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Vyznam kardiotoxicity

KV onemocnéni a malignity jsou 2 nejcastéjsi priciny umrti ve
vyspélém svété
pravdépodobnost onemocnéni malignitou: muzi 43%, zeny 38%

terapie onkologickych onemocnéni se vyznamneé zlepsila,
vysledek muze byt limitovan nezadoucimi ucinky
protinadorové terapie

roste pocet pacientu, ktefi maji KV onemocnéni a musi
podstoupit onkologickou terapii

Kardiotoxicita je jednou z nejcastejsich pricin umrti
vyléceného onkologického pacienta

Siegel RL et al. Cancer statistics, 2015. CA Cancer J Clin 2015,65:5-29.
Pudil R. Cardiac Failure Review .DOI: 10.15420/usc.2017:16:1.




Kardiotoxicita protinadorové lécby

European Heart Journal (2016) 37, 2768—2801 ESC CPG POSITION PAPER
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Incidence KV toxicity

Chemoterapeuticka latka Incidence (%) Tyrosinkinazové inhibitory

Antracykliny (davkové dependentni) Sunitinib 2,7-19
Doxorubicin (adriamycin) Pazopanib -1
;g mgm: ﬁﬁ Sorafenib 4-5
700 mg/m? 18-48 Dasatinib 2-4
Idarubicin (> 30 mag/m?) 518 Imatinib mesylat 0,2=2,7
Epirubicin (> 900 mg/m?) 0,9-11,4 Lapatinib 0,2=1,5
Mitoxantron > 120 mg/m? 2,6 Nilotinib 1
Liposomalni antracykliny (> 900 mg/m?) 2 Inhibitory proteasomu

Alkyladni latky Carfilzomib 11=25
Cyklofosfamid 7-28 Bortezomib 2-5
Ifosfamid Ostatni
< 10 mg/m? 0,5 :
12,5-16 mg/m? 17 Everclimus <1

Antimetabolity Temsirolimus <1
Clofarabin 27

Antimikrotubularni latky
Docetaxel 2,3-13
Paclitaxel <1

Monoklonalni protilatky
Trastuzumab 1,7-20,1* European Heart Journal (2016) 37, 2768-2801
Bevacizumab 1,64 Cor et Vasa 59 (2017) e181-e195.
Pertuzumab 0,7=-1,2 L
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Antracycliny — mechanismus, epidemiologie

Antracykliny — typ | kardiotoxicity (?ireverzibilni)

doxorubicin, epirubicin, daunorubicin

vysoce efektivni terapie solidnich i hematologickych tumor
neoadjuvantni (pred chirurgickym vykonem) ¢i adjuvantni (po chirurgickém
vykonu)

Mechanismus - naruseni funkci udrzujicich integritu myocytu:

ovlivnéni jaderné DNA - naruseni proteosyntézy

I produkce ROS

ovlivnéni topoizomerazy 2 (top 2a a top 2B, funkce: procesy DNA trasnkripce
a replikace) myokard: blokada top 2B myocytu - smrt myocytu

ovlivnéni CA?* metabolismu (porucha sarkoplazmatického retikula)

Sandhu H, Maddok H. Clinical Science (2014) 126, 377-400



Anthracycliny — komplexni mechanismus

(¥

E) Myofibril
and troponin
damaged
D) Fas and Fas L

O
& activate caspases:
e« DNA cleaved

Damage of:
- Proteins
- Lipids

C) TOPO Il blocked:

| J' DNA damaged
S SN

|
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B) Mitochondrial

», DNA intercalation:
"q‘% K) Ferric iron Distruption of energy
reduction generation

A) Cell nucleus DNA intercalation:

Cellular replication attenuated m

Vital genes not expressed J) Iron release from
ferritin attenuated:

Intracellular
Iron Pool
No free iron for iron
dependent protein

Sandhu H, Maddok H. Clinical Science (2014) 126, 377-400



Antracycliny — mechanismus, epidemiologie
]
Vztah davky (doxorubicinu) a klinické manifestace
* >200 mg/m? - diastolicka dysfunkce
¢ >400-600 mg/m? - systolicka dysfunkce
v kombinaci s ostatnimi léky (napr. cyklo™) 18,4% pacienti
» faktory asociované s vyssim rizikem rozvoje kardiotoxicity: rizikové faktory KV
onemocnéni, samotné KV onemocnéni, iradiace, konkomitantni terapie
trastuzumabem, cyklofosfamidem, paklitaxelem

Prabéh:
e akutni
* 1% pacientq, ihned béhem/po podéni preparatu
»  kontraktility myokardu, tachykardie, SVT, VT, srde¢ni selhani, akutni
koronarni syndrom
 subakutni/chronicky
* meésice aZz rok, poskozeni myo/perikardu
« do2,5%lécenych
e pozdni
> 1 rok od ukonceni terapie



Typ Il kardiotoxicity

* muze byt reverzibilni
 monoklonalni protilatky (trastuzumab, bevacizumab)
* inhibitory thyrozinkinazy (sunitinib, imatinid, dasatinib)

Mechanismus:

* nejasny

e porucha nitrobunécné signalizace - k poruse funkce a
zvysenému zaniku myocytuU

e zvysSena tvorba reaktivnich kyslikovych radikald

* primé poskozeni endotelu

Vysledek:
e srdecni selhani, angioedém, arytmie
e ? potencialni reverzibilita ucinku



Ostatni protinadorové léky

Alkylacni latky (cyklofosfamid, ifosfamid, melfalan)
* inhibice DNA transkripce (naruseni proteosyntézy)
e vyskyt:

e cyklo~>150 mg/kg: LVD 7-28%

» jifosfamid: velmi ¢asto > 12,5 g/m?

Taxany (inhibitory depolymerizace mikrotubuld, paklitaxel,

docetaxel)

e potencuji rozvoj kardiotoxicity antracyklinG
* interference s metabolismem antracyklint

VEGF inhibitory (monoklonalni protilatky, malé molekuly — Tki,

sunitinib, sorafenib, bevacizumab):
e Casto hypertenze, dale ischemie, srdecni selhani
e vyskyt LVD:
 10-14%, ¢asto remise
* trvalé selhani: 1,5-4%



Immune-checkpoint blocking antibodies
(anti-CTLA-4, anti-PD-1, anti PD-L1)

e ipilimumab (anti-CTLA-4), nivolumab a pembrolizumab (PD-1), atezolizumab,
durvalumab, avelumab (PD-L1)
* terapie nemalobb. Ca plic, Hodgkinovy choroby, maligniho melanoma

Siroké spektrum nezadoucich efektt, kardiovaskularni:
 myokarditida (vysoka mortalita)

e tako-tsubo

e poruchy rytmu (raménkové blokady, FiS, VT/VF)

e Perikarditida

Vyskyt:
e 1-2%
* vysokd mortalita (az 50%)



Immune-checkpoint blocking antibodies

Ca plic

Molekularni cil Indikace Kardiotoxicita
Ipilimumab metastazuiici mvelom perikarditida (1%)
CTLA-4 , J , Y . fatalni myokarditida
metastazujici Ca ledvin
(2%)
Nivolumab metastazujici melanom, myokarditida (1%)
PD-1 nemalobb. Ca plic, fatalni komorové
metastazujici Ca ledvin arytmie
Pembrolizumab metastazujici melanom,
PD-1 nemalobb. Ca pl.llc,,rekurentnl srde&ni selhdni (4%)
nebo metastazujici Ca hlavy a
hrdla
Atezolizumab (e
PD-L1 mgtastazupq n,emalobb. Ca infarkt myokardu
plic a ureteralni Ca
Avelumab PD-L1 metzj\stazunu Ca z Merklovych myokarditida
bunék
Darvulumab PD-L1 neresekabilni stadia nemalobb. myokarditida

Lyon A et al. Lancet Oncol 2018; 19: e447-58




Immune-checkpoint inhibitory - klinika

Conduction disease Coronary artery disease

« Atrioventricular block « Atheriosderotic plaque rupture
Ve 1 = « Acute myocardial infarction
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« Heart failure
« Ventricular arrhythmias

Non-inflammatory left ventricular
dysfunction

» Heart failure

« Takotsubo syndrome

-

b \\1\.‘\6&\#\’\.‘,{‘\ ANAN, ij :
ki i
WA AN, T T Ju.r’w AJJJ —

Lyon A et al. Lancet Oncol 2018; 19: e447-58



Radioterapie

e casné nebo pozdni poskozeni

* mechanismus: mikro-/makrovaskuldrni a endotelidIni poskozeni,
poskozeni chlopni, aterosklerdza, fibroza myokardu a chlopni,
poskozeni perikardu

Klinickd manifestace

e srdecni selhani + restriktivni poskozeni myokardu

* chlopenni vady (ztlusténi chlopni, stenotické vady)

e poskozeni perikardu (akutni - vypotek, chronické — konstrikce)
* jischemicka choroba srdecni



Spektrum kardiotoxickych projevu

Srdecni selhani » antracykliny/antrachinolony, cyklofosmamid, antimetabolity,
antimikrotubularni latky, monoklonalni protiklatky,
inhibitory thyrozinkinaz a proteaz

Postizeni korondrnich | = antimetabolity (fluorouracil), inhibitotory VEGF, cisplatina,
tepen radioterapie

Postizeni chlopni * radioterapie
Arytmie e veétSina chemoterapeutik
Trombembolismus * antracykliny, taxany, cisplatina, VEGF inhibitory, tamoxifen

Periferni tepny/CMP | * nilotinib, ponatinib, TKIs, L-asparaginaza, cisplatina,
methotrexat, 5-FU a paclitaxel

Hypertenze * bevacizumab, cisplatina, sunitinib, sorafenib

Plicni hypertenze * dasatinib, cyklophosfamid, alkylujici latky

Peri/myokarditis e anthracykliny, cyklophosfamid, cytarabin a bleomycin




Srdecni selhani v dusledku chemoterapie

G
* cancer therapeutics-related cardiac dysfunction (CTRCD)

Definice

* je definovana jako pokles LVEF = 10% pod hranice normy (2D,
Simpsonova metoda, 3D,)

* nutna konfirmace za 2-3 tydny

* globalni longitudinalni strain (GLS) pokles 2 15% predikuje
pokles EF (nutna validace)

Podle klinickych priznaku
* symptomaticka, asymptomaticka dysfunkce

Podle doby vzniku
e akutni, intermedialni, pozdni

Podle reverzibility
e reverzibilni, ireverzibilni




Diagnostika kardiotoxicity v praxi

CAVE! V dobé klinické manifestace doslo jiz k plnému rozvoiji
morfologickych i funkcénich zmén!

Zakladni cil:

e vcasna diagnostika s moznosti prevence rozvoje a zahajeni
vC€asné terapie projevu

Zakladni kroky:

* identifikace osob ve zvyseném riziku kardiotoxicity
e vcasna diagnostika projevu kardiotoxicity




Strategie detekce dysfunkce LK
(antracykliny, HER-2 terapie, inhibitory VEGF)

G
Pred zahajenim lécby
» stratifikace rizika
 echokardiografie

Echokardiografie v priibéhu Iécby

* |low-risc: po dosazeni 200mg/m? doxorubicinu (nebo
ekvivalentu) nebo 4 cyklech HER2 terapie

* high-risc: ¢astéji (role kardiomarkerti)

Po ukonceni lécby

* po dosazeni 300mg/m2 doxorubicinu nebo ti, u
kterych vznikla dysfunkce: za 1 a 5 let po ukonceni
terapie




Pacienti se zvysenym rizikem kardiotoxicity

srdecni selhani (HFrEF, HFpEF)
asymptomaticka dysfunkce LK (LVEF <
50%, T NP)

ICHS

chlopenni vada

arterialni hypertenze s hypertrofii LK

kardiomyopatie (hypertroficka, dilatacni,

restriktivni)
sarkoidoza srdce
vyznamné arytmie (FiS, VT)

veék (pod 18 let a nad 50 let pro
trastuzumab, nad 65 let pro antracykliny)
pozitivni rodinna anamnéza

arterialni hypertenze

diabetes mellitus

hypercholesterolémie

predchozi terapie antracykliny
iradiace

koureni
alkohol
obezita
sedavy zpUsob Zivota

European Heart Journal (2016) 37, 2768-2801
Cor et Vasa 59 (201 7) e181—e195




Diagnostika kardiotoxicity v praxi
G

Diagnostické modality:

* klinické symptomy (obvykle pozdé)

* echokardiografie (Casné)

* elektrokardiogram (mala senzitivita a specifita)
* biomarkery (velmi ¢asné)

* radiologie (CT, MR, SPECT)
 endomyokardialni biopsie




Echokardiografie v diagnostice kardiotoxicity

clinical practice guidelines O B tsumeronisi

Cardiovascular toxicity induced by chemotherapy,
targeted agents and radiotherapy: ESMO Clinical
Practice Guidelines'

G. Curigliano?, [
C. Criscitiello?, A
Group”

@ European Heart Journal — Cardiovascular Imaging (2014) 15, 1063-1093 POSITION PAPER
ey G002

Expert consensus for multimodality imaging
evaluation of adult patients during and after cancer
therapy: a report from the American Society of
Echocardiography and the European Association

of Cardiovascular Imaging

Annals of Oncology 23 (Supplement 7): vii155-vii166, 2012
EuropeanHeart Journal — Cardiovascularimaging (2014) 15, 1063-1093
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Echokardiografie

e —

Vyhody

* neinvazivni, absence nezaddoucich ucinku

 hodnoceni systolické i diastolické funkce

* nové citlivéjsi metody (strain imaging)

Nevyhody

 preload dependence u rady parametru

 /Iinterindividualni variabilita

Reportujeme:

e funkce levé komory
 LVEF podle Simpsona (2D bi-plane (A4C, A2(C)
e s', MAPSE nebo GLS

e funkce pravé komory:

 TAPSE, s’, FAC




Funkce levé komory

* LVEF podle Simpsona - 2D bi-plane (A4C, A2C, norma: LVEF = 55)

LINT. PEN
X5-1
S0Hz
14cm

Z 3 A2Cs
LV Length 8.07 cm = LV Length 7.96 cm
LVArea 41.0cm? LV Area 37.6cm?
(ATATL] 174 ml h LV Vol 146 ml

— LINT. PEN ’ TIS0.3 MI1.
X5-1 X5-1 ( .
50Hz r . 15?:;1“2 ' .
11cm = 4 d

2 e 20

N R
1 A4Cs
LV Length 8.19cm
- LVArea 36.6cm?
<AdCd 3 o 4 135 ml
LV Length  8.44 cm . : ; ESV (BP)i 84.0 ml/m*~amg

LV Area 40.9 cm? N ™ = e SV(BP)i 183 mlim* ™S
LV Vol 165 ml 2 ESV (BP) 142 ml
EDV (BP)i 102.4 miim? - SV (BP) 31.0ml
EDV (BP) 173ml EF (LBP) 17.9%




Funkce levé komory

PW — TDI: systolicka funkce LK:

I 4 PHILIPS PHILIPS
([ J
V n a S FN Hradec Kralove S5-1/Adult FN Hradec Kralove S5-1/Adult

FR 82Hz FR 82Hz Vel  7.80cmis

15¢cm 7.41 cml/s
e % 0 mmHg i 4 PG 0 mmHg
* norma@®>8cm/s N e .
:, \"\.,\

Max PG 0 mmHg . Max PG 0 mmHg

Time Oms Y D Time Oms

+ Vmax 10.1 cm/s ,'. + Vmax 6.53 cm/s

Max PG 0 mmHg 3 Max PG 0 mmHg

Time 4ms X Time 7ms

Slope 2851 cm/s? A Slope 969 cm/s?
1ms — e e P4t 2 ms—

TIS0.7 Mi 0.7

PW-TDI: diastolicka funkce LK: N V -

+ Vel 99.4 cmis '

« pomérE/A (norma>0,8a 1) 243
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Funkce levé komory

G
Globalni longitudinalni strain (GLS):
* norma>20%

3D rekonstrukce (heart model):
« 3D EDV index (ml/m?)
« <80(M),<72(2)
3D ESV index (ml/m?2)
«  <33(M), <29 (2)
3D LVEF (%)
« >54(M),>57 (2)




Systolicka funkce pravé komory

Velikost pravé komory (A4C): o
* RD1<41mm

* RD2 <35mm

* RD3 < 85mm

Systolicka funkce pravé komory:

* TAPSE (17 - 20mm)

* PW-TDI: S">9,5cm/s

* FAC: FAC = (RVAd - RVAs)/RVAd RV FAC » Dist 454om
<35%

= Dist 6.97 cm, A
\ \ \

o Mo ool Nin il L s o o visond
TIS0.6 MI 1.2
M3
: -
+ Dist 1.73cm

Tx‘z Time 380 ms
Slope 4.55cmis

SV5.0mm



Systolicka funkce pravé komory

Systolicka funkce pravé komory:
ILINT. PEN

* FAC: FAC = (RVAd - RVAs)/RVAd RV FAC X5-1

patologie: < 35% Toem

pis)
59%
C 49
P Low
HGen

RV ESA 10.3 cm?
RVFAC 482%
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Srdecni troponiny
v diagnostice kardiotoxicity




TroBonin l a vxsokodévkova’ teraeie

e 204 pac., HDC terapie antracykliny
e troponin I: stanoven pred, za 12, 24, 36 a 72h po infuzi
* LVEF hodnocena echokardiograficky

LVEF (%) c¢Inl+  ¢Tnl- 0 0,5 1,0 15 2.0 25
70 - 0 0 1 1 1 1 )
¢Tnl (ng/ml)
ek T -10
65 - =+
/ _—i c¢Tnl- -10 - 220
£
60 - -15 | -l- .
-20 4 'L
. * * 0 =-0.87
| #§ + | 254 p<0.0001 r=-0.
f—4¢ cInl &g p<0.0001
50 /) 30 .
0 3 4 7 A% -60 -
months LVEF A LVEF (%)

Cardinale D et al. ] Am Coll Cardiol 2000;36:517-22.




Role troponinu v detekci Casnych fazi projevu

kardiotoxicity

« 703 pacientu lécenych vysokodavkovanou chemoterapii
e troponin | stanoven pred zahajenim a 1 mésic po zahajeni
terapie
LVEF % 00 i -1-

e
. LL—L—L

Tnl +-

Cardiac event free rate (%)
-9
(=]

L)
[—]

Tnl +/+

5 & 8 8

0 6 12 18 24 30 36 42
mnnths months
Cardinale D et al. Circulation 2004, 109 2749 54,




Troponin — identifikace rizika a prevence

» 473 pacientu lécenych antracykliny
e stanoveny hladiny Tnl (pfed, za 12, 24, 36 a 72h po infuzi)
* v pripadé zvysené hladiny randomizace k intervenci ACEi

Controls ACEI-group

] ] 1
;':
40 40 -
20 o —X— 20 -
{,II;C Im 3m 6m 12m pHrBL Im 3m 6m 12m

Figure 1. LVEF at baseline and during the 12-month follow-up
in control subjects (left) and the ACEI group (right) in patients
with (0) or without (W) persistent Tnl increase. For treatment
effect, P<<0.001; for effect of persistent Tnl increase, P<0.001;

Cardinale D et al. Circulation. 2006;114:2474-2481.




Natriuretické peptidy

v diagnostice kardiotoxicity




Natriuretické peptidy v detekci kardiotoxicity

78 pacientt, nizkodavkova terapie antracykliny

NT-proBNP: pred a 24 hod. po podani

pacienti s trvale zvysenou hladinou vs. normalni/tranzientnim
vzestupem

A . 100 p—
70 4
9 65 4
L >,
W 60 - £
.(‘%
55 - 2
50 4
@ ¢ 2 o O O O
%Q}\Q G\o G\o 0\.\0 \Z‘O Q\Q ~Z$)
R OIA AR
S S-S N T
2 (\,‘?} Q?} ‘5'{\ 'Z,*(\ ‘?)Q'
S S PPN 0 : , : : .
& &P 0 20 40 60 80 100
EAA N 1-Specificity

Romano et al. British Journal of Cancer (2011) 105, 1643




BNP v predikci KV mortality u pacientu s
chemoterapii

» 333 pacientu lécenych potencidlné kardiotoxickou chemoterapii
 BNP a LVEF (MUGA) po dosazeni 50% kumulativni davky
e ->»zvysSena hladina BNP predikuje vyskyt srdecniho selhani i mortalitu

CHF Death

HR 95% I p value HR 95%CI  pvalue
BENP 6.94  2.92-16.50 0.000 BNP 1.68 1.26-2.34 0.000
LVEF 0.000 0.00-0.032 0.000 LVEF 1.76 0.32-9.68 0.519
BNP>=100 pg/ml 551 1.76-17.22 0.003 BNP=100 pg/ml 1.94 1.72-2.96 0.002
BNP>30 pg/ml  6.02 1.54-18.74 0.002 BNP=30 pg/ml  1.70 1.28-2.25 0.000
LVEF<50%  7.95 2.95-21.41 0.001 LVEF<50%  1.14 0.73-1.78 0.569
LVEF=45% 1111 2.98-41.44 0.000 LVEF<45% 108 0.53-225 0.823
Age 103 LOb-LO7 - 0.053 Age 1.04 1.03-1.05 0.000

Skovgaard D et al. PloS One 2014 May 6 9(5) e96736




Porovnani kardiomarkert v diagnostice

kardiotoxicity

Kardiomarker

Vyhody

Nevyhody

troponin

Siroka dostupnost

nejrobustnéjsi data pro vice druh
terapie

‘M hladin predikuje pokles LVEF
zména hladiny predikuje odpovéd na
lécbu

zavedené referencni meze
vysocesenzitivni eseje

neni stanovena optimalni
hranice pro predikci rizika
¢asovani odbéru (pfed,
béhem, po terapii)

BNP/NT-proBNP

Siroka dostupnost
zlaty standard pro srdecni selhani
zavedené referencni meze

neni stanovena optimalni
hranice pro predikci rizika
¢asovani odbéru (pred,
béhem, po terapii)

myeloperoxidaza

velmi pravdépodobna asociace
s rizikem kardiotoxicity
(antra/trastuzumab)

limitovana data
nutna validace vysledkui

Yu AF, Ky B. Heart 2016,;102:425-430
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Novejsi markery?
S

Racionale pro nové markery
e pred zahajenim terapie

* identifikace osob ve zvySeném riziku kardiotoxicity
 béhem terapie

e cCasnéjsi detekce subklinickych forem v porovnani s

etablovanymi kardiomarkeru (Tn, NP) a echokardiografii

Navic:

 identifikace patogenetickych procest vedoucich k rozvoji
kardiotoxicity

e zvysSeni senzitivity a specificity uzitim multimarkerového pristupu



Nové markery
|

Heart-type of fatty acid binding protein (hFABP)

e 14.5-kDa cytosolicky protein prfitomny v myokardu, kliCcova role v transportu
mastnych kyselin

» diagnosticky a prognosticky vyznam u ischemie myokardu (v€éetné AKS),
srdecniho selhani a poskozeni myokardu

Glycogen fosforylaza BB (GPBB)

* glykolyticky enzym — klicova role v regulaci karbohydratového metabolizmu

» detekce: myokard a mozek, aorta, leukocyty, teste, GIT, slezina, ledviny, moCovy
meéchyr a jatra

Myeloperoxidaza (MPO)
* enzym secernovany polymorfonukleary
* marker oxidativniho stresu, inhibuje NO syntazu



Nové markery

|

Growth differentiation factor 15 (GDF 15)

e zastupce skupiny TGF-B cytokinU

e exprimovany na radeé bunék

e uvolnovany pri ischemii, poskozeni myokardu, napéti myokardu, oxidativhim
streu

* biomarker vyskytu HF, progrese a mortality

Placental growth factor (PIGF)
 marker antiangiogeneze a vaskularni remodelace

Galectin 3 (Gal 3)

* marker fibrozy

Topoisomeraza 23 (Top2PB)
 pouze Top2 isoenzym je exprimovan dospélym myokadem
* relevantni pro toxicitu antracykinu

MicroRNA (miRNA)

 endogenni, malé RNA molekuly



Multiple biomarker — studie Bonnie Ky et al.
|

0.66 (0.44-1.00)

1.23 (0.93-1.62)

Baseline Visit 2 Interval Change
Biomarker  HR (95% CI)”  p Value’  HR(95%CI)"  p Value!  HR(©5%CD"  p Value'
1.21 (0.92-1.61) 136 (1.07-1.73) 138 (1.05-1.81)  0.020
NT-proBNP  0.78 (0.48-1.25) NS 0.89 (0.59-1.35) NS 1.11(0.80-1.54) NS
CRP .18 (0.85-1.63) NS 107 (0.72-1.60) NS 0.95(0.52-1.73) NS
GDF-15 0.90 (0.59-137) NS 1.26 (0.89-1.78)  0.189  1.33(0.93-192)  0.118

1.34 (1.00-1.80)

PIGF 0.88 (0.55-1.40) NS 1.17 (0.82-1.65) NS 1.16(0.77-1.73) NS
sFlt-1 1.05 (0.70-1.56) NS 0.76 (0.54-1.06)  0.109  0.75(0.51-1.10)  0.139
Gal-3 0.70 (0.44-1.11)  0.128  0.94 (0.62-1.41) NS 1.33(0.86-2.05)  0.195

Ky B et al. Early Increases in Multiple Biomarkers Predict Subsequent Cardiotoxicity in Patients With
Breast Cancer Treated With Doxorubicin, Taxanes, and Trastuzumab. J Am Coll Cardiol. 2014; 63(8):
809-816.



Multiple biomarker — studie Ky B et al.
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Breast Cancer Treated With Doxorubicin, Taxanes, and Trastuzumab. J Am Coll Cardiol. 2014; 63(8):
809-816.



Multiple biomarker strategy (Tnl, GPBB, hFABP, CK)

L]
Acute myeloid leukemia
e 24 pts with AML, anthracycline based therapy
* plasma GPBB increased after treatment (10.06+11.41pg/L vs. 5.25+3.81ug/L,
p<0.01)
e association with LV ejection fraction ( r=0.621; p<0.0001)
Horacek J, Pudil R et al. Glycogen phosphorylase BB could be a new circulating biomarker for detection
of anthracycline cardiotoxicity. Ann Oncol. 2008 Sep;19(9):1656-7.
Acute myeloid leukemia — comparison conventional and HD treatment
* total of 53 patients undergoing HCT for various haematological malignancies
were studied (AML, Hodgkin lymphoma)
e association with PWD indices of diastolic dysfunction (r=0.603; p<0.0001)

Horacek JM, Pudil et al. The use of cardiac biomarkers in detection of cardiotoxicity associated with
conventional and high-dose chemotherapy for acute leukemia. Exp Oncol. 2010 Jul;32(2):97-9.

The use of multimarker approach

* has a potential to detect subclinical impairment of LV function

/M of GPBB and hFABP alows to detect subclinical changes (earlier when
compared to Tn and NP levels)

Horacek JM, Pudil R et al. Biomarkers for the early detection of anthracycline-induced cardiotoxicity:
current status. Biomed. Pap 2014;158(4):511-7.



Dalsi markery predikci a diagnostice kardiotoxicity

* cytokiny (CXCL1, CCL3, GDF-15, IL 16) u pacientu s

tumory prsu lécebné trastuzumabem
You JL et al. Exp Biol Med (Maywood). 2018 Feb;243(3):248-255.

* NF-a, galectin-3, IL-6, troponin I, ST-2 and sFlt-1
Bulten BF et al. Cancer Chemother Pharmacol. 2015,76(5):957-67.

* ST-2 v identifikaci osob ve zvyseném riziku
Sawaya H et al. Circ Cardiovasc Imaging. 20121; 5(5):596-603.

GPBB, hFABP u pacientu s akutni myeloidni leukemii

(DOX) a tumory prsu (HER-2)

Horacek J, Pudil R. Annals of Oncology 18: 2041-2047, 2007
Sedlakova, Pudil et al. Kardiol Rev, 2017.
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hFABP (heart type of fatty acid binding protein)

* 32 pts treated with 5-FU
 hFABP, Tnl + echocardiography (EF, FS, Tei index)

TO (Before 5-FU) T (6th Hour) T2 (12th Hour) T3 (24th Hour) P

All patients (n = 32)

Tnl, ng/mL* 0.006/0.01/0.012 . 0.008/0.010/0.017 29

h-FABP, ng/mL 3.36:4 12 298 + 1.1 - - A2

h-FABP, ng/mL 336 + 1.2 - 287 + 1.5 . 09

h-FABP, ng/mL . 298 + I 287 + |5 - 71
Asymptomatic patients (n = 28)

Tnl, ng/mL* 0.006/0.01/0.012 . 0.008/0.010/0.17 29

h-FABP, ng/mL 335 1 1. 307 + I - . )

h-FABP, ng/mL 3354 - 298 + 1.6 - 25

h-FABP, ng/mL - 307 + LI 298 + 1.6 - 79
Symptomatic patients (n = 4)

Tnl, ng/mL 0.015 £ 0.02 - 0.012 £ 0.0 64

h-FABP, ng/mL 343 + 1.9 231 + 06 - - 28

h-FABP, ng/mL 343 + 19 . 205 + 1.3 - 07

h-FABP, ng/mL - 231 + 06 205 + 1.3 - 66

Turan T, Agac MT, Aykan AC. Et al. Usefulness of Heart-Type Fatty Acid-Binding Protein and Myocardial
Performance Index for Early Detection of 5-Fluorouracil Cardiotoxicity. Angiology. 2017 Jan;68(1):52-58



MicroRNA

* treatment-naive primary breast cancer (n =45, median age = 49 years,
range = 26—78 years)

Results:
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Freres P et al. Variations of circulating cardiac biomarkers during and after anthracycline-containing

chemotherapy in breast cancer patients. BMC Cancer. 2018 Jan 29;18(1):102. doi: 10.1186/s12885-018-
4015-4.



MiRNA v predikci a diagnostice kardiotoxicity
|

Vysledky miRNA:
miR-199%a-3p miR-423-5p
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 zmény hladin ano, avsak nekoreluji s poklesem LVEF ani s
hladinou kardimarkeru

Fréres et al. BMC Cancer (2018) 18:102, DOI 10.1186/s12885-018-4015-4




Multimodalitni pristup

Kombinace echoparametru a kardiomarkert

Echoparametry:

 systolicka funkce LK: zakladni (LVEF) a pokrocilé (GLS,
PWTDI Mi anulu)

* diastolicka funkce LK (E/A, Em/Am)

Sawaya et al.: kombinace hodnot GLS a troponinu |

Predictors (Measured At the Completion of

Anthracyclines) Sensitivity Specificity PPV NPV
Long strain <19% 17/23 (74%) (0.51-0.90) 40/55 (73%) (0.59-0.84) 17/32 (53%) 40/46 (87%)
usTnl >30 pg/mL 11/23 (48%) (0.27-0.69) 40/55 (73%) (0.59-0.84) 11/26 (44%) 40/52 (77%)
Long strain <19% and usTnI>30 pg/mL 8/23 (35%) (0.16-0.57) 51/55 (93%) (0.82-0.98) 8/12 (67%) 51/66 (77%)
Long strain <19% or usTnl>30 pg/mL 20/23 (87%) (0.66-0.97) 29/55 (53%) (0.39-0.66) 20/46 (43%) 29/32 (91%)

Sawaya E et al. Circ Cardiovasc Imaging. 2012;5:596—603.




Role kardiomarkeru ve stratifikaci rizika,
diagnostice a terapii kardiotoxicity

Subklinicka

Genetika, kardiotoxicita
- kardiovaskularni
Rozvoj L. . .
kardiotoxicity rizikové faktory, zevni vl'
prostiredi
Pfiznaky kardiotoxicity
Priib&h Inicialni Stanoveni Kardiotoxicka v v
y - e . . — . _— Preziti
onemocneni riziko diagnozy terapie
~ A )

I — — — — 1
Stanoveni Detekce Progndza
rizika

Zobrazovaci metody

* 2D a 3D echokardiografie
* speckle tracking, GLS

*+ MRI

Cirkulujici biomarkery

* troponin

* natriuretické peptidy

* nové biomarkery
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Yu AF, Ky B. Heart 201 6;125—430
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Kardiotoxicita a jeji detekce
e esencialni je v€asna diagnostika
* role echokardiografie
* role kardiomarkerd
* vyznam:
* incicialni stratifikace
e vcCasna diagnostika a zahajeni
terapie

Hlavni cil: zlepSeni mortality i
morbidity pacientl véetné
kvality jejich zivota

...dekuji za pozornost



