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Cardiovascular Symptoms and Cancer Treatment

2J Am Coll Cardiol CardioOnc 2020;2:270–92

Cardiac MRI (CMR) for the Cancer Patient

 Imaging is critical for the surveillance and diagnosis of cancer treatment-related cardiotoxicities

 CMR is a robust imaging modality which enhances our clinical acumen in the diagnosis and management of various 
cardiomyopathies

 Echo remains a first line imaging modality for the diagnosis of a cardiomyopathy, while cardiac MRI provides more 
accurate functional assessment and critical information about tissue characterization

 Cancer treatment-related cardiotoxicities wide and varied:

 Cardiomyopathy

 CHF

 Myocarditis

 Pericarditis

 Infarcts

 CMR has become a critical imaging modality to evaluate etiology of cardiomyopathy 

 Newer parametric mapping techniques provide a non-invasive biopsy of the myocardium

3

Abnormal strain
Abnormal T1/ECV

Yancy et al. 2013 ACCF/AHA Heart Failure Guidelines

Stages of Heart Failure

CMR for Cardiac Function

 Standard CMR imaging allows the acquisition of high resolution cine images

 CMR is the gold standard for LVEF, volumetric assessment, and myocardial mass measurements

 CMR measurements are highly reproducible (high inter- and intra-observer reliability)

5Shah D. Curr Opin Cardiol 2012, 27:485–491

CMR for Myocardial Strain

 Myocardial deformation and strain changes serve to identify early signs 
of cardiotoxicity

 Echo strain literature validated and included in imaging guidelines

 Strain by CMR is feasible; limited literature for its use thus far
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J Am Soc Echocardiogr 2014; 27:911-39
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CMR for Myocardial Inflammation and Edema

 CMR is the imaging modality of choice 
for myocardial edema assessment

 T2 weighted imaging as well as newer 
T2 mapping techniques allow for highly 
accurate assessment of 
inflammation/edema that is evident 
qualitatively and quantitatively
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CMR for Myocardial Fibrosis –
Late Gadolinium Enhancement

 Late gadolinium enhancement (LGE) imaging of 
the myocardium allows direct visualization of focal 
areas of extracellular expansion due to fibrosis 
and scarring

8
JMRI 2012; 36: 529 Cardiol Clin 2007; 25:35

CMR for Diffuse Interstitial Changes - Parametric Mapping Techniques

 Diffuse changes to the interstitial space can be accurately assessed with T1 mapping and extracellular volume (ECV) 
measurements

 LGE imaging allows for discrimination of focal areas of fibrosis when compared to normal myocardium

 Parametric mapping techniques (T1, T2, T2*) allow for a “non-invasive biopsy” of the myocardium

 ECV is derived from post-contrast T1 and pre-contrast T1 values

 ECV correlates well with pathology

 ECV can be a means to monitor response to therapy and risk stratification

9European Heart Journal – Cardiovascular Imaging (2015) 16, 210–216 10
Journal of Cardiovascular Magnetic Resonance (2017) 19:75

11Schelbert et a. Circ Cardiovasc Imaging. 2017;10:e005619

CMR Techniques for Myocardial Tissue Characterization
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Ongoing Trials – Imaging as Outcomes

American Society of Clinical Oncology Educational Book 40 (March 26, 2020) 501-515. 13

Cancer-induced Changes to the Myocardium Detected by CMR

 Common pathways have been proposed in the 
pathogenesis of cancer and heart disease

 No clear understanding of the baseline cardiovascular 
characteristics of newly diagnosed cancer patients

 Prospective cohort study of recently diagnosed breast 
cancer and lymphoma patients before chemotherapy 
underwent baseline CMR

 381 cancer patients

 102 healthy volunteers

14J Am Heart Assoc. 2021;10:e019811

Cancer-induced Changes to the Myocardium Detected by CMR

 Newly diagnosed cancer patients have reduced chamber volumes, reduced stroke volumes, elevated strain, and elevated 
native T1 compared to healthy volunteers (independent of gender, age, hypertension, and diabetes)

 Changes to the cardiovascular system likely a consequence of the activation of inflammatory pathways in cancer

 Such data – and future investigations of the baseline CV characteristics of cancer patients – may help predict which 
patients are more susceptible to cardiotoxicity

15J Am Heart Assoc. 2021;10:e019811

Myocardial Strain by CMR – Predicting Toxicity and Outcomes
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 Prospective single-center nonrandomized study

 61 patients (breast cancer and lymphoma)

 CMRs obtained prior to chemo treatment and q 3 – 6 
months

 Cardiotoxicity defined as reduction of at least 10% 
points of LVEF to < 53% in patients who develop HF 
symptoms

 Subclinical cardiotoxicity defined as reduction in 
average GLS value of at least 15% compared with 
baseline who are asymptomatic

 Follow-up time of 2 years

Circ Cardiovasc Imaging. 2021;14:e012459

Myocardial Strain by CMR – Predicting Toxicity and Outcomes
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 CMR-derived strain:

 Detects cardiotoxicity early

 Predicts cardiotoxicity before chemo 
by using % normal baseline myocardial 
strain 

 Predicts functional recovery from 
cardiotoxicity based on % normal 
baseline myocardial strain

Circ Cardiovasc Imaging. 2021;14:e012459

Immune-checkpoint Inhibitor (ICI) Cardiotoxicity

 Approx 36% of US population is estimated to be eligible for ICI 
treatment (JAMA Netw Open 2020;3:e200423)

 Clinically detectable immune-related AE in 70% to 90% of patients

 Incidence of myocarditis: single agent ICI: 0.6 – 1.3%; double 
agent ICI: 2.4%

 ICI-related myocarditis typically presents early after starting 
treatment (median 65 days or approx. after 3 cycles)

 No clear evidence that patients with underlying autoimmune 
disease, pre-existing CV, obesity, and diabetes mellitus are at 
increased risk

 Diagnosis: 

 ECG and troponin (abnormal in > 90% of cases)

 ECHO (normal in > 60% of cases)

 CMR (normal in ~ 50% of cases; but applying parametric 
mapping, abnormal in 95% of cases)

 Endomyocardial biopsy18

AACR Cancer Disparities Progress Report 2020
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ICI Myocarditis

 High fatality rate which requires prompt 
diagnosis and treatment

JAMA Oncol. 2018;4(12):1721-1728
JACC CardioOnc 2021 Mar, 3 (1) 157–161

CMR for the Diagnosis of ICI Myocarditis

 Classic features of myocarditis with patchy 
edema and patchy LGE occur at a much 
lower frequency in ICI myocarditis (30 –
50% have no edema or LGE)

 Addition of parametric mapping (T1 and T2) 
significantly improves detection of ICI 
myocarditis

 With modified Lake Louise Criteria, 

 95% met criteria for nonischemic 
myocardial injury, and 

 53% met criteria for edema 

21 22

European Heart Journal ‐ Cardiovascular Imaging (2021) 22, 383–396
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CMR for Infiltrative Cardiomyopathy - Cardiac Amyloidosis

29
J Am Coll Cardiol Img 2020;13:1221–34

Is CMR the Holy Grail of CV Imaging?
From Diagnosis to Prognosis to Response to Treatment
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T1: 1624.4 msec

T1: 1454.4 msec

ECV: 58.5%

ECV: 52.4%

Li et al. JACC Cardiovasc Imaging. 2021 Jul;14(7):1485-1487

AL amyloid: Hematologic responders had improvement in strain, RVEF, and ECV by CMR; mean f/u 13 months
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Hematologic Disorders: Iron Overload Cardiomyopathy

31
Journal of Cardiovascular Magnetic Resonance 2008, 10:42

 T2* imaging allows quantitative 
assessment of iron overload for 
diagnosing and assessing 
response to treatment

 T2* < 20 msec indicates iron 
overload

 T2* values are used to guide 
chelation therapy

UK Thalassemia Death Registry

CMR for the Diagnosis of Cardiac Masses

CMR allows thorough interrogation of tissue 
characteristics of various cardiac masses
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Radiology. 2013 Jul;268(1):26-43

European Heart Journal. 2021 Sep 21:ehab635

CMR accurately diagnosed 98.4% of cardiac masses 
among 903 patients

Diagnosing Cancer Treatment Related Cardiotoxicity

33

Definition of Cancer Therapeutics–Related Cardiac Dysfunction:
 Decrease in LVEF of >10% points to a value <53%
 This decrease should be confirmed by repeated cardiac 

imaging performed 2-3 weeks later

Guidelines: American Heart Association
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J AM Heart Assoc. 2020 Sep 15;9(18):e018403

Summary – CMR for the Cardio-Oncology Patient

 CMR is a highly accurate and comprehensive imaging modality that is critical for the optimal care of the cardio-oncology 
patient

 CMR is safe, radiation-free, and cost-effective

 Medicare reimbursement rates:

 CMR: $480

 Echo: $536

 CMR should be considered when:

 Echo images are suboptimal and LV dysfunction is questionable – ramifications for withholding treatment

 Evaluating etiology of cardiomyopathy – stress CMR is also an all inclusive examination

 Myocarditis suspected after exposure to immune-checkpoint inhibitors

 Pericardial disease and constriction suspected after radiation exposure

 Cardiac masses are present
35

Thank you!

Questions?
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