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Cardio-Oncology Interactions:

1.Cardiotoxicity following chemotherapy
2. Co existence of cancer and CVD
Aging & common risk factors

cardiac disease and cancer together make up more
than 70% of disease-related mortality in the
developed world

h Sanz et al. JACC 2007 !&
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in elderly breast cancer prevalence of HF
is increased substantially compared with
the general population

Hate
of
heart
failure
(%)

Adriamycin Morn-adriamycin NO
chemotherapy  chamotherapy

Lindenfeld Prog Cardiovasc Dis 2010

in breast cancer patients who did not receive chemotherapy, the
risk of HF at 5 and 10 years was still fwofold and fivefold greater

than in the general population. s
R
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LONG-TERM TRENDS IN THE INCIDENCE OF AND SURVIVAL
WITH HEART FAILURE

TaBLE 2. TEMPORAL TRENDS IN AGE-ADJUSTED MORTALITY AFTER THE ONSET OF HEART FAILURE
AMONG MEN AND WOMEN 65 TO 74 YEARS OF AGE.*

30-Day MorTauTyY 1-Year MoORTALTY 5-Year MoRTALITY

MEN WIOMEN MEN WIORMEN MEN WIOMEN

percent (95 percent confidence interval)

1950-1969 12 (4-19) 18 (7-27) 30 (18—40) 28 (16-39) 70 (57-79) 57 (43—-67)
1970-1979 15 (7-23) 16 (6—24) 41 (29-51) 28 (17-38) 75 (65—-83) o9 (45-69)
1980-1989 12 (5-18) 10 (4-16) 33 (23-42) 27 (17-35) 65 (54-73) 51 (39-60)
19901999 11 (4-17) 10 (3—-15) 258 (13-36) 24 (14—33) ab (47-648) 45 (33—55)

*All values were adjusted for age (<55, 55 w 64, 65 o 74, 75 to 84, and =85 vears).

J Med 2002;347:1397-40

CVD affects survival and QOL independent of a coexisting cancer.
Indeed, the prognosis of HF may be more limiting than some cancers.
Accordingly, the onset of HF may change the therapeutic priorities of
caregivers and patients

Sheba Medical Center
33, Tel Hashomer




Cardiotoxicity of Anticancer
Treatments

— Cardiomyopathy
— Vascular injury

» |schemia (5-FU, capecitabine, ,bevacizumab)
» Hypertension (sunitinib, sorafenib, bevacizumab )

— Pericardium- imbalance in fluid equilibrium,pericardial
thickening

— Arrhythmias (Arsenic trioxide , paclitaxel ,thalidomide)

— Venous Thromboembolic Disease (cisplatin,
thalidomide,erlotinib)

— Cardiovascular toxicity induced by radiotherapy

S _' Sheba Medical Center (\




Type of  Prototype Findings on

drug endomyocardial biopsy
(electron microscopy)

Cumulative  Reversibility Associated with
dose increased cardiovascular
relationship mortality

Type | Doxorubicin
(anthracycline)

Vacuoles, sarcomere
disruption, necrosis

Type Il Trastuzumab Benign ultrastructural

(monoclonal antibody)  appearance

Type | (permanent damage) anticancer agents
» Doxorubicin (anthracycline)

= Daunorubicin (anthracycline)

= Epirubicin (anthracycline)

» |darubicin (anthracycline)

= Mitoxantrone (anthracenedione)

~q Sheba Medical Center

Tel Hashomer

Cyclophosphamide (oxazophorine alkylating agent)

! ;g igg CARDIOLOGY

No (might respond to  Yes
very early treatment)

Yes, in most cases No

Type Il (reversible damage) anticancer agenis
» Trastuzumab (monoclonal antibody)
= Sunitinib (tyrosine kinase inhibitor)

» Lapatinib (tyrosine kinase inhibitor)



Topics to be discussed

- Trastuzumab-Related Cardiac
Dysfunction

» Anthracyclines-Related Cardiac
Dysfuntcion

+ General Approcach : Cardio-Oncology
Collaboration




Trastuzumab (Herceptin) -
Related Cardiac Dysfunction




Trastuzumab- Mechanism of Action

Extracellular effects of trastuzumab

Trasturumah Inkitbiten of cleavage of HER2 extracellular damam
[anti-HER2 antibody) | Interferance with homadirner and haterodimear
formation between HER-family receptors
Antibody-dependeant immune mechanitms

Breast cancer c=ll
f

/

Intracallular effects of trastuzumab

Induction of apoptosis

Decreased cell proliferation

HERZ downregulation, dephosphorylation, aor both
Decreased VEGF production

Potentiation of chemotherapy

Modukation of downstream signal paths

Altered cross-talk with other signal paths

i Transcription

. r
Sheba Medical Ce Amplfied number of HERZ genes on chromaosoms 17
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Presentation Notes
Interactions between trastuzumab and tumor cells. HER2 serves as a coreceptor with related members of the HER family of tyrosine kinase–associated growth factors. Acquired amplification of the ERBB2 gene on chromosome 17 in HER2-positive breast cancer leads to marked overexpression of HER2 on the cell surface, which alters normal signaling function. Trastuzumab is a humanized monoclonal antibody that binds to the HER2 receptor and inhibits tumor-cell growth through a variety of intracellular and, possibly, extracellular mechanisms. Reproduced, with permission, from Burstein.4�


Efficacy in Metastatic Breast
Cancer (MBC)

TABLE 2. RESULTS OF AN INTENTION-TO-TREAT ANALYSIS OF THE END POINTS.*

AN ANTHRACYCLIME
CHEmOTHERAPY  ErmHER TYPE OF | AN ANTHRACYCLINE, AND
PLUS CHEMOTHERAPY | CYCLOPHOSPHAMIDE, CYCLOPHOSPHAMIDE PacumaxeL anp  Pacumaxel
TrRasTUZUMAE ALONE AMD TRASTUZUMAB ALONE TRASTUZUMAE ALONE
EnD PoinT {N=235] iN=234] (N=143) IN=138) iN=92) (M=4a8&]

Median ome to disease progressitn 74 4.6 7.8 a1 6.9
— mo
P value < (1.001 < 0.001 < (.001
Belatve risk of progression 0.51 (0.41-0.63) 0.62 (0.47-0.81) 0.38 (0.27-0.53)
(95% CI
Median time to treatment failure 0.9 4.5 7.2 5. 5.8 249
— mo
P value < (1.001 < (.001 < (.001
Eelative risk of treatment failufe 0.58 (D47 -0.70) 0.67 (0.52-0.80) 046 (0.33-0.63)
[95% CI
Median survival — mo 25. 20.3 268 . 22.1 18.4
P value 0.046 0.1la 0.17
Relanve risk of death (95% CI 080 (0.64—1.00) 0.82 (0.61-1.00) 080 (0.56-1.11)

Engl | Med, Vol. 344, No. 11 «- March 15, 2001
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Presentation Notes
בעבודת מפתח ( PHASE 3 ) של חולות סרטן שד מטסטטי על ERB2 חיובי , תוספת TRASTUZUMAB לכימותורפיה ( אנתראציקלין וציקלופוספמיד  או לטקסן) שפרה באופן סיגניפיקנטי את שיעור התגובה האוביקטיבית ( 50% כנגד 32 % מובהק ) , TIME TO PROGRESSION – 7.4 חודשים כנגד 4.6 , מובהק) ואת סהכ ההשרדות :25 חודשים כנגד 20 חודשים – מובהק, בהשואה לכימותרפיה לבד . 


Adverse Events —MBC

TABLE 4. ADVERSE EVENTS THAT OCCURRED IN MORE THAN 10 PERCENT OF PATIENTS as 4 GROUP.*

AN ANTHRACYCLINE, AN ANTHRACYCLINE AND
CHEMOTHERAPY CHEMOTHERAPY  CYCLOPHOSPHAMIDE, CYCLOPHOSPHAMIDE PACUTAXEL AND  PACUTANEL
Tyee oR LocaTion pLUS TRASTUZUMAB ALONE AND TRASTUZUMAR ALONE TRASTUZUMAEB ALoNE
OF ADVERSE EVENT (N=234) (N=230] (N=143] {N=135] (N=391]} (N=295])

percentage with event (percentage with severa event]

Any tvpe
Abdominal pain 27 |: 20(3) 23
Asthenia 57 (7 56(7) 54
Back pain 31 22 (4) 27
Chest pain 24 |: 24 (4) 20
Chills 38 (<1) 8 (=1} 35

18 (2)
55 (7)
16 (2)
21 (2)

1) 11 (2)

LRI SRR I )

Fever 53 20 (4) 56 (11) 337

I[c_:udq-:h-.' ( 30 (4) 4403 31 (5)
Heart failure 22(10) (2) 27 (16) 8 (3)

; Digestive tract
Anorexia 28 (=1) 2 31 (0y 26 (2)
Constipation 32 (3) 36 (2) (3)
Diarrhea 5 71(3) 45 (1) 25 (3)
Nausea (5 76 (0) 79 (10)
Stomatitis 22 (=1} K 31 (3)
Vomiting E 3 (8)
Hemartologic and lym-
phatic systems
Anemia 27 | ) 35 (3)
Leukopenia ( 26 (9) 52 (15) 33 (11
Musculoskeletal system
Arthralgia 20 (4) 2) =1} (=1)
Myalgia 23 (3 3) 3 (=1 13 (=1)
Nervous system
Paresthesia 29 (=1} 3 (=) 7 (0
Respiratory tract
Increased coughing 3(=1) 26 (=1) 3 (=1) 28 (0
Dyspnea not related 36 (3 25 (3) 2 (4) 4)
to heart failure
Pharyngirtis 27 | <1) 30 (0 (0
Skin
Alopecia 58 (35) 58 (25) 59 (42)
Rash 31 (=1) 7 =1} 27 (0 17 (=1}

52

*The analysis of adverse events excluded five patients who were never mreated.

I Sheba Medical Center SLAMON et al. N Engl J Med 2001
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Presentation Notes
Trastuzumab-associated cardiac dysfunction was first identified in MBC trials. In the phase III trial by Slamon and colleagues,7 symptomatic or asymptomatic cardiac dysfunction was reported in 27% of patients who received AC plus trastuzumab and 13% of patients who received trastuzumab plus paclitaxel. 

This relatively high incidence of cardiac dysfunction raised awareness and led to regular cardiac monitoring and reporting of cardiac adverse events in all subsequent trials.




Cardiac Events —MBC

Table 3. Cardiac Evants
M, of
Fatiants
173
44
sy miptomatic 18”
intarvantion; LVEF
ranga, 20% to
Cardiac-related doath 11

Abbraviations: LVEF, left ventricular sjection fraction; CHF, congestive
heart failure.

"13 patients with asymptomatic decreasa of LVEF (range, 20% to 40%);
1 patiant with CHF with normal LVEF; and 4 patients with symptoms and
LVEF = 40%.
tDiagnosad with CHF despita nomal LVEF.

Valentina Guarneri, et al . J Clin Onclol 2006
A multivariate analysis showed that in this cohort of
patients, a low baseline LVEF was significantly
associated with cardiac events (HR, 0.9444; P = .001).

by - Sheba Medical Center
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Presentation Notes
באנליזה רטרוספקטיבית , GUARNERI וחבריו עשו רויזיה של תיקים של 218 חולים עם MBC אשר קיבלו טיפול מבוסס על TRASTUZUMAB לפחות למשך שנה באוניברסיטת TEXAS .

מתוכם 173 הוערכו לבטיחות לבבית . 

49 חולים (28% ) סבלו ארוע לבבי , 3 חולים ( 1.7% ) ירידה אתסמינית ב- EF של 20 נקודות , 27 חולים (15.6 % ) חווה רעילות דרגה 2 , 19 חולים ( 10.9% ) רעילות דרגה 3. 

כל החולים למעט 3 שפור ב- EF ו/או תסמינים עם הפסקת TRASTUZUMAB וטיפול תואם . 

אנליזה רבת משתנים הראתה כי בקבוצה זו של חולים , EF נמוך בבסיסי היה קשור באופן סיגניפיקנטי עם ארועים לבבית . 


=
Efficacy and Safety of Trastuzumab in
the Adjuvant Setting

Design of adjuvant trials using trastuzumab

Trial
(number Treatment Definition of severe Monitoring
of cardiotoxicity frequency
patients)

NsaBP B-31[1]

entry

FinHer[4] yoceVnb x3, the cardial i n; HF; or
i | rease >15 points

"9 Sheba Medical Center
{», Tel Hashomer
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Presentation Notes
As a result of prior MBC trial experience, subsequent

trastuzumab trials in the adjuvant setting were subject to

strict screening and monitoring procedures. Before

enrollment into an adjuvant trial, patients were required

to undergo a thorough cardiac assessment that included a

detailed history, physical examination, and determination

of LVEF by echocardiogram (ECHO) or multiple gated acquisition (MUGA) scan. In addition, all protocols

included a schedule of regular cardiac monitoring to

detect any changes in LVEF 



A more modest incidence of trastuzumab-associated cardiotoxicity was seen in the five major trials involving trastuzumab as adjuvant therapy for human epidermal growth factor receptor-2 (HER2)-positive breast cancer, which required more stringent and consistent cardiac monitoring and excluded patients with abnormal cardiac function [8-10]. These trials, which included 10,000 patients randomly assigned to treatment with trastuzumab, were the Herceptin Adjuvant (HERA) trial, the National Surgical Adjuvant Breast and Bowel Project (NSABP) B-31 trial, the North Central Cancer Treatment Group (NCCTG) N9831 trial, the Breast Cancer International Research Group (BCIRG) 006, and the Finland Herceptin (FinHER) trial (table 1) [11-15]. 


Overall in The Adjuvant Treatment:

« Severe HF (NYHA IIl/1V) :
* Trastuzumab-treated pts up to 3.9 %
* Not trastuzumab tx pts up to 1.3 %

* Decline in EF of 10-15% or greater* T
* Trastuzumab-treated pts 3-34%
* Not trastuzumab tx pts 2-17%

* *This excludes the FinHER trial, in which a decline in ejection
fraction occurred more frequently in patients not receiving
trastuzumab

* I was mostly reversible

N - Sheba Medical Center (
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Presentation Notes
סהכ בעבודות אלה השכיחות של אסל קשה ( NYHA III /IV ) היתה 0-3.9% בקרב החולים שטופלו עי TRASTUZUMAB ו  0-1.3% בחולים שלא קיבלו TRASTUZUMAB . 

ירידה במקטע פליטה של 15% ויותר נצפתה ב- 3-34% מחולים אשר טופלו עי TRASTUZUMAB בהשווה ל – 2-17% מאלו שלא קיבלו TRASTUZUMAB . 

זה  להוציא את FinHER בו הירידה ב- EF התרחשה יותר בחולים אשר לא טופלו עי TRSTUZUMAB 


Risk Factors for Cardiotoxicity

* Previous or concurrent anthracycline use
* Age greater than 50 years

* Preexisting cardiac dysfunction

* High body mass index

« Does not increase the risk :
* Adjuvant radiation therapy
 Diabetes

* Valvular heart disease

« Coronary artery disease

\ - Sheba Medical Center (




Proposed Mechanism of Cardiac Dysfunction
Murine experiments have shown that

the ERB2 receptor plays a crucial
role in cardiogenesis and when not
present in the heart, the resulting
lack of signaling leads to either in-
utero death or early severe dilated

Mormal heart ErbB2-mutant heart Cal’diomyopathy.
O'zcelik et al. PNAS, 2002

Anthragyclines, hypoxia, hemodynamic
overload, and myocardial injury

gp130 cytokine family Neuregulin Trastuzumab, by inhibiting the ErbB2

| ¢ receptor, leads to a loss of the neuregulin-
dependent pathways that result in the
survival of cardiac myocytes.

Wil emeeae Chien et al . NEJM , 2006
'Y cCell-death

|\' .I\

gpl30 LIFR ErbB7—ErbB4 pathway
Heart
failure

Survival pathways

o~

Tel Hashomer



The evaluation of left ventricular function for patients being
considered for, or receiving Trastuzumab (Herceptin) therapy

British Journal of Cancer 2006

1. The NICE have recently extended their guidance on indications
for Trastuzumab. As part of the care of patients considered for
Trastuzumab pre-treatment measurement of LV function is
required and 3 monthly during treatment according to most
protocols. This is because of the known potential for cardiac
damage occurring in patients receiving Trastuzumab.
Although local guidelines may vary, current guidelines typically
state that patients should not normally be commenced on
Trastuzumab if their baseline Ejection Fraction (EF) is < 55%.
If the EF falls by more than 10% or to <50% cessation of
treatment should be considered.

o Sheba Medical Center
33, Tel Hashomer
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Presentation Notes
Recommendations for ECHO monitoring have been published.41 During trastuzumab treatment,

LVEF should be measured at baseline, every 3 months, and upon completion of treatment. Although the prescribing information states that LVEF should be monitored every 6 months for 2 years post completion of adjuvant treatment, there is no published evidence that LVEF deteriorates after treatment completion in patients who had no reduction during therapy.


Heart Failure Treatment

* Trastuzumab-related cardiotoxicity usually responds
to standard medical treatment for heart failure and
discontinuation of trastuzumab in most, although not
all, patients .

Reversibility & Rechallenge

Trastuzumab-related cardiotoxicity is largely
reversible in the majority of cases, and treatment
continuation and/or resumption of trastuzumab after
resolution of cardiac abnormalities may be safe in
some women

\ - Sheba Medical Center (




Table 3

Practical Approach

Practical approach used at the Abramson Cancer Center for the management of cardiac dysfinction in patients receiving adjuvant Trastuzumab

Treatment phase

Patient profile

Management strategy

Before trastuzumab-based
therapy

During trastuzumab-hased
therapy

%

Completion of
trastuzumab-based therapy

A

A. No cardiac history or risk
factors with normal LVEF
B. Cardiac history and/or risk
factors with normal LVEF
C. Decreased LVEF

First decrease in LVEF

Second decrease in LVEF

Mo change in LVEF and no symptoms

during treatment
LVEF decreased or symptoms

Treat and monitor LVEF every 3 months

Treat. Ask about symptoms and perform thorough PE before each cycle
Measure troponin level after therapy and BNP level before next cycle
Teat low EF (ACE-I or ARB, BB) and remeasure
Individual decisions about initiating trastuzumah
Trastuzumab holiday for 1 mo
A Treat HF and remeasure
1. Fetum to baseline. Restart trasimimab
2. Bemains low: intensify HF treatment and remeasure.
3. If LVEF remains low: mdividual decisions
A Stop trastuzumab
B If trastuzumab only option: “Holiday™ and maximize HF Rx
Mo monitoring post treatment completion

Continue HF treatment
Monitor according to clinical practice for HF

Sheba Medical Center

TP, Tel Hashomer

JR. Carver / Progress in Cardiovascular Diseases 53 (20110) 130—139



Presenter
Presentation Notes
Following baseline evaluation and testing, 3 patient groups can be identified; a logical approach to each is based on a combination of existing literature, current practice, and personal experience





CLINICAL GUIDELINES — When trastuzumab therapy is planned for patients in the adjuvant or metastatic setting, the patient’s risk for trastuzumab-related cardiotoxicity should be carefully assessed and weighed against the benefits of trastuzumab treatment. In the adjuvant setting, trastuzumab therapy is likely to be held or discontinued for asymptomatic cardiac dysfunction, and thus baseline and serial screening of left ventricular ejection fraction (LVEF) is appropriate. In the metastatic setting, the decision is more complex, given the clinical benefit provided by trastuzumab. 

Increased vigilance for signs and symptoms of cardiotoxicity is appropriate for higher risk patients. Without clinical trials specifically evaluating cardiac monitoring and trastuzumab dosing with cardiotoxicity, we generally follow the protocols used in the cooperative group clinical trials of trastuzumab. 

Baseline evaluation — Cardiac function should be assessed prior to the institution of trastuzumab therapy in both the adjuvant and metastatic settings [1,32]. When treatment with trastuzumab follows use of an anthracycline, an assessment of left ventricular ejection fraction (LVEF) should be done after completion of the anthracycline and prior to initiation of trastuzumab [29].

Patients with a normal baseline LVEF and no signs or symptoms of heart failure on physical examination may proceed with therapy. Patients with a modestly increased risk for cardiotoxicity include those with borderline LVEF (usually 40 to 50 percent), age >50 years, and hypertension; they may proceed with trastuzumab, after weighing of the risks and benefits of trastuzumab therapy, but we and others recommend increased vigilance [3,31]. Trastuzumab therapy is generally safe in patients with coronary artery disease and valvular disease, but warrants careful monitoring.

Noninvasive methods for LVEF estimation are discussed separately. Whichever method is selected for a baseline assessment should be continued for serial screening. (See "Noninvasive methods for measurement of left ventricular systolic function".) 


Before Trastuzumab-Based Therapy #

Treatment phase

Patient profile

Management strategy

Before trasuzumab-based
therapy

A. No cardiac history or isk
factors with nomal LVEF
B. Cardiac history and/or nsk
factors with normal LVEF
C. Decreased LVEF

Treat and monitor LVEF every 3 months

Treat. Ask about symptoms and perform thorough PE before each cycle
Measure roponin level after therapy and BNP level before next cycle
Teat low EF (ACE-] or ARB, BB) and remeasure

Individual decisions about initiafing frastuzumab

The Leviev Heart Center &



During Trastuzumab-Based Therapy =

Durng trastuzumab-hased First decrease in LVEF Trastuzumab holiday for 1 mo
therapy A. Treat HF and remeasure
|. Retum to baseline. Restart traszumab
2. Remains low: miensify HF treatment and remeasure.
3. IFLVEF remains low: mdividual decisions
Second decrease in LVEF A Stop trastuzumab
B If trastuzumab only opfion: “Holiday” and maximize HF Rx

The Leviev Heart Center g



B
Completion of Trastuzumab-Based Therapy

v

Completion of No change tn LVEF and no symptoms ~ No monitorg post freafment completion
frastuzumab-based herapy  dunng freafment
LVEF decreased or symptoms Contmue HF treatment

Monifor according fo clinical practice for HF

5 The Leviev Heart Center &
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Presentation Notes
Following baseline evaluation and testing, 3 patient groups can be identified; a logical approach to each is based on a combination of existing literature, current practice, and personal experience





CLINICAL GUIDELINES — When trastuzumab therapy is planned for patients in the adjuvant or metastatic setting, the patient’s risk for trastuzumab-related cardiotoxicity should be carefully assessed and weighed against the benefits of trastuzumab treatment. In the adjuvant setting, trastuzumab therapy is likely to be held or discontinued for asymptomatic cardiac dysfunction, and thus baseline and serial screening of left ventricular ejection fraction (LVEF) is appropriate. In the metastatic setting, the decision is more complex, given the clinical benefit provided by trastuzumab. 

Increased vigilance for signs and symptoms of cardiotoxicity is appropriate for higher risk patients. Without clinical trials specifically evaluating cardiac monitoring and trastuzumab dosing with cardiotoxicity, we generally follow the protocols used in the cooperative group clinical trials of trastuzumab. 

Baseline evaluation — Cardiac function should be assessed prior to the institution of trastuzumab therapy in both the adjuvant and metastatic settings [1,32]. When treatment with trastuzumab follows use of an anthracycline, an assessment of left ventricular ejection fraction (LVEF) should be done after completion of the anthracycline and prior to initiation of trastuzumab [29].

Patients with a normal baseline LVEF and no signs or symptoms of heart failure on physical examination may proceed with therapy. Patients with a modestly increased risk for cardiotoxicity include those with borderline LVEF (usually 40 to 50 percent), age >50 years, and hypertension; they may proceed with trastuzumab, after weighing of the risks and benefits of trastuzumab therapy, but we and others recommend increased vigilance [3,31]. Trastuzumab therapy is generally safe in patients with coronary artery disease and valvular disease, but warrants careful monitoring.

Noninvasive methods for LVEF estimation are discussed separately. Whichever method is selected for a baseline assessment should be continued for serial screening. (See "Noninvasive methods for measurement of left ventricular systolic function".) 


Anthracyclines
Cardiotoxicity




DAUNOMYCIN, AN ANTITUMOR ANTIBIOTIC, IN
THE TREATMENT OF NEOPLASTIC DISEASE
Clinecal Evaluation with Special Reference to Childhood Leukemia

CrArLOTTE TAN, MD, HIDEKO T AsakA, Mp, Kou-Ping Yu, Mp, M., Lois MURPHY, MD, AND
Davip A. KARNOFSKY, MD

Daunomycin is a new antibiotic in the anthracycline group obtained from
Streptomyces peucetius. It consists of a pigmented aglycone (daunomycinone) in
glycoside linkage with an amino sugar (daunosamine). Differences in the bi-
ological effects of daunomycin, which reacts with DNA, and actinomycin D
which complexes with DNA in a different manner to inhibit RNA production,
are discussed. The toxic effects of daunomycin are a severe local reaction if
the drug extravasates, bone marrow depression resulting in leucopenia, anemia,
tluombuutnpenid and bleeding, fever, oral ulcers and alopecia. In patients
recewmg maintenance doses of daunomycin the development of tachypnea,

insufficiency, heart failure and hy lensmnmﬁms-
associated with d: ' / € 15 ar. Sixty per cent of chil-
dren with leukemia obtained brief complete or partial hematological remis-
sions from a single course of daunomycin. The remission could be prolonged
by maintenance therapy. Daunomycin is temporarily effective in some cases of
neuroblastoma, reticulum cell sarcoma and rhabr_lnm)'usal‘l:mna.

Cancer March 1967

Acute and sub-acute cardiotoxicity are rare
ECG changes

w4y Sheba Medical Center
2¥, Tel Hashomer




DAUNOMYCIN, AN ANTITUMOR ANTIBIOTIC, IN
THE TREATMENT OF NEOPLASTIC DISEASE

Clinecal Evaluation with Special Reference to Childhood Leukemia

CrArLOTTE TAN, MD, HIDEKO T AsakA, Mp, Kou-Ping Yu, Mp, M., Lois MURPHY, MD, AND

Davin A. KARNOFSKY, MD

Daunomycin is a new antibiotic in the a
Streptomyces peucetius. It consis
glycoside linkage wi

mhibit RNA production,

mycin are a severe local reaction if

arrow depression resulting in leucopenia, anemia,

and bleeding, fever, oral ulcers and alopecia. In patients

maintenance doses of daunomycin the development of tachypnea,
sensio PR o

associated with daunomycin but ' € 18 lear. Sixty per cent of chil-
dren with leukemia obtained brief complete or partial hematological remis-
sions from a single course of daunomycin. The remission could be prolonged
by maintenance therapy. Daunomycin is temporarily effective in some cases of
neuroblastoma, reticulum cell sarcoma and rhabdomyosarcoma.

Cancer March 1967

Acute and sub-acute cardiotoxicity are rare

ECG

changes
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Frequency of Cardiotoxicity

- Doxorubicin- 3% at 400 mg /m 7% at 500
mg/m2 and 18% at 700 mg/ m*

. Epnrublcm less cardiotoxic up to 900
mg/m? before cardiotoxicity limits further
therapy.

+ However, it tends to be given at 25-50%
higher to achieve similar anticancer benefit.

» There is considerable variation between
patients in their susceptibility to
anthracycline-induced cardiotoxicity

) \ _' Sheba Medical Center (
el Hashomer N




Cardiotoxicity- Mechanism

Cardiomyocyte

Mitochondria

Sheba Medical Center
Tel Hashomer
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Presentation Notes
DOX is metabolized to doxorubicinol (DOXol) and this metabolite has been implicated in cardiotoxicity. The metabolism has been reported to occur via aldo-keto reductase (AKR) 1C3 [18616992, 18635746], aldehyde reductase (AKR1A1) [12963485], and carbonyl reductases CBR1 [18635746] and CBR3 [20007405]. However, others have reported that AKR1C3 did not metabolize DOX to DOXol [12963485]. DOXol also appears to perturb the iron homeostatic processes that are associated with aconitase- iron regulatory protein-1 (ACO1), possibly causing cardiotoxicity [9576481]. Dexrazoxane, an iron chelator, demonstrated clear cardioprotective properties in clinical studies when administrated before or with DOX [15038979, 9777314, 9193324, 9193323, 18425895]. In addition, the glycosidic DOX bond can be cleaved to yield 7-deoxydoxorubicinone, again yielding ROS and hydrogen peroxide [15169927]. And DOX itself has also been shown to form a complex with iron that forms radicals [3533644]. In addition to ROS, reactive nitrogen species (RNS) are also implicated in DOX cardiotoxicity [15054088] via the disruption of nitric oxide (NO) regulation. Rodents treated with DOX showed heart dysfunction from the production of peroxynitrite formed from the rapid reaction of nitric oxide (NO) and superoxide (O2-) [10871338, 12591762], in a mechanism involving nitric oxide synthases (NOS1, NOS2, NOS3) [10871338, 12591762]. 


Risk Factors

» Age (young children and the elderly)
- Chest wall radiation
- Female

» Use in combination with other
potentially cardiotoxic antineoplastic
agents

* Previous CVD

TN




Prevention

* Monitoring /

» Total cumulative anthracycline dose
* New anthracycline analogues

* Protracted infusions

* Drug formulations (liposome
encapsulation)

+ Concomitant protective drugs
» Adequate selection of patients
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Monitoring & Follow Up

* No clear guidelines from any expert
group on the frequency or optimal
method of LVEF assessment, or the
best parameter to follow .

+ Echo

» Radionuclide angiogrpahy (first pass or
MUGA)

* C-MRI ? |




Cardiac Biopsy

* Joss of myofibrils and the vacuolization of cytoplasm
characteristic of doxorubicin induced myopathy

Sheba Medical Center
Tel Hashomer
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Presenter
Presentation Notes
However, endomyocardial biopsy has important limitations:

The procedure is invasive and requires transvenous biopsy-catheter insertion. This procedure carries a small risk for arrhythmias, bleeding, and cardiac chamber perforation. 

Autopsy studies have shown wide variability in myocardial involvement. At times, the cardiac injury may be limited to one ventricle or to just one or more walls within a ventricle. Thus, the three to five biopsy specimens routinely taken from the right side of the ventricular septum may not represent an adequate sample to exclude toxicity. This limitation makes the diagnosis of cardiotoxicity very specific but less sensitive [4]. 

Considerable expertise is required to interpret biopsy samples, and there is significant variability in interpretation between pathologists.

For these reasons, endomyocardial biopsy is best restricted to patients in whom the noninvasive techniques fail to provide information, or in very high risk patients in whom greater specificity is required


Cardiac Biomarkers

A decrease in LVEF - a marker of
advanced damage

 Early indication of cardiac damage and
Increased risk for a cardiac event:

 Serum troponins

 elevations in troponin | may be an early
marker of acute myocardial injury .

- BNP

_ F- Sheba Medical Center (




Cardiac troponins predict left ventricular dysfunction
from chemotherapy

204 pts

Tnl after every single
cycle of HDC

echo -7 m

-
=
1]
[+
£
v
o
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s

-
-l

in the cTnl+ group
LVEF reduction was
more marked and still
evident at the end of
the follow-up

Months
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Prognostic Value of Troponin I in Cardiac Risk
Stratification of Cancer Patients Undergoing

High-Dose Chemotherapy

Daniela Cardinale. NMID:; Maria T. Sandri. MD: Alessandro Colombo. MDD: Nicola Colombo. NMID:
Marina Boeri, MD: Giuseppina Lamantia, MD: Naurizio Civelli, MDD: Fedro Peccatori, NID:
Giovanni Martinelli, MD: Cesare Fiorentini, MID: Carlo M. Cipolla, NI

p<0.001 Black bar- persistent Tnl 1

—

p<0.01
ey
£<0.001 n=53
sl

n=04

Patients (%)

Tnl</- Tnl+- Tnl+/+ Tl Tnl+/- Tnl+

>15 >25

LVEF reduction (%)

. E - Sheba Medical Center
.@ Tel Hashomer

703 cancer pts
Tnl soon after CT (early Tnl)
1 month later (late Tnl)

p<0.001
— Echo

p<0.001 0,1m,2m,6m,12m,18m,24m
| —

p NS

flu20 m

Tnl-l- Tnl+- Tnl+/+

>50

Circulation. 2004;109:2749-2754
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N-Terminal Pro-B-Type Natriuretic Peptide after
High-Dose Chemotherapy: A Marker Predictive of
Cardiac Dysfunction?

MARIA T. SANDRL' MICHELA SALVATICI,' DANIELA CARDINALE,” LAURA ZORZINO,!
RITA PAssERINIL! PaorLAa LENTATL ' MARIA LEON,® MAURIZIO CIVELLL?
GIrovanNNI MARTINELLL? and Carro M. CirorLrLa?

52 pts

NT-proBNP measurements:
0, 12h,36h,72h,

echo1y

Conclusions: Persistently
TNT-proBNP early

after administration of HDC
is strongly associated with
development of cardiac
dysfunction.

4 &

Months after HDC

Clinical Chemistry 51, No. 8, 2005

4 Sheba Medical Center (\.
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Cardiac Monitoring

Anthracycline Pre- During treatment  Atend of  First year following Years 2-5 >Year 5
cumulative dose treatment treatment treatment following following
(mg/m2*) treatment treatment

<200 - As clinically 25 Follow-up at 1 year Follow-up at 2 years  As clinically
indicated and at 5 years indicated
200-300 Yes After 200 mg/m? Yes Follow-up at 6 months  Follow-up at As clinically
and at 1 year 2 years, 3 years indicated
and at 5 years
300-400 5 After 200, 300 &5 Follow-up at & months  Follow-up annually Follow-up
and 350mg/m? and at 1 year every 2 years

=400 Yes After 200, 300, 350 Yes Follow up at Follow-up annually Follow-up
and 400 mg/m?2 3 months, 6 months annually
and at 1 year

*Cumulative doses are given for doxorubicin; for mitoxantrone multiply dose by 0.2, for epirubicin and liposomal preparations multiply dose by 1.5.

For patients at increased cardiac risk,a more aggressive
monitoring schedule is appropriate

- REVIEWS CARDIOLOGY
S &



FDA-approved Labeling Guidelines for
Adriamycin

- In adults, a 10% decline in LVEF to
below the lower limit of normal or an
absolute LVEF of 45%, or a 20% decline
in LVEF at any level is indicative of
deterioration in cardiac function.

* The benefit of continued therapy should
be carefully evaluated against the risk
of producing irreversible cardiac
damage.

_ F- Sheba Medical Center (




Prevention

* Monitoring |

» Total cumulative anthracycline dose
* New anthracycline analogues

* Protracted infusions

* Drug formulations (liposome
encapsulation)

+ Concomitant protective drugs
» Adequate selection of patients

_ F- Sheba Medical Center (




Reduced Cardiotoxicity of Doxorubicin
by a 6-Hour Infusion Regimen

A Prospective Randomized Evaluation

J. SHAPIRA, MD, M. GOTFRIED, MD, M. LISHNER, MD, AND M. RAVID. MD

TaeLE 1. Doxorubicin Cardiotoxicity: Comparison Between Standard Short Infusion and 6-Hour Infusion®*

LVEF QRS in
standard
Doxorubicin After 31._}(} Percent of leads percent
mg/m* change of change

total dose
{mg/m?) Imatial doxorubicin (range) (range)

410 + 42 0.6 =0.03 0.48 + 0.05 —-17+35 —29+7
(=T to —35}) (—22 10 —68)

-5 =8

Doxorubicin Mo, of
infusion patients

1520 mins 28

B am

360 mins 30 428 + 48 061 +0.03 0.58 £ 0,05 —4 6
{+5 to —15) (428 to —47)

& am=2 pm

* All values are given as mean + standard deviation.

Cancer 65:870-873, 1990,

LVEF: lefi ventricular ejection fraction; CHF: congestive heart failure.
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Presentation Notes
In order to evaluate the possible cardiosparing effect of a prolonged infusion of doxorubicin as compared

with the standard mode of administration 62 consecutive patients with metastatic carcinoma of the breast

or carcinoma of the ovary Stage I11 or IV were prospectively randomized to receive doxorubicin either as

a rapid infusion over 15 to 20 minutes at 8 AM or as a continuous infusion over 6 hours, 8 AM to 2 PM.

The remaining protocol was identical for the two groups. The cardiotoxic effect of doxorubicin was evaluated

by history and physical examination and by the decline in resting ventricular ejection fraction (LVEF) as

determined by gated pool radionuclide angiography with technetium 99m (99mTc) and by the decline in

the height of the QRS complexes in the standard leads of the echocardiogram (ECG). Initially there were

31 patients in each group. The cumulative dose of doxorubicin, was 410 mg/m2 k 42 SD in the standard

infusion group and 428 mg/m2 k 48 SD in the 6-hour infusion group. The mean decline in LVEF after a

cumulative doxorubicin dose of 300 mg/m2 was 17% in the first group and only 4.1% in the second. After

400 mg/m2 the mean fall in LVEF was 21% in the first group and 6% in the second. The mean decline

in QRS voltage after 300 mg/m2 was 29% and 1.5%, respectively. Four patients, all in the standard

infusion group, developed congestive heart failure. These data suggest that slow infusion of doxorubicin

is associated with reduced cardiotoxicity.


DEXRAZOXANE

/ cardioprotective agent (a) v none (b) (RR)

Marty, 2006 —— 0.32 (0.17, 0.62)
Speyer, 1992 —— 0.16 (0.07, 0.35)
Swain, 1997 - 0.46 (0.33, 0.66)
Venturini, 1996 —— 0.32 (0.13, 0.76)

Wexler 1996 —— 0.25 (0.11, 0.55)
Subtotal (l-squared = 44.2%, p = 0.127) o 0.34 (0.27, 0.45)

.01 1.2 1 510 100
Favours a Favours b

igure 4 Clinical and subclinical cardiotoxicity in RCTs where cardiotoxicity outcomes could not be categorised as one or the other. The
ppen diamond represe ‘) reatme ison d relativ (RR) with 95 compar
i f lue to chance, and p = probability that differ

Smith et al. BMC Cancer 2010, 10:337
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Presentation Notes
The efficacy of dexrazoxane was addressed in a meta-analysis of six randomized trials [14]. Dexrazoxane given with either doxorubicin or epirubicin significantly reduced the incidence of clinical (OR 0.21, 95% CI 0.13 -0.33) and subclinical cardiotoxicity (OR 0.33, 95% CI 0.20-0.55). There is no reported experience with using dexrazoxane in conjunction with mitoxantrone or 

liposomal anthracyclines. 



Despite the apparent cardiac benefit, a number of issues have created uncertainty about the role of dexrazoxane in both adults and children, including the possibility of a lower response rate to chemotherapy [59]. In some trials conducted in women receiving doxorubicin or epirubicin for breast cancer [60-63], concerns have been raised about the possibility that dexrazoxane may interfere with cancer therapy [64] or enhance myelosuppression [65,66]. However, multiple other randomized trials and a pooled analysis have not confirmed these findings [61,67].


Liposomal Doxorubicin

* non-pegylated liposomal doxorubicin
(Myocet)

» pegylated liposomal doxorubicin (Caelyx,
Doxil)

) \ _' Sheba Medical Center (




Treatment

* Prevention

— Beta blockers
— ACEI

« Cardiomyopathy
— Beta blockers
— ACEl
— Withdrawl
— Reversibility ? (1)
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Protective Effects of Carvedilol Agﬂin:st
Anthr;la::}f{:line -Induced Cardiomyopathy

Nihat Kalay, MD,* Emrullah Basar, MD,* Ibrahim Ozdogru, MD,* Ozlem Er, MD,F
Yakup Cctlnl-.ma MD,* Ali Dogan, MD,* Tugrul Inanc, MD, Abdurrahman De_;u;hm MD,*
Namik Kemal Enol MD,* Ramazan Topsﬂ.kal MD,* Ali Ergin, MD*

T
Carvedilol

Groups

Figure 1. Comparison of left ventricular ejection fraction (EF) at baseline
black bars) and after chemotherapy (white bars) in the 2 groups. Data
expressed as mean values.

ANT therapy , carvedilol vs placebo

25 pts, 12.5 mg
fU6m J Am Coll Cardiol 2006,48:2258—62

Echo baseline , 6m



Presenter
Presentation Notes
Patients in whom ANT therapy was planned were randomized to administration of carvedilol

or placebo. We enrolled 25 patients in carvedilol and control groups. In the carvedilol group,

12.5 mg once-daily oral carvedilol was given during 6 months. The patients were evaluated

with echocardiography before and after chemotherapy. Left ventricular ejection fraction (EF)

and systolic and diastolic diameters were calculated.

RESULTS At the end of 6 months of follow-up, 1 patient in the carvedilol group and 4 in the control

group had died. Control EF was below 50% in 1 patient in the carvedilol group and in 5 in

the control group. The mean EF of the carvedilol group was similar at baseline and control

echocardiography (70.5 vs. 69.7, respectively; p  0.3), but in the control group the mean EF

at control echocardiography was significantly lower (68.9 vs. 52.3; p  0.001). Both systolic

and diastolic diameters were significantly increased compared with basal measures in the

control group. In Doppler study, whereas E velocities in the carvedilol group decreased, E

velocities and E/A ratios were significantly reduced in the control group.

CONCLUSIONS Prophylactic use of carvedilol in patients receiving ANT may protect both systolic and

diastolic functions of the left ventricle. (J Am Coll Cardiol 2006;48:2258–62) © 2006 by

the American College of Cardiology Foundation


® Prevention of High-Dose Chemotherapy—Induced
Cardiotoxicity in High-Risk Patients by
Angiotensin-Converting Enzyme Inhibition

Daniela Cardinale, MD: Alessandro Colombo, MD; Maria T. Sandri, MD; Giuseppina Lamantia, MD:
Nicola Colombo, MD; Maurizio Civelli, MD; Giovanni Martinelli, MD: Fabrizio Veglia, PhD;
Cesare Fiorentini, MD: Carlo M. Cipolla, MD

Controls ACEL-sroup
g o0 m 60 | "=l';r='"l~'*—"-"—":' 114 pts HDC
> — Early Tnl 1
“ Y W ACEI ( enalapril 20
i N mg); placebo

HpC Im 3m

6m 12m EIELL Im 3Am 6m 12m flu 12 m
Figure 1. L\VEF at baseline and during the 12-month follow-up
in control subjects (left) and the ACEl group (right) in patients
with (O0) or without (m) persistent Tnl increase. For treatment
effect, P=-0.001; for effect of persistent Tnl increase, P=<-0.001;
for interaction between treatment and persistent Tnl increase,
P=0.001. R indicates randomization. *P=0.001 vs baseline and
randomization for all time points; #P<<0.001 vs patients without
persistent Tnl increase.

ulation. 2006;1 14:2474-248'(\'
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Presentation Notes
Background—An increase in troponin I soon after high-dose chemotherapy (HDC) is a strong predictor of poor

cardiological outcome in cancer patients. This finding has important clinical implications and provides a rationale for

the development of prophylactic strategies for preventing cardiotoxicity. Angiotensin-converting enzyme inhibitors slow

the progression of left ventricular dysfunction in different clinical settings, but their role in the prevention of

cardiotoxicity has never been investigated.

Methods and Results—Of the 473 cancer patients evaluated, 114 (72 women; mean age, 4512 years) who showed a

troponin I increase soon after HDC were randomized to receive (angiotensin-converting enzyme inhibitor group; 20

mg/d; n56) or not to receive (control subjects; n58) enalapril. Treatment was started 1 month after HDC and

continued for 1 year. Cardiological evaluation was performed at baseline and at 1, 3, 6, and 12 months after HDC. The

primary end point was an absolute decrease 10 percent units in left ventricular ejection fraction, with a decline below

the normal limit value. A significant reduction in left ventricular ejection fraction and an increase in end-diastolic and

end-systolic volumes were observed only in untreated patients. According to the Kaplan-Meier analysis, the incidence

of the primary end point was significantly higher in control subjects than in the angiotensin-converting enzyme inhibitor

group (43% versus 0%; P0.001).

Conclusions—In high-risk, HDC-treated patients, defined by an increased troponin I value, early treatment with enalapril

seems to prevent the development of late cardiotoxicity. (Circulation. 2006;114:2474-2481.)



only a minority included an anthracycline only a minority included an anthracycline 


Treatment

* Prevention

— Beta blockers
— ACEI

« Cardiomyopathy
— Beta blockers
— ACEl
— Withdrawl
— Reversibility ? (1)
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Treatment of CT-induced CMP

Author Journal Year N.pts Therapy

Lefrak Cancer 1973 2 Digitalis + Diuretics

Cohen Arch Intern Med 1982 | Digitalis + Diuretics

Haq Cancer 1985 43 Digitalis + Diuretics

Saini Ann Intern Med 1987 3 ACEI

Jensen Lancet 1996 8 ACEI

Fazio Clin Cardiol 1998 | Beta-Blockers

Noori J Card Fall 2000 10 ACEI + Beta-Blockers

Jensen Ann Oncol 2002 10 ACEI

Mucai Intern Med 2004 5 Beta-blockers

Tallaj Heart Lung 2005 25  ACEI + Beta-blockers
Transplant

Ajijola Am J Cardiol 2008 4 ACEI + Beta-blockers

‘1 onepa ivieaiCal venter \\ :
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Anthracycline-Induced Cardiomyopathy

Clinical Relevance and Response to Pharmacologic Therapy

Daniela Cardinale, WD, PHD,* Alessandro Colombo, MD,* Giuseppina Lamantia, MID,*
Nicola Colombo, MID,* Maurizio Civelli, MDD,* Gaia De Giacomi, WVIIDD,* WMara Rubino, MDD,
Fabrizio Veglia, PHD,{ Cesare Fiorentini, VD, Carlo M. Cipolla, MD*

Milarn, Iraly

3728 %)

148 women (74%)

mean follow-up: 36£27 months (range 12-96)
enalapril (36%); enalapril +carvedilol(71%)
Responders:LVEF 250% from baseline

Partial Responders:LVEF <50% +10 abs. points
Non Responders:LVEF <50% <10 abs. points

. \ _' Sheba Medical Center

.@ Tel Hashomer

(=



Responders

(n=85; 42%)

Partial
Responders
(n=26; 13%)

NON
Responders
(n=90; 45%)

Age (yrs) 52+12

65 (776)
27 (32%)
5 (6%)

6 (7%)

32 (38%)

3+12
21 (81%)
6 (23%)
2 (8%)

3 (11%)
10 (38%)

54 13

63 (70%)
24 (27%)
10 (11%)
10 (11%)
33 (37%)

Women

Hypertension

Diabetes

Hypercolesterolemia

Current or past smokers

Familv history of CAD

NYHA class ITI-IV 11 (13%)

LVEF before AC therapy
LVEF before HF therapy

Time-To-HF-Treatment (months) 4 (2-6) 17 (8-36) <0.001
____

21 (25%) 18 (69%) 49 (50%)
0 (0%) 4 (9%) 8 (9%)

1 (1%) 2 (8%) 5 (6%)
301 124 341 130 222 150
106 42 107 42 95 27
34 26 46 30 36 27
23 (27%) 9 (35%) 30 (33%)

Diuretics

Amiodarone

Anticoagulants

Cumulative AC dose (mg/mq)

Creatinine clearance (ml/min)

Mean follow-up duration (months)

Cancer death during follow-up

Sheba Medical Center
-4/, Tel Hashomer




Responders (%)

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

in=75) {(n=35) (n=20) in=12) (n=8) (n=7] (n=44)

Percentage of Responders According to the
Time Elapsed From AC Administration and
Start of HF Therapy

AC = anthracyclines; HF = heart failure.

The more time passes, the less is the possibility of recovery

o Sheba Medical Center \n,.
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Cumulative cardiac events during study follow-up.

100

I_I

Responders

CONSIDERED EVENTS:

v Sudden death

v’ Cardiac death

¥ Acute pulmonary edema

v Heart failure

v Life-threatening arrhythmias

| ¥ PM implantation

Non Responders
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Partial Responders
P=0.0003 (Log Rank Test)

12 15 18 21 24 months
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Under Investigation:

Erythropoietin improves myocardial performance in
doxorubicin-induced cardiomyopathy

European Heart Journal (2006)

Saher Hamed', Iris Barshack', Galia Luboshits', Dov Wexler', Varda Deutsch?,
Gad Keren', and Jacob George'™

The protective roles of nitric oxide and superoxide dismutase in
adriamycin-induced cardiotoxicity

Cardiovascular Research 69 (2006)

Marsha P. Cole ®, Luksana Chaiswing b Terry D. Oberley b Stephanie E. Edelmann a
Michael T. Piascik ¢, Shu-Mei Lin 2, Kinsley K. Kiningham ¢, Daret K. St. Clair **

Adenosine As receptor-mediated cardioprotection against doxorubicin-induce
mitochondrial damage

Biochemical Pharmacology 79 (2010) 180-187

Avishag K. Emanuelov?, Asher Shainberg?, Yelena Chepurko® Doron Kaplan €, Alex Sagie®,
Eval Porat %, Michael Arad ®, Edith Hochhauser
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Phospholipase C-461 Is a Critical Target for Tumor Necrosis
Factor Receptor—-Mediated Protection against
Adriamycin-Induced Cardiac Injury

. e . 1, . 1 . L4 \ 2 . . 14
Yu-Chin Lien, Teresa Noel, Hua Liu, Arnold J. Stromberg,  Kuey-Chu Chen,

and Daret K. St. Clair’
Cancer Res 2006

Phosphodiesterase-5 Inhibition With Sildenafil Attenuates
Cardiomyocyte Apoptosis and Left Ventricular Dysfunction
in a Chronic Model of Doxorubicin Cardiotoxicity

Patrick W. Fisher, DO; Fadi Salloum, BS: Anindita Das. PhD;
Haroon Hyder, MD; Rakesh C. Kukreja, PhD

Circulation April 5, 2005
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General Approach

Cardio-Oncology Collaboration
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New cardiologic approach ?
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Chemotherapy
as CV risk factor !!

Treatment-Specific Risks of Second Malignancies
and Cardiovascular Disease in 5-Year Survivors of
Testicular Cancer

Purpnsp

Me

Patients and Metlm ds .
In our nationwide coh ult rr'|'|'|[

Results ) _ _
After a median follow-up time of 17.6 5 270 TC surwvi
o 7 ! : hoan AER

Sheba Medical Center Van den Belt-Dusebout et al. J Clin Oncol 2007
@ Tel Hashomer
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Diagnosis of
Acute Myocardial Infarction

Chest Pain
EKG
Troponins hSTroponins?
AST LDH CK CKMB

activity mass

IR |

>

1960 1970 1980 1990 2000 2010




EARLY DETECTION OF CARDIOTOXICITY

LVE F . - Late changes:
Cardiac biomarkers « LVEF evaluation (ECHO, MUGA)

= Endomyocardial biopsy

cancer treatment

baseline

lower limit lower limit
of normal of normal

Early diagnosis




Q Conclusions

« Cardiotoxicity and increased CV risk are
potentially serious complications of
chemotherapy.

« Cardiotoxicity is becoming increasingly
important in the modern medical practice in
parallel with the ever-expanding number of
treated cancer patients and growing complexity
and toxicity of oncologic treatments

The Leviev Heart Center &



Q Conclusions

« Cardiologists should be involved early in the
management of cancer patients eligible for
antitumoral treatment in joint collaboration with
oncologists.

« Guidelines regarding cardiotoxicity should be
updated by oncologists and cardiologists
together, in order to optimize the management
of cancer patients, and improve both oncologic
and cardiologic outcome.

The Leviev Heart Center &



INTERNATIONAL

CardiQ@ncology

QOCIETY

January 2009: The International CardiOncology Society is born.

The Leviev Heart Center &



Thank you four your attention !!!

Recovery
- from cancer
) without ~
cardiotoxicity |
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