticka reakcia, hemolyza v anamnéze



RECYKLACIA HEMOGLOBINU — PRECO JE INTRAVASKULARNA

HEMOLYZA TAKY PROBLEM?

|.  Extravaskularna hemolyza
= Zapojenie makrofagov -> pecen, slezina, kostna dren -> zelezo a globin reutilizované

= Hém -> bilirubin (hrozba konkrementov)

2. Intravaskularna hemolyza
= Vazba hemoglobinu na haptoglobin (I g/l)
= Nadbytok hemoglobinu ->af3-dimér -> hemoglobinuria
= Ciasto¢na reabsorpcia tubuliarnymi bunkami -> zmena na hemosiderin -> po 3 — 4 diioch -> hemosiderindria
= Poskodenie tubularnych buniek -> | haptoglobin

=V krvi -> TEry-laktatdehydrogenaza



HEMORAGIE AKUTNEVS. CHRONICKE

|. Akudtna hemoragia
= Strata 500+ ml krvi -> moze viest’ k rozvoju hypovolemického Soku -> strata 10 % vsetkych Ery
= Strata 1000 ml krvi -> strata 500 mg zeleza

m 7 kratkodobého hladiska -> dilu¢na anémia (fyziologicky roztok, etc.) -> hrozi transformacia na sideropenicku

2. Chronické hemoragie -> kumulativna strata zeleza

=  Pri hemolyze klesa frekvencia destrukcie Ery v slezine, na hemoragie reaguje slezina pomalsie -> pri naraste
produkcie Ery v kostnej dreni aj slezina zvysi odburavanie starych Ery (takmer okamzite)



SPECIFIKA A USKALIA ANEMIEV GRAVIDITE

= Gravidita predstavuje zvySené naroky na organizmus zeny
= Zelezo prestvané pre potreby plodu
= Vit.B9,Bl2 — pre plod -> vyzadované pre intenzivne delenie buniek

= Objem cirkulujucej krvi u matky narasta o 500 — 1000 ml -> nutnost’ zasobovat’ placentarnu cirkulaciu

= Gravidna zena moze trpiet’ na sideropenicku, megaloblastickd, dilucni anémiu alebo ich kombinaciu!
= Ste tehotna, preto ste unavend* -> HELL NO!
= Sledovat’ parametre

= Pacientka — Hb 108 g/, Ery 3,33.10'%/I, MCV 98 fl, MCH 32,1 pg -> dostala Zelezo (nepomoze, neuskodi?)



PREJAVY ANEMIIV USTNE] DUTINE - SIDEROPENICKA

,> y

Atroficka glositida Angularna cheilitida Koilonychia (lyzickové nechty)

https://imagebank.hematology.org/getimageby https://www.ccjm.org/content/ccjom/85/8/58 1 /F | .large.jpg https://i.insider.com/56a3al8edd0895ad088b45cb
id/60222?size=3



PREJAVY ANEMIIV USTNE] DUTINE — NEDOSTATOK B12

Cheilitida

A ™ '4— A
Ulceracie na boka ™
Frekventné ulceracie a zapaleny, Cerveny, casto vyhladeny jazyka g
jazyk (glositida)

https://cdn.images.express.co.uk/img/dynamic/| 1/590x/1567747 _|.jpg
https://i2-prod.cambridge-news.co.uk/incoming/article23299057.ece/ ALTERNATES/s1200/1_vitaminb12.jpg
https://assets.medlink.com/content/article-media/dlvb4.jpg VedlLink Neurology + www.medink com



PREJAVY ANEMIIV USTNE) DUTINE — APLASTICKA ANEMIA,
HEMORAGIE

https://ars.els-cdn.com/content/image/ | -s2.0-500028177 14607 | 45-gr3.jpg
https://ars.els-cdn.com/content/image/ | -s2.0-500028177 14607 | 45-gr | .jpg



POLYCYTEMIE

®  Primarna (polycythemia vera, m.Vasquez)

= Somaticka mutacia v JAK2 (V67 |F) -> nadmerna proliferacia myeloidného prekurzora -> 1Ery,Tr, Leu (panmyeldza) -> bunky
dozrievaju

= |EPO -> feedback na nadmernu tvorbu Ery

= Manifestacie -> asymptomaticka, ev. pruritus, dna, ulceracie, koncatiny mozu byt’ opuchnuté, zacervenané, cyandza casta
(viskozita krvi a vela hemoglobinu)

= Sekundarne
= Hypoxia, zlyhdvanie srdca, doping — exogénny testosteron, ,,krvny doping®, EPO

= Paraneoplasticky syndrom — nadory produkujiuce EPO alebo EPO-like latky (napr. ,,renal cell* karcinom)

JAK2 — Janusova kinaza 2



https://upload.wikimedia.org/wikipedia/commons/a/a4/Er
ythromelalgia.jpg



TROMBOCYTY

TROMBOCYTOPENIE,TROMBOCYTOPATIE; TROMBOCYTOZA




TROMBOCYTOPENIE (POCET)

= Pokles hodnoty trombocytov v periférnej krvi <50 000 bb./ul (tabulkovo <150 000 bb/ul)
= Priciny
|. Znizena produkcia
= Dehydratacia, nedostatok vit. B9 a B12
= Leukémie, myelodysplasticky syndrom, aplasticka anémia
= Zlyhanie pecene -> |[trombopoetin
= Sepsa, systémova virusova/bakterialna infekcia, leptospiroza

=  Vrodené — napr. Bernard-Soulierov syndrom, Fanconiho anémia, Glanzmannova trombasténia, May-Hegglinova anomalia



TROMBOCYTOPENIE (POCET)

= Priciny (pokracovanie)

2. Zvysena destrukcia

= Imunitna (idiopatickd) trombocytopenicka purpura, tromboticka trombocytopenicka purpura, antifosfolipidovy syndrém, horucka Dengue,

Gaucherova choroba, virus Zika, DIC

3. Indukovane liekmi

= Valproat, metotrexat, karboplatina, interferon, izotretinoin, blokatory protonovej pumpy

4. Iné

= Laboratorna chyba, hadi jed, lymska choroba, trombocytaferéza, Niemann-Pickova choroba



IDIOPATICKA TROMBOCYTOPENICKA PURPURA

= Autoimunitné ochorenie charakterizované nizkym poctom trombocytov a poruchami hemostazy pri absencii
inych priciny

=  Formy

= Akutna — najma detsky vek, Casto po virusovych infekciach
= Chronicka — castejsie u dospelych, nejasny mechanizmus

=  Patomechanizmus

= 7 ->tvorba IgG proti glykoproteinu llb-llla alebo Ib-IX -> opsonizacia Tr -> vychytavanie Tr makrofagmi (slezina) a pecenou
(Kupfferove bb)

= Protilatky poskodzujiuce megakaryocyty, znizenie produkcie trombopoetinu (mozna hyperaktivita T-lymfocytov)



IDIOPATICKA TROMBOCYTOPENICKA PURPURA

= Prejavy
= Tr <50 000 bb./pl — petechie a purpury
= Tr <20 000 bb./pl — epistaxa, krvacanie z Ust, menoragia
= Tr <10 000 bb./pl — spontanna tvorba hematémov (ustna dutina, sliznice), predizeny ¢as krvacania z odrenin a drobnych ran
= Tr <5 000 bb./pl — spontanne subarachnoidalne/intracerebralne krvacanie, straty krvi z dolného GIT, vnutorné krvacanie
" Prognoza

=  Dobra, len malé percento pacientov zazije fatalnu epizdédu krvacania



IDIOPATICKA TROMBOCYTOPENICKA PURPURA

<- Petechie

Purpura ->

Makrotrombocyty (Giemsovo farbenie)

https://upload.wikimedia.org/wikipedia/commons/|/13/Petechiaesmall.jpg
https://upload.wikimedia.org/wikipedia/commons/9/9a/Giant_platelets_in_ITP.jpg

https://media.post.rvohealth.io/wp-content/uploads/sites/3/2022/12/purpura-skin-slide | .jpg



TROMBOCYTOPATIE (PORUCHA FUNKCIE)

= Porucha funkcie trombocytoyv, pricom ich pocet moze/nemusi byt’ znizeny
= Priciny
|.  Vrodené
= Poruchy adhézie — Bernard-Soulierov syndrom
= Poruchy aktivacie — Hermansky-Pudlakov syndrom, syndréom Sedych trombocytov
= Poruchy agregacie — Glanzmannova trombasténia, Wiskott-Aldrichov syndrom
= Poruchy koagulacnej aktivity - Scottov syndrom
2. Ziskané

= Paroxyzmalna nocna hemoglobinuria, astma, aspirin, nadory, malaria...



ASPIRINOM INDUKOVANA TROMBOCYTOPATIA

= Aspirin (kys. acetylsalicylova) -> blokada enzymu cyklooxygenaza

= |nhibicia syntézy prostaglandinov v trombocytoch
= Inhibicia produkcie ADP a reakcia trombocytov na uvolnenie granul po expozicii kolagénu

= Aspirin neznizuje pocet trombocytov!

= Aspirin moze indukovat’ tvorbu autoprotilatok — auto-anti-gp-lIb/llla, auto-anti-gp-la/lia -> zvySena destrukcia
trombocytov -> trombocytopénia



TROMBOCYTOZA (TROMBOCYTEMIA)

= Zvysenie poctu trombocytov v periférnej krvi >750 000 bb./ul (tabulkovo uz >420 000 bb./ul) s alebo bez
ovplyvnenia funkcii trombocytov
= Priciny
= Myeloproliferacné stavy - primarna (esencialna), CML, polycytémia vera, primarna myelofibréza
= Reaktivha — 88 — 97 % trombocytémii u dospelych (takmer 100 % u deti)
= Akutna infekcia, chronicka infekcia, poskodenie tkaniva, malignity; SARS, postoperacné stavy, lieky, nedostatok zeleza, ,,rebound* fenomén
po supresii kostnej drene, fyzicka aktivita
= Prakticky bezpriznakova
= Falosna — pritomnost’ elementov pripominajucich trombocyty — kryoglobulinové krystaly, fragmenty leukemickych buniek,
baktérie, mikrovezikuly ¢ervenych krviniek

Erytromelalgia — palcivy pocit v koncatine, zacervenana -> ulava aspirin a/alebo chlad

=  Trombofilia neznamena automaticky trombocytémia!



MANY PATIENTS ARE ASYMPTOMATIC. THROMBOTIC COMPLICATIONS CAN ALSO OCCUR, resulting in

ABOUT 23.5% OF PEOPLEWITH MYELOFIBROSIS AND SOME EMIOL HOWEVER SOME COMMON ET stroke, transient ischemic attack (TIA), heart attack,
ESSENTIALTHROMBOCYTHEMIA HAVEA MUTATION

deep vein thrombosis or pulmonary embolus (blood clot
FACTORS ASSOCIATED WITH ET SYMPTOMS INCLUDE: in the lung) and blood clotting in unusual locations.
G EDFAIRECHLIN M OA INCLUDE THE FOLLOWING:

GENDER

ET is often diagnosed after

a routine blood test shows
THIS GENETIC MARKER WAS DISCOVERED 1N 2013 BY TWO WOMEN ARE 1.5 PEOPLE 60+ ARE MOST that a PATIENT HAS A HIGH

INDEPENDENT LABORATORIES, INCLUDING ONE FUNDED BY TIMES MORE LIKELY LIKELY TO DEVELOP THE PLATELET COUNT.
MPN RESEARCH FOUNDATION. THAN MEN. CONDITION.

https://hohmanrehab.com/wp-content/uploads/2020/| 0/Essential-Trombocythemia-Statistics.jpg
https://images.ctfassets.net/tytuahdkbx9m/patientpower_ArticlePage asset_45741d58b054f6f62f3 1e6e9bc5278349/47e05bd75d570184832ed8706fcfc243/patientpower_ArticlePage asset_45741d58b054f6f62f3 1 e
6e9bc5278349



PREJAVY PORUCH POCTU A FUNKCIE TROMBOCYTOVV USTNEJ
DUTINE — ERYTROMELALGIA (PLUS RUKA NA POROVNANIE)

https://opendentistryjournal.com/contents/volumes/V |13/ TODENT]-13-6 | TODENT]J-13-61_Fl.jpg
https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcTF5bHOwDD-|INt4zel88s | NH2kwY4yP3EF2Q&s
https://upload.wikimedia.org/wikipedia/commons/thumb/7/72/Erythromelalgia_in_hands.jpg/220px-Erythromelalgia_in_hands.jpg




Otazky?

marek.brenisin@upjs.sk
patfyz.medic.upjs.sk
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