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2010 European Society for Medical Oncology (ESMO)

Cardiotoxicity of chemo therapeutic agents and radiotherapy-related heart disease.
ESMO Clinical Practice Guideline Annual of Oncology 2010; 21: Supple 5 V277-282.

2014 American Heart Association (AHA)

Cancer Therapy-Induced Cardiotoxicity: Basic Mechanisms and Potential Cardio protective thrapies.
J Am Heart Assoc.2014; 3:e000665 doi: 10.1161/JAHA.113.000665.

2015 American Society of Clinical Oncology (ASCO)

Venous Thromboembolism prophyrlaxis and treatment in patients with cancer.
J Clin Oncol. 2015; 33: 654-656.

2015 American College of Cardiology (ACC)

Cardiovascular Health of Patients With Cancer and Cancer Survivors
A Roadmap to the Next Level. ) Am Coll Cardiol 2015;65: 2739-46.

2016 European Society of Cardiology (ESC)

2016 ESC Position Paper on cancer treatments and cardiovascular toxicity developed under the
auspices of the ESC Committee for Practice Guideline. Eur Heart J. 2016.d0i:10:1093/eurheart/ehw211

2017 Spanish Society of Cardiology

Cardio-Onco-Hematology in Clinical Practice. Position Paper and Recommendations.
Rev Esp Cardiol (Engl Ed). 2017; 70:474-486. doi: 10.1016/j.rec.2016.12.041.
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European Heart Journal Advance Access published August 26, 2016

@ European Heart Journal ESC CPG POS|T|ON PAPER
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2016 ESC Position Paper on cancer treatments
and cardiovascular toxicity developed under the
auspices of the ESC Committee for Practice
Guidelines

The Task Force for cancer treatments and cardiovascular toxicity of
the European Society of Cardiology (ESC)

Eur Heart J. 2016.doi:10:1093/eurheart/ehw?211
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CTRCD (W AsaEEHELHES)

(Cancer Therapeutics—Related Cardiac Dysfunction)

Negishi K, Negishi T, Haluska BA et al.
Use of speckle strain to assess left ventricular responses to
cardiotoxic chemotherapy and cardioprotection.
Eur Heart J Cardiovasc Imaging 2014, 15: 324-31.

Heart and Vascular Institute, Cleveland Clinic, Cleveland, OH, USA

CTRCD
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LVEF<53 %.
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@ Troponin (+)
® Strain imaging (GLS) KT

Report from American Soceity of Echocardiography
and Euro Association of Cardiovascular imaging, 2014.
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An overview of the cardiovascular side effects

of chemotherapy

vascular endothelial growth factor inhibitors

Multitargeted tyrosine kinase and

Trastuzumab
cardiomyopathy

heart failure
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* Bevacizumab
* Sunitinib
Her2-targeted therapies | ——— Sunitinib — |-
* Trastuzumab di th
* Pertuzumab cardiomyopathy
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Bevacizumab
arterial thrombosis

hypertension
aortic thrombosis
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myocardial damage

+ Ichemic change
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* Cisplatin

(7 4—[ Antimetabolites ‘
* Fluorouracil
\ * Capecitabine
Valvular disease €—— | Radiation B

Thalidomide

[ Microtubule inhibitors | =

* Paclitaxel
* Docetaxel

e
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Copyright © American Heart Association, Inc. All rights reserved.
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Traditional Cancer therapies
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Traditional Cancer therapies
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Yeh E, et al. J Am Coll Cardiol, 2009, 53; 2231-47. X D%
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Traditional Cancer therapies
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Targeted Cancer therapies

Bcr-Abl

Cell YQ

proliferation

A Al R 8 TE 0D B FF
(MREREEREFO T —

VEGFR[EJ[E INSR, IGFT

Pl-3-kinase

o

Akt/PKB AMPK
P

PI3k inhibitor

proliferative
response

Cell cycle c
Hsp Telo

Cyclin D1

2 .
@ Q tress response

(Vascularization,
Apoptosis Metastasis Anti-cancer drug
resistance)

Cell survival

(251FRk)
@ Osaka International Cancer Institute, Dept. of Cardiovascular Medicine, Onco-Cardiology Unit



MAAEFERERICK D HIRT D08

Targeted Cancer therapies

1. D \DIEIRRIERE
AEIDBEEEPRE

B(CXT DA (
S CRER, MRS, EHEE

2.

4 . N ACETR (CX 9 DR

SME. M
. /’fﬁ

=]

(IUTE)

AEAR, REOMELERR

B ML)

RICXT I DR

Eﬂ*ﬁ%ﬂ"i\r

RSEEIMEEISE (e, REEREE)
5. oAt

Ho®exE (F

IGRRaEZR LIRE

HIARRIEREPE S . (LA, [0

]]1]}¢

BEE( B
=(5

x)

= E5K)

@ Osaka International Cancer Institute, Dept. of Cardiovascu

lar

Medicine,

Onco-Cardiology Unit



Targeted Cancer therapies
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Target cancer therapies
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Targeted Cancer therapies
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Target cancer therapies
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Khorana AA. Thromb Res 2010; 125: 490-3. K D%
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(cancer-associated thrombosis)

@ Osaka International Cancer Institute, Dept. of Cardiovascular Medicine, Onco-Cardiology Unit



TrousseaufiE{xEf

R .
WERR g
RS
BIREIE (MER) BRI
(PR e e AmENAMEEATAE /R EBAR AR INAEAE

-

Y AUBSE M ARYE

(cancer-associated thrombosis)

(FEEER)

@ Osaka International Cancer Institute, Dept. of Cardiovascular Medicine, Onco-Cardiology Unit



FEMEME MAETE DR

(NBTE:nonbacterial thrombotic endocarditis)

Ziegler E. Ver Kong Inn Med 1888; 7: 339

B PRAV4F 2R

1. DRREXR+FEERZK (E&UTKRERS. EIEH)
DHSEEEN= 0 T O —1RE C2lh

2. ZFRIEMITESE
- BAEEE, (DEMEZE. RAEBIARODIEITAE

3. EITHAETRR  FICRIEEE. REYERE

- DB E DAREE (CZ 0N
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2016ESC Position paper on cancer treatments and cardiovascular toxicity
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European Heart Journal doi: 10.1093/euroheartj/ehw211 — EH] 2016: 37: 2768-2801. X D{ZE
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Arterial Thromboembolism Risk in Cancer Patients

bolism in Cancer Patients

15% A 15% A
12% 12%

6% A

Cumulative Incidence of
Arterial Thromboembolism
Cumulative Incidence of
Arterial Thromboembolism

3%

0% A

CENTRAL ILLUSTRATION: Cumulative Incidence of Arterial Thromboem-

Patients with Cancer (of any Stage)
Matched Controls without Cancer

Navi, B.B. et al. J Am Coll Cardiol. 2017;70(8):926-38.

(0] 4 8 12 16 20 24 (0] 4 8
Months from Study Entry Months from Study Entry

16 20 24

Patients with Stage 4 Cancer
Patients with Stage 3 Cancer
Patients with Stage 2 Cancer
Patients with Stage 1 Cancer
Patients with Stage O Cancer

6rABDRBRER B »HABER

HR(95%ClI)

AR M2 ZEATE 2.2% 4.7 %
IDARFEZE 0.7% 2.0%
X A8 ZE 1.6% 3.0 %

2.2 (2.1-2.3)
2.9 (3.8-3.1)
1.9 (1.8-2.0)

2002-2011, 279,719 A,

Navi BB et.al.: ] Am. Coll. Cardiol. 2017: 70: 926-938.
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TrousseaujiE{xEE
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Trousseau A. Plegmasia alba dolens. Lectures on clinical
medicine, delivered at the Hotel-Dieu, Paris. 1865;5:281-332
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Sack GH, et al. Medicine (Baltimore) 1977; 56: 1-37.
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Table 2. Risk Factors of VTE

TEIREF
RFFIE

Risk factor

Obesity (BMI =30)
Recent surgery (within
Cancer

Heart disease
Respiratory disease
Severe infection

Severe injury

Fracture

Cesarean delivery (withi
History of VTE
Thrombophilia

Lower limb paresis
Varicosis

Estrogen and/or HRT
Central venous catheter

Duorall

SR

\

A

AFNEET

ANSE

=1t (<3M)

VKRR
VTEDERF
=EEE (BMI>30) 5.59%

B

43.2%
27.0%
20.9%
17.8%
6.7%
6.1%

4.6%

Immobilization

[ESA L)

oo\

DVT alone
n=738 (68.6%)

36 (4.9)
136 (18.4)
212 (28.7)
50 (6.8)

W NN WS w nN W
A N ND OO O AN O

n
o
P e B B e B e B e B e B e e e T e

AN PV FPPSOPFPOCDRD
= e R R R TR -

E—

W
(4)]

160 (21.

Data given as n (%).

HRT, hormone replacement therapy; VTE, venous thromboembolism. Other abbreviations as in Table 1.

Nakamura M. et.al CircJ 78: 708-717, 2014. LD
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Calendar year

Walker AJ et al. Eur J Cancer 2013, 49: 1404-13. XD
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Multiple mechanisms in Trousseau's syndrome
PAI-1 Fibrin d iti
Secretory T>P'asmin JA rin deposition S e
— epithelium Met erial emboli
oncogene T
induction? i : Verrucous
'\ Tissue Factor D::f:"l?g;asti:d endocarditis
wh‘*&& : E 3 (= (1F) X A Microangiopathy
Y‘“” ——— ) e '° -3 Arterial thrombosis
e ~ T . ‘ TF;"I  Vila
‘e Invasive Carciris " TF Venous thrombosis
_9' coxz | | i Cysteine - -
induction proteinase? '\
? Prothrombin xa—v)Thrombin—)
Selectin ligands : % :
@ G on mucins c:_;zfaa:ge Antithrombin
&‘ P-selectin
\/ - Circulating mucin
L L-selectin molecules
PS PSGL-1
Resting platelet ‘ \
ﬁ Activated platelet Tumor derived
' cytokines
@ 5 Secretory mucins -~
R, Heparin actions

Ajit Varki Blood 2007,;110:1723-1729
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INAUBEREINAEAE (cancer-associated thrombosis)
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Caridovascular complications of cancer therapy

1. Myocardial dysfunction and heart failure (HF)

2. Coronary artery disease (CAD)

3. Valvular disease

4. Arrhythmias, especially those induced by QT-prolonging drugs
5. Arterial hypertension

6. Thromboembolic disease

7. Peripheral vascular disease and stroke

8. Pulmonary hypertension

9. Pericardial complications

@ Osaka International Cancer Institute, Dept. of Cardiovascular Medicine Onco-Cardiology Unit
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lTargeted cancer therapies
BITEMEEE  LVEGFE
RIS XT3 &
ZIENFOS >+ —CHES
Bcr-AblF O3 >4 —PHER
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B PR
anti-angiogenic agents
(anti-VEGF agents)

Scanning electron micrographs of vascular casts of glomeruli

-y

Control Anti-VEGF antibody treated

Kitamoto Y. et al. Nephrol Dial Transplant. 2002;17(Suppl 9):25-27.

@ Osaka International Cancer Institute, Dept. of Cardiovascular Medicine, Onco-Cardiology Unit
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(anti-VEGF agents)
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Monoclonal antibody-based tyrosine kinase

bevacizumab

adotrastuzumab emtansine (T-DM1)A FH 4 5

FINRAF Y 23-34 (23.6)
5.1

Small molecular tyrosine kinase inhibitors

sorafenib
sunitinib
axitinib
regorafenib®
lenvatinib™*
vandetanib

4 HN—)L9.4-41 (15.3)

A—Trk 15-34(21.6)
122453  45(40.1)
AFIN—=H  44.4 (44.4)
LVE~ 67.8

h7 LY (24.2)

mTOR (mammalian target of rapamycine inhibitors)

everolimus
temsirolimus

T774=r—=J)L 4-13
=)L 7

Yeh ET et al. JACC 2009, 53: 2231-2247.

Moudgil R, Yeh ET. Can J Cardiol 2016, 32: 863-870.
*Wang Z, et al. Eur J Clin Pharmacol 2014,;70:225-231.

** Schlumberger M et al. N Engl J Med 2015, 372: 621-30.
2016 ESC position paper. Eur HJ 2016 doi: 10.1093X D%
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Dysregulation of angiogenesis in stressed hearts
IS causative to the development of heart failure

Hypertorophied Heart Failing Heart

Relative Hypoxia Advanced Hypoxia

* VEGF -.._

e

Mainteinded angiogenesis Reduced angiogenesis

by VEGF by p53 accumulation
@ Capillary vessel Cardiac myocyte

Sano M, Akazawa H, Komuro I et al. Nature 2007, 7134: 444-448.
Oka T, Akazawa H, Komuro I et al. Circ. Res. 2014, 114: 565-571.
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Incidences and Risks of Arterial and Venous Thromboembolism
Associated with VEGF signaling pathway inhibitors

Agents VTE (%) RR of ATE ATE (%) RR of ATE
overalll G3-5 overall overall| G3-5 overall
b izumab 1 | 2 > ) '
(\?E\é?:(r:rllg; abl 11,9 | 6.3 1.33 3.3 2.0 1.44
|:(>TaKf)opnib 2.76 | 1.92 1.10 1.2 NA 4.61
sunitinib 1.3 NA 3.1
(TKI)
sorafenib 1.7 NA 2.39
(TKI)
axtinib 1.2 NA 1.17
(TKI)
regorafenib ) NA NA NA NA NA
(TKI) 1 patient died from cardiac arrest
i b
'E@Q;ER‘;';%Q)“E' 3.98 | 2.45 NA 1.83 | 0.92 NA
lg;gl\)fatinib 54 | 3.8 NA 5.4 | 2.7 NA
VTE: venous thrombotic event, ATE: arterial thrombotic event,

TKI: tyrosine kinase inhibitor, mAb: monoclonal antibody
VEGF: vascular endothelial growth factor. RR: risk ratio

Li W et.al J Am Coll Cardiol 2015; 66: 1160-1178X D%
@ Osaka International Cancer Institute, Dept. of Cardiovascular Medicine, Onco-Cardiology Unit
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Multiple Tyrosine-kinase inhibitors
(Bcr-Abl TKIs)

IEEEREERm&E (CML)

- 1-2AN/10B AN/ (FBHAETIHALITFA)

- PR AND - 50-60%. 9 /N TCOFHn CHIE

- B> %

« FRE(CHEHREDEENH D EHBELNDNTLND

Imatinib : Bcr-Abl tyrosine-kinase inhibitor
- IIRFHITTEERHEZR 98 %
- MBS FHTEERAR 87 % (IRISFER)

O'Brien SG et al. N Engl J Med 2003;348:994-1004

@ Osaka International Cancer Institute, Dept. of Cardiovascular Medicine, Onco-Cardiology Unit
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PACE Trial: ponatinib (ICLUSIG® ) in CML

active against muted BcrAbl: including the threonine-to-isoleucine mutation
at position 315 (T3151)

Cortes JE et al. N Engl J Med 2013: 369: 1783-96.

All Grade >Grade3

(%) (%)

OArterial thrombotic events 22.6 13.7
cardiovascular event 10.0 6.7
cerebrovascular event 10.0 3.7
peripheral vascular event 8.5 5.6

OVenous Thrombotic events 4.1 2.6

CML: Chronic Myelogenous Leukemia Otsuka Pharmaceutical Co., Ltd.

@ Osaka International Cancer Institute, Dept. of Cardiovascular Medicine Onco-Cardiology Unit




Activity of approved ABL1 tyrosine kinase inhibitors

Kinase/ TKI bostinib | dasatinib| imatinb | nilotinib | ponatinib
Abll 100 105 83 98 101
Abl'l (T3151) 93 68 9 15 100
FGFR1 /9 47 0 0 101
FGFR2 95 (3 3 0 100
FGFR3 83 34 1 0 101
FGFR4 3 9 8 0 98
FLT1 (VEGFR1) 97 39 5 0 101
FLT3 [/ 1/ 68 60 99
FLT4 (VEGFR2) 92 31 3 17 101
KDR (VEGFR?2) 101 22 { 22 94
KIT 23 100 97 96 101
PDGFRa 77 100 98 103 103
PDGFRpB 95 100 91 93 102
SRC 96 101 5 23 102
TIE2 22 16 0 41 101

The numbers represent percent inhibition of kinase activity at 1umol/L of inhibitor.

FGFR: fibroblast growth factor receptor, FLT(VEGFR: vascular endothelial growth factor receptor),
PDGFR: platelet derived growth factor receptor, SRC, TIE2

Moslehi JJ et al. J Clin Oncol 2015; 33: 4210-4218. KUY Z



Distribution of TKI-associated VAES and other relevant
toxicities, among the various TKIs in CML

PAH (+) PAD(+)
Platelet dysfunction IHD/CVA(+)

— Hyperglycemia
dasatinib
Ty (D

Dyslipiemia

BCR-ABL

‘ <
m
()
M
-~

HT(+) ,\‘ PAD (++)
Chonuinie > IHD/CVACH+)

HT(+)

PAH: pulmonary arterial hypertension, HT: hypertension
PAD: peripheral arterial disease,VTE: venous thromboembolism,
IHD : ischemic heart disease, CVA: cerebrovascular accident

Pasvolsky O et al. Cardio-Oncology 2015; 1: 5-15. K D&%



Newly developed cardiovascular diseases

Multi-targeted tyrosine kinase inhibitor >

Endothelial

dysfunction 5 ?
Endocrine Hyperglycemia, dyslipidemia
dysfunction

? PAOD
embolization
Months__-/ Years Times

PAH . pulmonary arterial hypertension, PAOD: peripheral arterial occlusive disease,
CHD : coronary heart disease, MI: myocardial infarction

( Prepared by the author ) @ Osaka International Cancer Institute, Dept. of Cardiovascular Medicine, Onco-Cardiology Unit
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Clinical course and Effectiveness of Anticoagulant Therapy

for VTE in Patients with Cancer

cancer patients with VTE, treated in our department between August 2011 and July 2014

Fondaparinux/UFH

+ warfarin
54 patients
(age 64.7+12.2)

Oncologic treatment
surgery 68.5 %
chemotherapy 50.0 %

Metastasis(+) 57.4%

Prognosis
death (with in 6 M)
29.6%

D-dimer 60

(ug/ml)
50
40
30

20

10

__ Discontinuation of
VTE treatment (6 cases)

Pre-treatment

Post-treatment
(34.1%23.7 days)

Mukai M et al. The 37th Congress of JSTH 2015
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complex
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(cancer procoagulant)

DIC
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(thrombin)
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Warfarin .y
Dose TS-1 62i% Xt RKEARFEHMTE PT-INR
(mg/day) mmams B B Il BN
4.0 4.0
3.0
2.0
1.0
0
2011/6 2011/8 2011/10 2011/12 2012/2
DUPAN II 2410 1590
CA19-9 199 58

TS-1(Fluropyrimidine) drug metaboliazed by CYP2C9

BALIESXERRIEF D —EZEBNALI=BD T,
ETOEFINRHGHERETRT LI TEL,

@ Osaka International Cancer Institute, Dept. of Cardiovascular Medicine Onco-Cardiology Unit
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Antithrombotic Therapy for VTE Disease
CHEST Guideline and Expert Panel Report

Factors that may influence which anticoagulant is chosen
for initial and long-term treatment of VTE

Factor

Preferred Anticoagulant

Cancer

Parenteral therapy to be avoided
Once daily oral therapy preferred

LMWH
rivaroxiaban, apixaban
rivaroxiaban, edoxaban

LMWH: low molecular weight heparin

VTE and Cancer LMWH over VKA

dabigatran
rivaroxaban
apixaban
edoxaban

(Grade 2C)
(Grade 2C)
(Grade 2C)
(Grade 2C)
(Grade 2C)

HAT(IPE/DVTODEEEE L C
LMWHI(EEEE =11 C LR

CHEST 2016, 149: 315-352.

@ Osaka International Cancer Institute, Dept. of Cardiovascular Medicine Onco-Cardiology Unit
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(direct oral anticoagulants)

H Osaka International Cancer Institute, Dept. of Cardiovascular Medicine Onco-Cardiology Unit
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NAZET HVIERE IR T HHuREIRIEICET S8 (3R

ACCP 2015 ESC PE 2015 ASCO 2014
#ERB R LMWHZ #E22 LMWH (5—108)
VKAXONOAC
E4IEIN LMWHIZ &5
LMWHIZ X5 LMWHZ #f 42 REBEZHE
REAE REBEZHE
(NOACDHT—74 (NOACIXIRFF
(ZES>NTLND) TlE+50%HT—43
DEGHERETELDLY)
AR EARE 3rA®HAHLE 3~64 A LigdEt64 B
SHIZEH

VKA: vitamin K antagonist, NOAC: Non-Vitamin K antagonist oral anticoagulant,
LMWH: low molecular weight heparin, ACCP: American College of Chest Physicians,
ESC: European Society of Cardiology, ASCO: American Society of Clnical Oncology

HARTILPE/OVTDBEEEL TLMWHIEA RSN TLVELY

@ Osaka International Cancer Institute, Dept. of Cardiovascular Medicine Onco-Cardiology Unit
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1. BAJER : VTEDOBFR., HIMOfERME. FarFeaERE

SHMMHEPRZEZB 9 DO AGES= Ut EE L (SIEE (CXEH
MRE M/ 53/mm3 B E. RERFOEEH R

Nicholas J. Short, and Jean M. Connors The Oncologist 2014,;19:82-93
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2. DAEM : IR, BHLEEDTF T v IHhmE
FEEER : KRB NU(TA>SF )N X T X)
vs JJL 71> vs DOAC

EHIRRE (IRIR L) |« BROEROIKI. HEROEH

H Osaka International Cancer Institute, Dept. of Cardiovascular Medicine Onco-Cardiology Unit



DOACZEN AJERICIRS T DIZEDMNA > b
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JwibtEU = RE (capecitabine . TS-1) =CYP2COITER
- paclitaxel =CYP3A4. P-gplTER
- FVEGFE =CYP3A4(CFRE
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