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Goals for this presentation
➢ Maintain your attention

❖ Send <2 texts

❖ Check email <2x

❖ No checking newsfeeds or Facebook

❖ Twitter & Instagram 1x each about 

Conference 

➢ Recall 3 facts from this talk on Monday 

such as

❖ New cancer therapies

❖ New approaches to 

preventing/managing cardiac toxicities

❖ CV risks in cancer survivors

❖ Cardiac therapies in cancer patients

➢ Email your 3 facts on Monday to 

cbporter@kumc.edu

KUH Cambridge Tower
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Coverage today

➢ Define  cardiooncology

➢ Discuss

❖ New cancer therapies that improve cancer survival but create 

new cardiac toxicities

❖ Minimizing cardiac toxicities while optimizing cancer 

treatment outcomes: New and established therapies

❖ Impact of cancer and cancer treatment on 

❖ Cardiovascular risk factors

❖ CV prognosis

❖ Assessing and managing CV risks and disease in cancer 

patients and survivors



Three Facets of Cardiooncology

Clinical Care, Education & Research



Clinical care starts with understanding 

Traditional Cancer Chemotherapy & 

Targeted therapies
Traditional Chemo: 

Cancer cell growth interrupted 

at specific points in cell cycle 

along with healthy cells using 

same pathways create broad 

array of side effects related to 

inhibition of cell growth and 

recovery

Targeted therapies:

neutralize specific cell 

mutations that promote 

uncontrolled cell growth, 

invasion and metastasis 

❖ Same mutation may 

promote carcinogenesis for 

different cancers



2005: Two Cardiotoxic  chemo classes

Anthracyclines (adriamycin/doxorubicin) and 

Anti-HER2 agents (Trastuzumab/Herceptin)

Ewer & Lippmann, JCO May 2005

TopIIB Inhib



2019: Multiple classes of anti-cancer agents 

with cardiac and vascular toxicities 
Moslehi NEJM Oct 13, 2016; 375:15



50 year timeline of Cardiotoxicity
2 drug families with echo surveillance recommendations:

Anthracycliness & Anti HER2s

JACC HF

Feb, 2018



Development of Anthracyclines

➢ Derived from Italian soil streptomyces near Adriatic Sea
❖ Area was near home of ancient Dauna tribe

❖ Reddish (ruby) color

❖ Hence names adriamycin, daunarubicin

➢ Daunorubicin (Daunomycin) First anthracycline developed

ALL, AML

➢ Adriamycin (Doxorubicin)

Breast, sarcomas, lung, ovarian, lymphoma, Wilms, GI

➢ Epirubicin

Breast, Gastric, Carcinoid, Ovarian, Esophageal, Soft 

Sarcoma

➢ Idarubicin (4-demethoxyDaunorubicin) : AML

➢ Valrubicin: Bladder



Daunomycin* introduced 1967 with 

concerns about cardiotoxicity

Cancer 1967;20:333 

1967:   60% tumor response was major breakthrough in ALL

Cardiotoxicity: “The Evidence is Unclear”
*Daunomycin=Daunorubicin



1973: 1st focused report on anthracycline cardiotoxicity
Pathology accurate, Safe dose overestimated

➢ 399 treated patients, 11 acute HF, 8 deaths all within 3 weeks of 

onset of HF

➢ Dose Dependent: 0.27% HF <550mg/M2BSA,   30%>550 

➢ EKG: Loss of voltage, CXR: Pulmonary edema, No Echoes,        

Microscopy: Cardiomyocyte vacuolization 

➢ Safe dose <500mg/m2BSA

Lefrak et al Cancer 1973;32:302



2019: Dose Dependent HF risk

150, 250, 350 mg/M2 BSA thresholds

There is no safe therapeutic dose of Adriamycin

Liposomal or pegylated liposomal doxorubicin somewhat less toxic

Varying infusion rate or dose frequency used to mitigate toxicity

Figures: Saro Armenian



1979: Advancing age at treatment increases 

HF risk

VonHoff et al Annals Int Med 1979; 91: 710



2015: Younger age at treatment: 

Longer latency, similar CVD risk curves

JAMA Int Med 2015; 175:1007

Hodgkin's Survivors:

Anthracycline & Radiation



Radiation dose amplifies anthracycline 

risk



Dexrazoxane: Specific inhibition of anthracycline effect on 

Topoisomerase 2β

• Anthracyclines inhibit Topoisomerase 2α in cancer cells & inhibit Topoisomerase 2β in 

cardiomyocytes causing DNA breaks, ROS generation and mitochondria inhibition

• Dexrazoxane inhibits Top2β to protect myocardial cells with no effect on Top2α in cancer 

cells

JACC Nov 2017



Dexrazoxane prevents anthracycline 

cardiotoxicity in childhood ALL

Figure: SArmenian  ACC Cardio-Oncology symposium Feb 2018



Dexrazoxane FDA approved for metastatic breast cancer 

with advancing dose af adriamycin >300 mg/m2

ZINECARD is indicated for reducing the incidence and severity of cardiomyopathy 

associated with doxorubicin administration in women with metastatic breast cancer 

who have received a cumulative doxorubicin dose of 300 mg/m2 and who will 

continue to receive doxorubicin therapy to maintain tumor control. It is not 

recommended for use with the initiation of doxorubicin therapy 



Anthracycline therapy with 

preexisting LV dysfunction

➢Absence of anthracyclines reduces response 

and survival likelihoods in Lymphomas, acute 

Leukemias

➢No randomized trials or guidelines for 

anthracycline therapy with preexisting LV 

systolic dysfunction



Case series in 2019:  Upfront Dexrazoxane + 

doxorubicin: “Dex-Dox” with baseline LV dysfunction

Prior to Dexrazoxane protocol: 

3 patients, 76 years,

EF 42.5%

Dexrazoxane protocol before each dose anthracycline:

5 patients , 70.6 years

EF 39%, 1 w/ ICD baseline

All patients stable  on 

max tolerated GDMT

Stage B or C heart 

failure



Case series in 2019:  Upfront Dexrazoxane + 

doxorubicin: “Dex-Dox” with baseline LV dysfunction

Outcomes without Dexrazoxane: 

EF 18% p treatment (Baseline 42%)

All 3 admitted with ADHF, 2 died 

Outcomes with Dexrazoxane: 

All completed planned chemo 280-300mg/m2

No decompensated HF or marker abnormality

EF 34% post treatment (Baseline 39%) 

All alive 12-30 months: 4 complete 1 partial remission



Summary: Preventing & treating 

Adriamycin Cardiotoxicity

➢First Objective: Treat Curable Cancer with full front 

line chemotherapy 

➢No clinically relevant cardioprotection from ACEI/ARB 

or Beta Blocker with normal EF

➢Baseline EF reduction commonly deters use of adria
➢ HFrEF meds if EF reduced 

➢ Dexrazoxane up-front promising but off label

➢Abnormalities in diastolic function or strain should not 

stop cancer treatment
❖ No proof that interventions have merit but cardio-protection possibly 

beneficial



Trastuzumab-First in class 

antibody  targeting HER-2

receptor in breast cancer cells

➢Rapidly developed science

❖ 1987:  c-erbB-2c gene described that codes for Human 

Epidermal growth factor Receptor protein 2 (HER2) with 

intracellular tyrosine kinase activity 

❖ 25% breast cancer patients HER2/neu+

❖Earliest trials: Significant reduction in mortality with 

metastatic breast cancer in HER2+ patients

❖ 1998: trastuzumab (Herceptin) FDA approved as HER2/neu

receptor blocker in metastatic breast cancer

HER2/neu receptor

trastuzumab

Dr. Tim Evans



Herceptin now approved for HER2 positive 

breast cancer or metastatic gastric cancer

➢ September, 1998: HER2 overexpressing 

Metastatic Breast Cancer (MBC)

➢October, 2006  HER2 overexpressing node 

positive or node negative (ER/PR negative or 

with one high risk feature) non-MBC

➢October, 2010: Initial therapy for HER2 

overexpressing metastatic gastric or 

gastroesophageal junction adenocarcinoma 



Multiple drugs target HER subtypes 
Trastuzmab is prototype, Lapatinib 2nd entry, 

Pertuzumab, Kadcyla later to market

Anti tumor efficacies and cardiotoxicities may vary among anti HER2 agents

Nature Clinical Practice Oncology (2006) 3, 269-280



20 year evolution of HER2 based therapies



Trastuzumab cardiac toxicity

Early Trials: Trastuzumab 

➢ 5% develop findings LV dysfunction

➢ 1% develop symptomatic heart failure

➢Enhanced by concurrent anthracyclines

❖Concurrent anthracycline & trastuzumab contraindicated

➢Not dose dependent

➢Frequently reversible

➢No clinical issues with HFpEF or diastolic 

dysfunction



Time course of CV events with 

trastuzumab

➢ No early peak

➢ Plateau seen at 

approximately 40 

months

➢ Predictors of CV 

Event

❖ Baseline EF

❖ Concurrent Taxane 

therapy 

MD Anderson experience Guarneri, J Clin Oncol 2006;24:4107



Significant reversibility reported with 

trastuzumab related cardiac toxicity
resumption of trastuzumab tolerated

MD Anderson experience 38 patients post anthracycline

Referred for trastuzumab related cardiotoxicity

. 25/38 retreated after 

HF Rx

22/25 without recurrent 

LV dysfunction

❖EF rise sustained

3/25 recurrent LV dysfx

13/38 

No further trastuzumab 

❖7-HF Rx

❖ 6-No HF Rx

❖13/13 No further events

Ewer, et al J Clinical Oncol 2005,23;p 7820-6



Reversibility of trastuzumab 

cardiotoxicity not universal

➢Major adjuvant trastuzumab trials

❖NSABP B-31

4.1% severe CHF, 2/3 Rx chronically for HF, 

71% w/ persisting reduction EF

14% trastzumab DC'd d/t decline LVEF 

❖BCIRG 006

17.3% w/ > 10% decline EF vs baseline

26% w/ persisting decline EF at 6 weeks off 

trastuzumab

❖NCCTG: 29% w/ EF drop persisted at 6 months

❖FinHER-No CHF or EF drop>10% after 9 weeks 

trastuzumab



KU Cardio-oncology approach

from 2007

➢Balance risk of heart failure with risk of death 

from breast cancer is Cardiology/Oncology 

collaboration

➢Advanced heart failure reported in early series 

with little active cardiology input

➢KUH approach 2007 EF<50%: pause Herceptin , 

add beta blocker and ACEI inhibitor, resume at 6 

weeks if echo stable or improved

❖Advance carvedilol first, then ACEI if BP tolerates

❖Monitor BNPs, clinical status but EF primary endpoint

❖ ~2014, =/- herceptin pause while adding HFrEF Rx



SCHOLAR Trial supports KU 

Herceptin continuation approach
Initiation of ACEI &/or BB If EF drop >15% or to below 50%

Open label, single arm trial 

18/20 completed therapy, no treatment>1year for metastatic disease 



Surveillance & management trastuzumab 

toxicity

➢ Package insert: Quarterly echoes recommended

❖ Limited yield for MBC patients on chronic Trastuzumab

Less frequent if stable normal EF no prior toxicities:

➢ Aggressive risk factor management to minimize CVD

➢ ACEI/Beta blocker for decline in EF >10% esp if below LLN

❖ Variability in EF problematic

❖ Markers, LV strain decline may be helpful in identifying high risk 

Markers, Strain, diastolic dysfunction don’t warrant DC Herceptin

❖ Patients favor effective cancer therapy over total heart protection

➢ Interruption of therapy with EF >40% not mandatory

❖ Prolonged Herceptin for metastatic breast cancer feasible 



Immune Checkpoint Inhibitors: 

High profile targeted Cancer therapy

High impact cardiotoxicity



Immune Checkpoint Inhibitors in the spotlight

DTC advertising: Longer life spans

with nivolumab for relapsed non-small 

Cell lung cancer 

December, 2015: Pembrolizumab pardons a president 

with metastatic melanoma

May 2019: President Carter fractures hip 

while Turkey hunting, Home after surgery

2018 Nobel Prize in Medicine awarded to 

2 developers of immunotherapy as cancer 

treatment



Immune Checkpoint Inhibitors (ICI)

2011: 1st FDA approved ICI-Ipilimumab for Melanoma

2019: Multiple drugs & indications

Figure: medi-paper.com

March 8, 2019 FDA approves atezolizumab for triple Neg Stage II or IV Breast Ca 



Immune Checkpoint Inhibition (ICI):

Multifaceted facilitation of natural immune response to 

tumors

Dual Checkpoint Inhibition 

➢ More effective

➢ More Toxicity

➢ Common combination 

➢ CTLA -4 

➢ PD-1

Figure Moslehi, ACC CardioOncology 2018



Autoimmune reaction against many tissues

Myocarditis mechanism?: Activated T Cells attack 

Cardiomyocytes with PD-L1, shared tumor antigens 

Tocchetti et al JACC March 2018;71:1765 



Fatal Myocarditis 

Dual Checkpoint inhibition therapy
Ipilimumab & Nivolumab

Initial report of two fatal cases NEJM Nov 2016

Normal LVSF, Refractory arrhythmias, death



Sine Wave Ventricular Tachycardia
not torsades des pointes



8 Center registry findings: ICI myocarditis

➢ 35 patients
❖ 1.14% incidence at MGH

➢ 29% Female

➢ 54% Myocarditis sole SE

➢Risk Factors

❖ 34% Dual ICI therapy 

❖ 66% Single agent ICI

❖DM in 34%  RR 3.36

➢ 46% w/ MACE (Major Adverse CV events)

❖ CV death, cardiac arrest, cardiogenic shock, and 

hemodynamically significant complete heart block

Mahmood et al JACC Pub Online March 2018



Troponin elevation, abnormal EKG, abnormal 

BNP more common than EF<50%

➢ Mean Onset 34 Days 

after start of therapy

➢ +Troponin >90%

➢ ~50% with EF <50% 

➢ 38% w/ MACE had 

EF>50%  

➢ ~90% treated with 

steroids

❖ Higher troponins and 

higher MACE rates 

with lower steroid 

doses

Mahmood et al JACC Pub Online March 2018



Cardiac Symptoms in patient on Immune Checkpoint 

Inhibitor therapy? Consider Myocarditis



ICI: LVSD with Shock or VT without 

LVSD: Empiric management

Figure Moslehi, ACC CardioOncology 2018

Tacrolimus, MMF



Questions/Comments?

Don’t Forget: On Monday send 3 facts/ideas you recall from this presentation to 

cbporter@kumc.edu. Thank you!! 
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