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Deaths due to Heart Disease
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Estimated Numbers of US Cancer

As of January 1, 2016 As of January 1, 2026

Male
Prostate
3,306,760

Colon & rectum
724,690

Melanoma
614,460

Urinary bladder
574,250
Non-Hodgkin lymphoma
361,480
Kidney & renal pelvis
305,340
Testis
266,550

Lung & bronchus
238,300

Leukemia
230,920

Oral cavity & pharynx
229,880

Total survivors
7,377,100

Female
Breast
3,560,570
Uterine corpus
757,190
Colon & rectum
727,350
Thyroid
630,660
Melanoma
612,790
Non-Hodgkin lymphoma
324,890

Lung & bronchus
288,210

Uterine cervix
282,780

Quary
735,200

Kidney & renal pelvis
204,040

Total survivors
8,156,120

Male
Prostate
4,521,910
Colon & rectum
910,190
Melanoma
848,020
Urinary bladder
754,280
MNeon-Hodgkin lymphoma
488,780
Kidney
429,010
Testis
335,790
Leukemia
318,430
Lung & bronchus
303,380
Oral cavity & pharynx
293,290

Total survivors
9,983,900

Female
Breast
4,571,210
Uterine corpus
942,670
Colon & rectum
885,940
Thyroid
885,530
Melanoma
811,490
Non-Hodgkin lymphoma
436,370

Lung & bronchus
369,990

Uterine cervix
286,300

Kidney & renal pelvis
284,380

Owvary
280,940

Total survivors
10,305,870

MNOTE: Beginning with the 2016-2017 edition, estimates for specific cancer types now take into account the potential for a history of more than one cancer type.

Estimates should not be compared to those from previous years. See Sources of Statistics, page 34, for more information.

Source: Surveillance Research Program, Division of Cancer Control and Population Sciences, National Cancer Institute.

Many of these survivors have had radia

American Cancer Society, Surveillance and Health Services Research, 2016

or chemotherapy, with potential long-

term cardiovascular toxicities; attenuate clinical success of oncologic treatments




Interactions between Heart Disease,
Risk Facto

Shared Risk
Factors: 1} Cancer Risk:
i - Less therapy

{CANCER
e offered because
RISK L CANCER —> Radiation = ©ofCVD

| - Cardiotoxicity

!
limits therapy
g
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Survivors of Childhood Cancer: Cumulative Incidence

New Malignancy

Survivor

Cumulative Incidence (%)
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Systemic Effects of Various

Chemotherapy
Cardiotoxicity

Major Culprit Chemotherapeutic
Classes (Incidence)

Diagnostic
Methodologies

Management/Prevention

Cardiomyopathy (with
systolic and/or diastolic
dysfunction)

Anthracyclines*
Monoclonal antibodies®
VSP inhibitors*
Alkylating agents
Antimicrotubule agents
Antimetabolites
Proteasome inhibitors®

=  Echocardiography

+  Myocardial strain
imaging by echo
Cardiac MRI
MUGA/RNA
Biomarkers:
troponin, BMP,
newsr biomarkers
Possible rale for
genetics

ACE-I/ARB

Beta blockers
Desferoxamine
Possible role for
stating

Possible role for
ranalazing

Serial LVEF /biomarker
monitoring
Discontinue
chemotherapy, then
reinstitute with LVEF
recovery

Leng-term
consideration for ICD
and possible heart
transplantation

Hypertension

V5P inhibitors/targeted therapies*
VEGF trap
Alkylating agents*®

On-site blood
pressure checks
Ambulatary blood
pressure
manitoring

Amlodipine

ACE-I/ARB

Other anti-
hypertensive regimens
as third-line agents

Hypotension

Interferons

Interieuking

Monaclonal antibodies
All-trans retinoic acid
[differentiation syndrome)

On-site blood
pressure checks
Ambulatary blood
pressure
manitoring

W fluids

Midadring (if normal
LVEF)

Discontinue
chematherapy ifin
shock, then reinstitute
when stable

Dysr mias

Interleukins
Interferons
Angiogenesis inhibitors
(bradycardia)
antimicrotubule agents

ECG
Telemetry

Beta blockers
Propafenone
Anticoagulation with
low molecular weight
heparin

Ischemia

Antimetabolites (vasospasm)
WEP —inhibitor TKls (Mab and
Smel) — arterial thrombaosis
Antimicrotubule agents (arterial
thrombesis)

Alkylating agents*

Angiogenesis inhibitor — arterial
thrambaosis

ECG
Tropenin
Stress test
Coronary
angiography
Cardiac MRI

Nitrates for coronary
Spasms

Aspirin for thrombosis
risk

Limited data for other
anti-anginal agents

(bradycardia)
Histone deacetylase inhibitors

Mon-V5P inhibitor small molecule
TKls

Arsenic trioxide

Thrombaosis

Alkylating agents — venous
Angiogenesis inhibitor - arterial
V5P inhibitors

—venous and arterial

Histone deacetylase inhibitors —
VENoUS

Immunamadulaters - arterial

UNIVERSITY

NTE

Doppler
ultrasound

CT angiography
Other concern as
far ischemia above

Unfractionated
heparin

Low molecular weight
heparin

Fondapariuy

QTc Prolongation

Arsenic trioxide
Histone deacetylase inhibitors
Small molecule TKls

Replete electrolytes
(K/Mg]

Serial ECG monitoring
Discantinue other QTc
pralanging drugs,
where possible
Discontinue
chemotherapy agent,
if significant risk of

torsades

Pericardial Disease

Busulfan®
Mon-V5P inhibitor small molecule
TKls

=  Echocardiography
= Cardiac MRI
= Cardiac CT

Pericardi -
Pericardial window
Pericardial stripping
{with constriction)
Colchicine {if no
interaction with
chemotherapy)
MNSAIDs (if normal
blood pressure and
LVEF)

Okwuosa et al., Post Grad. Med. 2016




Anti-Cancer Agents Associated with Heart
Failure & Let Dysfunction

Manitar EF, GLS, troponin
dexraranams, continuais infusan,

liposamal preparatian, BE/ACE!
+ 0.9-33
Alkylating agents
Cyclaphosphamicde T 7-28
Ieesfasmide
Antimetabolites
Drecitalne
Clofarabine
Antimicratubule apsnts
Docelassl 4

----------------------~

rﬂnrlxtnna-t antibody-based
tynagine kinase inhibitors
 Trasnoumat 218 Avpid eoncomitant use with
anthescyclines
| Eevaciumab e 1.0-10.9

\.ﬂ.duril.tumhmumne ! 1.B
------------------------'
Parturumab t 0.9-16.0

Small malecule tyrasine kinase
inhibizars
Parapanib ot 0.6-1.0
Panatinib t 315
Sorafenib 4 18-1.0
Dabratenib ot B9
Sunitinib ot 1-27

Treat hypertension aggresdively
bsehemia warkup and treatment

Diasatinib "o E-3

Lapatinib e 0.9-4.9
Iﬂﬂﬁiﬂh———————-——ﬂrﬂ-——————————-.
Protessome |hibitor

Carfilzomib

Bortaz oy

Tretinoin

1T UNIVERSITY

MEDICAL CENTE Chang, .... Okwuosa, Yeh, JACC 2017



Vacuolizationr duced Ejection
Fraction due ardiotoxicity
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Doxorubicin with LVEF Drop
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Breast Cancer, Sarcc ma, Prostate Cancer

Early Toxicities Late Toxicities

Acute

Subacute

Late long-term

sH UNIVERSITY

AL CENTE

1 year after 2 years after
treatment treatment

Hundley 2012



Cumulative Incidence of Heart Failure:
Anthrac Trastuzumab

as -

Anthracyline

Trastuzumab
Anthracycline+Trastuzumab
Other

None
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1 2 4

Cumulative incidence (95% ClI), %

Anthracycline only 1.2(1.0t01.5) 2.0(1.6tc2.4) 2.7 (22103.2) 3.5(2.8t04.1) 4.3 (3.5t05.0)

Trastuzumab only 36(1.5t056) 58(25t089) 7.8(3.41t012.0) 99(4.3t015.1) 12.1(5.31t018.3)

Anthracycline+ Trastuzumab 6.2(4.1t08.2) 9.8 (6.7t012.8) 13.2(9.1t0 17.1) 16.5(11.5t021.3) 20.1 (14.0 to 25.6)

Other chemotherapy 1.3(1.0t01.6) 2.1(1.7t02.5) 29(24103.4) 3.7 (3.0t0 4.3) 4.5 (3.71t05.3)

None 09(0.7t01.0) 14(12t017) 19(1.6t023) 25(2.1t029) 3.1 (26t03.5)

L F ] e
MEDICAL CENTE Bowles et al, J Natl Cancer Inst 2012
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Prognostic performances of BNP and LVEF in
predicting CHF hc s and Death in

. [ ]
Anthra atients
CHF

BNP>=100 pgi"ml BNP>30 pgfml LVEF<50% LVEF=4509;
Sensitivitet 38 (20-59) 81 (58-94) 48 (27-68) 29 (13-72)
Speciﬁcitet 92 (91-93) 62 (61-63) 91 (90-93) 98 (97-99)
PPV 24 (13-38) 13 (09-15) 27 (16-39) 46 (21-72)
NPV 96 (94-97) 98 (96-99) 96 (95-98) 95 (94-96)
Death

BNP>=100 pg."ml BNP>=30 pg.-'ml EF<<50% EF<459%
Sensitivitet 13 (10-15) 48 (43-52) 11 (08-14) 05 (03-06)
Specificitet 94 (90-97) 69 (63-75) 89 (§5-93) 97 (94-99)
PPV 76 (58-88) 68 (61-75) 59 (43-74) 69 (39-90)
NPV 44 (42-46) 49 (44-53) 42 (40-44) 42 (41-43)
r-------------------------------- ------------------1
p value 0.032 o.002 | I 0.87 0.569 |

N = 333, Mean follow up 1360 days

TFRS
.!i]”;]_l"-.:lﬂ: ;L{-.]'I'I'F Skovgaard et al. Plus One. 2014



Peak Systolic Strain

POST

24/07/2008-09:38:07|

GLPS_LAX -23.3 % | GLPS_Avg -21.7%
GLPS_A4C -20.4% |AVC_AUTO 344 msec
GLPS_A2C -21.4% |HR_ApLAX  75.3bpm

baum et al, Circulation J. 2012



@ Peak Systolic Strain @ Time to Peak

HR = 105 bpm

AP2 L Strain=-8%
AP4 L Strain=-9%
AP3 L Strain=-11%
G.L Strain (Avg.) =-9%




Strain: P

d I
Ny proBNP, 310,4 V915

(ng/ml) l

1

|

BPEF(%) “ 66 'l 63
]

Kerkhove et al, Heart 2014



Sensitivity  Specificity PPV NPV

10% decrease long strain 719 (78%) 27134 (79%) 7114 (50%) 27/29 (93%)
Increased cTnl at 3 months 6/9 (67%) 28/34 (82%) 6/12 (50%) 28/31 (90%)
,‘I‘D'% Tiecrease long strain and™~ ,_——---- TSN
~.1cheased cTnl at 3 months-~ 5/9 (55%) \ 33!34 (97%)_) ( 5/6 (83%) ) 33/37 (89%)
—__H.'-————l-.'ﬂ ——— - §~___f
~T0% decrease long strain or BN s ———— =
s~ _increased cTnl at 3 months zt\ 8/9 (89%) ) 22/34 (65%) 8/20 (40%) ( 2223 (97%) >
R T Y cS - S

\ RUSH UNIVERSITY
D Sich) CENALE

, Circulation Cardiovasc. Img. 2012



Strength of E

Markers

GLS#

Troponin-I*

Troponin-T*

BNP*

NT-pro-BNP*

Strength of Evidence on
Radiotherapyt

Strength of Evidence

on Chemotherapy#

rdiac Markers

Strength of Evidence
Overall

Silver, Palomo, Okwuosa 2016



Testing B physiology

Patho-physiology
S N
\ Disrupted
Exposure Mitochondrial function &
aktin-myosin interaction Impaired Myocellular death, Decreased  Neurohormonal
-> =» regional =P collagen deposition, =» L[LVEEF, = activation,

Intra- and extracellular LV function LV remodelling ‘ﬁrdiac output C
N

edema. inflamation. Echo vs. MUGA ]

’ /

Surveillance -&

---

o -
s+ \[R] contrast signal intensity —e——- 4~Decreased LVEF)—P

-_ - -

<= MRI T2 signal ==—p — *Exercise capacity =
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Abnorma Helan e G

Grennnnnnnnnnnn | gerym BNP nfeNsurement YTETRERRRETLY 2

Blood Work

ERS
ﬁl:_l}l_l.[ ll_i‘]”;]_l"-.ﬁl*;ld']!%:'f Adapted from Hundley 2012

Strain Imaging




Dexrazo)

B Doxorubicin
Dexrazoxane plus doxorubicin
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ACE-Is/ARB

Chemothe

Study Year
2004
(AAA
sudy).”
2004
Cardinale 2006
et 2l 2006
Makamae 2005
etal™ 2005
Des at a| 2011
201

Cardiotoxic
Cohort Futime  chemotherapy

Pediaric cancer ™ 35ma Anthracyclines
survivars with 300 mygim’
=| cardiac
abnommalities in
fu (n=135)

HOC (n=114,60% 12mo  Vanous cumulative
MNHL and bresst daxarubicin
cancer) + cInl equivalert dose
SULN within 3 d 335 mighn’
af anv ovele

NHL (n=40) Day 3 after CHOP

initiation

Varows (n=49,  12mo  Epirubidn
breast cancer 400 n‘uga’m-"
%

Radiation
therapy

6%

1%

Prevention of

diotoxicity

Cardiotoxicity
Preventive therapy definition
Enalapril 005-0.15 S (%)
mghg per d
LVESWA (glem)
MCI (Limin per m?)
Endaprl 2-20 myd, adinictered LVEF decmase > 0% to

after ¢ Tnl elevation and <50%, rate (%)
cortirued in fu HF rate (%)
Arrbythmia rate (%)

Vakartan 80 mg/d, administered LVEDD (mm)

and continued with CT BMP (pmallL)
QT interval (ms)
Telmsatan 40 mgld adminigered Strain rate
| wh before and cortinued
b mo after CT

Outcome with vs without
presiaLs therapy
lriteraction term (change due
o reatment) P=84
Interaction term (change due
o treatrnent) P=.28
Interaction term {change due
fo treatment) P=55
0w 4y

0w 24°
1wlT

45 ys 457
30 vs BY°

40 v 435°
175w | 5°

{L\ RUSH UNIVERSITY

MEIMC AL

"ENTER

Herrmann et al, Mayo Clin. Proc. 2014



Beta Blockers for Prevention of
Chemother

Year

Sudy
Seicean et al,'™!
2013
Randomized cantrolled triaks
Kalay et al,'® 2006
2006

2013

El-Shitary
et al 2012

Blitck; et al,'”
2013

Kﬁyﬂ ot IELI:':'!
2012

{k

MEIMC AL

Cohort

Brﬁlﬂ CAnGer
{n=318)

Fiu time

I+l y

Breast cancer (6838),
mphoma (1 8%)

Children with ALL
(n=50)

Breast cancer
(n=80)

Bredst cancer
[n=45)

HL and NHL
ﬂ_ﬁ:lﬁ]

Acute leukemia
(n=36) or HSCT
(n=54)

RUSH UNIVERSITY
"ENTER

Cardiotoxic
chematherapy therapy
Anthracyclines and/or 59%

Herceptn

Anthracycines:
detorubicin 520
mglm’ or epirubicin
780 mgim*

Denorubicin
120 mgfm”

Anthracyelines
520 mgim®

Anthracyclines
dixorubicin
146 mgim” or
epirubicin
354 mgim’

ABVD

R-CHOP

Anthracyclines
(40% before, 40%
during, cumulative
265 mgim’)

Radiation

Preventive thermpy
Any BB therapy. during CT

Carvedilol 125 mgld,
administersd before CT and
continted for & mo

Carvedilol 0.1-1 mgld,
administered 5 d before CT

Carvedilol 125 rgld,
administered before CT and
continued for & ma

Mebivalal 5 mighd, administered
7 d befare CT and
continued for & ma

Metoprolol 25-50 mg BID ar
enalzpnl
25-10 mg BID, administered
with CT

Canvedill (625-25 g BID) and
enalprl (2.5-10 mg BID),

Cardiotoxicity
definition
Rate of new HF
adrrission (%)

LVEF (%)

FS (%)

GPS5. (%)

eTnl (rgiml)

Peak systolic strain, septal (%)
Peai: systolic strain, lateral (%)
LVEF (%)

LVEF (%)

MT-proBMP (prol/L)

Mew HF rate (%)

Outcome with vs without
previous therapy

47 s 12.7° (HR, 02; 95%
€, 0.1-07)

Carvedilol no change;
Contral significant
decrease (AB9-53 37

95463 e 335467
193820 vs = 15121 B°
0024002 ve 00AED05”
20453 s | 64437
18456 vs 1461 "

E45.1 ve 6348
E30+19 v GTEH54"

15369 vs 204£73°

24 or 47 v 0 (P=56)

L\VEF (%), absolute change by —0.17 v =328°

TTE

administered 24 h before CT  LVEF (%), absolute chanpe by 036 w —304 (P=05)

and corinued in flu

CMR imaging

Herrmann et al,

Mayo Clin. Proc. 2014



Statins
Chemothe diotoxicity

Cadotoic  Radiaon Cardmmm‘q Outcome with & without
Study Year Conort Hutme  chemotherany  therapy Preventive thempy definiion previous therapy
st i | | |
Senetd” 2001 Bmsganer  26k17y Anthragydnes bl Any stain therapy during CT  Rate of new HF Al ws 1727 (HR, 0.3 95%
00 (1=626) admision (%) 0,0109)

Acretal™ Il Vaows(n=40) 6mo  Anthvaryclines NA  Atovastatin 40 mgld LVEF (%), absolute change 138 -7
01 doworubicin 256 adminidered bebore and — LVEDD (mm), absolite =015 20°
gl idanubicn continted for 6 moafter CT change
297 mgh LVESD [mm), absolte = 135w 2I°

duge

W IVER =
] % !:i.?;]_n“_ !\{..JTE'E Herrmann et al, Mayo Clin. Proc. 2014



Anti-Cancer Agents Associated with

Maonaclanal antibedy-based tyrosing kingse inhibitors
Besacinimal 44

4-35 )
L B B N N B B B B B B &N §B §B §B §B §N | | N N B B B B B |

Afa-trastumimab ] 51 ;
BP goal < #4090 mm
EmLarsing Ha

Monaclanal antibodias
Alemtunimab

ibritsmarnat Every 2-3 wesks BP moaitoring
Dfatumumak for duration of therapy

Pri-trealiment fisk asissameant |

Wisekly BPF menitoring fn 1st cyde

In'rTu'i'lhbim's_ Initiate BP treatment when I
| Everalimes bbb 413 dinstalic BP increasss by
\ Jemsirolimis i )

More than 1 anti-HTN medication

mu malecule tyrosine kinase inhibitors

S

RUSH UNIVERSITY

Parapanib
Panatinib
Sarafenib
Sumnitinib
Axitinib
Cabazantini
Ibrutinib
Nillatinib
Ramudirumab
Regoralenis
Trasmetinal
Vandetanib
\ Zv-aflibercept

Carfilzomib
Antimetabolipes
Decitabune

miay be needed

Avold diltiazem and verapamil
with saradenib

Hald chemotharamy as the Las
resort

Hald bevacizumab if systalic
BP =160 mm Hg or diastelic
BP =100 mm Hg

Early consultation with
cardislogist
Y4

Chang, Okwuosa,...

Yeh, JACC 2017



— Hypertension

= — Cardiomyopathy
— Arterial thrombosis

‘“'K\:m — QT Prolongation
-- Edema
'}. vy

= 1

Proliferation Survival Vascular Migration
Permeability,




Hypertension: A Biomarker of TKI

1- Sunitinib-associated HTN was 2- Treatment of HTN did not have a
significantly and independently associated negative impact on cancer management
with improved clinical outcome. and response

With HTN (n=442) +—= Median 05, 32.3 months (35% C: 28.1 to N}

p<0.0001 —— Dose reduction only
Without HTN (n=92 5 Median 0S, 26,8 months [95% CI: 18.9to NR)
—— Bath
Median 0, 33,0 months (95% Cl 27.9to NR)

Median 08, 25.8 months {95% C: 19.0to 30.

=== Without HTN
Median 0S, 6.4 months (35% CI: 5,010 9.5)

Probability of
overall survival

JH &
MEDI Lf;”w :%]"1!? Rini et al, JINCI 2011



Management of Adverse

Adverse event

Prior to treatment

After initiation of treatment

\
Hypertension|

T N N S S .. ~
Arterial 1
thromboembolism :

i i

N I N S

Cardiomyopa Eny"

1. Aggressive management of blood pressure consistent
with [NC7 ﬁuide]ines
N I N .- I N I S S .
3" Orine analysis for proteinuria |

‘--------------

. Ensure no active angina or symptomatic CAD

. Initiation of anti-platelet therapy in high-risk
individuals (patients with previous coronary artery
disease or peripheral arterial disease)

. Baseline echocardiogram to assess for structural heart
disease in all patients

. Aggressive management of cardiac risk factors
(especially hypertension)

7 RUSH UNIVERSITY
Js MEDICAL CENTER

. Frequent (weekly) monitoring of blood pressure in the
first 6 weeks

. Use of automated home blood pressure cuff for high-risk
patients

. Urine analysis for proteinuria

. Aggressive blood pressure management with the use of
angiotensin-converting enzyme inhibitors and
dihydropyridine calcium channel blockers (1st and 2nd
line therapy)

. Titration of blood pressure medications during
chemotherapy “holiday” (if necessary)

. Low threshold for repeat echocardiogram if signs or

symptoms consistent with cardiomyopathy

. If cardiomyopathy detected, then prompt stopping of

VSP inhibitor and initiation of cardioprotective
médications (ACE inhibitors and beta-blockers)

Bair et al, Trends in Cardiovascular Medicine 2013
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Camulaiie meience of AF
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63 patients de | S i A

13 patients de

=
n

=
B

The estimated ¢
o 6 months:
o 1lyear:7.5%
o 2vyears: 10.3%

=
(%3

[umelative ncideca of AF
:

L3

=
o
L

Years Imm starl ol Butind

Musmioers ol nex

Median time of onset
. Hralory o AF a4 10 L 1
o Incident AF: 10.9 months MohsmoyofAF B48 338 2a8 122

TR <
i{dlﬂﬁl !:i‘]";]_r"-:l‘; }I}-.]'TE'-I-I-:Y Wiczer et al 2017



ad with PAD

Imatinib  MNiotinih DOasatindb  Boasutinib - Ponatinib

TKls asso

PACD 4 - +4
IHOAOWA, 4 4
VTE +

Pulmornary
iy pertension

Platel=t
dyshunction

Hypertension
Hyperglycerrda

Diyslipidernia

e Ponatinib:
— Arterial occ
— Heart failure

— Hepatotoxicity

— Venous thromboembolism
Ao BUSH UNIVERSITY
Js

MEDICAL CENTE Pasvolsky et al. Cardio-Oncology (2015)



Management and screening strategies for
TKI-associate

Strateqy
(.Prevmtion and risk assessment

Cardiovascular risk scoring for VAE risk stratification

Atherosclerosis risk factor monitoring and management
(hypertension, diabetes mellitus, dyslipidemia, smoking etc.)

§, Echocardiogram

gverse events

Comments

a) For example, the European Sodiety of Cardiology (ESC) 2012 classification
b) Refiability of such a stratification in guiding TKI drug choice is uncertain

a) Use of accepted quidelines
b) Especially important for nilotinib and ponatinib

Especially relevant for dasatinib as PAH screening

fMonitor:r‘:g tools

Periodic cardiovascular risk score

Atherosclerosis risk factor surveillance (hypertension, diabetes,

dyslipidemia, smoking etc.)

Subdlinical radiological and/or laboratory markers

-

a) May include ABI, US Doppler of selected blood vessels, IMT measurement
b) Clinical implication still investigational.

¢) ABI is the most commonly used screening measure in clinical practice

\
&
3. Treatment

Specific treatment for vascular toxicity

CML treatment modification options:

a) Drug continuation with increased vigilance
b} Drug discontinuation, choosing different TKI
% Dose reduction

UNIVERSITY
MEIMC AL CENTE

Interdizciplinary approach (vascular surgeons, cardiologists/neurologists)
Factors to be considerad

a) Patient-related factors
b) VAE-related factors
¢) Disease-related factors

Pasvolsky et al. Cardio-Oncology (2015)



Anti-Cancer A s Associated with

Ischsemia workup
and treatment

Flourauracil
Monaclanal antibody -hased

!j‘l'lilt'llil'l-E knaze mnhilstors
Bavadzumab

Simall malegule tyrasine
kinase nhibitors
Hilatinib
Panatined
Angiogenesis inhibitors
Lenalsdamice
Antimicrotubule sgents
Paclitaxes]

{_l) RUSH UNIVERSITY

h,.ii::nltlﬁd_ CENTE Chang, .... Okwuosa, Yeh, JACC 2017



Anti-Cancer Agents Associated with

Alkylating agents Risk factors: cancer types, metastatic

Enlatin ran BLIEL dsegue, cenfral venous cathater, heart

’ (8 B N N N N BN | [ N | T f . AF.' h.l

| Angiogeness inhibitors : ;:E?mﬁ peeviow
Lenabidomide P 35 ) chemotherapy, hormonal therapy, old

- ¥y r 8 F 8 Fr 8 Fr F F F § 2 -:'Ig'E,IHHE

Thaldamide i+ 1-58

Pomalidomide : 3
Histone descetylase nhibitor
Vorinostat o . 7-8.0

’-------------------~

Maonockonal antibody against VEGF | | Diagnoss: compression
- . i 1 vltrasonography, spiral CT, MR
I Bevacizumab 4o 6.0-15.1 F

‘nm:‘mmm--------------'
tveralimus 4 1-4
Small molecule tyrosine kinase imhibitors
dhxitinib
Dabratenib
Eriotinib
MNilotnib
Paropanib
Panatinil
Sumitenib
TradmseLire

£\ RUSH UNIVERS]  Z-afibercept
L/ MEDICAL CENTE N

Treatnent options: aspirin, warfarin,
LATWH

Limnited data with DOAC

Okwuosa,... Yeh, JACC 2017



Management of Cancer Therapy—
Induced Ce mplications

% t. 1 Cancer patients often have co-existing heart diseases;
' Cancer therapies can cause cardiovascular (CV) complications

:

Cardiologists and cancer specialists should work together
to identify high-risk patients & modify CV risk factors

’:

Cardiomyopathy

’E , Strategies for reducing cardiotoxicity: ‘1 Ischemia workup:
II i

. ; : . . |
/Anthracycline: Dose reduction, continuous infusion, A, Stress test,

liposomal doxarubicin, dexrazoxane cardiac catheterization
Trastuzumab: Avold concomitant anthracycline o

3\ Treatment:
VSP inhibitors: Treat hypertension \_]”] i

As per ACC/AHA guidelines

" Consider cardio-protection (Beta Blocker/ACE Inhibitors), if: If platelet count lower than

! 100,000/microliter of blood:

i

|

\ J_E /Ejection fraction (EF) <50% or EF drop>10% 'k‘

"~ Global Longitudinal Strain >15% drop " Aspirin if platelet >10K

Myocardial damage (assessed via troponin) Dual anti-platelet therapy with

.- aspirin and clopidogrel for drug
f E * Withhold certain cancer therapies as a last resort eluting stents if platelet >30K
N Anthracycline (withhold if EF<45%%) Cardiac catheterization
Trastuzumab (withhold if EF<40%) via radial approach

£Fs BLUSH L.
Js

VEDICAL CENTER Chang, .... Okwuosa, Yeh, JACC 2017



Considerations in Patients with

PLATELET TRANSFUSION THRESHOLDS:
There is no established cutoff point for platelet
count below which a coronary angiography is abso-

lutely contraindicared
Prophylactic platelet transfusion should be used
only when oncologic indicatons are met, such as
plateler count < 10,000 pL, < 20,000 pL in the pres-
ence of neoplasms with higher bleeding tendencies
(eg, bladder, gynecologic, gastrointestinal), or the
presence of fever, leukocytosis, coagulopathy, or
rapid decrease in platelet count
.~ Platelet transfusion may not be necessary when pery
forming diagnostic cathetenzauon via radial access |
+  Platelet transfusion shoukd be considered | |n-p-at;ncs
with thrombocytopenia who develop postproce-

dural bleeding complications
ANTIPLATELET THERAPY IN PATIENTS WITH TP:

£™ Aspinin has been used in patients with platelet )
I counts > 10,000 pL, and clopidogrel may be used inj
L patients with platelet counts = 30,000 pL _l
“Platelet ¢ coun[s-<-3(ﬁ)(TOFL-reE un-re-nnsut-fr?); the
hematologist/oncologist in an attempt to provide
a more accurate risk/benefit analysis for use of anti-

- Rlateiet therapy other than aspinn

Prasugrel, ncagrelor, and glycoprotein lib/llla
inhibitors should be avoided if platelet counts are
< 50,000/pL

v RUSH UNIVERSITY

lliescu, et al. Cath Cardiovasc Int. 2016

MEIMC AL CENTER



Associated with

Comments

Histone descatylase mhilwtors
Belinostat 1

~Momnastat L daii

Cheérmic s
Arvsmic trioxide

Simall molecule tyrosine kinase inhibitors
Dabrafenit 1
Dasatinib P
Lapatinib -+
Nilotinib
Vandetanib

BRAF inhibitar

Vemuratenib

RUSH UNIVERSITY

AL CENTE

 Tangent methed of QT
IMEdSLrermesnt

--------------‘

Fridericia correction formula 1

r----------‘

| Carrect low K o Mg :

Remwe T prolandging |
rmesdicalians !

TdP reparted for arsenic
rraaxide, sunitinib, paropanib,
wandetanb, vemurafendd

Chang, Okwuosa,... Yeh, JACC 2017



Radiation-Induced Heart Disease

Pericardial Disease

Prevalence 6%-30%
Description  Pericarditis (acute or chronic), pericardial effusion, pericardial constriction
Most commaon manifestation of radiation-induced heart disaase, and a diagnosis of exclusion. Due to inflammation and impaired
drainages to the pericardial surface, fibrotic changes to the parietal pericarditm. Acute pericarditis is often self-limiting. Chronic
pericarditis is often effusive-constrictive.
Diagnosis of exclusion after other causes of pericardial disease have been ruled out
Echocardiogram, cardiac magnetic resonance imaging, cardiac CT
Anti-inflammatory drugs for pericarditis
Pericardiocentesis for Large effusions or tamponade
Pericardial window for recurrent pericardial effusions
Pericardial stripping for constrictive pericarditis

Prevalence Up to 85%

PUOI™ ™ EuUE T RIS ITOhITY e N T JET IR AT L, nlned inflammation. Usually occurs 10 yrs after radiation
therapy. Involves the LM, ostial LAD, and RCA. Lesions are longer, concentric, and tubular.
Diagnosis Stress echocardiography (could also screen for other causes of RIND, other than CAD); or stress perfusion imaging; cardiac CTA;
possible role for coronary calcium screening

Management  Percutaneous coronary angioplasty or corenary artery bypass graft (challenging surgery due to fibrosis of pericardium and
mediastinum). Aggressive cardiovascular risk factor modification

L8 8 B B B B B _°B & & & B §B §B_ § N _§8_ 8§ °L &8 |
Valvular Meart Disease

Prevalence 10 yrs: 26% Al 39% MR, 16% TR, and 7%
20 yrs: 60% Al 16% AS, 52% MR, 26% and 12% PR

NN BENN NN DENN BNNN BN DNEN NN DDNE DNNE BENE BN BENE BN BN BN BN BN S . .
Description Mean time interval of 12 yrs after radiation. Diffuse fibrosis of the valvular cusps or leaflets, with or without calcification; no post-

inflammatory changes noted. Left-sided valves > right-sided valves. Initial regurgitation related to valve retraction, later stenosis
related to thickening/calcification
Diagnosis Echocardiogram, cardiac magnetic resonance imaging
Serial monitoring with timing of surgery as in ACC/AHA guidelines
Valve replacement is preferred aver valve repair
Consider TAVR, if mediastinum and cardiac anatomy is not amenable to open heart surgery

Conduction System Abnormalities

Up to 5%

A-V nodal block (including high-degree block), bundle branch block (right = left), fascicular block

Tachycardia can be persistent, usually a result of autonomic dysfunction, similar to denervated hearts. Persistent tachycardia could
increase risk of tachycardia-induced cardiomyopathy.

ECG, telemetry/ambulatory Holter monitor

Permanent pacemaker for high-degree A-V block

ICD for life-threatening arrhythmia, sudden death, or secondary prevention

Consider subpectoral approach for device implantation, if subcutaneous involvement of thoracic radiation

Up to 10%

Diastolic dysfunction > systolic dysfunction; right ventricle > left ventricle

Due to increased fibrosis in all 3 Layers of the ventricular walls (epicardium, myocardium, and endocardium). May lead to restrictive
cardiomyopathy, and rarely to systolic dysfunction.

Echocardiogram, cardiac magnetic resonance imaging

Slow upward titration of ACE|, beta-blockade, and aldosterone inhibitors in patients with reduced feft ventricular systolic function;

rFey s < .
'\l} mwm:;kf\%f& uamp!:vy\::z:mm ot (@ ETof-# Okwuosa, ... Yeh, JACC 2017




Rate of Major Coronary Events According to

MACE: myocardial i hemic heart

Increase in Rate
Time since No. of No. of of Major Coronary
Radiotherapy® Case Patients Controls Events (95% CI)f

% J'J'T-I.:.I"E‘-ﬂ_"'-ﬂl,.'rﬁ}"

15.5 (2.5 to 53_33
12 (-221085)

Darby et al, NEJM 2013
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T

Management of Cancer Therapy—

Blood pressure (BP) goal
<140/90 mm Hg

Monitor weelkly
in first cycle

Manitor every
2-3 weeks during therapy

Initiate treatment when
diastolic BP increases

RUS LJHI"-.'T:. RSITY

ldentify, modify
and treat CV risk factors

CV Monitoring:
Yearly:
ECG, Echo If indicated

5 years after radiation:
ECG, Echo

10 years after radiation:
ECG, Echa, stress test,
or coronary CT

V5P and angiogenesis
inhibitors increase risk

Deep venous thrombosis
or pulmonary embaolism
diagnostics

Anti-coagulate
as necessary

Direct oral anticoagulant |

{limited data)

Take bleeding precautions |

Diagnosis with Tangent
method & Fridericia
correction

Correct low potassium
of magnesium

Remove QT-prolonging
medications

Chang, Okwuosa,...

Yeh, JACC 2017



Endocrin

7\ RUSH UNIVERST Y
Js MEDICAL CENTER




Als vs. Tamoxifen: Events

Cardiovascular Adver

EffectName

CVAE-Early Switch
CWAE-Early Switch
CVAE-Early Switch

CVAE-Early Switch (3)

CVAE-Upfront
CVAE-Upfront

Fixed CVAE-Upfront (2)

EffectName
Fixed Combined (5} TE-Early Switch

TE-Earty Switch

TE-Early Switch

TE-Early Switch (3)

TE-Upiront
TE-Upfront

Fixed TE-Upfront (2)

Fixed Combined (5)

Cuppone et al, Cancer 2008



Anti Androgens for Prostate Cancer/

GnRH Agonisis

GnRH Antagonists

Anti-And rogens

Adrenal Androgen Inhibitors

Estrogens

Leuprolide

Degarelix

Flutamide

Eectoconazole

Cinserelin

Bicalutamide

Coricosteroids

Estradiol

Triptorelin

Milutamide

Histrelin

Enzalutarmide

Ahiraterone Acetale

Imdirect Effects

Direct Effects

Low Testosterone

1 Fat mass

7« Cardiac contractility

+ Vasodilation

+ Lean body mass

T T-Cell activation and destabilization of fikrous cap/plague rupture

+ HDL

T Insulin resistance / Hyperinsulinemia

T Visceral Obesity

LDL, * HDL and 1 Trigiveerides

T Prothromibotie state

i Diabeies mellitos

Metabolic symdrome

i Endpihelial dvsfunction

Arterial wall thickness

I_JHI"-."E.RHIT'I“

Bhatia et al. Circulation, 2016



Association between GRH agonists

Jespersen (MI)

Keating - SEER (MI)

Keating - Veterans Health Administration (Ml)
Martin-Merino (MI)

Van Hemelriick (Nonfatal MI)

Van Hemelrijck (Fatal MI)

Overall (I°=92.1% p < 0.001)

RR (95%

1.28 (1.03

1.24 (1.08

1.69 (1.37

1.34 (0.99

1.64 (1.51

2.38 (2.12

%
cl) Weight

1.57 (1.26,

UNIVERSITY
MEIMC AL CENTE

Bosco et al, Eur Urol 2014



Association between GRH agonists

%

RR (95% Cl)  Weight

Azoulay (Stroke) § 1.74 (1.01,1.34) 20.51
Jespersan (Stroka) ~ 1.25(1.01,1.54) 18.25
Kesting - Veterans Health Adminivstration (Stroke) g 1.65(1.39,1.96) 19.49
Van Hemelrijck (Nonfatal stroke) : 1.47 (1.37,1.58) 22.18
Van Hemelrijck (Fatal stroke) 226(191,268) 19.56

Oversll {I’=89.9% p < 0.001) 1.51 (1.24,1.84) 100.00

=
MEL !-HIKJ:E%'I!'F Bosco et al, Eur Urol 2014




Hormonal Therapy Use for Prostate Cancer
and Mortality in Men With Coronary Artery

Disease-Induced Congestive Heart Failure
or Myocardial Infarction

Akash Nanda, MD, PhD

Known coronary artery disease resulting
Mo comorbidity One cardiovascular risk factor in heart failure or myocardial infarction
40 1 1

Brachytherapy
e With necadjuvant HT
o N Without
I
5
=2 204 LogrankP=.51 4 Log-rank P=.17
&
3
m
Q10
I

0 i 2 3 4 &5 6 7 8 0 T 2 3 4 5 6 7 8 0 i1 2 3 4 5 6 7 8

Time Following Prostate Brachytherapy, y Time Following Prostate Brachytherapy, y Time Foliowing Prostate Brachytherapy, y
Mo. at risk
Brachytherapy
With necadjuvant HT 780 699 532 288 98 646 566 373 176 55 95 79 58 30 8
Without 1873 1582 1073 607 262 1522 1247 TES 382 151 161 135 a7 46 18

'UNIVERSITY

AL CENTE



Survivors of Childhood Cancer: Prevalence of

30% 4

20% 4

Prevalence

10% -

Hypertension

Cardic

Survivor (39%)

Sibling (28%)

40% A

20% -

Prevalence

10% -

Diabetes

Survivor (9%)
Sibling (5%)

{E

years

BJDET LANIY R L T

MEIMC AL

<30

CEMTE

I

30-39 40-49
years

Age Group

years

250
years

40% -

30% -

20%

10% 4

actors

Dyslipidemia
Survivor (28%)

Sibling (18%)

40% -

20% -

10% -

3
BMI 2 30 kg/m Sibling (36%)

Survivor (21%)

years

1
250
years

1 |
30-39 40-49
years years

Age Group
Childhood Cancer Survivor Study

T
<30



Cardiac Mort Isk Factor

Diabetes 2.2 0.8-6.1
Hypertension 5.5 3.2-9.7
Dyslipidemia 1.7 0.7-3.8
Obesity 1.2 0.6-2.3
Multiple Risk Factors 2.4 1.2-4.9




Risk of Cardiac and Cardiovascular Diseases
Worsen wit er Survivors

All Cardiovascular Diseases ) Cardiac Diseases

== Observed == Observed
Expected Expected

=
o
I

o
(g
1
o
o
]

2 =
@ @
= —
o 18]
o- o
= —
© ©
o 1.0 ® 1.0
O =
@ @
> =
— +—
© =
= =
E =
= =
[l (]

10 15 20 25 30 5 0 15 20 25 30 35

Time Since Childhood Time Since Childhood
Cancer Diagnosis (years) Cancer Diagnosis (years)

=
Tﬂl:hﬁ'l'l'y Tukenova et al, JCO 2010



Stages in Heart Failure Development/

At Risk for Heart Failure Heart Failure

STAGE A
At high risk for HF but
without structural heart
disease or symptoms of HF

STAGE B STAGEC
Structural heart disease Structural heart disease
bt withaut signs or with priar or current
symptoms of HF symptoms of HF

STAGE D
Refractory HF

e.q., Patients with:

s HTN

» Atherosclesotic disease
s 08

= Ohesily

« Metaholic syndrome

o
. ———

I
L Using cardiotoxins |

. Witk family histery of
cardsormycpathy

4

THERAPY
Goals
= Heart healthy lifestyle
= Prevent vascllar,
coronary disease
= Prevent LV structural
abnormalities
’E:- S S S S S
. ACEI or ARB in
appropriate patients for
vascular disease or DM
Smms 25 a;ErcEm!e

e.g., Patients with

= Pravious Mi

= LV remodeling including
LVH and low EF

» Asymplomatic valvular
disease

-

RUSH UNIVERSITY

THERAPY
Goals
* Prevent HF symploms
* Prevent further cardiac
remadeling

Drugs

» ACE| or ARB as
appropriate

= Befa blockers as
appraprato

In sefected patients

* ICD

= Revasculanzation or
valvular surgory as
appropriate

Drevelopment of
symptatns of HF

e.g., Patienis with:
= Known structural heart disease and
= HF signs and symptoms

] HFpEF |

HFrEF

€.g., Patients with:

# Marked HF sympioms at
rest

# Recurrent hospitalizations
despile GDMT

<L

THERAPY
Goals
= Control sympioms
= |Improve HRCOL
» Prevent hospitalization
= Prevent mortality

atlegles
» |dentification of
comarbidities

Treatment

= Diuresis to relieve
symptams of congestion

= Follow guideline driven
indizations for

AF, CAD, DM

comorbidities, e.g., HTN,

THERAPY

= Conirol symptoms

= Patient education

= Prevent hospltalization
= Prevent mortality

Drups for routine use

» Diuretics for fluid retention
= ACEl or ARB

= Beta blockess

« Aldosterone antagonists

Dru

» ACEl and ARB

» Digitalis

In selected pabents

= CAT

« ICD

» Revascularization or valvular
surgery as aporopriate

Drugs for use in selected patients
» Hydralazine fisosorbide dinitrate

THERAPY
= Control sympltoms

= Establish patient’s end -
of-lite goals

Options

= Advanced care
meastres

= Heari iransplanl

= Chronic ingtropes

= Temporary o permanent
MCS

= Experimental surgerny or
drugs

= Palliative care and
hosplee

o |CD deactivaton

Hunt et al, Circulation 2009



Exercise and Cardiovascular Events in

Cumulative Incidence (%)

Cumulative Incidenca (%)

Hodgkin

Anvy Major Cerfiovssoular Event

— 8 MET-hraw !
w3 B MET-hirm vk

8 3 12
Tima Since Baseline (years)

Hear Ealiume

=0 MET-hrswk!
w3 B MET-hraowic!

1
12

Time Since Baseline (years)

Cumuative Inddence (%)

o

Cumula tive Incidenoa (%)

3 Survivors

Coronary Artery Disagss Evant

—— Y T
= 5 MET-hm wi!

12
Time Since Basaline (years)

Valwe Raplacement

— O ST -herak
= B MET-hm wic !

3 B a 12
Time Since Basaeline (years)

Ag L Cumuistive incidence of [A) any masor CeoovasclEar evend F <= 000], (Bl concnary arany disessa (P = 002, (C] heart fallure (F = 028, and {0 vahe

B rolacamment P = D0B) Sccording S0 mestng nations] guitaknes foF VIQorous Mtansity axescise (e, < 8 v = & metaboiic aguivaiant IMET] hoursiwees )
n R.E. B LAANE Y BB T R

MEIMC AL

CEMTE

Jones et al, JCO 2014



Exercise Pre Cancer Diagnosis and Cardiovascular

Events After Bre oatment: WHI
Based on quartilesinbreastcases | [ | [ [  METheswkr [ [ [ [ | [ |

Total <2.50 2.50 to < 8.625 8.625 to <18.00 218.00 P
(N = 4015) (n =994) (n =1008) (n=1011) (n =1002)
Median MET-hrs-wk! 8.67 0.0 5.25 13.00 26.33

---------------------------------------~

trend

Caruiovascular events*
No. of events 342 103 88 86 65
Age-adjusted HR (95% C|) Ref 0.77 (0.58 to 1.03) 0.75 (0.56 to 0.99) 0.59 (0.43 to 0.80) 0.001

Multivariable-adjusted HR (95% CI)* Ref 0.80 (0.59 to 1.09) 0.86 (0.64 to 1.17) 0.63 (0.45 to 0.88) 0.02

---------------------------------------‘

Ml
No. of events 89 25 22 24 18
Age-adjusted HR (95% ClI) Ref 0.79 (0.45 to 1.40) 0.84 (0.48 to 1.48) 0.67 (0.37 to 1.24)

Multivariable-adjusted HR (95% CI)* Ref 0.83(0.44 to0 1.53) 1.05(0.57 to 1.92) 0.68 (0.34 to 1.36)

Heart failure
No. of events 11 12 8
Age-adjusted HR (95% Cl) 0.58 (0.27 to 1.22) 0.63(0.30 to 1.31) 0.43 (0.19 to 1.00)

Multivariable-adjusted HR (95% CI)* 0.64 (0.29 to 1.43) 0.94 (0.43 to 2.04) 0.57(0.23 to 1.44)

Cardiovascular death
No. of events 54 45 47
Age-adjusted HR (95% Cl) 0.68 (0.47 to 0.98) 0.56 (0.38 to 0.82) 0.62 (0.43 to 0.90)

Multivariable-adjusted HR (95% CI)* 0.73 (0.50 to 1.06) 0.60 (0.40 to 0.90) 0.69 (0.46 to 1.04)

No. of events 96 36 25 19 16
Age-adjusted HR (95% CI) Ref 0.59 (0.36 to 0.99) 0.45 (0.26 to 0.79) 0.40(0.22 t0 0.72) 0.003

Multivariable-adjusted HR (95% CI)* Ref 0.65 (0.38 to 1.10) 0.46 (0.25 to 0.83) 0.41(0.21 t0 0.78) 0.006

T P e e o] gl i
MEIMC AL CENTE Okwuosa, Palomo et al, Unpublished data




CARDIOLOGY PATIENT PAGE N A

ABCDE Steps to Prevent Heart Disease

in Breast Cancer Survivors

Kamaneh Montazeri, MD; Christine Unitt, BS: JoAnne M. Foody, MD; Jay R. Harris. MD:
Ann H. Partridge. MD: Javid Moslehi, MD

Table. ABCDEs to Prevent Heart
Disease in Breast Cancer Survivors

ABCDE ABCDEs

A Awareness of risks of heart disease
Aspirin
Blood Pressure
Cholesterol
Cigarette/Tobacco cessation
D Diet and weight management
Dose of chemotherapy or radiation

Diabetes mellitus prevention/
treatment

E Exercise

UNIVERSITY Echocardiogram
“AL CENTE




Immune Inhibitors

PD-L1 binds to PD-1 and inhibits Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell T cell killing of tumor cell

Tumor cell
Tumor cell death

UNIVERSITY : e
AL TR National Cancer Institute



ibitors

d 50% fatality

— Cardioresg ailure 2:0%;
myocardial |
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Licensed immune checkpoint inhibitors and their

reported cardiotoxic

Brebumab

Durealumab

FL# =175 Fiosoad and rog A dminisiration.

Molemvlartarget  Indication acoording to FDA

kel

Memstatic melsnoma, measaix
renal cefl @romoma Jalong with
mevolismad)

Metasiztic melanoma, stage HIE
and || mebrama {adjsant]
metasiztic non-small-cel lung
@rwer, measttic renal el
@rrinoma (alorear in
combiration with pilimemab)
relapsed Hodglan's lymphoma,
recumrent or metasiatic head and
mecic squamoee; el mronoma
Metastatir maelanoma, mebhszix
man-small-cell lvmg @ncer,
recursent or metasttic hezd and
neck squamoas mil arenoma
Metstatic orothediaf carcroma,
metasiatic non- smalil-rel lung
GAFYORT

Metastatn Merke o=l carcenoma

Unresectable s=ge |
nan-small-cell fung mRoer

Cardiotowic effects indluded
iin FDA [abel

Pericandites {infdenoe 1%
induding el oeme<),
myocandts {incdenoe 07T,
inchoding faial c=es)
Ahrondtis (inodenoe <1%]
weninouar anty thmia

DA%)

Myordal infasrtion
{inchading fatal mmes)

Wyt (inddence <17

Others: Tremelimumab, Pidilizumab

{_l) RUSH UNIVERSITY

MEIMC AL CENTE

ime of FDA approval

Lyon et al. Lancet 2018



Encephalitis, aseptic meningitis

Hypophysitis

\J
Thyroiditis, hypothyroidism, | \
hyperthyroidism

Pneumonitis

Thrombocytopenia,
anemia

Myocarditis

Hepatitis
Pancreatitis,

Adrenal insufficiency autoimmune diabetes

Nephritis
Vasculitis
Arthralgia

Enteriti
Neuropathy L

@ RUSH UNIVERSITY Postow, et al. NEJM. 2018
MEDICAL CENTE



{k

Conduction discase
= Atrioventricular block

Atrioventricular
node

Myocarditis

» Heart failure
»Ventricular arhythmias

RUSH UNIVERSITY

MEIMC A

Coronary artery discase

«» Athericsderotic plague rupture
+ Acute myocardial infarction

+ Coranary vasculitis

Non-inflammatory left ventricular
dysfunction

» Heart fadure

+ Takotsubo syndrome

_—

Lyon et al. Lancet 2018



Patient on immune checkpoint inhibitors (ICI) or prior ICl use

l

|

Patient presenting with new cardiovascular (CVD) symptoms

Patient with acute
CVD symptoms

Electrocardiogram (EKG) and troponin test

Normal results Elevated results

| | I

New ventricular arrhythmia Elevated troponin/ If indeterminate
or conduction system disease? abnormal EKG troponin, retest

] l to eliminate

@;D @ false result

Y

Outpatient echo. Possible myocarditis: Admit patient

and NT-proBNP Stop ICI therapy; Urgent Cardiology/Cardio-Oncology consult;
testing Determine whether patient is stable or unstable to dictate treatment

UNIVERSITY
AL CENTE

Mahmood et al. JACC 2018



WHEN TO REFER TO CARDIO-ONCOLOGY

Oncology/hematology patient

Before treatment

Duning treatment

After treatrment

Cardiovascular review (indl. history, examination, CXR, ECG, and echocardiogram with strain)

Cardvascular nskd?

(_ardiovascular comphcations!

Cardiovascular complications!

Cardiomyopathy {(incl. abn strain)
Heart failure {incl, abn CXR}
CAD or equivalent (incl. abn BCG)
HTM {esp. uncontrolled, end-organ signs)
Armhythmias/syncope
QTe prolongation =500 ms
For cardiotosac drugs, esp.
anthracydines,
the following factors add to the nsk
Age <15 or =65 years
Female gender

Dechne in ejection fracbon
Myocardial strain abnormality
Heart failure (ind. abn CAR)

Percardial effusion
Cardiac biomarker elevation
Myocardial schemia
Arrhythrmias
QTc prolongation =500 ms
Syncope
Hypotension
Uncontrolled hypertension

Yes l

?‘Esl

Arvyy CV abnormality noted n flu
or
Doxorubian 2240 mg/m?
Radiation =30 Gy
Radiation + anthracycline or
high-dose cyclophosphamude,
esp. I strenuous actvity or
pregnancy is planned

Cardio-cnecology consultation

Cardio-oncology consultation

?Eﬂl

Cardio-oncology consultation

Herrmann et al, Mayo Clin. Proc., 2014



Cardio-Or lovascular

GOALS: TEAMWORK COLLABORATION IMPROVE OUTCOMES DEVELOP GUIDELINES

Case Rehabilitation
Manager Services

\L SWLE_E FIR Wl b L 1N ] LLLY




Tochi Okwuosa
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