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Cardio-oncology:
How can we be helpful?

47 ylo F, with recently diagnosed breast cancer undergoing
chemotherapy, presents to assess her cardiac status while she
receives treatment.

She reports shortness of breath with walking even up to just 100 feet.
She denies PND or orthopnea. She does have some lower extremity
edema. She denies palpitations, syncope, or near syncope, or chest

pain.

Her cardiac related history includes:

Aortic valve stenosis (Moderate to Severe)
Pulmonary hypertension

Mitral valve/Tricuspid regurgitation
Diabetes mellitus

Asthma

Hodgkin's disease (previously treated)
Chronic obstructive lung disease
Hypertension



Past cancer history

Stage IIA Hodgkin's lymphoma in 1989 treated with
mantle radiation, relapsed disease in 1992 treated with
MOPP-ABVD (do you know what is in this?)

Stage IIA (T2NOMO) R sided breast cancer (3cm), ER 3+
(99%), PR 3+ (99%), HER2-amplified by FISH (3+) s/p R
total mastectomy with 0/6 SLNs in 3/2016

Planned therapy: Adjuvant chemotherapy + HER2-
directed therapy as follows: Taxol, trastuzumab
(Herceptin) for 1 year, pertuzumab (Perjeta) for 8 cycles,
and Lupron.

Current MEDS: Advair Diskus 250 mg twice daily, aspirin
81 mg, levothyroxine 0.2 mg daily, omeprazole 20 mg
ghs



Physical Exam and Labs

Vital Signs: Height: 5ft 2 in; Weight: 219 Ib; BMI: 40; Pulse: 92 bpm; BP:
110/58 mm Hg; O2Sat: 99 %

JVD 4 cm above normal, bilateral carotid bruits but no decreased upstroke,
lungs with few crackles. Cardiac exam: normal rate and regular rhythm;
apical impulse normal in size and intensity without displacement; 3/6
systolic ejection murmur at the right upper sternal border and apex. She
does have a loud S4. She has a decreased S2, pedal pulses 2+ and
symmetric; 1+ extremity edema at her ankles.

Na: 142 K:4.1 CI:108* C02:26 BUN: 13 Creat:0.87 eGFR:>
60 eGFRAA:>60 Gluc:101* Ca: 8.8

Chol: 195 Trigs: 62 HDL-C:52 UricA: 6.4* LDL-C: 131*
TRPI: <0.01 BNP:84 TSH:0.738 TT4:9.0 WBC:9.9 Hgb:8.7*

CXR: no infiltrates, cardiac size normal, reduced volumes (poor inspiration)
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So what would you
recommend?

* Any further testing?
* Add lasix?

« What kind of advice do you have for the
oncologist?



Why a New Discipline in Cardio-Oncology?

* Demographics of Cardiac and Oncology
Patients are similar

* There is a major biologic overlap with
targeted therapy

» Sophistication of cardiac testing has
Increased

« Complex decision making Is required for
based patient outcomes



In any patient, heart disease and cancer are likely to overlap
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Fig 1| Crude incidence of overall cancer and major
cardiovascular disease by age

Driver BMJ 2008:337:p. 2467




Trends in Five-year Relative Cancer Survival Rates (%), 1975-2009

Site 1975-1977  1987-1989  2003-2009
All sites 49 55 68
Breast (female) 75 84 90
Colon 51 60 65
Leukemia 34 43 59
Lung & bronchus 12 13 18
Melanoma of the skin 82 88 93
Non-Hodgkin lymphoma 47 51 71
Ovary 36 38 44
Pancreas 2 4 6
Prostate 68 83 100*
Rectum 48 58 68
Urinary bladder 72 79 80

5-year relative survival rates based on patients diagnosed in the SEER 9 areas from 1975-1977,1987-1989, and 2003-2009, all followed
through 2010.
*99.5%

Source: Surveillance, Epidemiology, and End Results (SEER) Program, National Cancer Institute, 2013.




Why a New Discipline in Cardio-Oncology?

 Demographics of Cardiac and Oncology
Patients are similar

* There Is a major biologic overlap with
targeted therapy

« Sophistication of cardiac testing has
Increased

« Complex decision making Is required for
based patient outcomes



Antl-VEGF Therapy can decrease
blood flow resulting in cancer control

Pretreatment Day 12 Presurgery

Willitt, JCO 2006



Systemic Effects of Anti-VEGF Therapy

Tumor Tissues

(VEGF upregulated)
e INETR T

s 3 7]
EA S .
Hepatocellular carcinoma (sorafenib)

Tumor necrosis
P VAT .& TS g e e

[

&)
unitinib)

Colorectal cancer (bevacizumab)
Deceleration of tumor growth
efficient chemotherapy delivery

Normal Tissues
(VEGF constitutively expressed)

Hypertensive remodeling
Microvascular rarefaction
Cardiomyopathy (sunitinib and sorafenib)

Microcirculation: 1. normal arteriole, 2. functional rarefaction
(endothelial dysfunction,vasoconstriction), 3. anatomic rarefaction

Thrombotic microangiopathy
Glomerulopathy / glomerulonephritis
Proteinuria

Hypertensive nephropathy

Vaklavos, et al Oncologist 2010, p 130.



Sunitinib, a novel oral chemotherapeutic agent
with anti-VEGF properties, is associated with
hypertension and heart failure

Table 2. Nature of Cardiotoxicity, Severity of Heart Failure, and Short Term Outcomes

BP at Dose | Duration | Worst | BNP LVEF | HF Therapy | LVEF post Qutcome
baseline of drug | NYHA | (pg/ml; | post- Treatment
(days) |Class || normal |drug with HF
=100) Therapy
150/72 44 4 558 25- ACE-l, B- 25-30% 155/85 | Expired in 6 months
30% | blocker
150/80 4 3 3338 30- Nitrates B- | 45-50% Expired in 4 months
35% | blocker
140/94 3 4 2110 25- Increased 30% Expired in 1 month
30% ) ACE-
142167 f C 409 40- Increased 60-65% LVEF improved then
45% | ACE- worsened to 35-40%
on sunitinib

162/92 <20% | Added ACE- 195/ Expired in 1 month
|, B-blocker
146/75 C | A- B-blocker HF symptoms
H5% improved after
sunitinib was
discontinued and
sinus rhythm was
restored

Khakoo, et al, 2008: 112:2500-8




Table 1. Angiogenesis Inhibitors

Angiogenesis Completed trials,

inhibitors phase

Therapeutic target

Monoclonal antibodies

Bevacizumab * On phase IV trials

Soluble receptor

VEGF - trap

Small molecule tyrosine kinase inhibitors
Sunitinib ** On phase IV trials
Sorafenib ***

Vatalanib
Vandetanib
Axitinib
Motesanib

diphosphate
Cediranib
Semaxinib (SU5416)

CP-547,632'%
AEE788
Antisense oligonucleotides

VEGF - AS

VEGF, PIGF, VEGF-B

VEGFR 1-3, PDGFR-a and -B, c-Kit, FLT3
VEGFR 2, VEGFR 3, PDGFR-B, Raf-1, FLT3
VEGFR 1-3, PDGFR-B, c-Kit

VEGFR 2, EGFR, RET

VEGFR 1-3, PDGFR, c-Kit

VEGFR 1-3, PDGFR, c-Kit

VEGFR 1-3, PDGFR-B, c-Kit
VEGFR 2, wild-type Kit, wild-type FLT3
VEGFR2, FGFR2

EGFR, VEGFR1 and 2, c-Abl, ¢-Src,

VEGF mRNA

Newer
Chemotherapy
with Anti-VEGF
properties




Definition of a “Kinase Inhibitor”:

* A drug that interferes with cell
communication and growth and Is
sometimes used to treat cancer



Chemotherapeutic Agents in Use Known to Antagonize Vascular
Endothelial Growth Factor (anti-VEGF) or have Anti-Angiogenic
Properties

 Bevacizumab
e Sunitinib

« Sorafenib

« Vandetanib

« Pazopanib

« Axitinib

« Cabozantinib
« Ramucirumab
* Regorafenib
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Figure 2.
Kaplan—Meier estimates of A) OS for patients receiving VEGF-targeted therapy, B) OS for
patients receiving mTOR-targeted therapy, and C) OS for patients receiving IFN-a therapy

stratified by ASI users versus non-users.

R McKay et al,
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The
problems
are not
always LV

dysfunction

TAELE 4 Incidences and Risks of Arterial and Venous Thromboembolism Associated With V5P Inhibitors

Agent Study (Ref. &)

Overall I-iﬂl—Eradt WTE

incidence of
¥TE (%)

Owerall
Indidence of
Study ATE (%)

RR of ¥TE

{Grade 3-5)
%a) All-Grade High-Grade

High-Grade ATE
(Grade 3-5)

RR of ATE

(&l All-Grade High-Grade

Bevacizumab
(VEGF miiib)

Meta-analysis, 7,956
patients, 15 trials
(1200

Paropanils Meta-analysis, 7,441

(TEI} patients, 17 trials

(sunitinib: 3 trials;
Sunitinib soralenib: 4 risls;
TKD) pazopanib: 3 tisls;
wandetanib:
’ 5 trials; axitinib:
Sorafenib 2 trials) (122)
(TEI}

Axitinib
CTRI}

Vandetanil
(THIS)

Regorafenib  Phase Il RCT in
(TKIy mCRC, 760
patients (125)
Phase I RCT in
advanced GIST,
199 patients
(126)
Cabozantimir  Phase Il BCT in MTC,
(TEI) 330 patients (172)
Aflibercept Phase Il RCT in
(VEGF trag) mCRC, 1,226
patients (127)
Ramucirumab  Phase Il BCT in
(VEGFR2 mab) advanced gasiric
or GEJ
AdEnBareinGma,
GE5 patients
(128)
Lervatinib Phase [N trial, 261
(TEI) patients [115)

na

63 133 1.38 Meta-analysis, 12,617 33
patients, 20 trials
{127}

Meta-analysis, 344
patients, 2 trials
(123)

Meta-analysis, 4,628
patients, 4 trisls
(124]

Meta-analysis, 4,759
patients, & trials
(124]

Me:a-anal:.rs'm 572
patients, 3 trials
(123)

Phase Il RCT, 623
patients (123)

M

Mo VTE of ATE events reported, but 1 patient
in regorafenib arm died from candiac arrest
during treatrnent

Phase Il BCT in MTC 23
(1n2)
Phasea Ill BCT in 26
mORC, 1,206
patients (127)
Phasa Il RCT in
advanced gastric
or E
adanocarcinoma,
655 patients
[1ZE}
Phasa Il trial, 261
patianits (116)

2.0 1.44 214 (high-grade

cardiac ischemia)

MA

ATE = artenal ttwomboembolic eeent; GEJ = gairoesophageal junction; mAD = manocional antibody; mORC = metariabc colorecial cancer; MTC = medullary thyroid cancer; RCT = randomized controlied
trial; TE]l = tyrosine kinzss inhibitor; WTE = venous thromboesmibolic erent; other abbreviations as in Table 3.

Li, W et al, JACC 2015, p1160-78




Statins are helpful in renal cell cancer especially with anti-
VEGF directed therapy
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Fig. I. Kaplan—Meier estimates of OS for (A) the overall cohort, (B) patients receiving VEGF-targeted therapy, (C) patients receiving mTOR-targeted therapy and (D) patients receiving

IFN-a therapy stratified by statin users versus non-users.

R McKay et al European Journal of Cancer 52 (2016) 155-162




Why a New Discipline in Cardio-Oncology?

» Demographics of Cardiac and Oncology
Patients are similar

» The Is a major biologic overlap with
targeted therapy

 Sophistication of cardiac testing has
Increased

» Complex decision making is required for
based patient outcomes



How often Is cardiac toxicity detected by Echo and MUGA
After Four Cycles of AC Chemotherapy?

(NCI-CTC Version 2)

(Grade 2

Method % No.

w

MUGA/MUGA, n = 1,153
ECHO/ECHO, n = 305
MUGA/ECHO, n = 2
ECHO/MUGA, n

e

Ir:l ¥

7.
3
7.4
5.7

Abbreviations: LVEF, left ventricular ejection fraction; NCI-CTC, National Cancer Institute Common Toxicity
Criteria; AC, doxorubicin and cyclophosphamide; MUGA, multiple-gated aquisition; ECHO,
echocardiogram.

Perez EA et al. J Clin Onco. 2004:22, 3700-3704



]ACC Journals

From: Use of Myocardial Strain Imaging by Echocardiography for the Early Detection of Cardiotoxicity in
Patients During and After Cancer Chemotherapy: A Systematic Review

J Am Coll Cardiol. 2014;63(25_PA):2751-2768. doi:10.1016/j.jacc.2014.01.073

Figure Legend:

Speckle Tracking Echocardiography-Based Peak Systolic Strain Measurements in a Patient With Breast Cancer Prior to Initiation of
Cytotoxic Chemotherapy

(A) Global longitudinal strain (GLS), (B) global radial strain (GRS), and (C) global circumferential strain (GCS). The left panels show
the direction (arrows demonstrate the direction) in which various strain parameters are being measured. The middle panels
demonstrate the segmental strain values (except for circumferential strain). The right panels illustrate the regional strain curves.
Circumferential strain curves-inthe bottom right panel-highlight the segmental variability in measurements;illustrating the
challenges/with this specific strain measurement. Reported normal value for GLS is =19.7%(95% confidence-interval[Cl]:y~20:4%
to =18.9%), for GRS 47.3% (95% CI: 43.6% to 51.0%), and GCS -23.3% (95% CI: —24.6% to —22.1%) (68). AVC = aortic valve closure.



JACC Journals

From: Use of Myocardial Strain Imaging by Echocardiography for the Early Detection of Cardiotoxicity in
Patients During and After Cancer Chemotherapy: A Systematic Review

J Am Coll Cardiol. 2014;63(25_PA):2751-2768. doi:10.1016/j.jacc.2014.01.073

GLS -20.1% GLS -17.0% GLS -16.1%

Pre-therapy EF 61% 6M EF 55% 12M EF 49%

Figure Legend:

The Utility of Early Strain Changes to Predict Subsequent Cardiotoxicity

The images demonstrate a “bull’s eye” plot of strain values for each of the 17 myocardial segments. A patient receiving cytotoxic

chemotherapy had normal baseline strain and left ventricular (LV) ejection fraction (EF) (left). Six months into therapy, the LVEF

dropped by 6% but did not meet criteria for cardiotoxicity. However, the peak systolic global longitudinal strain (GLS) fell by 15.4%

(a significant change based on the literature). Then, by 12 months there was a clinically significant fall in LVEF meeting the criteria

for cardiotoxicity. See Online Videos 1, 2, and 3 for 4-chamber movie images demonstrating the changes in function. LVEF was
Date@&l&&hl&tﬂdlﬂﬁi)ﬁg the Biplane Simpson’s method. 6M = 6 months; 12M = 12 months. Copyright © The American College of Cardiology. All rights reserved.



Table 2. Therapeutic Index for Critical Clinical Events.*

In the case of AC-T plus
HER2+ breast Clinical Event AC-T Trastuzumab TCH

number of events

cancer, treatment
clearly benefitted
the disease but
came at a cost

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

Acute leukemia

Table 4. Cardiac Risk Factors and Events.*

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

number of patients (percent)

sk uctos Is it enough to just

Diabetes 38 (3.5) 36 (3.4) 28 (2.6) ] o
Hypertension 178 (16.6) 178 (16.6) 190 (17.7) deteCt Card|OtOX|C|ty7
Obesityt 214 (19.9) 242 (22.5) 234 (21.8)

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

ongestive heart failurej 7 (0.7) 21 (2.0) 4 [0.4)]

relative reduction in left 114 (11.2)| 194 (18.6) 07 [9.4)%*
ventricular gjection fraction]

Slamon D et al; NEJM 2011:365:1273-83



-Heart Failure definitely occurs
“ over time

35 Anthracyline
Trastuzumab
Anthracycline+Trastuzumab
Other
None

Cumulative Incidence, %

Bowles,
Erin et al

JNCI 2012
p1293

Years since start of treatment

No. of patients at risk Year 1 Year 2 Year 3
Anthracycline only 3443 3125 2699 2146 1659
Trastuzumab only 90 78 49 24 13
Anthracycline+ Trastuzumab 347 339 263 179 94
Other chemotherapy 2159 1905 1548 1192 958
None 5235 4798 4076 3288 2590
Cumulative incidence (95% CI), %
Anthracycline only 1.2(1.0t01.5) 20(16t024) 27(2.2t03.2) 3.5(2.8t04.1) 4.3(3.5105.0)
Trastuzumab only 36(1.5t0586) 58(25t089) 78(34t0120) 99(43to151) 12.1(531t018.3)
Anthracycline+ Trastuzumab 6.2(4.1t08.2) 9.8(6.7t012.8) 13.2(9.1t017.1) 16.5(11.5t0c 21.3) 20.1 (14.0 to 25.6)
Other chemotherapy 1.3(1.0t01.6) 2.1(1.7t02.5) 29(241t034) 3.7(3.0t04.3) 4.5(3.7t05.3)
' Q) . . A 0} O (]




Deaths and Cardiovascular Treatments of Patients
IEL R Who Underwent MUGA Imaging Compared With
Echocardiographic Imaging Before Cancer Therapy

MLUGA Echo
(n = BH) (m = BH) p YValue*

Deaths, n (%) 20 (23] 18 (20) A |
LVEF = 55%, n (%] 16 {18} X5 (4 O Oelr2
Deaths within growp LVEF <55%, n (%) 2 ({13) 10 (%) 021

Cardiovascular treatmients, n (%

Patients with LVEF = 55% who
received ACEl/ARBE

Patients with LVEF = 55% who
received beta-blocher

Patients with LVEF = 55% who
received cardiclogy consultation

*o value caloulated using chissquare analvsis.
Abhbireviations as in Tables 1 and 4. Yoon| et al JACC 2010




Table 2. Clinical Characteristics and Cardiac Events During
Follow-Up of Patients With Full, Partial, and No Recovery From
Cardiac Dysfunction

Full Partial Mo
Recovery HAecovery HAecovery
=25 [(M=160)  (n=41) Fvalue

Age, y 52+11 50=13 53=14 o.zz
Women, n (%) 23 (82} 124 (77 27 (65) <0001

Hyperension. m (%) B (24) 44 (Z7) 10 {24} 093 Early deteCtion and

Diabates mellitues, () 3 {1Z) ¥4 4 {10) o.13-

ST 2@ <@ 2@ e treatment is important for

Hyperchalesterolemia, n (%) 3{12) 14 (5 4 {10y 0B~
NYHA class V. n (%) 2 (B} 2ri(im 14 {34) o.o2=

Creatinine clearance_{ milS 97=34 104=20 116=51 056

miin

Cumulative AC dose g g™ FH -+ B IN4=129 346=150 o1z

Mediastinurm AT § n {%) 1 {4) 12({M 3 {7} 1_00™

Body mass indesx, kgfm® Fhe 5 24=4 25+5 073

LVEF betaore ACT. % 3 614 614 0Dz

LVEF at the end of ACT_ % LT i SE+5 55+4 006

LVEF before HF therapy, % 42+ 8 AN=T 33=9 <0001 mmmmmm e —m— =l

LWEF an the end af 6124 543 38=9 by defindtion |
the study, %

Mean enalapril dose, mg 105 106 8=5
Mean carvedilol dos:, mg 16=7F 17=10 14=5
Mean bisopnolol dose, mg 2108 23x1.4 2.4=1.4
Enatapril anly. n {%) Lol n ] 12 (7 6 {15)
F-Blocker only, n {%) 0oy 302 0 {0y
Enatapril + [S-blocker, n (%) 25 (100) 145 (81) INTS)
Cumulative events, n (%) 2 {B) 27 (17 19 (46}

I 1B 24 30 36 47 48 54

&
L
L]

Cardiac death a (o) 2 |51} 4 L_1|:|:| i manths
Acule pulmonary edemsa 0 (o) 2 (1) 37

HF redquining [ {n]] 1 (0.5} 3@ . . . . . . E ,
hospitalization Figure 3. Left vantricular ejection fraction (LVEF) in patents with
Acule coronary syndrome 0 o} 4 (2.5) 25 cardictoxicity and with partial {frianglaj or full [squars) recowveary
Life-threatening 2{3) 14 (B} 5012) with heart failure therapy. Data are mean+SD. CT indicates
amriythmias chamotherapy; HE, heart failure; and SD, standard deviation.

ICD implantation o {0y O {0y {m

Conmnduction disturbances 0 {dy 3 {2} 2 [5) - - O
requiring pacemaker Cardinale, D Circ 6.2015; p1981-198¢
imantation
rata are expressed as numbers (%) or mean=50 excepl for ime o HF

reatrment expressad as median (01=03). HF indicates heart failurec 100D,

implantable cardioverter defibrillabor; LVEF, left veniricular ajection fraction:

NYHA, New York Hearl Association; and 50, standard dewviation.
“By Fisher exact bexd.




Responders (%)

The effect of time for initiation of HF
therapy and the percent of patients who

100 improve

@)
o

(@)
o

N
o

N
o

7%
0% 0% 0% 0%
- I m— S sy S o S—

1-2 2-4 4-6 6-8 8-10 10-12 >12 months

o

(n=75) (n=35) (n=20) (n=12) (n=8) (n=7) (n=44)

D Cardinale, et al. JACC 2010, jan 26.



What Is the Role for Biomarkers in Cardio-Oncology?

Baseline I Cancer Cardiotoxic M Cardiomyopathy
CV Health Diagnosis Therapy Heart Failure

Ge_netic and Subclinical
Environmental Cardiovascular
Factors isease

et s ) Goe o)
N T

Adapted from Wang, et al. Circulation. 2011. Khouri, et al. Circulation. 2012.




Troponin | 1s valuable in detecting Cardiotoxicity

TABLE 3. Cardlac Events In the Study Groups
Total ="~ Tnl+= Tnl++
(n=703) (n=495 (n=145) (n=53]|
sudden death 3(0.4) 00

Cardiac death 2038 0
Acute pulmonary edema 3(0.4) 00

Of
Of
T
Heart failure 47 () 1(0.2) 181
4
Of
Of

Asymptomatic left ventricular dysfunction ar (5) 2 (0.4)
Life-threatening arrmythmias 17 (2) 204 1

Conduction disturbances requiring pacemaker 203 01(0)
implantation
Cumulative events 111 (16) 5(1) 53 (37" H3(B4) "t

Values are given as n (%).
*P=0.001 vs Tnl="~ group; 1P<0.001 vs Tnl*~ group.

Cardinale et al. Circ. 2004:109:2749-2754



Patient Characteristic Odds ratio (95% CI)

PREDICT: Demographics Age at reglstration 104 102 107

and risk of cardiotoxicity c'fff:s’p e oy 120 067 215

ASCO 2014 AbStraCt 9624 Sex, Male (ref. Female) 268 145

Number of CV risk

1.27 1.07
factors including age

Baseline Cardiovascular Risk Factors
Tobacco use, prior or

1.1 67
current (ref. Never) R

et 8 | Elevated blood pressure 145  0.77

Age > 65 years Hyperlipidemia 0.88 0.46

Elevated blood pressure

Diabetes 147 0.68

Family history of heart disease |

Previous cardiomyopathy 7.02 207

Hyperlipidemia ’

Cancer diagnosis,

Lymphoma (ref. Breast) 198 1.08

B> 30| | ¢ | Other (ref. Breast) 497 198
00 100 20 0 400 500

Percent Positive for Cardiovascular Risk Factor

Current or former smoker ‘

Prior chest irradiation 1.95 040
Prior anthracycline use 12.07 1.97

BNP > 100 pg/ml at baseline 2.08 1.09

What factors can help us identify
who to target for treatment?




BNP was useful in
detecting
cardiotoxicity during
each cycle whereas
EF change did not
appear to be
sufficiently sensitive

436

Journal of Cardiac Failure YVol.

22 Mo, 6 June 2016




In regards to Ischemic insults, we have a
paradigm

20 i Qm
e LA

Consequencas i Stunning & Subendocardial & MNecrosis exterds & Near transmaural
of tschemia /! g praconditioning necrosis It Frildrmyocardium, infarction

Reperfusion o Tissue Viability (satvage of subepicardium (no sahvage of

{Fo necrosis) outer layers) lissue but may
+ LV ramodeling)

Kloner et al, Circ 2001; p2981




Why a New Discipline in Cardio-Oncology?

 Demographics of Cardiac and Oncology
Patients are similar

* The Is a major biologic overlap with
targeted therapy

» Sophistication of cardiac testing has
Increased

« Complex decision making Is required for
based patient outcomes



JACC joumnals

From: The Frequency and Severity of Cardiovascular Toxicity From Targeted Therapy in Advanced Renal Cell

Carcinoma Pati 116 (79%)
All Patients s2(3 T
JCHF. 2013;1(1):72-78. doi: 10. (159)
66 (65%)
Stznltll;ib =
101
50 (68%)
So(r;;?nlb T (11> 1% s
‘ — 22 (51%)
Paz&;;a;nib s ex)
21 (68%)
Bevacizumab
(31)
8(33%)
Everolimus a
(24) | a :
6 (38%)
Temsirolimus m
17) | | |
o% 0% 40% &0% BD% 100%
= Any CV Toxicity = Hypertension “ Non-hypertensive toxicity
Figure Legend: ® Elevated NT-proBNP ® Decreased LVEF (Grade 2-4)

Incidence of Cardiovascular Toxicity by Type

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

Date of download: Copyright © The American College of Cardiology.
5/31/2014 All rights reserved.



JACC Journals

From: The Frequency and Severity of Cardiovascular Toxicity From Targeted Therapy in Advanced Renal Cell
Carcinoma Patients

JCHF. 2013;1(1):72-78. doi:10.1016/j.jct Baseline assessment of
LVEF and NT-proBNP

BP control prior to
treatment

LVEF assessment + N'T-
proBNP at 1 month and
every 3 months on
treatment

Screening for
heart failure at every
clinic visit

BP at every clinic
visit and weekly
home monitoring

SBP>140 or 10% Fall in LVEF, Symptoms of
DBP>90? elevated NT-proBNP, heart failure?
or 100% increase in
previously elevated N'T-
proBNP?

Prompt initiation of Referral to Heart
antihypertensive
therapy

Failure Specialist
Figure Legend:

The Stanford Monitoring Algorithm for Targeted Therapies

Cardiovascular monitoring algorithm for patients with renal cell carcinoma receiving targeted chemotherapy. BP = blood pressure;
DBP = diastolic blood pressure; SBP = systolic blood pressure; other abbreviations as in Figure 1.



2016 ESC Position Paper on cancer treatments
and cardiovascular toxicity developed under the
auspices of the ESC Commiittee for Practice
Guidelines

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

Authors/Task Force Members: Jose Luis Zamorano® (Chairperson) (Spain),
Patrizio Lancellotti* (Co-Chairperson) (Belgium), Daniel Rodriguez Munoz (Spain),
¥Yictor Aboyans (France), Riccardo Asteggiano (ltaly), Maurizio Galderisi (Italy),
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(Italy), Scipione Carerj (Italy), Giuseppe Curigliano (Italy), Evandro de Arambuja (Belgium), Susan Dent (Canada),
Cetin Erol (Turkey), Michael 5. Ewer (USA), Dimitrios Farmakis {Greece), Rainer Fietkau (Germany),
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Paul McGale (UK), Piotr Ponikowski (Poland), Juergen Ringwald (Germany), Marco Roffi (Switzerland),
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" Representing the International CardiOncology Society (IC05)

Pocket Guidelines
and smartphone
app also
available!




Table 6 Proposed diagnostic tools for the detection of cardiotoxicity

Tachnique

Echocardiography:
- 3D-based LYEF

- 1D Simpson’s LYEF
- GLS

Currently avallable diagnostic
criteria

* LVEF: =10 percentage points
decrease to a value below the LLM
suggests cardlotoxicity.

» GL5: > 5% relative percentage
reduction from baseline may suggest
risk of cardiotoxicity.

Advantages

+ ¥ylde avallabilicy.

» Lack of radiadon.

» Assessment of haemodynamics and
other cardiac structures.

Major limitations

» Inter-obsarver variabilicy

* Image quality.

* GL5: Inter-vendor variability, technical
requirements.

Muclear cardiac imaging
(MUGA)

» > |0 percentage points decrease In
LVEF with a value <30% Identifles
patents with cardiotoxicity.

+ Reproducibiliy.

» Cumnulative radiation exposure.

+ Limitad structural and functonal
Information on other candiac
SIFUCTLIFES.

Cardlac magnetic resonance

» Typically used If other techniques
are non-dagnostic or to confirm the
presence of LV dysfunction If LVEF 1s
borderlines.

+ Accuracy. reproducibilicy.

» Detection of diffuse myocardial
fibrosts using T1/T2 mapping and
ECVF evaluation.

» Limited avallabilicy.
» Patlent’s adaptation (claustrophobia,
breath hold, long acquisition times).

Cardiac biomarkers:
- Troponin |
- High-sensitivity Troponin |
- BNP
- NT-proBNP

* A rise Identfies patients receving
anthracyclines who may benefit from
ACEs.

* Routine role of BMP and NT-proBNP
In surveilllance of high-risk pathent
needs futher Investigation.

+ Accuracy. reproducibilicy.
+ Wide avallability.
» High-sensidvity.

» Insuffident evidence to establish the
significance of subitle rises.

= Varlations with different assays.

* Role for routine survelllance not
clearly established.

ACE-kE = angi otensin comvernting enryme i nhibitors; BhP = B-type natriunetic peptide; BOVE = estac el hular vol ume fracton; GLS = global | ongitsdinal soraing LY = |afit ventrioo] ar;
LLM = lowwer limit of normality; LVEF = lafit ventrioul ar ejecton fraction; MUGA = muligated radi onud ide angiography; MT-proBMP = h-terminal fragment B-type natruretic

pant ke,




« Can Cardiotoxicity be Prevented?

“An ounce of prevention is worth a pound of
cure’



ACE Inhibition appears quite
iImportant in preventing heart failure

Total in=114),  ACEl Group in=56),  Control Subjects (n=58),

n | %) n (%) n (%) F
sudden death 00 00 00 1.0°
Cardiac death 2 (2] 00 2 (3 0.4¢r
Acute pulmonary edema 4(3) 00 47 0.0
Heart failure 14{12) 00 14 24 =0.0(H

Arthythmias requiring treatment 11 (10) 12 10 (17) 0.0

Cumulative events al 1 A0 =0.0CH

*Fisher exact test.

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



Carvedilol appears protective during adriamycin
based chemotherapy

Carvedilol Control
Groups

Data expressed as mean values.
Kalay et al. JACC. Dec 2006. 48:2258-62



Statin therapy prior to and during chemotherapy prevented HF

2388 Seicean et al.
Statins and Cardiotoxicity

e,
=
r—
=
[=
™
=
=
=
[}

JACC 2012, p 2384

Slatins

2103l Heart Fallure-Free Survival

These survival curves illustrate survival in statin (red) and non-statin (blue)
treated groups. Figures above the abscissa relate to numbers of patients
surviving without heart failure at each 12-month interval.




The combination of ACE/BB can prevent cardiotoxicity

Intervention Group Control Group

64.8+1.2 x

i 57.9+2.8

{

83.3+1.3 82.041.4

a0 30
Basoline @ months Basoling @ months

m Changis From Basaling in LVEF in Acute Loukemia Potients Undergoing Chamotharapy in the Intervention and Control Groups

‘Whilo no diferencas ware obsareed in tho imonvontion group, pabionts in th contmol group bed o G.00% abschito decmoasa in their moan ledt sentnoular aection frocton (LYET)

(-~ OLOEE), with ol ba 53 peatioots hidng some digron of LVET mdection, Vishees o maan - SEM,

LY i s
Enalapril | Carvodilol Comtrol

Primmature and af thi study (%) 3(B7) 11 (24.4)
Total mortality (%) 387 B (17.8)
Dty o hmord Tallure (%) 3 (6T 10 (32.3)

Durath, hwrarl follure o final LVEF< 45% (%) 3 (BT i1 (34.4)

<A0% dicroase In LVEF with o final LVEF- 50% (%) 2 (48 2 (5.4)

Haart fallurs or 10% decrasss in LVEF (%) 4 (0.5) 7(19)

Sovarn adven avontn® (%) 9 (20 16 (33)

Valuos ame n (%] “Darfined as o sorbus atverse ovant Bl sosulled e desth or waos life theoaboning
LWEF bl syl rbonaar asjisil o Tosia e

Bosch, X et al, JACC 2013, p 2355
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P-values far
mteractan
Al patients (n

Age = madian (n
Age s median (m= 54/

Current sm

Candesartan is
modestly protective,
but not metoprolol

4 ]

Candesartan worse Candesartan better

B Effect of Metoprolol Treatment
Differance in change in LVEF (3 1) from baseline to EOQS

Sample
n = tatalmeatoprololinot matopralol

All patients (n = 10975

PRADA. Gulati, G et al.
European Heart Journal 2016
doi:10.1093/eurheartj/ehw022

Mo trastuzumab (n =

Mo radiation (n = 2
Left sided radiation
Right sid )

-G
Metoprolod lol bettear




Are there inhibitors on the cancer therapy
horizon that could be concerning for the
development of Cardiovascular Events??



There Is a balance between protein synthesis and
degradation

The NEW ENGLAND JOURNAL of MEDICINE

A Cardiac Atrophy B Normal Heart C Cardiac Hypertrophy

Protein Protein
synthesis degradation
. Protein Protein
Protein synthesis degradation Protein

synthesis

degradation I

Figure 1. Association of the Development of Cardiac Atrophy and Hypertrophy with Changes in the Balance between Protein Synthesis
and Protein Degradation.

The development of cardiac atrophy involves both the inhibition of protein synthesis and a simultaneous increase in the rates of protein
degradation (Panel A), resulting in shorter half-lives of individual cardiac proteins, as compared with the half-lives of proteins in a
steady state, when protein synthesis and degradation are balanced (Panel B). The development of cardiac hypertrophy involves both an

increased fractional synthesis rate of proteins and the suppression of protein degradation (Panel C), resulting in longer half-lives of car-
7-10

diac proteins.

Monte S. Willis, M.D., Ph.D., and Cam Patterson, M.D., M.B.A.
NEJM 2013;368:455-64.




Properties of bortezomib and the second-generation proteasome inhibitors

Proteasome ICso A5/62/ 1 (NM) ICsq NF-xB (nM)  Dissociation ty;,
inhibitor (min)

Bortezomib 24-7.9/590-4200/24-74 [16,18,.25] 36-40[18,25,39] 110 [18]
MLN9708 [18] 34/3500/31 62 18

CEP-18770 19,201 38/>100/<100 NR NR—slowly reversible
Carfilzomib [16]  6/3600/2400 NR Irreversible
PR-047 (21] 36/NR/NR Irreversible
NPI-0052 3.5/28/430 [25] 13-20 [2539] Irreversible

~—____—
Abbreviations: IV, intravenous; MCL, mantle cell lymphoma; MM, multiple myeloma; NR, not reported; SC, subcutan

Dick, LR and Fleming, PE
Drug Discovery Today ;15 (5/6) March 2010
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A report of 6 cases describing carfilzomib related cardiac

dysfunction and the patterns of cardiotoxicity

Table 2. Summary of Clinical, Echocardiography, and Biomarker Eesponse During and Afier Carfilzomib Therapy

Parameter Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Carfilzomib exposure
Diosing (mgfm) 201 then 27 27 20 200 7 201 then 27
Dwration of therapy {mo) 3 5 il 1 3 3
Total cumulative dose (mafm®) 405 03 o2 141 540 444
Baseline
NYHA | 1 I I 1 I
LVEF S(—55 BO—65 55 55—l 58 it
BMNFP (pg/mL) MNIA 7% 94, BIA MNfA MNIA
Troponin {ngfml.) MNFA MNIA < (LS NIA MNFA MiA
With carfilzomib
Worst NYHA [1I ] 11 1 I I
Madir of LVEF (%) 25-30 7 S =20 25-=30 4
Highest BNP ar 1.837 170 2 Q88 2026 Gl 144
NT-proBNF' (pgfml)
Highest iroponin < (105 < (L05 = (L5 25 (.01 <= (L5

proBENE, N-terminal pro—B-type natriuretic peptide; ACE-I, angisiensin-converting enzyme inhibitor; AREB, angiotensin receptor blocker; HE, heart failure;
LW, left ventricular; B, right ventricular; ACS, acute coronary syndrome; QTe. QTe prolongation.

*MT-proBMP 3 months before starting carfilzomib therapy.

INT-proBNF.

Grandin, E J Cardiac Failure 2015; p138-144




Cardiovascular SAEs in RCTs
Phase 3 Carfilzomib Trials

e ASPIRE Trial

Table 3. Adverse Events in the Safety Population.*

Carfilzomib Group Control Group
Event (N=392) (N=389)
All Grades Grade 3 or Higher All Grades Grade 3 or Higher

number of patients (percent)

Dyspnea 76 (19.4) 11 (2.8) 58 (14.9) 7 (1.8)
Hypertension 56 (14.3) 17 (4.3) 27 (6.9) 7 (1.8)
Acute renal failuret 33 (8.4) 13 (3.3) 28 (7.2) 12 (3.1)
Cardiac failured 25 (6.4) 15 (3.8) 16 (4.1) 7 (1.8)
Ischemic heart disease| 23 (5.9) 13 (3.3) 18 (4.6) 8(2.1)

Total Cardiac AEs 26.6% 11.4% 15.6% 5.7%

Total Cardiac AEs

0, (o) 0,
+ Dyspnoea 46%  14.2% 30.5% 7.5%

DVT/PE 10.2% 6.2%



Individual Risk Factors
Obesity (Body Mass Index 230)
Previous VTE
Central venous catheter
Inherited thrombophilia
Immobilization
Surgery
Cigarette smoking
Co-morbidities:

-Cardiac disease
-Diabetes mellitus
-Chronic renal disease
-Acute infection

Therapy-related Risk Factors

Myeloma-related

Risk Factors
Disease Status
Hyperviscosity

—

A 4

Recommendations

High-dose dexamethasone
(2480mg/month)

Concomitant use of
erythropoietin

Use of IMiDs (thalidomide,
lenalidomide, or pomalidomide)
Combination IMiDs with high-
dose dexamethasone or
doxorubicin or multiagent
chemotherapy

Aspirin 81-325mg once daily should only be recommended for low-risk patients (£ 1 individual or

myeloma-related risk factor)

LMWH (equivalent of enoxaparin 40mg once daily) or full-dose warfarin (target INR 2-3) should
be recommended in the presence of 2 2 individual or myeloma-related risk factors

LMWH or full-dose warfarin should be considered in all patients who receive high-dose
dexamethasone or doxorubicin or multiagent chemotherapy, independent of the presence of

additional risk factors

The dose of LMWH should be adjusted according to renal function. LMWH is generally not

recommended for patients with creatinine clearance < 30ml/minute
Thromboprophylaxis should be provided for the first 4 to 6 months of treatment, until disease
control is achieved or as long as the risk of VTE remains high

Weijuan Li et al. Circulation. 2016;133:908-912




A ECG Showing Complete Heart Block B ECG Showing Ventricular Tachycardia
aVR vi I aVvR

 SE BRI EnEs w pa EHbbmee i Ml Combination checkpoint
Inhibitors may have important
cardiac effects

Lymphocytic Infiltration of the Myocardium D Infiltrate with CD3+ T cells

Table 1. Incidence of Myocarditis and Myositis in
Patients Receiving Nivolumab or Ipilimumab plus

Mivolumab.

Nivolumab plus
Nivolumab Ipilimumab
Characteristic (N=17,620) (N=2974)

no. (%)
Myocarditis
Any™* 10 (0.06) 8 (0.27)
F Skeletal and Smooth Muscle Fatal events 1 (<0.01) 5(0.17)
Myositis
Any 27 (0.15) 7 (0.24)
Fatal events 2 (0.01) 1(0.03)

* The number of patients with myocarditis includes six pa-
tients with concurrent myocarditis and myositis

* | | g st o N Engl J Med 2016;375:1749-55.
DOI: 10.1056/NEJM0a1609214

Figure 1. Results on ECG and Immune Effects in Cardiac Muscle after Treatment with Ipilimumab and Nivolumab in Patient 1.

Patient 1 had rapid progression to complete heart block (as shown on electrocardiography [ECG] in Panel A), followed by ventricular
tachycardia (Panel B). Autopsy revealed lymphocytic infiltration of the myocardium (shown in the intraventricular septum in Panel C
staining with hematoxylin and eosin). The inflammatory infiltrate included CD3-positive T lymphocytes (Panel D), many of which were
positive for CD8 (Panel E). Only cardiac and skeletal muscle was affected; smooth muscle and other tissues were spared (Panel F, hema-
toxylin and eosin). The black arrow points to esophageal smooth muscle without immune infiltration, and the green arrow points to
esophageal skeletal muscle, which is heavily infiltrated by immune cells




Case Study revisited:
So what would you recommend?

47/ylo with moderate to severe AS/MR/TR, normal
LVEF, COPD, hx of RTx, Breast cancer on anti-
HER?2 therapy, with evidence of some pulmonary
HTN by physical exam, BP 110/62, and P 92

* Any further testing?
« Add lasix?

« What kind of advice do you have for the
oncologist?



Suggestions | made

Follow BNP periodically during treatment
Increase activity
Check BP, weight and pulse daily

If cardiac symptoms (especially of
worsening AS) develop or worsen, will re-
evaluate

| did not start any vasoactive meds but did
start Lipitor 20mg ghs



 What is Cardio-Oncology?

It is a clinically-based discipline focused on the
cardiovascular health of cancer patients and
cancer survivors

* Who Is a cardio-oncologist?

A health care provider who is focused on the
prevention, early detection, management, and
recovery of cardiovascular function potentially
resulting from cancer therapies.



Consensus Statement

Cardio-Oncology Training: A Proposal From the International
Cardioncology Society and Canadian Cardiac Oncology Network
for a New Multidisciplinary Specialty

DANIEL J. LENIHAN, MD,' GREGORY HARTLAGE, MD,” JEANNE DECARA, MD,” ANNE BLAES, MD,*
J. EMANUEL FINET, MD,” ALEXANDER R. LYON, MD.* ROBERT F. CORNELL, MD,' JAVID MOSLEHI, MD,’
GUILHERME H. OLIVEIRA, MD,” GILLIAN MURTAGH, MD,* MICHAEL FISCH, MD.* GARY ZEEVI, MD,’
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ABSTRACT

There is an increasing awareness and clinical interest in cardiac safety during cancer therapy as well as in
optimally addressing cardiac issues in cancer survivors. Although there is an emerging expertise in this area,
known as cardio-oncology, there is a lack of organization in the essential components of contemporary train-
ing. This proposal, an international consensus statement organized by the International Cardioncology Society
and the Canadian Cardiac Oncology Network, attempts to marshal the important ongoing efforts for train-
ing the next generation of cardio-oncologists. The necessary elements are outlined, including the expectations
for exposure necessary to develop adequate training. There should also be a commitment to local, region-
al, and international education and research in cardio-oncology as a requirement for advancement in the
field. (J Cardiac Fail 2006;22:405-471)

Key Words: Cardio-oncelogy, training, cardiotoxicity, survivorship.
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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 in i d 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.




The State of the Art of Cardio-Oncology

* The demographic profile for cancer patients being
treated with chemotherapy is identical to typical cardiac
patients

« Optimal management of cardiac disease includes
prevention, early detection and careful medication
choices

« Close collaboration between cardiology and oncology is
feasible and essential

« Ongoing research will further define the best
collaborative practice
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Global Cardio-Oncology
Summit 2017
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London, UK

Additional details to follow.
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Society CANCER SUPPORT

Royal Brompton & Harefield NHS
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Topics include:
How to deliver a Cardio-Oncology service
Training in Cardio-Oncology
eHealth and Cardio-Oncology
How do | measure the quality of my service?
Role of primary care in cancer survivors
Immunotherapy and emerging cardiotoxicity
Personalised medicine & genetics
EP session —who should have ablation, ICDs, CRT?
Anticoagulation and antithrombotic (AF, ACS)
Radiation-induced cardiotoxicity
Managing cardiac issues during BMSC transplants
Cardiac tumours, carcinoid valvular disease, amyloid
Hormone therapy and CV risk
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