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Zaklady klinické onkologie

05 —Leukémie
s dUrazem na détské akutni leukémie
jako model;

Zitterbart, K., Domansky, J.
Klinika détské onkologie LF MU a FN Brno



Tvorba bunék a Hb, vyvoj krvetvorby
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switching globinu: syntéza zeta a epsilon globint (HbGower 1), nasledné
exprese alfa a gama globinu = fetalni HbF; u dospélého HbA a HbAZ2;
clustry genti na 16. a 11 chromosomu



Bone marrow
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Thrombopoiesis
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Multipotential hematopoietic
stem cell
(Hemocytoblast)

Common myeloid
progenitor

Megakaryoblast
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Promegakaryocyte

Proerythroblast
(Pronormoblast)

Basophilic erythroblast

!

Polychromatic erythroblast

Orthochromatic erythroblast

(Normoblast)
°
Megakaryocyte
Polychromatic erythtocyte [1]
(Reticulocyte)
R
Thrombocytes Erythrocyte [2]

Erythropoiesis

« Approximate scale information: .10_.

pm

« The morphological characteristics of the hematopoietic cells
are shown as seen in a Wright's stain, May-Giemsa stain or
May-Griinwald-Giemsa stain. Alternative names of certain cells
are indicated between parentheses.

« Certain cells may have more than one characteristic
appearance. In these cases, more than one representation of
the same cell has been included.

« Together, the monocyte and the lymphocytes comprise the
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B. promyelocyte

B. myelocyte
B. metamyelocyte

B. band

Basophil

N. promyelocyte

N.myelocyte

N. metamyelocyte

Neutrophil
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E promirelocyte Monoblast
E. myelocyte Promonocyte
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Eosinophil Monocyte

Mast cell

Granulopoiesis

(P

P
Monocytopoiesis

g ytes, as opposed to the locytes (
neurtophil and eosinophil) that are produced during
granulopoiesis.

«B., N. and E. stand for Basophilic, Neutrophilic and

Eosinophilic, resp ly —asin B hilic promy yte.

[1] The polych ic erythrocyte (reticulocyte) at the right
shows its characteristic appearance when stained with
methylene blue or Azure B.

[2] The erythrocyte at the right is a more accurate
representation of its appearance in reality when viewed through
a microscope.

[3] Other cells that arise from the monocyte: osteoclast,
microglia (central nervous system), Langerhans cell
(epidermis), Kupffer cell (liver).

[4] For clarity, the T and B lymphocyte are split to better indicate
that the plasma cell arises from the B-cell. Note that there is no
difference in the appearance of B- and T-cells unless specific
staining is applied.
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Common lymphoid
progenitor

Lymphoblast

Prolymphocyte

(Large granular lymphocyte)

Small lymphocyte [4]

1

Macrophage

B Iymplhocyte T lymphocyte

Natural killer cell

@ 3

Lymphopoiesis

Myeloid dendritic cell [3]

Plasma cell

Lymphoid dendritic cell [3]

Committed progenitor

Mature cell







Fysiologické hodnoty periferniho krevniho obrazu dospélych :

Parametr Jednotka Muz Zena
Pocet leukocytll (WBC) x 10%/I 40-10,0 4,0-10,0
Pocet erytrocytd (RBC) x 10%?/I 45-6,5 3,8-5,8
Hemoglobin (HGB) g/l 130-170 120-160
Hematokrit (HCT) 1 0,40-0,540,35-0,47
Stfedni objem erytrocytt (MCV) fl 76,0-97,0

Obsah Hb v 1 erytrocytu (MCH) Pg 25,0-33,0
Koncentrace Hb v ery. (MCHC) g/l 320-370
Distribu¢ni Sife erytrocytd (RDW) % 11,6 - 15,2

Pocet trombocytt (PLT) x 10%/I 140 - 440
NEUTROFILY - relativni pocet 1 0,34-0,73
LYMFOCYTY - relativni pocet 1 0,19-0,53
MONOCYTY - relativni pocet 1 0,02-0,14
EOZINOFILY - relativni pocet 1 0,01-0,07
BAZOFILY - relativni pocet 1 0,00-0,02



Vék od - do Referencni meze

Odni-1den 0,20 0,35

lden - 1 tyden 0,35 0,45

Lymfocyty 1 tyden - 1 rok 0,50 0,75

1rok-6let 0,40 0,70

0 dni - 1 mésic 0,00 0,14

Monocyty 1 mésic - 6 let 0,01 0,10

0dni-1den 0,45 0,75

1 den - 1 tyden 0,30 0,55

1 tyden - 4 roky 0,20 0,40

Granulocyty 4 roky - 6 let 0,20 0,50
K zapamatovani: ‘
relativni lymfocytosa malych déti , ° ‘ ° °° o o






Plasma (65%) —

Leukocyty a
trombocyty(<1%)

Erytrocyty (45%)



Nomenklatura zmén poc¢tu bunék v KO

Bunécny typ
Erytrocyty
Leukocyty
lymfocyty
granulocyty

neutrofily
eozinofily
Trombocyty
Vsechny rady

Vzestup

polyglobulie /
polycytémie
sek. erytrocytosa

leukocytdza

lymfocytdza

granulocytdza

neutrofilie

eozinofilie

trombocytdza

Pokles

anémie

leukopenie

lymfocytopenie

granulocytopenie

az agranulocytoza

neutropenie

eozinopenie

trombocytopenie

pancytopenie



http://www.wikiskripta.eu/index.php/Polyglobulie
http://www.wikiskripta.eu/index.php/Polycyt%C3%A9mie
http://www.wikiskripta.eu/index.php/An%C3%A9mie
http://www.wikiskripta.eu/index.php?title=Leukocyt%C3%B3za&action=edit&redlink=1
http://www.wikiskripta.eu/index.php?title=Leukopenie&action=edit&redlink=1
http://www.wikiskripta.eu/index.php/Lymfocyt%C3%B3za
http://www.wikiskripta.eu/index.php/Lymfocytopenie
http://www.wikiskripta.eu/index.php?title=Granulocyt%C3%B3za&action=edit&redlink=1
http://www.wikiskripta.eu/index.php?title=Granulocytopenie&action=edit&redlink=1
http://www.wikiskripta.eu/index.php?title=Agranulocyt%C3%B3za&action=edit&redlink=1
http://www.wikiskripta.eu/index.php/Neutrofilie
http://www.wikiskripta.eu/index.php/Neutropenie_u_d%C4%9Bt%C3%AD
http://www.wikiskripta.eu/index.php/Eozinofilie
http://www.wikiskripta.eu/index.php/Eozinopenie
http://www.wikiskripta.eu/index.php?title=Trombocyt%C3%B3za&action=edit&redlink=1
http://www.wikiskripta.eu/index.php/Trombocytopenie
http://www.wikiskripta.eu/index.php?title=Pancytopenie&action=edit&redlink=1

Hematoonkologie

Heterogenni skupina malignich chorob postihujici hematopoeticky
systém

Vznikaji maligni transformaci kmenové hematopoetické burnky

Odchylna hematopoeticka proliferace a maturace
bunék a/nebo apoptosy

Rada podskupin s réiznym bunéénym ptivodem, klinickym a
laboratornim nalezem



Myeloproliferace: v poCatku myeloproliferativnich chorob dochazi ke znaénému
zmnozeni krevnich elementu jedné fady a souCasné vétSinou k méné
vyraznému zmnozeni krevnich bunék dalSich fad; na rozdil od akutnich
leukémii, kde dominuji blasty (hiatus leukemicus)

Tab. 40.1. Piehled FAB a WHO klasifikace myeloproliferativnich chorob

FAB klasifikace
miyeloproliferativnich chorob | WHO klasifikace myeloproliferativnich chorob (1999, 2001, 2008)
(1995)

» Chronicka myeloidni » Chronickd myeloidni leukémie Ph' chromosom [t (9;22)q34;q11), BCR/ABL]
leukémie pozitivni (chronic myelogenous leukaemia, Philadephia chromosome [t (9:22)

« Polycythaemia vera (g34:g11), BCRAABL] positive)

« Esencidlni trombocytémie |« Chronicka granulocytami (neutrofini leukémie (chronic meutrophilic leukoemia)

= Primarni myelohbrdza = Chronicki eczinofini leukémie a hypereozinohlni syndrom (chronic

eosinophilic leukaemia and the hypereosinophilic syndrome)

« Chronicka primarni (idiopaticki) myelofibréza (chronic idiopathic myelofibrosis)

» Pravd polycytémie (polycythaemia vera)

+ Esencidlni trombocytémie (essential trombocythaemia)

« Chronickad myeloprolferativni choroba, neklasihkovana (chronic myeloproliferative
disease, undasifiable)

Myelodysplatické/myeloproliferativni choroby
(Myelodysplastic/Myeloproliferative diseases)

Chronickid myelomonocytarni leukémie (chronic myelomanocytic lewkaemia)
Atypicka chronicka myeloidni leukémie (atypical chronic myeloid lewkaemia)
Juvenilni myelomonocytarmi leukémie (juvenile myslononocytic lauwkaemia)

Meklasifikovatelnad myelodysplasticka/myeloproliferativni choroba
[myelodysplastic/myeloproliferative disease, unclassifiable)




Leukemie
AKUTNI
Akutni lymfoblasticka leukémie (ALL) 1,2 / 100 tis., déti; > 60 let

Akutni myeloidni leukémie (AML)

2-4 / 100 tis; > 65 let incidence 15 / 100 tis.
e Prudky nastup priznak
e Rychly pribéh onemocnéni

CHRONICKE
Chronicka B-lymfocytarni leukémie (CLL) 5,8 / 100 tis.
median véku pri dg 72 let; 70 % nahodny zachyt

Chronicka myeloidni leukémie 0,6-2 /100 tis.
e Faze chronicka

e Faze akcelerace

e Faze blasticka

Poznamka: existuji i AL

* bifenotypické (hybridni) = blasty nesou znaky lymfoidni i myeloidni
* bilinedrni = se dvémi populacemi blastu



AL — etiopatogeneza:

vznikaji zastavou diferenciace prekurzoru v KD, ktery neztraci nebo posiluje
schopnost proliferace

Mensi ¢ast pripadl souvisi s genetickou predispozici

vrozené poruchy chrom. vybavy napf. DownQv sy, syndromy chromozomalni
instability (Fanconiho anémie, ataxie teleangiektazie, Nijmegen breakage sy),
vrozené poruchy obranyschopnosti (Wiskott-Aldrich sy, kombinované
imunodeficience)

expozice kancerogentim (predevsim AML) : ionozacni zareni, inhibitory
topoizomerazy Il ... sekundarni AML, vétSinou se vyvijeji cestou tzv.
myelodysplatického syndromu (delece chrom. 5, 7, 11q)

teorie dvou zasahii u détskych AL (ALL) 1. prenatalné, 2. nejcastéji disledkem
béznych virovych infekci (mezi 2. a 5. rokem véku je nezraly imunitni systém
zatézovan Castymi ) vir. infekty - nejcastéjsi vyskyt détskych ALL)

fuzni geny (zlomy a nasledné fuze 2 gen(l) — jejich
proteinové produkty meéni proliferaci a diferenciaci buriky



2.zasah - mutace v transformované buiice
1.zasah (napt. TEL/AML1) (napf. delece druhé nepostizené TEL alely)

preleukemicky klon

() @—*@l—'%

-9 mésich narozeni 3 roky



AL — klinické priznaky

nespecifické, casto z pIného zdravi

Unava, zhorseni spanku/ospalost, nechutenstvi, Ubytek na vdze, bledost,
horecka, na ATB pomalu nebo vibec reagujici infekce, opakujici se infekce,
mukositis

yleukemicka trias”“ — hepatosplenomegalie, lymfadenopatie, krvacivé
projevy na kuazi a sliznicich

u 1/3 bolesti kosti a kloubti (zvlasté DKK), — v diff dg revmatoidni artritida — th
kortikoidy !!!

postizeni CNS — sy intrakranialni hypertenze, strabismus, diplopie,
obrna n. VI
mediastinalni masa (T-ALL) — dyspnoe, kasel, sy HDZ
testes — nebolestivé zvétseni varlat (vétSinou u relapsu)
»yleukemia cutis” — tmavé modré, podkozni, nad niveau vystupuijici infiltraty
(kongenitalni a kojenecké leukémie)
hyperviskdzni sy pfi hyperleukocytoze (leukostaza) — CNS, plice, priapismus



Leukemia cutis




Rozdeéleni ALL

1) dle morfologie (FAB klasifikace), bez prognostického vyznamu, historické :
- L1 (70-80%)

- 12 (20-25%) — u T-ALL
- L3 (2%) — zrald B-ALL

2) dle imunofenotypu

Tab. 38.1. Imunclogické déleni akutni ymifoblastické leukémie (Beneovd a kol, 1995).

B-inie | Viechny B-ALL jsou CD 19+ a/nebo CD79a+ a/nebo CD22+

B- Pro-B Bez exprese jinych znakl nef jsou vyEe uvedené

B-1 Commaon Znaky B linie plus CD10+ (CALLA+)

21l Pre-B Znaky B linie plus cytoplazmatické lght+

g-IV Mature Znaky B linie plus cytoplazmatické nebo povrchowé « nebo &

Tinie | Viechny T-ALL jsou cytoplazmatické nebo povrchowé CD3+

T-l Pro-T Mavic CD7+
T-l Pre-T Navic CD2+ afnebo CO5+ afnebo CO8+ & D4+
Tl Cortical, thymic Mawic CD1a+

T-IvV Mature Powvrchowvé CD3+, CD1a—a TCR a/B+ nebo TCR y/dddelta+




3) dle genetickych abnormalit - ALL détského véku

YOLUME 29 - NUMBER 5 - FEBRUARY 10 2011

Biology, Risk Stratification, and Therapy of Pediatric Acute
Leukemias: An Update

Ching-Hon Pui, William L. Carroll, Soheil Meshinchi, and Robert J. Arceci

Hyperdiploidy
= B0 chromosomes

25%

CRFL2 overexpression
6%

ERG deletion
7% —
ETV6-RUNX1
t(12;21)
- I ¥ ]
AMP21 25%

Others
7%

MYC
t(8;14), t(2;8), t(8;22)
2%

BCR-ABL1 E2A-PBX1
t(9;22) t(1;19)
3% 5%

MLL rearrangements 1'.:11; TA; MLL-ENL
e.g., t04;22), 111;19), HOX11L2 2P b 0.3%
_ 15% 7% =7
8% 2.5%

10q24
0.3%



Table 3. Characteristics and Clinical Outcomes of Selected Subtypes of Childhood ALL

Estimated B-Year

Frequency Event-Free Data Source
Subtype (%) Clinical Implication Survival (%) {first author)
B-cell precursor
Hyperdiploidy = &0 2030 Excellent prognosis with antimetabolite-based therapy 85-95 Puj'®31
t12;21)p13;022) ETVE-RUNXT 1525  Expression of myeloid-associated antigens CD13 and CD33; excellent B0-95 Pui’®-21
prognosis with intensive asparaginase therapy
Trisomies 4 and 10 20-26  Excellent prognosis with antimetabolite therapy 8590 Salzer™®
t(1;19)(g23;p13) TCF3-PEX1 26 Increased incidence in blacks; excellent prognosis with high-dose 20-85 Puj™®2
methotrexate treatment; increased risk of CNS relapse in some
studies
Intrachromosomal amplification of 3 More commaon in older children and adolescents; poor prognosis; 30-40 Attarbaschi®®
chromosome 21 benefit from intensive induction and early re-intensification therapy
t4;11)(g21;023) MLL-AFRS 1-2 Poor prognosis and predominance in infancy, especially those < 6 30-40 Puj®21
months of age; overexprassion of FLT3
19:22)(q34,;q11.2) BCR-ABL1 24 Imatinib plus intensive chemotherapy improve early treatment 80-90 at 3 years Schultz®”
outcome
1(8;14){g23,;q32.3) 2 Favorable prognosis with shori-term intensive therapy with high-dose 7585 Pui®
methotrexate, cytarabine, and cyclophosphamide
Hypodiploidy << 44 chromosomes 1-2 Poor prognosis 3540 Machman®®
CRLFZ overexpression 6-7 Poor prognosis; commaon in patients with Down syndrome (55%) ? Mullighan,*® Carig,*?
Harvey*?
T-cell
TALAMO rearrangement 15-30 Good prognosis in some studies; potentially responsive to histone ¢ Meijerink*?
deacetylase inhibitor
HOX11 rearrangement 78 Good prognosis Meijerink*?
HOX11L2 (TLX3) rearrangement 20-24  Poor prognosis in some studies Meijerink™
HOXA rearrangement 4-5 Poor prognosis; potentially sensitive to histone H3K79 Meijerink™?
methyltransferases inhibitor
NUFPZ214-ABL1 G Sensitive to tyrosine kinase inhibitor ~B0 (survival)  Graux®
MLL-ENL -3 Favorable prognosis 20-90 Pui!
Early T-cell precursor 12 FPoor prognosis; expressed myeloid or stem-cell markers 30-3b Coustan-Smith*®

Biology, Risk Stratification, and Therapy of Pediatric Acute

Leukemias: An Update

Ching-Hon Pui, William L. Carroll, Soheil Meshinchi, and Robert . Arceci



ALL - déti

Fenotyp leukémie Chromozomalni gen Vyskyt Progndza dle protokolu
aberace IéCby — 5-ti lety EFS
BFM 90 St. Jude 91

B—ALL, Burkitt-Type t (8;14)(924;932) C-MYC 3% 88% (NHL BFM 83,6%
NHL 86,90,95)

t(8;22)(q24;q11) C-MYC 3%

t (2;8)(p12;924) IgK 3%
Ph1- positivni ALL t(9;22)(934;911) BCR/ABL 3% 33% 26,8%
Pre—-B—ALL t(1;19)(923;p13) E2A/PBX1 5% 93% 89,5%
T-ALL t(11;14)(p13;q911) TTGUTTG2 5-10% 68,6%
T-ALL t(1;14)(p32;911) TAL1/SCL/TCL5
pro B —ALL t(4;11)(921;923) AF4/MLL 4% 30% 26,7%
common ALL t(12;21)(p13;922) TEL/AML1 22% 95% 87,5%
Common ALL hyperploidni > 50 25% 86% 88,3%

Proménlivé jsou translokace a delece 12. chromozému

DNA-aneuploidie se vyskytuje u 40% détskych ALL




ALL- dospéli

Tab. 38.4. Prognostické skupiny ALL

Standardni riziko
{musi byt spinéna
viechna kritéria)

kompletni remise do 3 tiig ni od zahdjeni terapie, leukocyty < 30 000/ul v pfipadé
B-prekurzorové ALL, leukocyty < 100 000/ul v pfipadé T-ALL, ne pre/pro T- nebo pre/
pro B-ALL ne t(9;22) nebo ber-abl pozitivita, ne t(4;11) nebo ALL1-AF4 pozitivita

Vysoké riziko

{stafi jednio kritérium)

kompletni remise po 3 tiig nech od zahajeni terapie, leukocyty > 30 000/ul v pfipadé
B-prekurzorové ALL, leukocyty > 100 000/l v pfipadé T-ALL, pre/pro T- nebo pre/pro
B-ALL, t(4:11) nebo ALL1-AF4 pozitivita

Velmi vysoké riziko

t[9:22) nebo ber-abl pozitivita

Na rozdil od déti, kde dlouhodobé pfeziva v remisi pfes 80 % pacientu s
ALL, Ize u dospélych dosahnout dlouhodobé remise jen u 30-50 %

nemocnych;

Vedle cytogenetickych zmén je dalSim nezavislym prognostickym
parametrem ALL vék. U pacientd starSich nez 50 let véku jsou vysledky
|éCby podstatné horsi.

Alogenni transplantace KD se provadi po ukon€eni konsolidacni IéCby
u ALL vysokého nebo velmi vysokého rizika v dobrém celkovém stavu




Diaghostika AL

anamnéza a klinické priznaky

KO+diff+mikroskopické vysetreni natéru

vysSetieni aspiratu kostni drené

- morfologické a cytochemické vysetreni

- imunofenotypické vysetreni - pritokova cytometrie — panel
monoklondlnich Pl proti nejéastéjsim povrch. antigenim blast(

- cytogenetické vysetreni

- molekularné genetické vysetreni (fuzni geny) — sledovani MRD

biochemie (kyselina mocova, K, P —tumor lysis syndrom? ) , koagulace

vysetreni mozkomisniho moku

RTG s+p, UZ bricha a testes, MRI mozku, oc¢ni, kardiologie, neurologie



Lécba ALL— historie

pocatek 60. let — 100% umrtnost
polovina 60. let — kombinovana CHT (VCR, Prednison,
6-MP, MTX) - 90% déti hematolog. remise, realps velmi ¢asné
pocatek 70. let — velmi intenzivni kombinovana CHT (indukce
+ reindukce) a profylaxe CNS (ozareni krania a i.th. MTX) — 50%
pocatek 80. let — rozdéleni do rizikovych skupin
90. léta — individualizace |éCby dle ¢asné léCebné odpovedi



Lécba ALL déti - soucasnost

* standardizované protokoly (BFM skupina)

*  Polychemoterapie — kortikoidy, alkylancia (cyclophosphamide), antracykliny (daunorubicin,
?oxorub(ijc)in) , analoga (6MP, TG), antimetabolity (metotrexat) , asparaginaza, inhibitory topo Il
etoposi

*  Ph1+, BCR/ABL - TKlI imatinib, pfipadné dasatinib

* individualizace 1é¢by dle hladiny MRN/MRD v urcitych ¢asovych bodech th
* rozdéleni do rizikovych skupin (SR/IR, HR)
* déti SR/IR lécba kontinudlni, s minimalnimi prestavkami
* déti HR — rotace kratkych, velmi intenzivnich blok
* celkovd doba th je 2 roky, z toho intenzivni cca th 8 mésic(, udrzovaci th (p.o.)
* 4 faze : indukce — kortikoidni predfaze + mésic CHT, remise u 98%
konsolidace — nékolik mésicU
pozdniintenzifikace (reindukce) — cca 6 mésicd od dg
udrzovaci lécba
* prevence leukemickeé infiltrace CNS —i.th. MTX, néktefi ozareni neurokrania
v ramci udrzovaci terapie
* podpurna terapie (ATB, antimykotika, antivirotika, imunogloboliny, ristové
faktory, parenteralni vyZziva, CVK)
* tranplantace kostni drené — v pfisné indikovanych pfipadech
* vyléceni v 80% (SR vice jak 90%, HR 45%)



Prognostické faktory ALL u deéti

vék v dobé dg (horsi prognosa u kojencu a déti nad 10 let)
pohlavi (chlapci horsi prognosa)

inicialni pocet leukocytu
T-ALL horsi prognosa

imunofenotypické charakteristiky blastl (cALL lepSi nez zrala B)
molekularné genetické charakteristiky blast

—1(9;22), t(4;11) horsi prognosa, t(12;21) dobra prognosa
velikost hepatosplenomegalie, lymfadenopatie, mediastin. masy
inicialni infiltrace CNS

odpovéd na lécbu (D+8 blasty v periferii, D+15 MRD, D+33 blasty v
KD, week12 minimalni rezidudlni nemoc)



AIEOP-BFM ALL 2000 Study design 27
Version 1.1.1, 15.04. 2010

6.3 Stratification .. ) ;
MRD= minimal residual disease

G6.3.1 Basics of stratification

Cmnn iz based on biological cntena, treatment rezponse and PCR/FCM MRD findings.

6.3.2 Definition of high-risk group

Patients meeting at least one of the following criteria qualify for treatment in the HR group:
Non-MRD-based criteria:
- Predniscne poor-response (for definition see section 4.1, page 22)

- No complete remission on day 33 (for definition of complete remission see section 4.2,
page 22)

- Positivity for MLL/AF4 or t(4;11)

- Hypediploidy (defined by =45 chromozomes andfor DNA index of <0.8, see also
section 8.1.1.4)

MRD-hased critera:

- pB-ALL {or with unknown immunophenotype) with PCR-MRD-MR SER (for definition
see section £.5)

- PCR-MRD-HR (for definition see section 4.5)
- FCM-MRED in BM on day 15 210%

6.3.3 Definition of standard-risk and medium-risk groups

Patients without any of the high-risk criteria are stratified by the PCR-/FCM-MRD results.

Risk group assignment depends first on the sensitivity of the PCR-MED markers and
availability of the two investigation time points.




AIEOQP-BFM ALL 2008 Study design
Version 1.1.1, 15.04.2010
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Figure 1 Flow-chart for identification of the treatment group
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Priklad |éCebného protokolu: Interim AIEOP-BFM 2000

indukce -- konsolidace-reindukce —udrzovaci lécba

PCRT 12 Gy* / WBC <100K or age <2y:
no CRT but 6x IT MTX

T/non-HR 1A, | 1B M I j{f’ ]
]
| :
I 1
I |
I 1
1 1
BCP#non-HR IA, | 1B M o 7/
]
| i
1 |
I |
] L
3 ,,MRD-HR only*
»NRd33 only* ’
; " PCRT 12 Gy™/ in “PPR only“ pts:
no CRT but 6x IT MTX
HR a. [ HEHEHEEHEHEH o M rym—
——— | SZT
— | DNX-FLA + SZT
1 1012 20 22 31 43 53 104 Wo.

#

or unknown immunphenotype

* all patients with initial CNS-disease (CNS 3) receive CRT with 12 Gy or 18 Gy (Dose age-dependent)



AIEOP-BFM ALL 2009

A’

I'A‘CPM

selected patients®

/
/

ASP+

/
/

= SIHHE
RHR 1‘ 2£ 3

Y
1 10 12
Prot. IA (with Pred and 4 DNR
doses on day 8, 15, 22 and 29) IAD
Prot. IA* (with Pred and 2 DNR
doses on day 8 and 15) |BASP+
Y

Prot. IA.p), (with Pred, 4 DNR

doses and 1 dose CPM on day 10) [T

+ pCRT * .
T/non- A, | IB M I — /]
HR ; :
1 1
| 1
| / L
IA I SR 1 — //// |
1B [ M
# /
ngnB-I—/IR IA i T = 7/
- DRIe_— y
A’ ! 000000 / ]
|

+ pCRT * / /L
= mn 1 n H 7 /1
I
— | SCT
= | DNX-FLA + SCT
20 22 31 43 53 104 wks.
Prot. IA, (with Dexa and 4 DNR # or immunophenotype unknown

doses on day 8, 15, 22 and 29)

Prot. IB-ASP+ (with 4 x 2500 E
PEG-L-ASP)

* pCRT 12 Gy if age > 2 yrs / in selected subgroups no pCRT +
6x i.th. MTX/ in patients with CNS disease (CNS 3) tCRT
with 12 Gy or 18 Gy (dose age-adapted)

§for eligibility for randomization see protocol

PEG-L-ASP given for 20 weeks $ see protocol



Pfiklad : prvnich 33 dnu léCby AL:1. ¢ast indukce
9.1 Protocol |

Protocol IAJIA" for pB-ALL
Protocol |1A with prednisone and 4 (1A) or 2 {IA") doses daunorubicin

PRED p.0. 60 mgimeiday T —

VCR Lv. 1.5 mgim-doas | | |

mer 2img

DHR p.l. 1 h) 30 mgim3idose | |" |.+'

PEG L-A5P p.. (2 h) 2500 IUimidose | |

ORC ASPARD jmac. 1753 1

Ao i sose | Lo

110 <2 y=ars: B myg
2o =<3 years: 10 mg BMPY MAD d 16 RO TF 1

z 3 years: 12 mg MRD ¥ o 1

Days 1 B 23 28 [23]

# cpmithed I padients randomized (R} b thee expsermenisl am
"addtional Lth. WTX on days 19 and 25 T CHE-posiiee (CHE 3) or presence of blasts In nBal ofospin (SM2 )

Figure & Treatment outline of Protocol JAMIA'. The element is applicable to all patients with pB-

ALL, the steroid preparation is prednisone. According to randomization R, 2 (1A vs 4 (lA) doses of
daunarubicin are given.



Komplikace |écby ALL :

* Syndrom akutni lyzy nadorovych bunék
* hyperviskozni sy (CNS, plice)

* pancytopenie

* infekce, mukositida

* krvaceni, trombdza

* hepatotoxicita

* steroidni diabetes melitus

* anafylaxe



Rozpad nador.bunék

‘ = Uvolnéni DNA
% A= Hyperfosfatemie
oromey 3 Nukleotidy
Nervosvalova
drazdivost b "'{_‘; - Katabolizmus purind
o L. \ N/
" ’ O - i o o,n
Kalcium - fosfatova Hyperurikemie
nerovnovaha
- Precipitace krystalt

Arytmie \ kys.mocove v ledvinach

Hyperkalemie < R _ Akutni renalni selhani




Syndrom akutni lyzy nadorovych bunék

Radiation Potassium +
Cytoxic agents _
Corticosteroids Fhosphate Hyperkalemia
Monoclonal Ab
c-IFN Tumor cell

o0 Purines

® =
oo Other Hypocalcemia
substances

Uric acid

Abnormalities

J ik ;:i of glomerular ol P
- Acidosis e AT 4
Seizures : =
.= Nephrocalcinosis B Ventricular

Respiratory arrhythmias
failure
Fluid
retention ¢ v
x Uric acid
nephropathy

Clinical Advances in Hematology & Oncology Volume 7, Issue 4 April 2009



Relaps ALL :

*u 20-25 % déti
* ¢asny X pozdni
* drenovy X mimodrenovy (CNS 5%, testes 5%) X kombinovany
* Casny drenovy relaps 5-10 % Sance na vyléceni
* kombinované a mimodrenové (testes 70%) lepSi prognosa
*1/3 déti s relapsem ALL se vyléci (intenzivni chemoterapie

s transplantaci kostni drenég)



Dlouhodobé nasledky lécby :

* mirna porucha rdstu
* opozdéni puberty (chlapci), predc€asny nastup puberty (divky)
* posSkozeni zarodecnych bunék gonad
* pozdni kardiotoxicita — vzacné (snizena kontraktilita)
* sekundarni malignity (do 1%) — nadory CNS (az 10 let po dg),
maligni lymfomy, AML
* asepticka kostni nekrosa (2-5%) — u déti nad 10 let pri dg
- kyCelni a kolenni kloub



AML déti — klinické priznaky :

* nespecifické, kratSi anamnéza nez u ALL

* anémie, horecka, krvaceni do klize a podkozi,
hepatosplenomegalie, lymfadenopatie

* leukemia cutis, infiltrace klze a retroorbitalnich oblasti
(Castéji u déti do 2 let)
* infiltrace CNS (5%)

* myelosarkom — izolovany mimodrenovy projev bez postizeni
kostni drené (vzacny)



Rozdéleni AML :

FAB klasifikace (morfologické a cytochemické znaky) :
- M1 - z myeloblastl bez vyzravani
- M2 — z myeloblastl s vyzravanim
- M3 — promyelocytarni
- M4 — myelomonocytarni
- M5a — monoblastova
- M5b — monocytarni (u déti do 2 let tvori 49%)
- M6 — erytroleukemie
- M7 — megakaryocytarni (u déti do 2 let ve 13%, Down. sy)
- MO — nediferencovana leukémie (AUL)



AML

Karyotyp Geneticka zména Predominantni morfologicky podtyp dle FAB Frekvence %
1(8;21) (922;022) AML1-ETO M2, eozinofilie 12-15
11923 abnormalita MLL preskupeni M4, M5 10-15
1(9;11) (p21-22;923) MLL-AF9 M5 6-8
t(15;17) (g22;912-22) PML-RARa M3, M3v 8-10
inv16(p13g22)/t(16;16)(p13;922] CBFB-MYH11 M4 Eo 6-8
t(10;11)(p13;921) AF10-CALM Diverzni 2

t( 6;9)(p23;934) DEK-CAN M2, bazofilie 1
t(8;16) (p11;p13)/ inv(8) (p11g13) MOZ-CBP/TIF2 M4, M5 1
t(1;22) (p13;q13) RBM15-MKL1 M7 <1
t(3;5) (025;934) NPM-MFL1 M2 <1
1(9;22) (q34;q11) BCR-ABL M1 <1
t(11;20) (p15;911) NUP98-TOP1 - <1
Monozomie 7, delece 7q Dysplazie 2
Trizomie 8 Diverzni 2
Trizomie 21 M7 2
Komplexni abnormality (= 3) Diverzni 10-15
Normalni Diverzni 20-25




AML u deti
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Biology, Risk Stratification, and Therapy of Pediatric Acute
Leukemias: An Update

Ching-Hon Pui, William L. Carroll, Soheil Meshinchi, and Robert J. Arceci




5Year G-Year
Frequency EFS Q5
Subtype Affected Genes Gene Functions (%) Clinical Characteristics (%] %)
Rearrangements
t(8;21)g22;g22} ETO-AMLT Transcription factors 12 Associated with chloromas 6671 758b
inv{16)(p13;922) MYH11-CBF Muscle proteinftranscription factor a8 Eosinophilia with dysplastic 7288 758b
basophilic granules
t{8;16) MOZLBP Transcription factors 1 High WECs, chloromas, etoposide- D™t D
related secondary AML
t{15;17Mg22:q12) PML-RAR Transcription factors/retinoid 12 Associated with FAB M3, Auer rods 7t S0t
receptor common; FAB M3; ATRA-sensitive
t{11;17Mg23;q012) PLZF-RARA Transcription factors/retinoid Rare Associated with FAB M3, Auer rods D D
receptor common; FAB M3; ATRA-resistant
11;22) REM15MKL1 RMNA binding protein, DNA binding 23 Associated with FAB M7 in Down D D
protein syndrome and non-Down
syndrome
1{6;9)(p23;034) DEK-NUF214{CAN) Transcription factor/fnuclear Rara Basophilia and multilineage dysplasia; 1D D

transport

associated with FLT3ATD and
TdT+



Tan-=

MILL MLL (partner genes) Histane methyRransterase 18
H1;11Hg21;q23) AF1Q IMLLTT1) Function unknown, causes short 3 TE% < age 2 years; 20% and 48% @100
half-=e FAB M4 and MS, respactively
ti; 11 g2 1;023) AF4 [MLLTZ) Assoclated with EAPTD 7 B1% < age 2 years; 17% and 42% 79 7
FAE M4 and MS, respactively
biE; 11 Hg2 7:q2:3) AFE [MLLT4) Functions as dimestzation domsin E 9% « age 7 years; 57% = 10 years; 1 22
6% 3nd 41% FAB M4 ard M,
raspachvely
b, 11 Hp2 Zg2:3) AFD [MLLT3) ENL homolag, associzted with 41  47% < agePyears; Q1% ISFAEME  EQ B3
EAP
H10;1 111 1.223) AF1D {MLLTID) Interacts with DOTIL 7 7E% < age 2 years; 27% and 6% 17 7
FAB M4 and MS, respactively
H1;1 111 2023 AF10 IMLLTI0) Interacts with DOTIL 17 62% < age Tyears; 2% ISFABME 31 1
t11;19)ig23;p 13 ELL or ENL (MLLT1] Binds histone H3, Assambies 4 EB% <« age 2 years; 47% and 45% 49 Ao
EAP FAB M4 and ME, raspactivaly
H11;19)ig23;p12.1) ELL or ENL (MLLT1] Binds histone H3, Assambies 4 41% < age 2 years; 30% and 33% 48 Bl
EAP FAB M4 and M5 respectively
t11;19)ig23;p12.3) ELL or ENL (MLLT1] Binds histone H3, Assambies 3 36% < age 7 years; 4% = age 10 45 a7
EAP years; 20% and 40% FAB M4 and
M5
H11;17ig23021) AF17 {MLLTE), LASPT  F-actin rick cytoskesetal actvity 7 33% < age 2 years; 47% = age 10 1 22
years; 33% and 60% FAB M4 ard
M5
Other 19 50% = age 7 years; 20% and 50% e B4

Histone-lysine N-methyltransferase HRX is an enzyme that in humans is encoded
by the MLL gene.

MLL is a histone methyltransferase deemed a positive global regulator of gene
transcription. This protein belongs to the group of histone-modifying

enzymes comprising transactivation domain 9aaTAD and is involved in

the epigenetic maintenance of transcriptional memory.
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*  FLT3(CD135 )is a receptor tyrosine kinase type Ill. When this receptor binds to FIt3L it forms a dimer with itself

(homodimer) that activates its intrinsic tyrosine kinase activity, which in turn phosphorylates and activates

signal transduction molecules that propagate the signal in the cell

* Internal tandem duplications of FIt3 (FIt3-ITD) are the most common mutations associated with acute
myelogenous leukemia (AML) and are a prognostic indicator associated with adverse disease outcome.
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Diagnostika AML :

* klinické vysSetreni a anamnéza
* KO + diff + mikroskop

* aspirace kostni drene (morfologickeé, cytochemicke, ,
imunofenotypické, cytogenetické a molekularné genetické

vys.)

* biochemie, koagulace (AML M3 1), RTG s+p, UZ bricha, MR
mozku, neurologie, kardiologie, ocCni

* vysSetreni mozkomisniho moku



Prognostickeé faktory AML :

* inicialni leukocytosa nad 100 tis./ul (Casné smrti na krvaceni
nebo leukostasu)

* casnd odpovéd na lécbu

*1(8;21), t(15;17), inv(16) — prizniva prognosa (u 28% déti; 70%
Sance vyléceni)

* komplexni karyotyp (mnohocetné prestavby chromozomu).
monosomie 7 — nepfizniva prognosa (u 20% déti; 30% Sance
vyléceni)

* déti s Down. sy lepsi vysledky 1éCby, vyssi toxicita (redukce
davek)



Lécba AML :

* podle standartnich protokola (napr. AML BFM 04)

* velmi intenzivni kombinovana chemoterapie

* profylaxe CNS (i.th. 1é¢ba)

* délka |écby 1-1,5 roku

* u myelosarkomu radioterapie na plvodni postizené oblasti

* allogenni transplantace kostni dfené — u déti s vysokym
rizikem, tak, kde je pribuzny Ci nepribuzny darce

— zlepsSuje preziti, snizuje vyskyt relapsi

* u M3 AML k chemoterapii ATRA (kyselina all-trans-retinova)
— induktor diferenciace blastu

* podplirna lécba

* zcela se vyléci cca 50% déti



AML-BFM 2004

Induktion 1 Induktion 2 Konsolidierung Intensivierung
12 Gy' |
SR A|1 hﬂM1 HAE ™ R3| . |
IADXE1 f 18 Gy
| AIE \ Al/ Erhaltungstherapie 1 Jahr
Cytarabin i.th. 12
2-CDA ytara
HR HAM haM HAE |~
Al \ SZT bei HLA-identischen
Geschwisterspender //
KMP ¥V v v v v v v
Tag 1 15 21-28 42-56 88 ~112 ~140
MRD MRD MRD MRD MRD MRDa MRDa
Doku Doku Doku Doku Doku Doku
1 Sonderregeln fur Kinder mit AML _bei Down Syndrom/AML FAB M3 beachten | 2 bei Patienten mit molekularem Marker
2 1x Woche 4 Wochen am Anfang der Dauertherapie
oy
R) Randomisierung @ Stratifizierung
A ARA-C; Cytarabin HAE: Hochdosis Cytarabin/ Etoposid-Phosphat
Dx: liposomales Daunorubicin; L-DNR SR: Standardrisikogruppe
I: Idarubicin HR: Hochrisikogruppe
E: Etoposid-Phosphat MRD: Minimal residual disease
2-CDA:; 2-Chloro-2-desoxyadenosin KMP: Knochenmarkpunktion
HA: Hochdosis Cytarabin Doku: obligatorische Dokumentation
M: Mitoxantron des Therapieelements
ha: mittelhochdosiertes Cytarabin

AML_-BRM 2004 Version 03/2004



Komplikace |écby AML :

* infekce

* krvaceni

* leukostasa

* uratova nefropatie
* aplasie kostni drené
* neurotoxicita

* hepatotoxicita



Relaps AML :

*u 35-40% déti

* v 60% se manifestuje jiz v 1. roce od dg (2. remise v 10-30%;
Uplné vyléceni do 15%)

* v pripadé, je-li relaps po 1 roku od dg, 2. remise ve 40-70%;
dlouhodobé preziti 30%



AML

Karyotyp Geneticka zména Predominantni morfologicky podtyp dle FAB Frekvence %
1(8;21) (922;022) AML1-ETO M2, eozinofilie 12-15
11923 abnormalita MLL preskupeni M4, M5 10-15
1(9;11) (p21-22;923) MLL-AF9 M5 6-8
t(15;17) (g22;912-22) PML-RARa M3, M3v 8-10
inv16(p13g22)/t(16;16)(p13;922] CBFB-MYH11 M4 Eo 6-8
t(10;11)(p13;921) AF10-CALM Diverzni 2

t( 6;9)(p23;934) DEK-CAN M2, bazofilie 1
t(8;16) (p11;p13)/ inv(8) (p11g13) MOZ-CBP/TIF2 M4, M5 1
t(1;22) (p13;q13) RBM15-MKL1 M7 <1
t(3;5) (025;934) NPM-MFL1 M2 <1
1(9;22) (q34;q11) BCR-ABL M1 <1
t(11;20) (p15;911) NUP98-TOP1 - <1
Monozomie 7, delece 7q Dysplazie 2
Trizomie 8 Diverzni 2
Trizomie 21 M7 2
Komplexni abnormality (= 3) Diverzni 10-15
Normalni Diverzni 20-25




Chronicka myeloidni leukémie
poznamky:

* u déti vzacné onemocnéni (1-3% hematolog. malignit)
* median veéku pfi dg je 13 let, méné jak 25% déti je mladsi 10 let

* klinické priznaky : zvétsujici se bricho (splenomegalie), tnava, hubnuti,
nechutenstvi, subfebrilie

* diagnostika : KO+diff — hyperleukocytosa nad 100 tis./ul, trombocytémie s
rizikem paradoxniho krvaceni;

trepanobiopsie kostni drené - Ph chromozom — t(9;22)
* prubéh : chronicka faze (3-4 roky)
faze akcelerace — narulsta leukocytosa, splenomegalie
blasticky zvrat (2/3 myeloblasticky, 1/3 lymfoblasticky)
*
lécba : imatinib (Glivec) a kindzové inhibitory 2. generace (dasatinib) —
blokuji ber/abl tyrosinovou kinasu
allogenni transplantace kostni drené (70% vyléceni, relaps 10%)
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Graf 1. Celkové pieziti nemocnych zafazenych do rlznych prospektivnich studii némecké CML
kooperativni skupiny (upraveno podle (7))
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Dekuji za pozornost

Pristé: Nadory mozku a michy



| Stanoweni diagndzy B-CLL |

'

| stanoveni klinickeho stadia (Rai nebo Binet) |
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