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Opinion statement

Recent advances in cancer treatment and research have greatly improved survival rates for
patients with cancer. However, many of these cancer survivors are developing cardiac
disease—most commonly heart failure as a result of this treatment. Certain chemother-
apeutic agents, including anthracyclines and trastuzumab, have been linked to
cardiotoxicity-induced cardiomyopathy in cancer patients. It has been reported as early
as during infusion and as late as several years following treatment. Radiation therapy,
particularly to the left breast, has also been linked to cardiac disease. The responsibility of
cardiac monitoring has traditionally fallen on oncologists using assessment of LVEF
through multigated acquisition (MUGA) scans or echocardiograms. The “formal” definition
of cardiotoxicity, as a 5 to 10% decrease in LVEF from its baseline, even though not
validated, is currently used by clinicians to alter treatment, but it has been recently
challenged, as a possible irreversible late stage of a myocardial insult. Furthermore, it falls
into the interobserver variability range of echocardiography. The growing field of medi-
cine called cardio-oncology is based on emerging research that has shown that more
advanced imaging modalities can help detect cardiotoxicity early, allowing the patient to
receive treatment and avoid developing heart failure from cancer treatment. While
traditional imaging still has its place in cardiac monitoring, cardiac magnetic resonance
imaging is the most accurate and detailed imaging modality available to assess
cardiotoxicity. Our own pilot cardiac MRI study suggests that a normal left ventricular
remodeling to chemotherapy, when patients have not developed heart failure symptoms,
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could occur over time. Perhaps, knowing a baseline normal response could help us to
define a more accurate definition of cardiotoxicity by CMR. Here, we discuss various
imaging modalities and emerging techniques that can assist in detecting early signs of
cardiotoxicity and thus reduce the incidence of cardiac disease in cancer survivors.

Introduction

While traditional imaging (“echocardiography and nu-
clear medicine”) still has its place in cardiac monitoring,
cardiac magnetic resonance imaging is the most accurate
and detailed imaging modality available to assess
cardiotoxicity [1], and, therefore, can be used to confirm
an abnormal LVEF by echocardiography (Fig.1). Cancer
and cardiovascular diseases are among the leading
causes of death in the US and worldwide [2, 3]. It is
not surprising that both groups of diseases are connect-
ed, especially due to cardiotoxicity related to chemother-
apy or radiotherapy and thromboembolic complication
both from the cancer itself or its treatment. Breast cancer
treatment is often related to cardiovascular complica-
tions due to anthracyclines use and radiotherapy. Oth-
erwise, heart failure patients have a higher incidence of
cancer [4].

Anthracyclines comprise a class of chemotherapy
that has greatly improved cancer treatment out-
comes. Unfortunately, this class of drugs is also as-
sociated with a high incidence of irreversible cardiac
damage, which leads to heart failure. This type of
irreversible cardiotoxicity is referred to as type I
cardiotoxicity and may occur in acute, early, or late
stages [5, 6]. While the exact pathophysiology is not
fully understood, the oxidative stress hypothesis is
the predominantly accepted view. This hypothesis
suggests that cardiomyocytes are damaged through
the production of reactive oxygen and peroxidation
of the cell membrane [5]. Higher lifetime cumulative
doses of anthracyclines are directly related to the
incidence of heart failure. Doxorubicin, for example,
is associated with a 5% incidence of heart failure for
cumulative doses of 400 mg/m2 and a 48% inci-
dence for cumulative doses of 700 mg/m2 [5].

While several chemo agents can potentially cause
cardiotoxicity(Table 1), the most frequently ones
associated with left ventricular dysfunction are
antracycline-based agents [5]. Targeted therapies
have also helped significantly improve rates of

cancer survivorship. Trastuzumab, a monoclonal an-
tibody, targets and inhibits human epidermal
growth factor receptor 2 (HER2), which has greatly
improved survivorship outcomes for patients with
HER2 positive breast cancer. However, Trastuzumab
is also associated with cardiotoxicity, which presents
as heart failure. The incidence of trastuzumab-
induced cardiotoxicity is higher among patients
who have also been treated with anthracyclines
and cyclophosphamide [7]. The mechanism that
causes heart failure with trastuzumab is different
than with anthracyclines, and is usually reversible,
as it is not believed to cause myocyte death. How-
ever, it is important to monitor cardiac function
during trastuzumab therapy in order to start phar-
macologic intervention and reduce treatment inter-
ruptions [5].

Radiation therapy for cancer has also been associated
with cardiotoxicity. This risk is greatest in patients who
have received left breast radiation in addition to
cardiotoxic chemotherapy. Radiation-induced
cardiotoxicity is typically manifested as heart failure,
valve disease, and coronary artery disease. These effects
may not be detected until years after treatment, thus
demonstrating a need for close surveillance in patients
who have been treated with radiation [5].

Although left ventricular dysfunction (LVD) is the
most noted manifestation of cardiotoxicity, it is im-
portant to note that other forms of cardiac disease
also arise from cancer and its treatment. Valve dis-
ease has also been noted in patients with cancer,
which may be attributed to radiation therapy, oppor-
tunistic infections, and rarely chemotherapy. In ad-
dition, chemotherapy-induced pancytopenia and in-
dwelling central line catheters may also predispose
patients to bacteremia and endocarditis [8]. The re-
lation between the chemotherapeutic agent, cardio-
vascular toxicity,reversibilty, and imaging modality
recommended is depicted in Table 1.
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Fig. 1. Proposed Cardiac imaging use in monitoring for cardiotoxicity. Low LVEF (Left Ventricular Ejection Fraction) defined as less

than 50%.

History of cardiotoxicity detection

The term “cardiotoxicity” refers to a variety of cardiac diseases, which can poten-
tially arise from cancer treatment. However, LVD is the most commonly reported
manifestation of cardiotoxicity from chemotherapy [9] and has been the standard
by which cardiac function has been monitored throughout cancer treatment.
Myocardial biopsy was the diagnostic method of choice in the 1970s to
identify left ventricular dysfunction. This procedure was, however, invasive and
time-consuming, and its use has declined significantly with improved cardiac
imaging modalities and reduced cumulative doses of chemotherapy [8]. Left
ventricular ejection fraction (LVEF) has since become the measurement by
which cardiotoxicity is defined. Traditional monitoring of LVEF includes base-
line and post-treatment assessments [10]. However, earlier detection of sub-
clinical myocardial dysfunction, before a decrease in LVEF is apparent, could
lead to identifying, intervening, and possibly preventing late adverse cardiac
outcomes. While a universal consensus for the definition of cardiotoxicity does
not yet exist, the most commonly used definition is based on a reduction of
LVEF from baseline. Cardiotoxicity is thus defined as a decline of LVEF of 25%
from baseline in symptomatic patients or 210% in asymptomatic patients to
less than 55% [10, 11]. Emerging data suggests, however, that left ventricular
dysfunction may not be reversible after a certain point [8], and more advanced
imaging techniques are needed to predict and detect cardiotoxicity earlier. The
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Table 1. Cardiovascular toxicity associated with cancer treatment

Anthracyclines:
- Doxorubicin
- Doxil*
- Adriamycin
- Daunorubicin
- Epirubicin
- Idarubicin
Monoclonal antibodies:
- Trastuzumab (herceptin)
- Cetuximab
Alkylating agents:
- Cyclophosphamide
- Ifosfamide
- Melfalan
Taxanes:
- Paclitaxel (taxol, abraxane)
- Docetaxel (taxotere)

Antimetabolites
- 5-fluorourocil (5FU)
- Capecitabine
- Cytarabine
- Gemcitabine

Tyrosine kinase inhibitors (TKI)

- Imatanib
- Sunitinib
- Sorafenib
- Lapatanib

Cardiac manifestations Reversibility Recommended
imaging modality (Fig.1)
- Cardiomyopathy Not reversible Echo or cardiac MRI

- Congestive heart failure (CHF)

- Decrease in LVEF Reversible Echo or cardiac MRI
- Asymptomatic heart failure

- Cardiac decompensation Not reversible Echo or cardiac MRI
- Cardiomyopathy

- Sinus bradycardia Reversible Echo or cardiac MRI
- Ventricular tachycardia

- AV block

- Heart failure

- Arrhythmias

- Angina Reversible Echo or cardiac MRI
- MI

- LV dysfunction

- Ischemia

- Heart failure

- Hypertension

- LV dysfunction Reversible Echo or cardiac MRI
- Ischemia

- Heart failure

- Hypertension

*DOXIL® (doxorubicin HCL liposome injection) can cause myocardial damage, including congestive heart failure, as the total cumulative dose of
doxorubicin HCL approaches 550 mg/m?. In a clinical study of 250 patients with advanced cancer who were treated with DOXIL®, the risk of
cardiotoxicity was 11% when the cumulative anthracycline dose was between 450 and 550 mg/m?. Prior use of other anthracyclines or
anthracenediones should be included in calculations of total cumulative dosage. The risk of cardiomyopathy may be increased at lower
cumulative doses in patients with prior mediastinal irradiation

recommended timing of imaging is before, during, and after cancer treatment.
Some research has suggested that the biomarkers brain natriuretic peptide
and troponin may play a role in the early detection of cardiotoxicity. Troponin
is considered the most reliable biomarker for detecting myocardial damage, and
an early increase in troponin after administration of anthracyclines has been
associated with an increased probability of the development of cardiotoxicity
and cardiac events [8, 12]. In addition, persistently high troponin levels after
anthracycline exposure have been associated with an increase in the severity of
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cardiotoxicity and a higher incidence of cardiovascular events [8]. In addition to
troponin, elevations in BNP may also offer some predictability when it comes
to cardiotoxicity. While there is limited data about the relationship between
BNP and cardiotoxicity, one study found that an increase in BNP to >200 pg/mL
was associated with a significantly higher risk of developing cardiotoxicity [8].
While biomarkers alone are not sufficient to determine cardiotoxicity, they
should be monitored and taken into consideration with the rest of the clinical
picture. The traditional risk factors for cardiovascular disease (obesity, smoking,
CAD, HTN, hyperlipidemia, family history) also place a patient at a higher risk
to develop cardiotoxicity. (see Appendix).

Current imaging modalities and techniques for the detection of
cardiotoxicity

Nuclear medicine. Multigated acquisition scan (MUGA)

MUGA has been the most widely used imaging modality in the past for evalu-
ating left ventricular function due to its availability, accuracy, and reproducibility
[5]. It has been less frequently used, however, with improved imaging techniques
including echocardiography and cardiac MRI. The main disadvantage of MUGA
is excess radiation exposure. In addition, MUGA does not provide information
about right ventricular function or atrial sizes, and it is not able to detect valvular
or pericardial disease [8]. Because a decline in LVEF may indicate permanent
cardiac damage, it is important to be able to visualize and assess all of the cardiac
structures in order to identify the earliest predictors of cardiotoxicity. Multigated
radionuclide angiography (MUGA) uses 99mTc-erythrocytes to visualize the
cardiac blood pool using a gated acquisition vy camera [13]. Planar images
obtained during the cardiac cycle derive accurate and reproducible data of left
ventricle function and volumes. Data of a small study showing high sensitivity
and specificity was not confirmed by a poll of three trials comprising 630 patients
of a randomized sample comparing doxorubicin to placebo [14, 15]. This larger
retrospective analysis showed that 66% of patients experiencing doxorubicin-
related chronic HF had no dinically relevant decline in LVEF value assessed by
MUGA, suggesting that MUGA is not accurate on heart failure prediction of
cancer patients treated with chemotherapy. Although MUGA is widely available
and generally cost-effective, newer echocardiography technology and cardiac
magnetic resonance imaging (CMR) have recently emerged as the preferred
imaging modalities for the detection of cardiotoxicity.

SPECT (single photon emission computed tomography) acquires 3D scanned
images with high reproducibility that correlates well with MUGA and echocar-
diography ejection fractions [16]. Different tracers with diverse characteristics and
objectives area used and some hold some promise to have advantages in clinical
use. In order to determine LV function, >*™TC gated blood-pool SPECT (**™TC
GBPS) can obtain 3D images to derive left and right ventricular ejection fraction
and regional wall motion abnormality. However, it tends to underestimate LVEF
and does not have a good predictive value for development of heart failure [17].
Otherwise, there are also issues of radioactivity and tracer supply.
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PET (positron emission tomography) due to its high spatial and temporal
resolution remains a superb technique for both myocardial metabolism and
perfusion. This leads PET to a high sensitivity and specificity for myocardial
viability. PET is also useful for metastatic lesions, in addition to response to
chemotherapy and cardiotoxicity [18]. Nevertheless, there is still doubt about
PET’s ability to early detect myocardial dysfunction and predict heart failure in
chemotherapy patients. Myocardial metabolism alterations in FDG-PET
showed the possibility that increased glucose utilization is an evidence of
cellular lesions previous to cardiotoxicity in patients using adriamycin [19].

Echocardiogram (echo)

New techniques in echocardiography have led to its becoming more widely used in
the detection of cardiotoxicity. Echo is widely preferred due to its availability, cost-
effectiveness, and lack of radiation exposure. It is also the preferred imaging
method for evaluating valve disease in cancer patients [8]. Newer technology has
made echocardiogram appropriate for serial evaluation of left ventricular function
and structure [5]. 3D echo is currently the preferred method for determining LVEF,
but when this is not a viable option, LVEF is best determined with 2D echo using
the biplane Simpson method [5]. The reliability and reproducibility of the
Simpson method is based on the drawing of endomyocardial LV borders, geo-
metrical assumptions, and image quality. The interobserver variability to detect
cardioxicity was calculated as 10% (IC 95%). The definition of cardiotoxicity is a
10% decrease in LVEF (or a 5% drop with HF symptoms), leading to a compro-
mise in accuracy and detection [8, 11, 20-24].

The use of 3D echo to calculate LVEF in cancer patients may improve
variability, if performed properly, but will not affect early detection of
cardiotoxicity [25].

Strain image has normal values and variability well documented for global,
longitudinal, and radial strain [26]. Peak GLS strain reduction of 10-15% can
predict cardio toxicity early in the treatment [27]. Even though there is prom-
ising data on regional and 3D strains studies, its use is investigational at this
point [28, 29].

The addition of contrast to 2D echocardiography is believed to have incremen-
tal value by decreasing interobserver variability, but advantages of using contrast in
3D exams are not that clear. It reduces variability over 2D in cancer-treated
patients; however, it has not demonstrated a prognostic value benefit [30, 31ee].

Echocardiography is also very useful in evaluation of RV function and
diagnosis of valve and pericardial disease associated both with drugs and
radiotherapy [31ee]. However, CMR is the gold standard method to evaluate
RV morphology and function, pericardial disease, and valve regurgitation.

With the growing realization that a decrease in LVEF is a late manifestation of
cardiotoxicity, current advances seek to determine early predictors in order to
initiate treatment earlier and prevent irreversible cardiac damage. Traditional 2D
echocardiography lacks the ability to detect subtle changes in left ventricular
function [8], which has led to the development of better techniques to detect
early signs of cardiotoxicity. Several clinical studies have shown that using
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echocardiography to measure myocardial deformation can help identify subclin-
ical LVD and has significant predictive value for the development of
cardiotoxicity [11]. Myocardial strain imaging is measured with echocardiogra-
phy using tissue doppler imaging (TDI) software and 2D and 3D speckle-tracking
echocardiography [11]. Many studies have found that a decrease in myocardial
deformation measures is predictive of a subsequent decrease in LVEF, with the
most predictive measure being global longitudinal strain (GLS) [5, 11]. GLS has
been shown to be the most sensitive predictor of early systolic dysfunction [28].
Studies have found a decrease of GLS between 10 and 15% was predictive of
cardiotoxicity [11, 29]. Strain imaging software is not yet widely available but
should be used to detect and predict cardiotoxicity if possible.

Stress echo may be used to evaluate presence of ischemia for patients who
have been treated with certain chemotherapy agents including fluorouracil,
bevacizumab, sorafenib, and sunitinib. These agents are associated with a
higher incidence of post-treatment coronary artery disease and ischemia [29].

The major limitations with echo include its moderate reproducibility
and interobserver variability. One way to improve reproducibility is to
have the same reader interpret each echo in serial evaluation. However,
this may not always be practical. 3D echo has better reproducibility than
2D echo, but its availability is limited, and its accuracy is still depen-
dent on image quality and the experience of the operator [4].

Diastolic function, based on global index such as mitral valve Dopp-
ler flow, E/A ratio and others are used with the hope to detect
cardiotoxicity at an early stage. The ability to global diastolic function
to predict systolic failure due to cancer drugs is inconsistent [32-34].

Cardiac magnetic resonance imaging

Cardiac MRI (CMR) has emerged in recent years as the gold standard for
detecting cardiotoxicity due to its accuracy, reproducibility, and ability to
detect subtle changes in cardiac function that may be predictive of
cardiotoxicity [5, 10]. In addition to detecting early, subclinical decline
in LVEF, CMR also has the ability to detect subtle changes in cardiac
structure and to help identify the specific cause of LVEF. It is also useful
for evaluating the pericardium, and late gadolinium enhancement (LGE)
can help detect scarring or fibrosis, which can contribute to LVD [5].
Several techniques can be used with CMR to help identify various
indicators of cardiotoxicity. Cine imaging is used to evaluate the cardiac
structure and morphology, phase-contrast imaging is used to assess
valvular function, LGE is used to detect focal myocardial fibrosis or scar
tissue, and stress-perfusion is used to evaluate for cardiac ischemia [10].
However, CMR currently has limited availability and higher costs than
echo and MUGA.

The use of cardiovascular imaging in cardiotoxic surveillance and
early detection is usually directed to left ventricular systolic function.
Assessment of ejection fraction is being recommended for patients using
chemotherapy and/or radiotherapy [35e, 36] (Fig.1). Cardiac magnetic
resonance (CMR) is an accurate and reproductive imaging method to
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determine cardiac structure and function with the advantage of no
ionizing radiation and low inter- and intraobserver variability, becoming
the gold standard modality for left ventricular volume and function [37,
38] (Fig. 1).

Importantly, CMR is a reliable method to access perfusion during rest
or stress and tissue characterization [39]. All the variables derived by a
CMR exam can be examined to comprehensively diagnose and quantify
cardiac adverse effects of chemotherapy or radiotherapy. When compared
to 2D echo, CMR have a better accuracy to detect global and regional
function abnormalities in anthracycline and/or radiotherapy treatments
[40]. The reliability of measurements and diagnosis strategies (use of T1-
and T2-weighted images coupled with gadolinium for perfusion at rest
and stress and myocardial/pericardial enhancement) make CMR recog-
nized by the ACC/AHA as a method to screen for chemotherapy-related
cardiotoxicity [38].

CMR has been able to detect early changes in global or regional
function and provide tissue characterization in cancer patients undergo-
ing different chemotherapy agents. In a pilot study, CMR detected early
changes in myocardial enhancement that was later associated with a
slight decline in function of patients receiving anthracyclines [41]. Late
gadolinium enhancement using CMR could be a novel way of detecting
early changes in the myocardium due to trastuzumab-induced
cardiotoxicity [42]. In a rat model, it was demonstrated that changes in
signal intensity within the LV myocardium on T1-weighted gadolinium-
enhanced images could identify animals that develop future adverse
cardiac events, primarily a fall in LVEF after doxorubicin [43]. This
finding was later replicated in 65 patients, most of them are breast
cancer receiving antraciclines. T1-weighted increased slightly as LVEF
declines after 3 months but not T2-weighted edema images. These
indicate that T1 images could serve as an early marker of injury that
predicts future LV dysfunction [44].

Beyond the data obtained by traditional resonance sequences, it is
also possible to derive strain measurements and aortic stiffness, both
with the potential to contribute for early detection of cardiotoxicity. In
46 long-term childhood cancer survivors with anthracycline use with
normal baseline LV function, strain, and myocardial characteristics were
abnormal, depicting the potential to detect subtle myocardial damage
associated with chemotherapy [45]. In 42 middle-aged patients, 10
(25%) developed trastuzumab-related cardiotoxicity. Tissue velocity and
strain were able to detect preclinical changes leading to discontinuation
of the drug as a mid-myocardial portion lateral LV-delayed enhancement
and a decrease in LVEF was detected [46]. In a study with 10 subjects
with hematologic malignancy treated with chemotherapy including
anthracyclines, 3-month post-treatment global circumferential strain, but
not global longitudinal strain, was significantly decreased compared with
pretreatment values [47].

Our group prospectively followed newly diagnosed breast cancer patients
with no prior cardiovascular disease treated with anthracycline or trastuzumab.
The patients were evaluated at baseline, during cancer treatment, 2 weeks, and
6 months after chemotherapy. The LV remodeling response to chemotherapy
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was characterized by a dilated/eccentric ventricular geometry and a declining
(5%) but preserved LVEF. These changes do not appear to be associated with
laboratory or clinical evidence of increased risk for heart failure, which
questioned whether early transitory changes in heart function will necessarily
lead to cardiotoxicity and heart failure [1].

|
Long-term follow-up of cancer treatment survivors

In a cross-sectional study of 114 adult survivals (median age = 39; range
22-53 years) of childhood cancer, 16 individuals had a LVEF <50%
(prevalence of low EF by CMR was 14%). Echocardiography appears to
overestimate the LVEF in that study [47, 48].

A small study included 30 pediatric patients (mean age, 15.2 years)
with normal LV function at baseline. After 2 years or more of
anthracycline use, increased extracellular volume (ECV—to estimate
myocardial fibrosis) fraction correlated with surrogate endpoints such as
decreased left ventricular mass and wall thickness, lower peak oxygen
uptake on cardiopulmonary stress test, and higher anthracycline cumu-
lative dose [49].

Associations of heart abnormalities with ECV were found in another
small single-center study this time in adults (42 subjects with a mean
age, 55 years). There was a median time interval of 84 months follow-
ing anthracycline therapy. Important associations were diastolic dys-
function and increased left atrial volumes with increased ECV [50].

|
CMR in radiotherapy: cardiac and pericardial consequences

In the treatment of several types of cancer, such as breast cancer,
gastrointestinal cancer, and lymphoma, radiotherapy is widely adminis-
tered. It is estimated that almost half of all cancer patients used radio-
therapy at some time during the treatment. Acute or subacute manifes-
tations such as myocarditis or pericarditis after exposure to radiation are
infrequent [51].

Lately, radiotherapy is associated with cardiovascular fibrosis which
can lead to diverse clinical manifestations including heart failure (dia-
stolic or systolic dysfunction), proximal proliferation/fibrosis of the
coronaries, valve disease, arrhythmias and pericardial effusion or con-
strictive pericarditis [52, 53]. A prospective study indicated that late (3-
6 years) perfusion defects after radiotherapy for breast cancer are fre-
quent but do not appear to have functional or clinical relevance [54].

Cardioprotective data

Clinical trials testing the effects of drugs on cardioprotection include the
use of beta-blockers, ACE inhibitors, and angiotensin receptor antago-
nists, or their combination using functional data as endpoints. Several
agents have the potential to prevent cardiotoxicity.

The PRADA trial used CMR to show that candesartan (but not metoprolol or
the association) has a small but significant less decline in left ventricular
function in breast cancer patients treated with antracicline regiments with or
without trastuzumab and radiation [55]. However a trial using MUGA have
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failed to find a protective effect of Candesartan in early breast cancer patients
treated with trastuzumab [56].

Cardiovascular masses

Cardiac CT

The evaluation of cardiac masses by CMR offers a unique opportunity to
evaluate and to comprehensively integrate data to reach an accurate diagnosis
and prognosis. Mass characteristics on cine, T1-weighted turbo spin echo (T1w-
TSE) and T2-weighted turbo spin echo (T2w-TSE), contrast first-pass perfusion
(FPP), post-contrast inversion time (TI) scout, and late gadolinium enhance-
ment (LGE) complement itself to characterize cardiac masses. CMR allows to
differentiate between cardiac thrombi from tumors, and is important for the
distinction of benign versus malignant masses [57]. Characteristics such as
location, size, mobility, infiltration, first pass perfusion, size, homogeneity, T1
and T2 weighted intensity and late gadolinium enhancement help to distin-
guish between different type of masses.

Cardiac tumors are rare and, when visualized, are more frequently secondary
to extra cardiac cancer (lung, breast, esophagus, blood and melanoma) and can
valve mimic or pericardial disease [57]. The most frequent benign primary
cardiac tumors are in decrescendo order mixoma, fibroelastoma, fibroma and
lipomas. Malign cardiac tumors are extremely uncommon but mostly found are
sarcomas and lymphomas.

Cardiovascular CT can be complementary or an attractive alternative to Cardiac
MR in approaching cardiac masses when there are contraindications to reso-
nance imaging [58]. Cardiac CT is a fast ECG gated examination with advan-
tages of evaluation of calcified masses, the global assessment of the chest and
lung tissue and corresponding vascular structures, and the exclusion of ob-
structive coronary artery disease or assessment of involvement the coronary
arteries by tumors and good visualization of mass mobility. Pitfalls include
radiation exposure, contrast allergies or nephropathy and lower resolution for
soft tissue when compared to MR.

As with echocardiography and Cardiac MR, several aspects of cardiovascular
function are also viable in post processing of Cardiac CT that have the potential
to be useful in the evaluation of neoplasms, and complications from chemo-
therapy or radiotherapy (Fig. 1) [59].
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Appendix
Cardiotoxicity risk assessment form

Section 1: general risk factors
Patient characteristics

>65 years old YES NO
Current smoker YES NO
BMI = 25 YES NO
FH cardiac disease—immediate relatives:

MI YES NO
CHF YES NO
CAD YES NO
HTN YES NO
Hyperlipidemia YES NO

*Two or more “YES” answers to above section =» HIGH RISK
*One or fewer “YES” answers to above section=> Regular risk

Section 2: specific risk factors
PMH cardiac disease

MI YES NO
CHF YES NO
CAD YES NO
HTN YES NO
Hyperlipidemia YES NO
Current or past cardiotoxic chemotherapy

Antracyclines: daunorubicin, doxorubicin (adriamycin, doxil), epirubicin, idarubicin, valrubicin YES NO
Trastuzumab (herceptin) YES NO
Anthracycline + trastuzumab, cyclophosphomide, or paclitaxel YES NO

*One or more “YES” answers to above section = HIGH RISK.
* Zero “YES” answers to above section = Regular risk.
If the patient is calculated to be HIGH RISK in either of the two sections, then the patient should be classified as HIGH RISK.
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