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What is cardio-oncology?

Iowa ACC Annual Meeting and Cardiovascular Today Conference



Cardio-
oncology care



Which patients are at increased risk for cardiotoxicity?

Treatment-specific risk factors
• High dose anthracycline (> 250mg/m2 doxorubicin)
• High-dose radiotherapy (> 30Gy) with heart in the treatment field
• Low dose anthracycline + low dose RT
• Low dose anthracycline + anti-HER2 therapy
• Proteasome inhibitors
• Tyrosine kinase inhibitors (risk depends on profile of inhibition)
• VEGF inhibitors
• Immune checkpoint inhibitors - ICIs

Patient-specific risk factors
• > 2 cardiovascular risk factors (e.g. smoking, hypertension, diabetes, hyperlipidemia, 

obesity)
• Age > 60 years
• Compromised cardiac function (e.g. borderline low LVEF 50-55%, h/o myocardial 

infarction, > moderate valve disease)

Armenian et al. J Clin Oncol. 2017; 35: 893-911.



Incidence of LV dysfunction with various 
Chemotherapeutics

Chang et al. J Am Coll Cardiol. 2017; 20:2536-51.



Screening prior to treatment – ASCO and ESC 

• Assessment and modification of risk factors
• TTE prior to initiation of potentially cardiotoxic therapies

• NT pro-BNP and troponin  
– Chemotherapy with anthracyclines, HER2 inhibitors and other 

Protease inhibitors in patients with significant CV risk factors or 
decreased LVEF at baseline

– Immune checkpoint inhibitors

– CAR-T cell therapy

Armenian et al. J Clin Oncol. 2017; 35: 893-911.



Why should I order a TTE before 
chemotherapy with cardiotoxic 
chemotherapy?
What should I order?



Baseline assessment: Does LVEF before therapy 
with anthracyclines predict the risk of MACE?

Wang et al,  Am J Card, 2015



Recommended imaging

• TTE or cMRI

• TTE should include 3D EF 
and global longitudinal 
strain (GLS)



I have a referral for LV dysfunction under 
chemotherapy. 
What should I do? 



Table 3

Cancer therapy-related cardiovascular toxicity definitions

CTRCD

Symptomatic CTRCD (HF) Very severe HF requiring inotropic support, mechanical circulatory support, or consideration of transplantation

Severe HF hospitalization

Moderate Need for outpatient intensification of diuretic and HF therapy

Mild Mild HF symptoms, no intensification of therapy required

Asymptomatic CTRCD Severe New LVEF reduction to <40%

Moderate New LVEF reduction by ≥10 percentage points to an LVEF of 40–49%

OR

New LVEF reduction by <10 percentage points to an LVEF of 40–49% AND either new relative decline in GLS by >15% from baseline OR new rise

in cardiac biomarkers

Mild LVEF ≥ 50%

AND new relative decline in GLS by >15% from baseline

AND/OR new rise in cardiac biomarkers

ICI myocarditis (either pathohistological diagnosis or clinical diagnosis)

Pathohistological diagnosis (EMB) Multifocal inflammatory cell infiltrates with overt cardiomyocyte loss by light microscopy

Clinical diagnosis cTn elevation (new or significant change from baseline) with 1 major criterion or 2 minor criteria, af er exclusion of ACS and acute infectious myocarditis based on clinical

suspicion

Major criterion:

CMR diagnostic for acute myocarditis (modified Lake Louise criteria)

Minor criteria:

Clinical syndrome (including any one of the following: fatigue, myalgias, chest pain, diplopia, ptosis, shortness of breath, orthopnoea, lower-extremity oedema, palpitations, light-

headedness/dizziness, syncope, muscle weakness, cardiogenic shock)

Ventricular arrhythmia (including cardiac arrest) and/or new conduction system disease

Decline in LV systolic function, with or without regional wall motion abnormalities in a non-Takotsubo pattern

Other immune-related adverse events, particularly myositis, myopathy, myasthenia gravis

Suggestive CMR

Severity of myocarditis Fulminant: Haemodynamic instability, HF requiring non-invasive or invasive ventilation, complete or high-grade heart block, and/or significant ventricular arrhythmia

Non-fulminant: including symptomatic but haemodynamically and electrically stable patients and incidental cases diagnosed at the same time as other immuno-related adverse

events. Patients may have reduced LVEF but no features of severe disease

Steroid refractory: non-resolving or worsening myocarditis (clinical worsening or persistent troponin elevation af er exclusion of other aetiologies) despite high-dose

methylprednisolone

Recovery from myocarditis Complete recovery: Patients with complete resolution of acute symptoms, normalization of biomarkers, and recovery of LVEF af er discontinuation of immunosuppression. CMR

may still show LGE or elevated T1 due to fibrosis, but any suggestion of acute oedema should be absent

Recovering: Ongoing improvement in patient clinical symptoms, signs, biomarkers, and imaging parameters, but not yet normalized, while on tapering doses of

immunosuppression

Vascular toxicity (for general cardiology definitions, see , )

Asymptomatic vascular toxicity CAD Symptomatic vascular toxicity Stroke

PAD Transient ischaemic attack

Carotid artery disease MI

Venous thrombosis ACS

Arterial thrombosis CCS

Peripheral vasoreactivity PAD

Coronary epicardial

vasoreactivity

Vasospastic angina

Coronary microvascular

vasoreactivity

Microvascular angina

Raynaud’s phenomenon

Arterial hypertension

Treatment threshold for hypertension

before, during, and af er therapy

In patients with high CV risk : ≥130 mmHg systolic and/or ≥80 mmHg diastolic

Otherwise: ≥140 mmHg systolic and/or ≥90 mmHg diastolic

Cancer therapy holding threshold ≥180 mmHg systolic and/or ≥110 mmHg diastolic

Hypertensive emergency (Very high) BP elevation associated with acute hypertension-mediated organ damage (heart, retina, brain, kidneys, and large arteries), requiring immediate BP reduction to limit

extension or promote regression of target organ damage

Cardiac arrhythmias

QT prolongation Prolonged: QTcF>500 ms

Bradycardia For general cardiology definitions, see , 

Supraventricular tachycardia

Ventricular arrhythmias

AF

ACS, acute coronary syndromes; AF, atrial fibrillation; BNP, B-type natriuretic peptide; BP, blood pressure; CAD, coronary artery disease; CCS, chronic coronary syndromes; CMR, cardiac magnetic resonance; cTn, cardiac

troponin; CTRCD, cancer therapy-related cardiac dysfunction; CV, cardiovascular; ECV, extracellular volume fraction; EMB, endomyocardial biopsy; ESC, European Society of Cardiology; GLS, global longitudinal strain; HF,

heart failure; HFmrEF, HF with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; ICI, immune checkpoint inhibitors; LGE, late

gadolinium enhancement; LV, lef  ventricular; LVEF, lef  ventricular ejection fraction; MI, myocardial infarction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PAD, peripheral artery disease; QTcF, corrected QT

interval using Fridericia correction; SCORE2, Systematic Coronary Risk Estimation 2; SCORE2-OP, Systematic Coronary Risk Estimation 2—Older Persons.

See ,  for expanded definitions.

a With LVEF and supportive diagnostic biomarkers based on the 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic HF.

b Symptomatic CTRCD represents HF, which is a clinical syndrome consisting of cardinal symptoms (e.g. breathlessness, ankle swelling, and fatigue) that may be accompanied by signs (e.g. elevated jugular venous

pressure, pulmonary crackles, and peripheral oedema) and has traditionally been divided into distinct phenotypes based on the measurement of LVEF: ≤40% = HFrEF; 41–49% = HFmrEF; ≥50% = HFpEF.

c cTnI/cTnT > 99th percentile, BNP ≥ 35 pg/mL, NT-proBNP ≥ 125 pg/mL or new significant rise from baseline beyond the biological and analytical variation of the assay used.

d Clinical diagnoses should be confirmed with magnetic resonance imaging or EMB if possible and without causing treatment delays. Treatment with immunosuppression should be promptly initiated while awaiting

further confirmatory testing in symptomatic patients.

e Both troponin I and troponin T can be used; however, clinical observations suggest that troponin T may be falsely elevated in patients with concomitant myositis and without myocarditis.

f According to local protocols.

g Diagnostic CMR: Based on updated Lake Louise criteria : T2-based criterion + T1-based criterion ± supportive criteria (T2-based criteria: regional or global increase of native T2, or T2 signal intensity; T1-based

criteria: regional or global increase of native T1, or regional or global increase in the ECV, or presence of LGE; supportive criteria: pericarditis and/or regional or global LV systolic dysfunction).

h Suggestive CMR: meeting some but not all of the modified Lake Louise criteria. The presence of T2- or T1-based criteria may support a diagnosis of acute myocardial inflammation in the appropriate clinical scenario.

i SCORE2 (<70 years), SCORE2-OP (≥70 years) or equivalent.  CV risk stratification: <50 years: low risk <2.5%, moderate risk 2.5% to <7.5%, high risk ≥7.5%; 50–69 years: low risk <5%; moderate risk 5% to <10%; high

risk ≥10%; ≥70 years: low risk <7.5%, moderate risk 7.5% to <15%, high risk ≥15%.

j QTcF 480–500 ms: correct reversible causes, minimize other QT prolonging medications, close QTcF monitoring. Fridericia correction is recommended (QTcF = QT/ √RR).
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Cancer therapy-related cardiac dysfunction - 
Definition

Eur Heart J, Volume 43, Issue 41, 1 November 2022, 
Pages 4229–4361, 
https://doi.org/10.1093/eurheartj/ehac244

https://doi.org/10.1093/eurheartj/ehac244


Management 
of 
anthracycline 
chemotherapy-
related cardiac 
dysfunction.

Eur Heart J, Volume 43, Issue 41, 1 November 2022, 
Pages 4229–4361, 
https://doi.org/10.1093/eurheartj/ehac244

https://doi.org/10.1093/eurheartj/ehac244


Management of 
human epidermal 
receptor 2-targeted 
therapy-related 
cardiac dysfunction.

Eur Heart J, Volume 43, Issue 41, 1 November 2022, 
Pages 4229–4361, 
https://doi.org/10.1093/eurheartj/ehac244

https://doi.org/10.1093/eurheartj/ehac244


SAFE-HEART trial: can Her2 therapies be safely 
administered without interruptions in patients with 
cardiac dysfunction?

Lynce, Breast Cancer Res and Treatment, 2019



How often do I order an imaging study 
during chemotherapy and for how long 
after?



Repeat imaging during chemotherapy

Anthracyclines:

• Repeat studies are recommended for symptomatic patients.

• Surveillance imaging may be offered during treatment in 
asymptomatic patients at increased risk.

• Frequency should be determined based on clinical judgment and 
circumstances.

HER2R inhibitors:

• Imaging every three months.



Imaging after end of chemotherapy

Anthracyclines:

• Low risk patients: In the first 6-12 months after end of 
chemotherapy, then every 5 years,

• High risk patients: In the first 3 years annually, and then once 
every ~ 3 years.

HER2 blockers:

• In the first 6-12 months after end of chemotherapy.



I have a referral for chest pain under 5-FU 
chemotherapy.
What should I consider?



5-FU-induced cardiotoxicity

• Oncologic mainstay (colon, breast, pancreatic, head/neck, esophageal 
and gastric cancers)

• Given as bolus or continuous infusion

• Capecitabine is a prodrug and given p.o.

• Cardiotoxicity (chest pain and ECG changes) known since the 1970’s

• Causes vasospasm (other mechanisms implicated, including 
endothelial damage and cardiac metabolic derangement)

• Symptoms: chest pain, MI, stress-induced cardiomyopathy 
(Takotsubo), ventricular arrhythmias



5-FU-induced cardiotoxicity

• Change from Capecitabine or continuous infusion to bolus

• Work-up and treatment of CAD

• Consider stress test on 5FU

• Admission for next cycle 5FU

• Pretreatment with Nitrates and/or Nifedipine



I have heard that patients with immune 
checkpoint inhibitor myocarditis have a 
terrible prognosis.
What do I need to know?



Checkpoint inhibitor-induced myocarditis

• Clinical presentation:
• Develops in the first weeks after start of treatment (~ day 40)
• Is often accompanied by other symptoms, such as myositis
• Heart failure symptoms are less common (50% have EF >50%)
• Conduction disease, complete heart block, ventricular arrhythmias

• Incidence 
• ??? 0.1-5%, depending on criteria, higher with combination therapy
• Less common than other CI side effects (diarrhea, colitis, rash)  

• Outcome:
• Major adverse cardiac endpoints (cardiovascular death, cardiac arrest, 

hemodynamically significant arrhythmias/heart block/cardiogenic shock) up to 50%;
• Mortality 25-50%.

Mahmoud et al. J Am Coll Cardiol. 2018;71:1755-64. Escudier et al. Circulation. 2017. 136: 2085-87.



Cardiovascular 
surveillance in 
patients treated 
with immune 
checkpoint 
inhibitors.

Eur Heart J, Volume 43, Issue 41, 1 November 2022, 
Pages 4229–4361, 
https://doi.org/10.1093/eurheartj/ehac244

https://doi.org/10.1093/eurheartj/ehac244


Diagnosis and 
management of immune 
checkpoint inhibitor-
related myocarditis.

Eur Heart J, Volume 43, Issue 41, 1 November 2022, 
Pages 4229–4361, 
https://doi.org/10.1093/eurheartj/ehac244

https://doi.org/10.1093/eurheartj/ehac244


Cancer and the Heart 

• Risk factor modification and guideline-directed CV therapy in patients at 
high risk of cardiotoxicity

• Baseline TTE, sometimes ECG and biomarkers for patient receiving 
cardiotoxic chemotherapy 

• Surveillance of symptoms and imaging as needed until one year after end of 
chemotherapy for Dox and HER2R blockers

• Guideline-directed therapy for LV dysfunction, discuss discontinuation if LV < 
40%

• 5FU –related symptoms: bolus 5FU, nitrates and nifedipine

• ICI myocarditis: rare but can be fulminant, high dose steroids as first line 
treatment
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Thank you

uiowa.edu



First TTE after 12 years:
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