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Cardiotoxicity-associated Cardiomyopathy

Objective: When should we use the term cardiotoxicity? How should we evaluate it? What is
the role of imaging in patient follow-up?

Numerous definitions have been proposed in the past to describe the range of cardiovascular toxicity
related to cancer treatment. However, a standardized definition was established in the 2022 Cardio-
Oncology guideline. This guideline was developed in collaboration with the European Society of
Cardiology (ESC), the European Haematology Association (EHA), the European Society for Therapeutic
Radiology and Oncology (ESTRO), and the International Cardio-Oncology Society (IC-0S). While it
was once believed that cardiotoxicity was solely a consequence of chemotherapy, the discovery of new
treatment methods and a deeper understanding of cardiovascular side effects have broadened this
concept. It is now referred to as cancer therapy-related cardiovascular toxicity (CTR-CVT). In clinical
settings, the term “cancer therapy-related cardiac dysfunction (CTR-CD)" is used interchangeably
to denote the same condition. These terms are preferred because they more accurately convey
the etiological connection between conditions related to cardiac injury and the broad spectrum of
cancer treatments. This spectrum includes conventional chemotherapy, immunotherapy, targeted
therapies, and radiotherapy.”?” CTR-CVT is categorized based on the clinical presence or absence of
heart failure and the severity of the condition. Table 36 provides a summary of cardiotoxicity based
on clinical and echocardiographic findings.

Pathogenesis of Cancer Therapy Associated Cardiovascular Toxicity

The "multiple hit" model suggests that heart failure arises from a multifactorial etiology. When this
model is applied to CTR-CVT, it indicates that patients with either overt or subclinical cardiovascular
(CV) disease are at a higher risk of myocardial damage and cardiotoxicity from cancer treatment,

Table 36. Diagnosis of Cancer Treatment-Related Cardiovascular Toxicity”’

Symptomatic (HF)

Very Severe HF necessitating inotropic support, mechanical circulatory support, or consideration
of transplantation

Severe Hospitalization due to HF

Moderate Requirement for outpatient intensification of diuretic and HF therapy

Mild Presence of mild HF symptoms, with no need for intensification of therapy

Asymptomatic

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

HF, Heart failure; LVEF, Left ventricular ejection fraction; GLS, global longitudinal strain.
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Table 37. Classification and Characteristics of Cancer Therapy-Related Cardiotoxicity’?

Type 1

Type 2

Characteristic Agents Anthracyclines

Anti-HER2 Antibody, Tyrosine Kinase Inhibitors

Mechanism of Cardiac e Direct cardiomyocyte necrosis
Dysfunction e Free radical formation
e Oxidative stress/damage

e Cardiomyocyte dysfunction
e Blocked ErbB2 signaling

Clinical Course and Response e Permanent cardiomyocyte damage from the e Typically, reversible cardiomyocyte dysfunction
to Treatment initial drug administration e Good prognosis

® Persistent and irreversible cardiac dysfunction e High likelihood of recovery in 2-4 months
Myocardial Biopsy Findings e Vacuoles e No characteristic changes

e Myofibrillar disarray

e Necrosis

2D/3D
Echocardiography
and GLS

Echogenicity is insufficient or
LVEF cannot be evaluated

correctly.

CMR/Strain

MUGA

CMR cannot be performed or
The patient is unsuitable for
CMR.

Figure 118. Ranking of Imaging Modalities for Monitoring Cancer Therapy-Induced Cardiomyopathy. The timing and frequency of
surveillance should be determined based on the type of chemotherapy and baseline cardiac risk.

due to their already diminished cardiac reserves. The presence
of each modifiable and non-modifiable CV risk factor further
elevates the risk of toxicity.”*®

Risk markers for cardiotoxicity related to cancer include the site
of the cancer such as pancreatic, renal, lung, or lymphoma and its
stage for instance, advanced. Factors associated with cancer that
may elevate the risk of cardiovascular disease include increased
coagulability, invasion of the cardiovascular system, and high
output states. Additionally, risk factors tied to cancer treatment
encompass previous radiotherapy, especially when targeted at
the heart and mediastinum, and prior exposure to anthracycline
or hormone therapy.”*

Molecular Characteristics of Cancer Therapy Associated
Cardiotoxicity

The mechanisms of action of anthracycline and HER2 inhibitors
including trastuzumab and its derivatives are among the most
common causes of cardiotoxicity. Anthracycline cardiotoxicity is
thought to result from free radicals produced by the inhibition of
topoisomerase-1Ip and an increase in oxidative stress. This leads
to a phenotype of chronic dilated cardiomyopathy characterized
by cellular damage, myocyte death, and myocardial fibrosis. The
risk of cardiotoxicity from anthracyclines is dose-dependent and
can be reversible if detected early and treated properly.’°

The pathogenesis of cardiotoxicity associated with HER2
inhibitors, such as trastuzumab, remains poorly understood.
However, it is believed to involve pathological changes in
cardiomyocyte structure and alterations in gene expression that

regulate cardiac and mitochondrial function, as well as DNA
repair.’4! Table 37 details the characteristics of cardiotoxicity
associated with both types of agents.

Radiotherapy-induced Cardiomyopathy

Exposure toradiationin the thoracicregion cansignificantly increase
the risk of non-ischemic cardiomyopathy for several reasons. These
reasons encompass direct fibrosis of the myocardium, hypertrophy
as a secondary response to valvulitis, restrictive cardiomyopathy,
and constrictive pericarditis. Recent studies have shown that the
prevalence of restrictive cardiomyopathy following radiotherapy
to the mediastinum is approximately 10%. Radiotherapy can lead
to cardiotoxicity through mechanisms such as myocardial and
epicardial fibrosis, capillary narrowing due to endothelial damage,
and infiltration of smooth muscle cells triggered by inflammatory
cytokines and cell proliferation. Primarily, radiation contributes to
diastolic dysfunction and restrictive cardiomyopathy by increasing
myocardial stiffness.”*

Imaging in Cancer Therapy Associated Cardiotoxicity

Assessing the CV risk of cancer patients using clinicaland imaging
methods, along with biomarkers, is crucial for continuing cancer
treatments without interruption and minimizing adverse effects
on the CV system. Cardiovascular imaging plays a pivotal role in
detecting subclinical diseases and evaluating the extent of pre-
existing cardiac comorbidities before making treatment decisions.
Furthermore, a multimodal approach is essential for surveillance,
identifying changes during treatment, and, importantly, for the
long-term follow-up of these patients.”** (Figure 118).
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Evaluation of LVEF before
treatment with cardiotoxic agents

=

HER2 targeted therapy:

Anthracycline therapy: Other cardiotoxic

LVEF + biomarkers

250 mg/m? doxorubicin and
at every additional 50-100
mg/m?

Early disease: LVEF + biomarkers treatments*

every 3 months
Metastatic or palliative: periodic
monitoring based on individual
patient risk

Consider periodic LVEF
assessment and
Post- treatment biomarkers in high
LVEF cardiovascular risk

Every 6 months up
to 2 years

LVEF at 6-12
— months post-
treatment

No routine testing if
asymptomatic

Long-term individualized
monitoring based on
cardiovascular risk and dose

Long-term
individualized
monitoring based on
cardiovascular risk
and dose

Figure 119. Timing of LVEF Assessment in Asymptomatic
Patients Before, During, and After Treatment with Agents
Known to Cause CTR-CVT, Based on ESC Guidelines.”’
*Other cardiotoxic therapies include tyrosine kinase inhibitors,
proteasome inhibitors, BRAF inhibitors, MEK inhibitors, immune
checkpoint inhibitors and antimetabolites.

Before treatment © During treatment  After treatment

Transthoracic Echocardiography

Echocardiography stands as the preferred imaging method
in the management of cancer patients due to its accessibility,
reproducibility, cost-effectiveness, lack of radiation, and safety
for individuals with chronic kidney disease. However, emerging
literature and clinical practice indicate that the ejection fraction
(EF), which is the primary measure of left ventricular (LV) systolic
function and recommended for monitoring cardiotoxicity, exhibits
considerable variability, approximately 10%. In this context, EF
measured by three-dimensional (3D) echocardiography is seen
as more accurate and reproducible, with reduced inter-observer
variability (around 5-6%). Three-dimensional echocardiography
represents the most consistent method for assessing LVEF,
though its precision relies on a clear definition of the endocardial
border. This requirement may restrict its applicability in patients
with a history of mastectomy and chest radiotherapy or in obese
patients.”* When 3D echocardiography is not an option due
to availability issues or poor image quality, the linear method
(Teicholz) should not be employed for EF measurement in two-
dimensional (2D) echocardiography. Instead, the Biplane Simpson
method is preferred for calculating EF with 2D echocardiography.”46
For patients with subpar image quality, where two or more LV
segments are indistinct, contrast agents are recommended.”¥
Unfortunately, the use of echo-contrast agents is impractical in
some regions, such as Turkiye, due to accessibility issues.

The monitoring schedule for left ventricular ejection fraction
(LVEF) recommended by ESC guidelines, before, during, and
after treatment with agents known to cause cardiomyopathy, is
outlined in Figure 119. Imaging protocols may vary based on the
patient's changing risk status throughout the treatment process.
Furthermore, the imaging schedule can be tailored to the
individual characteristics of the patient, ensuring a personalized
approach to monitoring and managing the risk of cardiotoxicity.
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Research has demonstrated that relying solely on LVEF
assessment for managing cardiotoxicity is inadequate for
detecting early cardiac damage, particularly in younger
patients.”® Consequently, more sensitive measures that focus on
myocardial deformation and the characterization of myocardial
tissue have been recommended for the early identification
of cardiac injury. Recent studies on cardiotoxicity highlight
that changes in myocardial deformation precede alterations in
LVEF.”# For patients undergoing treatment with anthracycline
and/or trastuzumab, 2D strain echocardiography using the
speckle tracking technique has revealed myocardial dysfunction
even when LVEF remains within normal ranges.”>°

Global longitudinal strain (GLS) is the most frequently utilized
parameter in strain imaging. When possible, it should be
incorporated into all echocardiographic imaging protocols
for patients in cardio-oncology. A decline in GLS greater
than 15% is indicative of subclinical left ventricular systolic
dysfunction. Prompt initiation of cardioprotective therapy and
diligent monitoring of these patients are crucial for ensuring
the uninterrupted continuation of cancer treatment. Moreover,
GLS offers significantly improved intra- and interobserver
reproducibility and accuracy compared to 2D LVEF measured by
the biplane Simpson method.”" Given that there can be technical
variations in measuring strain across different equipment brands,
it is essential to perform serial GLS monitoring for the same
patient using the same echocardiography machine.

The primary challenge in routinely reporting GLS through
echocardiography lies in the necessity of clearly defining the
endocardial border to guarantee an accurate measurement
of GLS, similar to the precision required for an accurate LVEF
assessment. As a result, strain echocardiography might not be
feasible for all patients, particularly those who have undergone
mastectomy. Myocardial deformation imaging can also be
conducted using non-contrast cardiac magnetic resonance
imaging (CMR), with the technique's specifics elaborated upon
in the CMR section.

Cardiac Magnetic Resonance Imaging

CMR is recognized as the gold standard for the non-invasive
assessment of LV volumes and LVEF due to its superior accuracy
and reproducibility. CMR sequences that assess LVEF do not
require exposure to radiation or the use of gadolinium-based
contrast agents. CMR serves as the preferred alternative for
confirming LVEF measurements when echocardiography
provides inconsistent or inaccurate results, or when patients
present with insufficient echogenicity. Vallabhaneni et al.”*?
highlighted in their review the significant role of CMR in the
early detection of cardiac toxicity, as it is capable of identifying
even minor changes in myocardial tissue and offers detailed
tissue characterization. Figure 120 illustrates the use of
multimodality imaging to evaluate a patient with CTR-CVT.
The primary drawbacks of CMR include its limited availability
and high cost. It may also pose challenges for patients with
claustrophobia; however, the process can be expedited using
rapid non-contrast CMR protocols that focus on assessing the
function of the left and right ventricles, typically taking only
10-20 minutes.27753754
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+
EF Biplane 41%
LVEDV MOD BP 105 ml
LVESV MOD BP 61ml
LVEF MOD A2C 39%
SVMOD A2C 39ml

2 LVLs A2C 7.3cm
LVESV MOD A2C 61ml
LvLd A2C 8.5cm
LVEDVMODA2C  100ml

Turk Kardiyol Dern Ars 2024;52(Suppl 1):51-5206

Figure 120. Multimodal Imaging of Cancer Therapy-Related Cardiac Dysfunction in a 52-Year-0ld Patient Undergoing Trastuzumab
Treatment for Breast Cancer.

Initial LVEF (60%) and GLS (-20%) values decreased following trastuzumab therapy. Upper left panel: LVEF (41%) measured using
the 2D echocardiography biplane Simpson method. Lower left panel: Volumetric LVEF measured at 45% by 3D echocardiography.
Upper right panel: GLS (-14%) determined by strain echocardiography. Lower right panel: Volumetric LVEF (45%) assessed by CMR.

Table 38. CMR Protocol in Cardiotoxicity

Scout/Anatomy Function
chambers

e bSSFP biventricular short axis

Tissue Characterization e T1 Native (MOLLI)

e T2 STIR or SPAIR (black blood) short axis and

long axis 4 chambers.
e T2 mapping

Tissue Characterization After
Contrast/Scar Imaging
delayed enhancement)

e Axial T1 weighted TSE black blood °
e bSSFP (bright blood) long axis, 2,3, and 4

T1 weighted TSE and phase-sensitive °
inversion recovery gradient echo (early and

Localization of cardiac planes

Evaluation of morphology and functional
parameters as LVEF

e Strain analysis for GLS and GCS

e |ntersitial remodelling
Evaluation of GLS, oedema and inflamed areas

Evaluation of hyperemic and flogistic areas
Macroscopic and interstitial fibrosis

e T1 enhanced (MOLLI) in biplane short axis
for base, middle and apex of ventricles

GLS, Global Longitudinal Strain; GCS, Global Circumferential Strain; TSE, Turbo Spin Echo; bSSFP, Balanced Steady-State Free Precession

Non-contrast CMR also facilitates myocardial deformation
imaging. Strain measurement can be accurately performed using
either existing cine arrays or custom strain-coded arrays and
feature tracking, eliminating the need for intravenous gadolinium.
Nonetheless, like echocardiographic GLS, CMR strain measurement
programs are brand-specific, and serial follow-ups should ideally
be conducted using the same machine. The recommended CMR
protocol for assessing cardiotoxicity is outlined in Table 38.

Nuclear Imaging

Multiple gated acquisition (MUGA) scan is a scintigraphic
technique that utilizes technetium-99m-pertechnetate-
labelled red blood cells to evaluate LV function. ESC guidelines
recommend the use of MUGA when echocardiography does
not yield diagnostic results and CMR is not available. MUGA
offers advantages over transthoracic echocardiography (TTE) in
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Late

Mid Metabolic
dysfunction

Early

Perfusion and
mithocondrial
dysfunction
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All imaging techniques

Echo Strain,

PET and CMR Strain

CMR (T1-T2 mapping), PET,
SPECT, and FFR-CT
e g

Figure 121. Detection of CTR-CMP (Cancer Therapy-Related Cardiovascular Toxicity) Using Non-Invasive Imaging Techniques.”*

situations where patients may not tolerate echocardiography
well, such as following recent radiation therapy or mastectomy.
However, the limitations of MUGA, including its ECG-triggered
nature, high cost, and significant radiation exposure, restrict its
routine application. It is important to consider the potential for
cumulative radiation exposure with MUGA, particularly in young
women.”>®

Dynamic Multimodality Imaging in the Development of
Chemotherapy-associated Cardiotoxicity

The progression of cancer therapy-related cardiomyopathy
(CTR-CMP) is categorized into three stages: early, mid, and
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late, as illustrated in Figure 121. The early phase is marked by
perfusion and mitochondrial dysfunction. At this stage, CMR
is instrumental in providing tissue characterization for edema
and fibrosis-particularly through T1 and T2 mapping-and in
determining microvascular dysfunction via perfusion CMR
(Rest/Stress). The mid phase is characterized by metabolic
dysfunction, resultinginimpaired diastolic and strain parameters,
which can be effectively assessed using echocardiography and
CMR techniques. In the late phase, a reduced LVEF is observed,
indicating the onset of myocardial damage. This reduction in
LVEF is considered merely the "tip of the iceberg" in the context
of underlying myocardial damage (Figure 121).



