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12.1 Cancer Targeted Therapies

Molecular targeted therapies are characterized
by blocking essential biochemical pathways or
mutant proteins that are required for cancer cell
growth and survival [1]. The National Cancer
Institute defines a target therapy as “type of
treatment that uses drugs or other substances to
identify and attack specific types of cancer cells
with less harm to normal cells. Some targeted
therapies block the action of certain enzymes,
proteins, or other molecules involved in the
growth and spread of cancer cells. Other types
of targeted therapies help the immune system
kill cancer cells or deliver toxic substances
directly to cancer cells and kill them. Targeted
therapy may have fewer side effects than other
types of cancer treatment. Most targeted thera-
pies are either small molecule drugs or mono-
clonal antibodies” [2]. Targets selected for
molecular targeted therapy include growth fac-
tors, signalling molecules, cell-cycle proteins,
modulators of apoptosis and molecules that pro-
mote angiogenesis, among many others ([3],
Fig. 12.1). Targets that are commonly used for
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imaging and therapy in nuclear medicine prac-
tice are radiolabelled peptides. Peptides are
important regulators of growth, cellular func-
tion and intercellular communication and they
act as neurotransmitters, regulating immune
response and information transduction. Peptide
ligands are neurotransmitters, hormones, che-
mokines, cytokines and growth factors.
Receptors targeted with radiolabelled peptides
have become an important topic, particularly in
nuclear oncology [4].

Targeted cancer therapeutics are amongst the
major treatment options for cancer today, together
with cytotoxic chemotherapies. These treatments
are more selective for cancer cells and improve
the quality of life for cancer patients undergoing
therapy [5]. However, these molecular targets are
expressed also in normal cells, which explains
the different grades of toxicity, resulting from the
disruption of normal cellular function. Along
with the benefits of disease stabilization different
adverse events are reported [6, 7]. The radiopep-
tide treatments improve survival in cancer
patients without significant evidence of cardiac
function impairment.
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Fig. 12.1 Summary of molecular targeted therapy mech-
anisms. Molecular targeted therapy on cancer focuses on
targeting specific cancer-associated molecules that are

12.2 Cardiotoxicity of Cancer
Targeted Therapy

One frequent side effect in targeted therapies is
cardiotoxicity. Cardiotoxicity related to cancer
therapy is a broad term and includes any func-
tional or structural heart injury related to cancer
treatment. Cardiotoxicity is well known to occur
secondary to cancer chemo and radiotherapy and
may lead to premature morbidity and death
among cancer survivors because of the direct
effects of the cancer treatment on heart function
and structure. Cardiotoxic effects have also been
observed in novel targeted therapies. In the con-
text of underlying cardiovascular diseases
(CVD), which are the leading cause of death in
the Western world, it may accelerate the develop-
ment of CVD, especially in the presence of tradi-
tional cardiovascular risk factors [7-10]. To
identify patients at risk for cardiotoxicity from
cancer therapy, it is crucial to detect previous
subclinical cardiac abnormalities and to perform
an early detection of possible cardiovascular
complications during treatment by increasing, for
example, the surveillance frequency [10, 11].

highly expressed in cancer cells or by modulating the
tumour microenvironment related to tumour vasculature,
metastasis or hypoxia. (Y.T. Lee et al. [3])

Myocardial dysfunction and heart failure
(HF), frequently described as cardiotoxicity, are
the most concerning cardiovascular complica-
tions of cancer therapies and cause an increase in
morbidity and mortality [10]. Cardiotoxicity is
grouped into two categories, based on different
pathological changes and clinical characteristics:

— Type I. traditional, related to traditional
chemotherapy.

— Type II: targeted, related to novel targeted
therapeutic agents.

Anthracyclines are the prototype of type I
agents and are associated with a significant risk
of left ventricular dysfunction (LVD) or HF,
compared with non-anthracycline therapies [12].
The pathophysiological mechanisms differ by
drug and include accelerated atherosclerosis, cor-
onary spasm, vascular endothelial damage and
arterial thrombotic events [13]. In addition to car-
diac dysfunction, which is typical for
anthracycline-based chemotherapies, targeted
cancer therapy-induced cardiotoxicities may
manifest also as elevated blood pressure, athero-
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sclerosis, thromboembolism, pericardial thicken-
ing and arrhythmia [12]. Unfortunately, the
understanding of the underlying pathophysiology
and natural history of cardiotoxicity remains lim-
ited. Therefore, it is critical to perform an early
patient risk stratification [13].

12.3 Diagnostic Tools to Detect
Myocardial Toxicity

12.3.1 Anamnesis and Risk
Stratification

The first step to identify patients at increased risk
for cardiotoxicity consists of a careful baseline
anamnesis. Demographic (age, family history of
CVD), lifestyle (smoking, obesity, high alcohol
intake, sedentary habit) and other cardiovascular
risk factors (i.e. arterial hypertension, diabetes
mellitus, hypercholesterolemia) should be col-
lected to perform a patient risk stratification
before cancer therapy. Previous cancer treatments
should be also recorded.

12.3.2 Electrocardiography

Electrocardiography (ECG) is recommended in
all patients before and during the cancer treat-
ments. It is useful to detect any ECG signs of car-
diac toxicity, either transitory or chronic,
including ST-T wave changes, conduction distur-
bances, arrhythmias, and others [10, 13].

12.3.3 Cardiac Biomarkers

The use of cardiac biomarkers during cardiotoxic
chemotherapy may be considered in order to
detect early cardiac injury. They are accurate,
reproducible, widely available, and high-sensitive
Troponin I, high-sensitivity Troponin I, B-type
natriuretic Peptide (BNP) and NT-proBNP are
generally recorded. However, there is currently
no clear evidence about the role of cardiac bio-
markers to detect cardiotoxicity due to both tar-
geted molecular therapies as well as traditional
chemotherapy [10].

12.3.4 Imaging Modalities
for Cardiotoxicity Screening

Cardiac imaging modalities include echocardiog-
raphy, cardiac magnetic resonance imaging, posi-
tron emission tomography, conventional nuclear
imaging techniques, cardiac computer tomogra-
phy and coronary computer tomography angiog-
raphy. Functional testing with exercise or stress
agents is also routinely used to diagnose either
LV myocardial ischaemia or other LV perfusion
abnormalities [10, 13, 14].

12.3.4.1 Echocardiography
Cancer patients treated with potentially cardio-
toxic therapy are at high risk of developing myo-
cardial dysfunction and congestive HF. LV
ejection fraction (LVEF) as a global marker of
LV systolic function is currently used and several
strategies have been applied over the past decades
to detect it. Cardiac dysfunction resulting from
exposure to cancer treatments was first recog-
nized in the 1960s, with the widespread introduc-
tion of anthracyclines into the oncologic
therapeutic setting. Different definitions of can-
cer therapeutics-related cardiac dysfunction
(CTRCD) have been historically used [15]. A
joint committee of the American Society of
Echocardiography and the European Association
of Cardiovascular Imaging defined the CTRCD
as a decrease in the LVEF of >10% points, to a
value <53% (normal reference value for two-
dimensional (2D) echocardiography). The
decrease should be confirmed by repeated car-
diac imaging. The repeat study should be per-
formed 2-3 weeks after the baseline diagnostic
study showing the possible initial decrease in
LVEF. That should be further categorized as
symptomatic or asymptomatic, or with regard to
reversibility [16].

2D-echocardiography is the method of choice
to detect the LVEF before, periodically during
and after potential cardiotoxic cancer therapy.
This is because of its wide availability, reproduc-
ibility, versatility, lack of radiation exposure and
also safety in patients with concomitant renal dis-
ease. The modified 2D-biplane Simpson method
is recommended for estimation of LVEF and LV
volumes. Echocardiography allows the evalua-



142

R. Calabretta and M. Hacker

tion of left and right ventricular dimensions, vol-
umes, and function as well as valvular, and
pericardial pathology. [10, 13, 16] Despite some
limitations, the incorporation of modern
techniques such as myocardial contrast echocar-
diography, three-dimensional (3D) echocardiog-
raphy,  Doppler  tissue  imaging and
speckle-tracking echocardiography offer a pru-
dent compromise between cost-effectiveness and
clinical predictive value [14].

12.3.4.2 Cardiac Magnetic Resonance
Cardiac magnetic resonance (CMR) is a helpful
tool for the evaluation of cardiac structures, myo-
cardial function as well as pericardium. Late
gadolinium enhancement (LGE) imaging may be
useful to detect scarring or fibrosis and can sensi-
tively detect a myocardial infarction. The quanti-
tative myocardial perfusion mapping allows to
quantify the regional myocardial perfusion
reserve. CMR is an excellent test for the compre-
hensive evaluation of cardiac masses and infiltra-
tive conditions. Accuracy and reproducibility are
characteristics of CMR, despite its limited avail-
ability [10, 12].

12.3.4.3 Nuclear Positron Emission
Tomography

Positron emission tomography (PET) is the gold
standard technique to assess myocardial perfu-
sion and metabolism in nuclear medicine prac-
tice, due to its high spatial and temporal resolution
and high diagnostic sensitivity and accuracy.
Hybrid systems with either computer tomogra-
phy (CT) or magnetic resonance imaging (MRI)
have been used.

The use of cardiac PET, and in particular of
quantitative myocardial perfusion PET, has been
growing during the last decade. ["*N]-labelled
ammonia, [PO]-labelled water and %?Rubidium
have been employed as effective myocardial per-
fusion tracers. The acquisition protocols using
dynamic acquisitions allow the absolute quantifi-
cation of LV myocardial blood flow (MBF) at
rest and after stress as well as the derivation of
LV coronary flow reserve (CFR). Gating, that is
an ECG synchronized registration, provides
functional information such as LVEF, left ven-
tricular volumes, wall motion and wall thicken-

ing. Moreover, quantitative PET makes possible
to assess the presence of LV microvascular dys-
function, which is involved in various cardiac
diseases, including the early stages of coronary
artery atherosclerosis, hypertrophic and dilated
cardiomyopathy, and hypertensive heart disease.
Nevertheless, the acquisition and analysis of
quantitative PET requires a high level of exper-
tise [17, 18]. PET is also the gold standard tech-
nique to analyse myocardial metabolism or to
assess myocardial viability using 2-['*F]fluoro-
deoxyglucose (FDG). Clinical studies applying
cardiac PET to monitor for cardiotoxicity related
to cancer target therapies are limited. Recent
publications report accurate estimation of left
and right functional parameters also from routine
dynamic whole-body FDG PET scans for onco-
logical purposes, which could open a new per-
spective for further clinical applications of the
PET examinations [19].

Targeted cancer therapy-induced cardiotoxici-
ties may manifest also as a development or a pro-
gression of atherosclerosis. During the past
decade, studies suggested that PET/CT with FDG
is a valid tool to assess and to reliably quantify
atherosclerotic inflammatory activity by evaluat-
ing the glucose metabolism of corresponding
immune cells and to predict severe cardio- and
cerebrovascular events in oncological patients
[20, 21]. Recently, it was reported a significant
increase of arterial inflammation in large arteries
in patients suffering from melanoma treated with
immune checkpoint inhibitor therapy, using FDG
PET/CT imaging [22].

Patients with haematological malignancies
could rarely develop light chain amyloidosis,
which may present with cardiac amyloidosis, an
infiltrative cardiomyopathy, often presenting as
heart  failure = with  preserved = LVEFE
Echocardiography and CMR imaging are useful
for the diagnosis of cardiac amyloidosis but they
cannot reliably distinguish it from other infiltra-
tive heart diseases. PET/CT with radiopharma-
ceuticals that were originally developed for the
detection of cerebral amyloid deposits and diag-
nosis of Alzheimer’s disease, like '*F-florbetair or
"'C-PIB have recently shown promising results
for the detection of cardiac and extra-cardiac
amyloidosis [23].
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12.3.4.4 Conventional Nuclear
Imaging

The American Society of Clinical Oncology
guidelines 2016 recommend the use of multiple
gated acquisition (MUGA) with technetium-99m
[*™Tc] labelled red blood cells to assess LVEF, if
such a measurement is not feasible by echocar-
diography and CMR. Limitations include a radia-
tion exposure and its inability to assess additional
information on cardiac structure [10, 16].

An increasing number of Nuclear Medicine
sites are routinely using single photon emission
computer tomography (SPECT) systems to diag-
nose coronary artery disease or to detect myocar-
dial ischemia. ECG-gated cardiac SPECT allows
for reliable estimating myocardial perfusion as
well as functional parameters (LVEF, LV vol-
umes), LV wall motion and LV wall thickening
with high accuracy [24].

12.3.4.5 Cardiac Computed

Tomography, Angio-

Coronary Computer

Tomography
Whilst cardiotoxicity related to cancer therapy
generally focuses on LV impairment, cancer
treatments can cause other clinical cardiac syn-
dromes including coronary events, pericardial
disease, valvular heart diseases, pulmonary
hypertension and right ventricular dysfunction.
CT coronary angiography provides a non-
invasive anatomical assessment of coronary
artery disease. Among the immune and targeted
therapeutics, those inhibiting the vascular endo-
thelial growth factor (VEGF) signalling pathway
have an increased risk for coronary thrombosis,
which can be detected non-invasively by this
technique [10, 12, 13].

12.4 Summary

Molecular targeted therapies are characterized by
blocking essential biochemical pathways or
mutant proteins that are required for cancer cell
growth and survival. Targeted cancer therapeutics
are amongst the major treatment options for can-
cer today. These treatments are more selective for
cancer cells and improve the quality of life for can-

cer patients undergoing therapy. Nevertheless, one
frequent side effect in targeted therapies is cardio-
toxicity, frequently described as myocardial dys-
function and HF. Cardiotoxicity includes also any
subsequent functional or structural heart injury,
with a possible accelerated development of
CVD. The early identification of patients at risk
for cardiotoxicity from cancer target therapies and
the early diagnosis of CV complications related to
cancer treatments are crucial. Anamnesis and risk
stratification are the first steps of the diagnostic
process to detect myocardial toxicity. ECG detects
cardiac electrical changes, cardiac biomarkers
may be considered to detect early cardiac injury.
Imaging modalities for cardiotoxicity screening
include echocardiography, the method of choice to
detect the LVEF, and CMR imaging, to evaluate
cardiac structures, myocardial function and infil-
trative conditions. Nuclear PET is the gold stan-
dard technique to assess LV myocardial perfusion
and metabolism, to detect the development or a
progression of acoronary artery therosclerosis and
to identify cardiac and extra-cardiac amyloidosis.
Conventional imaging in nuclear medicine prac-
tice includes MUGA and cardiac SPECT. Cardiac
CT is a valid tool to detect morphological patholo-
gies of heart, pericardial disease, valvular heart
diseases, pulmonary hypertension, or right ven-
tricular dysfunction. CT coronary angiography
provides a non-invasive anatomical assessment of
coronary artery disease.
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