Hedef kanser
tedavisinin
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foksik etkileri
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Klasik kanser tedavilerti;

Miyokart iskemisi
Miyokardit
Perikardit

Kalp Yetersizligi
Kapak hastaliklari
Aritmiler



Klasik kanser tedavileri

» Anftrasiklinler, Radyasyon tedavisi

» Antrasiklinlerin doz ile dogru orantil kardiyotoksik etkisi 40 yildir
biliniyor

» GOgUsU hedefleyen Radyasyon tedavisinin miyokart, valvular,
perikard ve vaskUler toksik etkileri var.



Klasik kanser tedavileri;
Antrasiklinler

» Doksorubisin, Daunorubisin, idarubusin, Epurubisin, Mitoksantiron
» Hedef Tip | topoizomeraz, DNA ve RNA sentezi

Yan efki;

» Kardiyomiyopati
» Aritmi

» Akut miyokardit
» Perikardit




Antrasiklin tedavisi sonrasi
kardiyotoksite acisindan risk faktorleri
(ESC 2016 Hatirlaticl not)

KUmulatit doz Kardiak disfonksiyon varligt;

Kadin cinsiyet » Kalp duvar stressini arttiran hast.
» HTN

» Genetik faktorler

Yas; 65 Ustu ve 18 alt
Renal yetersizlik

Kalp bodlgesi radyoterapi

vV v v v v Vv

Diger KT ile birlikte verilmesi
Alkalen

antimikrotubul

Hedef KT
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asik kanser tedavileri:
atfinum

» Cisplatin, Karboplatin, Oxaliplatin

» Hedef; Cross-link DNA

» Yan etki;

» Hipertansiyon, Miyokart iskemisi



Klasik kanser tedavileri;
Antimetobolitler

» Fluorourasil, Kapecitabine

» Hedef ; Timidilat sentaz

Yan eftki;

» Miyokart iskemisi
» Aritmi



Klasik kanser tedavileri;
Alkalen ajanlar

» Siklofosfamit
» Hedef; Kross-link DNA

Yan eftki;

» Konjestif kalp yetersizligi
» Miyokardit
» Perikardit



Klasik kanser tedavilerti;
AntimikrotUlbul ajanlar

» Paksitaxel,

» Hedef ; MikrotUbUl

Yan etki;

» Aritmiler; Bradikardi, tam blok, VES, VT
» Tromboz

» Vinka alkaloidleri

» Hedef: MikrotUbUl

Yan Etki;

» Miyokard iskemisi, koroner spazm




TABLE 69-1 Chemotherapeutic Agents Implicated in Clinical Syndromes of Cardiotoxicity

FREQUENCY OF
AGENT CARDIOTOXICITY COMMENTS

Left Ventricular Dysfunction-Heart Failure
Chemotherapeutics
Anthracyclines

Doxorubicin Highly dose-dependent
Risk factors include age (old and young), prior mediastinal radiation, history of heart
disease, decreased ejection fraction; drop in ejection fraction on drug therapy,
ldarubicin female sex (for children), and other agents (especially trastuzumab)
Risk decreased by liposomal encapsulation or dexrazoxane

Epirubicin

Alkylating agents

Cyclophosphamide Primarily seen with high-dose “conditioning” regimens
Risk factors are previous mediastinal irradiation and anthracycline drug therapy
Also can have myocarditis, pericarditis, myocardial necrosis

Ifosfamide

Taxanes

Paclitaxel Also employed in paclitaxel-eluting stent
Docetaxel

Proteasome inhibitor

Bortezomib Moderately high rates of HF seen in trials (5%), but rates only minimally higher than
in patients receiving dexamethasone
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HE FIELD OF CARDIO-ONCOLOGY REPRESENTS THE INTERSECTION OF

cancer and cardiovascular disease. This clinical specialty is focused on

the cardiovascular care of patients with cancer and has expanded owing
to the emergence of new targeted oncology therapies. Although these treatments
have dramatically changed the natural course of many cancers, they may result in
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Hedef Kemoterapi

» Hedef onkolojik ilac tedavisi kanser klinik seyrini belirgin olarak
degistirdi

» Ancak bu tedaviler ile belirgin KardiyovaskUler, frombotik ve
metabolik yan etkilerde ortaya cikii

» Kardiyo- onkoloji yeni uzmanlik



Hedef Kemoterapil

» Son 20 yilda kanser patofizyolojisi alanindaki ilerlemeler, daha 6zgul
mekanizmayl hedef alan tedavilerin ortaya cikmasini sagladi.

» Ornegdin bir cok kanser patogenezinde kinazlarn aberant
aktivasyonunun rol aldiginin édgrenilmesi kinaz inhibitdrlerinin
tedaviye girmesini sagladi.

» Kinaz inhibisyonu; monoklonal antikorlar veya ¢cozUnebilir yem

reseptorler (tuzak ligantlar) ile reseptore veya ligantlara baglanarak
saglanmakta.
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Dimerization and
activation of receptor

mADb targeting
receptor dimerization
and downstream
activation

|
Receptor
- cannot dimerize

N

Inactive
receptor kinase 2

Monoclonal Antibody (mADb)
or Ligand Trap

Given as an infusion

Binds ligand or receptor kinase

Can be covalently attached to
other chemotherapy for more
potency

kinase 1 kinase 2

Multitargeted Tyrosine Kinase Inhibitor
(small-molecule inhibitors)

Taken orally

Can bind more than one kinase
receptor, resulting in off-target
effects

Cell survival
Angiogenesis
Cell growth Nom:e_c.eptor
kinase




Hedef kanser tedavi ile potansiyel
yan etkiler

» Ancak KardiyovaskUler hemostazda, vaskUler, metabolik ve
miyokart fonksiyon regUlasyonunda da kinazlar Snemli rol oynar

sonucta kinaz regulasyon inhibisyonu kardiyovaskuler olaylara
(zedelenmeye) sebep olabilir.



HER 2 Inhibitorleri

» Transtuzumab; Human epitelyal —r
growth factor reseptor 2 'yi (HER2)

Herceptin®

hedefleyen monoklonal anfikor : trastuzumab

440 mg




HER2 protein overexpression

tumor cell

S HER2 oncogene

amplification

HER2: Human Epidermal Growth Factor Receptor-2 EGF: Epidermal Growth Factor



HER2 INHIBISYONU

» HER 2 ozellikle bazi tur meme kanserlerinde normalden fazla
aktivasyonda bulundugu bilinen bir reseptor kinazdir.

» Inhibijyonu meme kanser prognozunu belirgin dizeltmistir.



HER2
survival
pathways

[~
Increased cellular
transcription Factors

Increased production @ -
of nitric oxide .

Iinhibition of reactive
OXygen species

d

Endothelial dysfunction
» Increased production of reactive
oXygen species
» Reduced nitric oxide production
» Impaired vasodilatation
» Reduced myocardial blood flow

Inhibition of HER2
cell survival
pathways

Congestive heart failure
~ Left ventricular ejection
fraction: <50 - 55%

» Apoptosis of
cardiomyocytes
»Increased myocardial
workload

ik pilot calismalnrda Doxorubicin ve Siklofostamid gibi
klasik kemoteropediklerle birlikte verildiginde
Transtuzumab alanlarnn % 27 sinde semptomatik veya
asemptomatik kardiak disfonksiyon saptanmis.



» Metastatic meme kanserinde
transtuzumab ilk onaylandiginda
kardiak yan efkileri sebebi ile uyari
efiketi ile cikanldi.
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HER2 Inhibitorlert

» HER2 Monoklonal antikor; Trastuzumab
Yan Eftki;
» EF dUsmesi

» Konjestif kalp yetersizligi

» Yeni HERZ inhibitorleri ; Pertuzumab, Trastuzumab emtanise, Lapatinib
Yan Etki;
» EF dUsmesi

» Konjestif kalp yetersizligi



HER2 KARDIYAK YAN ETKILERI

» Trastuzumab alanlarnn periodik kalp kontrolUnden gecmesi
onerilmisti.

» Ancak kalp kontrolunden gecen hastalardaki deneyim ve takip
eden calismalar kardiyomiyopatilerin hicde sanildigr kadar sik
olmadigini gosterdi

» Trastuzumab ile tedavi edilen hastalarda semptomatik kalp
yetersizligi sikhgl %2-4

» Asemptomatik kardiyak disfonksiyon sikligr % 3 ile % 13 civannda
saptandl



» Trastuzumab ile olan kardiyo toksitenin ozellikle antrasiklin bazli

kemoterapi alanlarda sik oldugu ve antrasiklin bazll kemoterapinin

meme kanserinde kullaniimasinin azalmasi ile kardiyotoksitenin
azaldigr gortimus
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Adjuvant Trastuzumab in HER2-Positive Breast Cancer

» HER-2 pozitif hastalarda Uluslararasi kanser
arastirma gurubunun yaptigr 10 yillik
takiplerde Paxlitaxel ,siklofosfamit,
trastuzumab alanda kardiak disfonksiyon
% 9.2

» Bu ilaclara antrasiklin eklendiginde bu
oran %19.2've cikmakta.

AC-T plus
Clinical Event AC-T Trastuzumab TCH

number of events
Total events 149
Distant breast-cancer recurrence
Grade 3 or 4 congestive heart failure

Acute leukemia

* This therapeutic index is a compilation of the numbers of distant breast-can-
cer recurrences, cases of congestive heart failure, and cases of acute leuke-
mia. AC-T denotes doxorubicin and cyclophosphamide followed by docetaxel,
and TCH docetaxel, carboplatin, and trastuzumab.

1 This case of acute leukemia developed after the patient received an anthracy-
cline as part of a combination chemotherapy regimen for a diffuse large B-cell
lymphoma that occurred after she received treatment with TCH for breast
cancer.
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Adjuvant Trastuzumab in HER2-Positive Breast Cancer

Dennis Slamon, M.D., Ph.D., Wolfgang Eiermann, M.D., Nicholas Robert, M.D., Tadeusz Pienkowski, M.D.,

Miguel Martin, M.D., Michael Press, M.D., Ph.D, John Mackey, M.D., John Glaspy, M.D., Arlene Chan, M.D,,
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Table 4. Cardiac Risk Factors and Events.*

TCH (N=1030) AC-T plus
ACT Trastuzumab TCH
Variable (N=1073) (N=1074) (N=1075)

number of patients (percent)

Risk factors

AC-T (N=1014)

£ ™ Diabetes 38 (3.5) 36 (3.4) 28 (2.6)

%’ 62 Hypertension 178 (16.6) 178 (16.6) 190 (17.7)

g ¢ AC-T plus trastuzumab Obesity§ 214 (19.9) 242 (22.5) 234 (21.8)

= (N=1042) Hypercholesterolemia 54 (5.0) 47 (4.4) 43 (4.0)
Left-side radiotherapy 378 (35.2) 349 (32.5) 364 (33.9)
Events

Cardiac-related death 0 0 0
Congestive heart failure; 7 (0.7) 21 (2.0) 4 (0.4)]

>10% relative reduction in left 114 (11.2)| 194 (18.6) 97 (9.4)%*
ventricular ejection fraction

0 I I ! ! I
0 12 24 36 48

Months since Randomization

* AC-T denotes doxorubicin and cyclophosphamide followed by docetaxel, and TCH docetaxel, carboplatin, and trastuzumab.
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Cardiac Outcomes of Patients Receiving Adjuvant Weekly Paclitaxel and
Trastuzumab for Node-Negative, ERBB2-Positive Breast Cancer.

Dang C', Guo H?, Naijita J2, Yardley D3, Marcom K4, Albain K°, Rugo H¢, Miller K7, Ellis
M8, Shapira I7, Wolff AC'9, Carey LA, Moy B2, Groarke J2, Moslehi J'3, Krop

12, Burstein HJ2, Hudis C', Winer EP?, Tolaney SM?2.

» Calismada Paxlitaxel ve trastuzumab kullanan HER2 pozitif 406 hasta

» Sadece 2 sinde (%0.5) semptomatik kalp yetersizligi ve yalnizca
13'Onde (% 3.2) sistolik disfonksiyon gorulmus.

Conclusions and Relevance Cardiac toxic effects from paclitaxel with trastuzumab, manifesting as
grade 3 or 4 LVSD or asymptomatic LVEF decline, were low. Patient LVEF was assessed at baseline, 12
weeks, 6 months, and 1 year, and our findings suggest that LVEF monitoring during trastuzumab therapy
without anthracyclines could be simplified for many individuals.
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Pertuzumab, 168 events

Pertuzumab, Trastuzumab, and Docetaxel
in HER2-Positive Metastatic Breast Cancer

Owerall Survival (%)

Conitrol, 221 events
~ ~ . - - . . ' Hazard ratio, 0.68 (95% CI, 0.56-0.84)
Sandra M. Swain, M.D., José Ena.zelg,a.__ M.D., Sung-Bae Kim, M.D., Ju r1g~3|| Ro, M.D., Pe0.001
Vladimir Semiglazov, M.D. ic . M ).
Jean-Marc Ferre
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ABSTRACT

» Diger tarafdan yeni HER 2- hedefleyen trastuzumalb disi yeni ilaclar onaylandi ve
Trastuzumab ile kullanildiginda kardiak guvenlik halen tartisiliyor olsada

» ik calismalar olumlu sonuclar verdi



Th E Breast Cancer

cologist’

Cardiac Tolerability of Pertuzumab Plus Trastuzumab Plus Docetaxel in
Patients With HER2-Positive Metastatic Breast Cancer in CLEOPATRA:
A Randomized, Double-Blind, Placebo-Controlled Phase Il Study
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» Trastuzumab ile yapilan calismalarda kalp yetersizlikliler dislanmisti.

» Eldeki veriler degerlendirilince kalp hastalarina verilirse
kardiyotoksite daha fazla olabilir gibbi gézUkuyor.

» Noninvasive goruntuleme yaygin hale gelmesi hem antrasiklin
hemde trastuzumab alan meme kanserli hastalarda subklinik
kardiyomiyopati (Sistolik disfonksiyon olup semptom olmayan) olan
belirgin sayida hasta gurubu ortaya cikardi.
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Seven-Year Follow-Up Assessment of Cardiac Function in
NSABP B-31, a Randomized Trial Comparing Doxorubicin

and Cyclophosphamide Followed by Paclitaxel (ACP) With
ACP Plus Trastuzumab As Adjuvant Therapy for Patients
With Node-Positive, Human Epidermal Growth Factor
Receptor 2—Positive Breast Cancer
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» Trastuzumab alan hastalarda tedavi kesildikten ,

sonra hastalarin cogunda kardiak
disfonksiyonun geri dondugu gosterildi

» Ancak hastalann ¢ de birinde disfonksizonun
bir derecede devam eftfigi goruldu



» Antrasiklin alan subklinik disfonksiyonu olan hastalarda kalp
yetersizligi tfedavisi baslandiginda disfonksiyon dUzeldiginden
bahsedilse de bu konuda plasebo kontrollu calisma yok.

» BuguUn icin en 6nemli soru subklinik kardiak disfonksiyonu olan
hastalarn prognozunun nasil olacagie

» 2016 'da ulusal kanser kilavuzlan 6zellikle antrasiklin alanlarda kalp
yetersizligi yonunden uyanik olmayi ve tedavi tamamlandiktan sonra
semptomatik olursa veya bir yil sonra kardiak fonsiyonlar ydnunden
takip dnermekte.



(ESC 2016 Hatirlatici not) anft-HER2 tdv
alanlarda Kardiyotoksite; Risk Faktorlert

» Once ve)yo birlikte antrasiklin tedavisi verilmis olmasi (Aradaki sure azaldikca
risk artar

» Yas> 65

» YUksek BMI >30 kg/mg
» Oncesi LV disfonksiyon
» HIN

» Oncesi Radyoterapi



VEGF sinyal yatagi inhibisyonu
(Vaskuler Endotelial Growth Faktor)
A (VEGFA)



VEGF sinyal yatagi inhibisyonu

» TUmorler tarafindan Salinan VEGEF sinyal yolu ile VEGF reseptdrune
baglanir

» Anjiyogenezi artinr

» VEGF sinyal inhibitorleri bircok kanser turnde kullanilir

» FDA 10'dan fazla ilaci onayladi
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Cell survival
Angiogenesis Under Investigation
Prostaglandin production Cediranib, tivozanib, toceranib, lucitanib
Nitric oxide production

Figure 1. Targeting of Kinases and VEGF Signaling Pathways for Cancer Therapy.

Aberrant activation of kinases plays a critical role in the pathogenesis of cancer and has stimulated efforts to develop kinase inhibitors for
therapy (Panel A). Kinase inhibition can be achieved by targeting the ligand or the receptor kinase, usually by means of a monoclonal anti-
body (mADb) that is given as an intravenous infusion. Alternatively, small-molecule inhibitors, which are taken orally, work intracellularly and
can inhibit one or more kinases, including receptor kinases and nonreceptor kinases (usually serine—threonine kinases). Monoclonal anti-
bodies can also be covalently attached to other chemotherapy or radionuclides. Tumor hypoxia, which is usually achieved through the stabi-
lization and activation of master transcription factor (hypoxia-inducible factor [HIF] in the tumor) leads to the transcription and secretion
of several secreted factors that include vascular endothelial growth factor (VEGF) and platelet-derived growth factor (PDGF) that promote
angiogenesis (Panel B). The mammalian family of VEGF genes consists of five glycoproteins that bind and activate three structurally related
receptor tyrosine kinases and has been a major focus of kinase-directed therapy in cancer. VEGF-targeted therapies include a monoclonal
antibody or ligand trap that binds circulating VEGFA, a monoclonal antibody that targets VEGF receptor 2 (VEGFR2), and multitargeted tyro-
sine kinase inhibitors that target VEGF receptors, along with receptor tyrosine kinases, such as KIT and PDGFR.
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VEGF sinyal yolu inhibitorleri

VEGF Monoklonal antikoru; Bevacizumab
VEGF trap (tuzak); Aflibercept
VEGFR2 Monoklonal antikor ; Ramucirumab

.V VvV V¥

Anti-VEGF aktiviteli tirozin kinaz inhibitorleri; Sunitinib, Sorafenib,
Pazopanib, Axitinib, Vandetanib, Regorafenib, Kabozantinib,
Regorafenib, Karbozantinib, Lenvatinib

Yan eftkiler;

» Hipertansiyon, Venodz veya arteriel fromboembolik olaylar, proteinUri,
kardiyomiyopati



VEGF sinyal inhibitorleri kardiyak
yan eftkileri

» Hipertansiyon
» Vaskuler toksik etki

» Kardiyomiyopati



VEGF sinyal inhibitor tedavisi

» Nerdeyse tUm hastalarin, doz bagimli gecici (tedavi sonrasi ilk hafta)
kan basinci yukselir.

» Bevacizumab % 20-25
» Sunitinilb % 20-25

» Yeni onaylananlar % 50



VEGF

» Nitrik oksit ve prostosiklini artinr , Endotelin azaltir
» VEGF endotelial hucrelerde vasodilator

» Bobrek endotelinde efkili, inhibisyonu kapiller dolasim bozuklugu ile
HTN

» Trombozu artinr (VaskUler olay)

» Kardiyomiyopati artar
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Pazopanib versus Sunitinib in Metastatic
Renal-Cell Carcinoma
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Sunitinib

Pazopanib

Probability of Progression-free Survival

Months since Randomization

Mo. at Risk
Pazopanib 557 361 245 136 105 61 46 19 13
Sunitinib 553 351 240 147 111 &9 48 18 10

Figure 1. Kaplan—Meier Estimates of Progression-free Survival
According to Independent Review.

The median progression-free survival was 8.4 months with pazopanib

> PCIZOpCInib ve sunitinib ile YCIp”CIﬂ (;CI|I§mCIdC| her iki (95% CI, 8.3 to 10.9) and 9.5 months with sunitinib (95% CI, 8.3 to 11.1).

The dotted line represents the median (0.5}, and vertical lines represent

gurupta da kardiyak fonksiyonlarda % 9 bozukluk, 95% confidence intervals.
ama sadece % 1 klinik kalp yetersizligi
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The Frequency and Severity of
Cardiovascular Toxicity From Targeted Therapy
in Advanced Renal Cell Carcinoma Patients

Phillp 5. Hall, MDD,* Lawren C. Harshman, MD,j Sandy Sarwvas, MD,j Ronald M. Witeles, MD{
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Incidence of Cardiovascular Toxicity by Type

The incidence of cardiovascul ar toxicity varied by type of toxicity and by chemo therapy agent received. Many patients received multiple therapies in succession and are included
anly once in “All Patients.” CV = cardiovascular; LVEF = left ventricular ejection fraction; NT-proBNP = N-terminal B-type natriuretic peptide.

» Retrospekitif analizlerde bu sayi
artiyor, tek merkezli bir analizde
kardiyovaskUler yan etki % 27,
tansiyonda katilirsa % 64



Cardiotoxicity associated with tyrosine kinase inhibitor
sunitinib

Lancet 2007 ; 370: 2011-19
Bk Frowdn,

=
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Figure 2: Model of predicted change in mean left ventricular ejection fraction (LVEF) by treatment cycle
Repeated-measures, miied- model regression anaysis of LVEF data derived from 36 patients during first four gycles of
sunitinib treatment. A n incre itinib gpcles was associated with a ressive reductio

predicted an initial 2% redwction f 2

Predicted LVEF at baseline was 64

cyde 4 59-4%. *p=0-048 le 13 1

Basaline

igure 4: Effect of sunitinib 50 mg. 4 weeks on and 2 weeks off. on hypertension

» Sunitinib ile yapilan retrospektif bir analizde % 28 belirgin kardiak
fonksiyonlarda azalma, klinik kalp yetersizligi % 8



VEGF sinyal inhibitorler

» Gebelikte preeklampsi ye benzer bir
tablo cizer, hipertansiyona proteinuri
eslik eder, renal biyopsilerinde
trombotik mikroanjiyopatiler vardir.

» Preeklemsi ve postpartum

Figure & Effect of sunitinib on cardiac structure, mitochondrtal function, and apoptosts

kardiyomiyopafilerde gorulen soluble ey e e e e e
fms-related firozine kinaz 1 (FLTT) o
VEGF sinyal inhibitorlerine benzer bir

yapl icerir.




(ESC 2016 Hatirlatici not) VEGF in
tdv alanlarda Kardiyotoksite; Risk
Faktorler

VEGF inhibitorleri VEGF efikili Tirozin kinazlar

» Onceden kalp yet olmasi » HIN

» Onceden KAH » Onceden olan kardiak hastaliklar
» Onceden Kapak hastalig

Onceden iskemik KMP

Birlikte veya oncesi antrasiklin tdv

vV Vv



Cok hedefli ( Multitargeted ) Tirozin
kinaz inhibitorleri



Coklu tirozin kinaz sistem inhibisyonu

» Coklu tirozin kinaz sistemlerini bloke edebilen ufak molekUllerin
bulunmasi ilac cephaneyi belirgin genisletmis oldu.

» KML( Kronik myeloid |6semi) de aktive oldugunu bildigimiz ABL 1
kinazl, proto -onko gen reseptor tirozin kinazi ve platelet derive
growth factor reseptor alfa (PDGFRA) UcUNU birden inhibe eder.
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\ 3 NKcell

activation

Homeostatic
negative control

» imatinib gastrointestinal stromal \ ey _ o, T
Tumorler de kanserin klinik seyrini > imatinp
belirgin olarak degistirip, kanseri kronik
bir hastalik haline getirmistir.

l NKp3OGa or NKp3ob
. s Imatinib

)i el IL-10 by Q
" 88 > NK cells .

Imatinib




KML Icin onay almis
Coklu tirozin kinaz sistem inhibitorleri

» Dasatinib

» Nilofinib

» Bosutinib

» Ponatinib



Coklu tirozin kinaz sistem inhibisyonu

» Imitanib; kardiyovaskUter toksitesi minimal olarak kabul ediliyor

» Dasatinib; kardiyovaskUler yan etki sik ozellikle pulmoner
hipertansiyon

» Nilotinib ve ponatinib tedavisinde kardiyovaskuler yan etkiler sik

» Ponatinib vaskUler yan eftkileri sebebi ile bir sure A. B. D'de
yasaklandil.



Tyrosine Kinase Inhibitor—Associated Cardiovascular
Toxicity in Chronic Myeloid Leukemia

Javid J. Moslehi and Michael Deininger

J Clin Oncol 33:4210-4218. @ 2015 by American Society of Clinical Oncology

» KML'li diger tedavilere direncli hastalarda ponatinib ile yapilan bir
calismada 15 aylik takiplerde

» Kardiak istenmeyen olay % 7.1

» SerebrovaskUler olay % 3.6

» Periferik vaskUler olay % 4.9

» Bu hastalarda yas, hipertansiyon ve diabet gibi klasik atherosklerotik
risk faktorU olanlarda olay sikligr yuksek.



Bu ilaclarla KML kronik bir hastalik haline geldi. 5 yillik hayatda kalim
% 90 Ustunde

Ozellikle ilk secenek tedavide kardiyovaskiler olay cekingesi dSnemli
rol oynuyor

Yeni jenerasyon ilaclar kullanilacaksa kardiyologlarda isin icine
girmeli.

Ayrica bu tur yeni jenerasyon llac calismalari, kardiyovaskUler son
noktalar konularak yapilmail.



Multitarget tirozin kinaz inhibitorler

ilac Hucresel Hedef Kardiak yan efki
Dasatinib ABL,ABL mutant ve diger kinazlar ~ Pulmoner HTN,Vaskuler olaylar, QT uzamasi

Nilotinib ABL,ABL mutant ve diger kinazlar  Koroner, serebral ve periferik vaskuler

olaylar,Hiperglisemi, QT uzamasi
Ponatinib ABL,ABL mutant ve diger kinazlar  Koroner, serebral ve periferal vaskUler olaylar




Diger Multitarget tirozin kinaz
iINnhibitorlert

Sinif llac Hucresel Hedef Kardiyak yan etki

Anaplastik lenfomma  Cirizoftinib, Cerifinib  Anaplastik lenfomma  Bradikardi
kinaz inhibitorleri kinaz QT uzamasi

PISK-AKT-mTOR Everolimus PISK-AKT-mTOR Kardiyometabolik

inhibitorleri Temsirolimus Sinyal yolu toksik eftki;
hyperkollesterolemi,
hypertrigliseritemi,
Hiperglisemi

Bruton un tirokinaz  lbrutinib Bruton'un tirozin AF, diger aritmiler
inhibitorleri kinaz

MEK inhibitorleri Trametinib MEKT,MEK2 Kardiyomiyopafi




Kanser tedavisinde yeni yolaklarin
hedeflenmesi



Kinaz inhibitorleri disinda yeni tedaviler gbndeme gelmekte.

ImmUnomodUlatdr ilaclar ve Proteasome inhibitdrleri

Bu ilaclarin 6zellikle mulfiple myelomda prognozu olumlu etkileledigi
gOsterildi

ImmUnomoduUlatér ilaclarnn iki adet B-hUcre transkripsiyon faktérind
baskilamasi yeni ilag etki mekanizmasi olarak gundeme geldi.

ilaclar yeni kardiyotoksik etkileri gundeme getirdi.
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lenalidomide ing

. . J microvessel density
Lenalidomide YEndothelialcell i
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immunomodulation:
PNK/T-cell response
Activation/expansion CDB T-calls
T DC (priming to CD8 T-cells)
T-cell Immune synapse repalr

T T-helper differentiation
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Lancet Oncol 2010 Janvary ; 11(1): 29-37. do1:10.1016/S1470-2045(09)70284-0.

Lenalidomide plus high-dose dexamethasone versus

lenalidomide plus low-dose dexamethasone as initial therapy for

newly diagnosed multiple myeloma: an open-label randomised

controlled trial

» ImmUnomodUlatér thalidomide ve lenalidomide ile yapilan ilk
calismalar ozellikle bu ilaclarnn yuksek doz deksametazon
kombinasyonunda venoz fromboemboli riskini arttirdigini gdsterdi.
sonucta antikoagilasyon gerekliligi gundeme geld..

» Bu ilaclarla Ml ve inme gibi arterial olaylarda da artis goéruldu.

» Ilaclara uyarn etiketi eklendi
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ImmUnomodUlatér ilaclar

Sinif ilag Hucresel Hedef Kardiyak yan etki
iImmUnomodUlatér  Thalidomide Lenfoid Vendz ve arteriyel

llaclar Lenalidomide transkripsiyon trombotik olaylar
Pomalidomide faktdro IKZF1 ve 3




Iriversible proteasome inhibitdrd

o CARFILZOMIB

misfolded

L \
protein l 3

specific and irreversible inhibition of
the chymotrypsin-like site in the beta
ring of the 20 s subunit of the
proteasome

degraded proteins

accumulation of misfolded
proteins in the cell
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encdoplasmatic

reticulum stress

I

unfolded
protein response

cell cycle arrest / apoptosis



¢ NEW ENGLAND JOURNAL of MEDICINE

M Engl ) H-—--:I 2015;372:142-52.

Carfilzomib Group Control Group
(N=396) [N=1356)
Disease progression or death — no. (3] 207 (52.3) 224 (56.6)
Madian p free survival — m 6.3 176
Hazard ratio lzomib group vs. 0.69 (0.57—0.83)
control group (35% Cl)

Carfilzomib, Lenalidomide, and Dexamethasone
for Relapsed Mult.iple Myeloma

P=0.0001
\H_i Carfilzomib group
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» lrriversible proteasome inhibitéri Carfilzomid Multiple myeloma da
belirgin etkili oldugu gosteriimis

» Kardiyovaskuler risklere artis gorolmustor



Table 3. Adverse Events in the Safely Population.®
Carfikomib Group Control Group
[N=352) [N=389]
All Grades Grade 3 or Higher All Grades Grade 3 or Higher
number of patients (percernt)

Muost common monhematologic
adverse events

Diarrhea 166 (42.3) 15 (1.8) [33.7) 16 (4.1)
Fatigue 179 31.9) 30 (7.7) 9 [30.6) 25 (6.4)
Cough 113 {ZB.B) 1§0.3) 67 [17.3) 0

Pyraia 112 (28.6) 7 (1.8) 81 [20.8) I {0.5)
Upper respiratofy tract infection 11Z {ZB.6) T (1.B) 75 [19.3) 4 (1.0
Hypokalemia 108 (27.6) 37 (9.4) 52 [13.4) 19 (4.5)
Muscle spasms 104 (26.5) 4{1.0) BZ [2L.1) 3 (0.8)

Other adverse events of intenest

Dyspnea 76 [19.4) 11 (1.8) 5% [14.9) 7 (1.8
Hypertension 56 (14.3) 17 (4.3) I [6.9) T (LB
Acute renal failuret 331 (B.4) 13 {3.3) I8 (7.2) 12 {(3.1)

Cardiac failuret 75 (6.4) 15 (3.8) 16 [4.1) 7 (LB

Ischemnic heart diseasef 23 (5.9) 13 {3.3) 18 [4.6) B{21)

Carfilzomid, lenalidomide, deksametazon kombinasyonunu sadece lenalidomide, deksametazon
éorﬁbipo?ng_u ile karsilastiran calismada Carfilzomid alan gurupta kardiyovaskUler yan etkiler belirgin
aha fazla idi.

Kalp yetmezligi % 6.4 vs %4.1

iskemik kalp hastaligr % 5.9 vs % 4.6
Vendz tromboemboli % 10.2 vs % 6.2

Hipertansiyon % 14.3 vs % 6.9



Proteasome inhibitorleri

Sinif ilag Hucresel Hedef Kardiyak yan etki

Proteasome inhibitorleri  Bortezomibb  Ubiquitin- proteasome sistemi  Kardiyomiyopati
Carfilzomib Hipertansiyon

Vendz ve arteriel thromboz
Aritmi




Programli hucre olum inhibitoru |
(PD-1)




Programli hucre olum inhibitoru |
(PD-1)

» Ozellikle metastatik melanomlarda immuadn kontrol nokta inhibitorleri
(6r; Programli hUcre olum inhibitéru 1 (PD-1) belirgin remisyon sagladi

» KardiyovaskUler yan etkiler su an icin bilinmiyor

» Farede kardiyomiyopati ve ani 8lum yapmis



ImmUn kontrol nokta inhibitorlers
(checkpoint)

Sinif ilag Hucresel Hedef Kardiyak yan etki

ImmUn kontrol nokta Pembrolizumalb, Programli hUcre olumu 1 Miyokardit

inhibitorleri (checkpoint)  Nivolumab, CTLA4 Miyokardit
Ipilimumab







Kardiyotoksite olcumunde onerilen
tani yontemleri (ESC 201 6)

Yontem

*EKO
3 Boyutlu
2 Boyutlu

**Global longith strain

Tani kriteri Avantaj

*EF > 10 puan dusUs  *Her merkezde olmasi
ile normal altina
dUsuUs *Radyasyon olmamasi

*Hemodinamik ve
**> Bazale gore 15 diger parametrelerin
puan dUsuUs OlcUmuU

Limitasyon

*Yapan kisiye gore
farklhk

*Goruntu kalitesi

* *Cihaz farklhklar,
teknik gereksinimler




Kardiyotoksite olcumunde onerilen
tani yontemleri (ESC 201 6)

Yontem Tanu kriteri Avantaqj Limitasyon

NUklear Tip LVEF > %10 dUsmesi  Tekrarlanbilir olmasi  *KOmulatif
MUGA ile % 50 altina inmesi radyasyon

*Kardiak diger
yapilarn géstermekte
limitasyon




Kardiyotoksite olcumunde onerilen
tani yontemleri (ESC 201 6)

Yontem Tanu kriteri Avantaqj Limitasyon

*Diger yontemler ile  *Tekrarlanbilir olmasi  *Klostrofobi
tani yetersiz ise

*T1/T2 haritalomaile  * Hasta uyumu
* EF dogrulamak miyokartda fibrozis  (Nefes tutma, cekim
amacit ile in gosterilmesi suresi)




Kardiyo

tani yor

‘oksite olcumunde onerilen

temleri (ESC 201 6)

Yontem

Biyomarkerlar
*Troponin |

*Hs- Troponin |
**BNP
**NT-Pro BNP

Tanu kriteri Avantaqj Limitasyon

*Ozellikle antrasiklin -~ *Tani koyduruculugu  * Ufak artislar

alanlarda ACEl den anlamli sayllmali mie

fayda gdrecekleri * Tekrarlanbilir

belirler olmasi * Yontemler aras
farkhlik

**YUksek olanlarileri * Her merkezde
arastirmalar icin olmasi

yUksek riskli hastalari

belirler *Sensitif olmasi



ESC 2016 Animsaticl notlar;
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Kalp Yetersizligi; Kardiyotoksik llac

» Kardiyovaskuler risk faktorlerini azalt

» Tedavi dncesi ve sonrasl EF en iyi goruntu aldigin yontem ile belirle ve
ayni yontem ile tedavi sirasinda takip et

» Gurup EF normalini % 50 kabul etti

» EF % 10 dan fazla dUser ancak % 50 altina dusmez ise takip sikhigini arttir,

» EF % 10 dan fazla duser ancak % S0 altina duser ise k.i yok ise ACE ve B-
blokor basla

EKO sikligr 2,Riski oimayanda her 200mg/m2 Doxorubicin sonrasi veya 4 siklus HER-2 tdv sonrasi 2
HER-2 3 ayda bir, VEGF inh ilk 2-3 hft sonra 2-3 ayda bir diyenler var



Table | Incidence of left ventricular dysfunction

associated with chemotherapy drugsm'21

Chemotherapy agents Incidence (%)
Monoclonal antibodies

Anthracyclines (dose dependent) Trastuzumab | 720, ]2

Doxorubicin (Adriamycin)

400 mg/m? 3-5
550 mg/m? 7-26 Pertuzumab 0.7-1.2
700 mg/m? 1848

Idarubicin (>90 mg/m?)

Bevacizumab .64

Small molecule tyrosine kinase inhibitors

Sunitinib

Epirubicin (>900 mg/m?) 0.9-11.4 e
Mitoxanthone >120 mg/m* . Sorafenib

Liposomal anthracyclines (>900 mg/m?)

|2
(=23

Dasatinib
Alkylating agents

Imatinib mesylate
Cyclophosphamide Lapatinib
lfosfamide .
<10 gm? Nilotinib

12.5-16 g/m?

— o ~
~ tn I

Proteasome inhibitors

Antimetabolites Carfilzomib

Bortezomib

o]
I

Clofarabine

Antimicrotubule agents Miscellanous

Docetaxel Everolimus

N

Temsirolimus




ESC 2016 Animsaftici notlar;
KAH; Kardiyotoksik llac

>

Tedavi dncesi koroner arter hastaligr (iskemi) yoninden arastirmak
kemoterapodik ajan seciminde dnemli

Pirimidine analogu alanlarda EKG ile yakin takip yapilmali iskemi
belirtileri varsa kemoterapi kesilmeli

Koroner spazmin efkili oldugu dusunulUyorsa baska alternatif ilaclar
veriimeli, secenek yok ise KKB ve nitrat esliginde yakin takip

Uzun donemde KT ve RT bagli KAH icin hastalar takip edilmeli.



Table 7 Pathophysiological mechanisms of coronary artery disease in cancer treatment’*¢%81?7:117-123

Pathophysiological mechanism Risk of coronary artery disease and acute
coronary syndrome

Fluoropyrimidines * Endothelial injury » Up to 18% manifest myocardial ischaemia
(5-FU, capecitabine, gemcitabine) * Vasospasm * Up to 7-10%: silent myocardial ischaemia

Platinum compounds (cisplatin) * Procoagulant status * 20-year absolute risk of up to 8% after testicular cancer
* Arterial thrombosis * 2% risk of arterial thrombosis

VEGF inhibitors (bevacizumab, sorafenib, * Procoagulant status Risk of arterial thrombosis: bevacizumab 3.8%, sorafenib
sunitinib) Arterial thrombosis |.7%, sunitinib |.4%
Endothelial injury

Radiotherapy Endothelial injury 2—7-fold increased relative risk of myocardial infarction
Plaque rupture Cumulative 30-year coronary events incidence of 10% in

* Thrombosis Hogdkin lymphoma survivors

Risk proportional to irradiation dose

5-FU = 5-fluorouracil; VEGF = vascular endothelial growth factor.




Aritmi

Table 8 Cancer drug agents associated with cardiac arrhythmias

Type of arrhythmia
Bradycardia Arsenic triovide, bortezomib, capeditabine, cisplatin, cydophosphamide, doworubicine, epirubicine, 5-FL, fosfamide,
, Methotrexate, mitoxantrone, paclitael, rincdmab, thalidomide.

Sinus tachycardia Anthracyclines, carmustine.
Atrioventricular block Anthracyclines, arsenic tricxide, bortezomib, cyclophosphamide, 5-FU, mitoxantrone, ritudimab, taxanes, thalidomide.
Conduction disturbances Anthracyclines, cisplatin, 5-FU, imatinib, txanes.

Actrial fibrillation Alkylating agents {cisplatin, cyclophosphamide, fosfamide, melphatan), anthracyclines, antimetabolites (capecitabine,
5-FUI, gemcimbing), IL-2, interferons, ricuximab, romidepsin, small molecule TKls (ponatinib, sorafenib, sunitinib,
ibrutinil), topoisomerase |l inhibitors (amsacrine, etoposide), taxanes, vinca alkaloids.

Supraventricular tachyeardias Alleylating agents (cisplatin, cyclophosphamide, fosfamide, melphalan), amsacrine, anthracyclines, antimetabolives
(capecitabing, 5-FLI. methotrexate), bortezomib, dexorubicin, IL-2, interferons, pacitaxel, ponatinib, romidepsin.

Yentricular tachycardiafibrillation Alkylating agents (cisplatin, cyclophosphamide, fosfamide). amsacrine, antimetabolites (capeciabine, 5-FU,
gemcitabing), arsenic tricxide, doxorubicin, interferons, IL-2, methothrexate, paclimxel, proteaseme inhibivors
{borrezomib, carfilzomib), rituximab, romidapsin.

Sudden cardiac death Anthracyclines (reported as very rare), arsenic trioxide (secondary to torsade de pointes). 5-FU (probably relared
to ischaemia and coronary spasm), interfercns, niletnib, remidepsin.

5-A) = 5-fluorouradl IL-2 = interleukin % TK] = tyrosine kinase inhibitor.




QT uzamasi

Table 9 Cancer drug agents associated with QT prolongation and Torsade de Pointes™ '-13%1%

Average QT Increase in Torsade de pointos
Cancer drug agents I fion {ms) QT >60 ms (%) QTc =500 ms (%) %)

Anthracyclines

Histone deacetylase inhibitors
Drepsipeptide

Vorinostat

Tyrosine kinase inhibitors
Aodtinib

Cabozantinib 10-15 NA

I T T R (S

T (= S (TR R [ S
e S [ S R - B
N R [ N [ S [ S
e ews [ s e
I T [ S U B [ LTS

MA = not available.




QT uzatan duzeltilebilir risk faktorleri

Elektrolit inbalansi; QT uzatan diger ilaclarla birlikte kullaniimasi

Antiaritmik
Anti infekfif
Anfibiyotik
Antifungal

» Bulantfi,kusma

Diare

Loop diUretik tedavisi
Hipokalemi (<3.5 mEqg/L)

Hipomagnezemi (<1.6 mEg/L) Psikotropik

VEaV . -y =V

Hipokalsemi (<8.5 mg/dL) Antidepresan
Anfipsikotik
Antiemetik

Antihistaminik

Hipotiroidi

V V¥V V VN ey



QT uzatan duzeltilemez risk faktorleri

Aile ani 6lum hikayesi
LQTS

Senkop hikayesi
Bazalde QT uzunlugu
Kadin hasta

lleri yas

Kalp hastaligl
Gecirilmis Ml

Bob fonk. Bozuklugu

vV VvV vV vV vV v v v Y

K.C ilac metab azalmis olmasi



ESC 2016 Animsaticl noftlar;
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» Tedavi dncesi EKG QT hesaplanmasi

» QT uzama hikayesi olan, buna sebep olan diger ilaclarn alanlar yakin
takip edilmeli

» QTc >500 ms, tedavis sonrasi QTc >60 ms artis veya aritmi ortaya
cikmast durumunda KT kesmeyi veya degistirmeyi dusun.

» Hipokalemi, ileri bradikardi gibi QT uzatan durumlardan kacgin

» QT uzatan diger ilaclardan kacgin



Kanserle birlikte venoz fromboembolinin

[ N ] A4 [ N J

sik goruldugu durumlar

Kansere bagli Hastaya bagli Tedaviye bagl
faktorler faktorler faktorler
Primer yeri( Pankreas, beyin, Yas, Kadin, Afrikali Cerrahi

mide, bdbrek, akciger,
lenforna, myeloma)

Komorbidite; Enfeksiyon, Hospitalizasyon
KBY ,KOAH, Obesite, KAH

Histoloji (Ozellikle adeno Ca) Antiangiyoienik faktérier

Tromboenboli hikayesi

leri evre (Metastaz) Bl tedavi

Hareket kisithhig

Kanser tani sonrasi gegen sure Transfizyon tedavisi

Santral venoz kateterler



Kemoterapiye bagli kardiyotoksiteyi
azaltma stratejileri (ESC 201 6)

Tum kemoteropetik ilaclar

» KardiyovaskuUler risk faktorleri belirlenip tedavi edilmeli

» Komorbiditeler tedavi edilmeli

» QT uzatan diger ilaclar kullanilmamals

» Elektrolit inbalansindan kacgin

» Kalp bolgesi radyasyon tedavisinden kacin



Kemoterapiye bagli kardiyotoksiteyi
azaltma stratejileri (ESC 201 6)

Antrasiklin ve analoglari Kiumulatif doz azalliimi (mg/m2)
» KUmuUlatif dozu azalt » Daunorubicin < 800
» Doxorubicin<360
»  Farkli verilis sistemleri (Lipozomal doxorubicin » Epirubicin <720
veya surekli infizyon .
» Mitoxantrone < 160
» Idarubicin < 150

» Alternatif olarak Dexrazoxane

» ACEveya ARB

» B-Blokor

» Statin

» Aerobik egzersiz



Kemoterapiye bagli kardiyotoksiteyi
azaltma stratejileri (ESC 201 6)

Trastuzumab

» ACE

» B-Blokor



Koll<p yetersizligi klavuzunda kanser tedavileri takibi icin halen bir oneri
e

Kanser tedavilerinde kardiyotoksitenin sik gorulmesi gelecekteki onkoloji
kli.niJIr< gg.llgmclormdo bu konunu on planda tutulasi gerektigini bizlere
gOsterdi

Toplumda kardiyovaskUler hastaliklarinda sik olmasi sebebi ile bu yan
etkilerin hangilerinin ilaca bagl, hangilerinin eskiden var oldugunun
klinisyence tedavi dncesi gosterilmesi gerekir

Kanserin prognozu, tedavi edecek baska seceneklerin bulunup
bulunmamasi, kardiyotoksik hedef ilac tfedavisinin kullanilip
kullanilmayacaginda karar verdirici olabilir.

Kanser calismalarn kardiyovaskkuler hastalik hikayesi olan hastalari
dislamakta



Cogu calismada tedavi dncesi sol ventrikUl ozellikleri dlcUimemis

Kardiyovaskuler toksitenin mekanizmasi aciklanmal

Hangi hastalarin bu toksiteye yatkin olabilecekleri yine aciklanmaili

Kardiyo onkoloji son on yilda kanser tedavisindeki ilerleme ve kardiyo
toksitede ki artis ile gundeme geldi

ACE inhibitorleri ve yogun beteblokor tedavi ozellikle EF dUsuk
hastalarda bugun icin tek tedavi gibi gozukuyor.



Kanser
toksitesi dedll

KardiyovaskuUler risk azaltilmasi kanser
sikhginida azalta bilir.

Kolesterol metabolitinin estrojen
reseptdorunu stimule ederek tUmor
hUcresini aktive etmesi

le kalp iliskisi sadece illac

Science. 2013 November 29; 342(6162): 1094-1098. do1:10.1126/science. 1241908.

27-Hydroxycholesterol Links Hypercholesterolemia and Breast
Cancer Pathophysiology
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1y Pharmacology and Cancer Biology, Duke University School of Medicine, Durham, NC, 27710.

2) Duke Institute for Genome Sciences and Policy, Duke University, Durham, NC, 27708.

3) Division of Genatrics, Department of Medicine, Duke University School of Medicine, Durham,
NC, 27710.
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Shared Common Risk Factors

Genetic Cigarette Obesity Hyperlipidemia Sedentary Diabetes Aging
predispositions smoking lifestyle

Cancer Treatment
Cardiovascular

Radiation Involvement from Tumor Cardiac Tumors
.o ee oo . Traditional
> KO | | es Te rO| d U U rU | m eSI chemotherapies Cardiac amyloidosis from Myxoma
§ ’ Cardio-oncology | Development Targeted cancer plasma-cell dyscrasia Lipoma

(intersection of cancer and therapies Cardiac metastasis Papillary fibroelastoma
between cardiovascular | Other new cancer Carcinoid heart disease Rhabdomyoma,

cancer and disease therapies from carcinoid tumors sarcoma
cardiovascular

disease)

» Hayat tarzi degisiklikleri

Vascular Toxic Effects

Hypertension
Venous and arterial
thromboembolic events
Cancer-cell Peripheral-artery disease
i | -I- d Al a death Pulmonary hypertension
> I Og e OVISI Ve egzerSIZ p = Vasospasm
Proteinuria
Accelerated atherosclerosis
Metabolic derangements

Cardiovascular
- disease

Cardiac Toxic Effects

kardiyoprotektif oldugu gibi memeCa

onleme veya tumaor hizini Aot

azaltmada eftkili olabilir.

Prevention Strategies (ABCDE Approach)

Awareness Blood-pressure Cholesterol lowering Diet Exercise
Assessment control Cigarette cessation Dose of chemotherapy Echocardiography
Aspirin Diabetes management

Figure 2. The World of Cardio-oncology — Where Cancer and Cardiovascular Disease Meet.

The intersection between cancer and cardiovascular disease extends beyond cardiovascular and cardiometabolic
toxic effects that are associated with cancer treatment. Cancers themselves may arise from cardiac tissue or directly
cause cardiovascular diseases. In addition, there is a growing appreciation of common risk factors that predispose
patients to both cancer and cardiovascular disease, which are by far the two most common causes of death and com-
plications in industrialized countries. This latter concept may have major implications for public health, including
the health of more than 15 million cancer survivors in the United States alone. A simple “ABCDE" approach, which

has been proposed to prevent cardiovascular disease in cancer survivors, may have the added benefit of protecting
patients from the recurrence of cancer.




