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V

Foreword

The cancer burden is a worldwide major public health problem. In the developed 
world, one in three people will develop cancer during their lifetime. As cancer-related 
survival has improved, an unexpected increase in premature cardiovascular events has 
occurred. In addition to heart failure, which mainly relates to the fibrosis and apopto-
sis leading to myocardial dysfunction and arrhythmias, a number of chemotherapeu-
tic agents cause disturbances of microvascular function. In addition, premature 
coronary artery disease and valvular and pericardial disease are important sequelae of 
radiotherapy.

Associations have been identified between medications used to treat cancer and car-
diovascular events. The agents most commonly associated with cardiovascular injury 
include the anthracyclines (i.e. doxorubicin), the alkylating agents (i.e. cyclophospha-
mide), and the tyrosine kinase inhibitors (i.e. trastuzumab). Some of these cancer 
drugs can cause irreversible and progressive cardiotoxicity, while others can lead only 
to temporary, stunning- like dysfunction without long- term consequences for the 
patient.

Long-term cancer survivors now represent one of the largest and fastest growing patient 
populations at risk for premature cardiovascular disease. In fact, increases in cardiovas-
cular-related morbidity and mortality now threaten to offset some of the advancements 
in cancer- related survival. However, currently, research initiatives, clinical management, 
and guidelines addressing the needs of cancer survivors are still lacking.

The definition of what constitutes “cardiotoxicity” is clearly of pivotal importance but 
remains poorly standardized. The most typical example is heart failure, which can be 
clinically suspected or only diagnosed during a dedicated cardiac imaging examina-
tion. The extent of cardiotoxicity is also variable, depending on the type of drug used, 
combination with other drugs, prior mediastinal radiotherapy, and the presence of 
cardiovascular risk factors or history of heart disease. Early detection of the patients 
prone to developing cardiotoxicity is the key issue to decrease morbidity and 
mortality.

The Manual of Cardio-oncology coordinated by Chiara Lestuzzi, Stefano Oliva, and 
Francesco Ferraù provides major clues in the setting of cancer treatment-related cardio-
toxicity. The book is very comprehensive covering several major aspects of Cardio-
oncology. The book is divided into five main chapters including the current knowledge 
about epidemiology of the problem, the mechanisms and drugs associated with cardiac 
toxicity, the diagnostic imaging approaches, the management strategies, and the Cardio-
oncology discipline, which is a medical subspecialty concerned with the diagnosis and 
treatment of heart disease in cancer patients.



VI Foreword

With its original approach, the Manual of Cardio-oncology raises awareness of the needs of 
cancer survivors through a series of recommendations. The book already has an eye to the 
future and anticipates the priorities for research and management strategies. It should be 
considered as a reference and will be helpful to Oncologists, Cardiologists, Radiologists, as 
well as other Clinicians and Students interested in managing patients with cancer.

Patrizio Lancellotti, MD, PhD
Liège, Belgium
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1.1  Background

Geographically, Europe consists of 40 countries; some of them are members of the 
European Union. Estimates of cancer burden in the world or in Europe can be viewed 
on-line [1–3]. Cancer burden can be measured both as cancer incidence and as cancer 
mortality, while the 5-year relative cancer survival is a key measure of the effectiveness 
of health-care systems. Last cancer incidence estimates at country level are updated to 
year 2012. These estimates are based on the latest incidence data provided by the 
European Network of Cancer Registries (ENCR), the mortality by the World Health 
Organization (WHO) mortality database [4] and the population estimates by the United 
Nations [5].

Herein, we examined the estimates of cancer incidence [6–14], mortality [7, 9, 10, 12, 
15] and 5-year survival [2, 16] for the four most frequent cancers representing about 50 % 
of the cancer burden in European countries.

Moreover, we described the main risk factors likely associated to the geographical 
pattern observed [14, 17–30], the secondary prevention of specific cancers [31, 32], and 
lastly the fourth edition of the European Code Against Cancer [17, 20, 24, 25, 31, 33, 34].

1.2  Cancer Distribution

 5 About 25 % of the worldwide cancers were diagnosed in Europe in 2012. In par-
ticular, the estimated total number of cancers (excluding nonmelanoma skin 
cancers) was 3.4 million. Of them, 1.8 million (53 %) occurred in men and 1.6 mil-
lion (47 %) in women. The most common cancer sites were breast cancer (464,000 
cases, 13.5 % of all cancer cases), followed by colorectal cancer (447,000, 13.0 %), 
prostate cancer (417,000, 12.1 %) and lung cancer (410,000, 11.9 %). These four 
cancers represented half (50.5 %) of the estimated overall burden of cancer in 
Europe in 2012.

 5 In men, the most common primary sites were prostate (417,000 cases, 22.8 % of the 
total of the cancers), lung (291,000, 15.9 %) and colon-rectum (242,000, 13.2 %).

 5 In women, the most frequent primary cancer sites were breast (464,000 cases, 28.8 % 
of the total), followed by colon-rectum (205,000, 12.7 %) and lung (119,000, 7.4 %).

1.2.1  Incidence of All Cancers Excluding Nonmelanoma Skin 
Cancers

 5 The estimated total number of cancer deaths in Europe in 2012 was 1.75 million, of 
which 56 % (N = 976,000) were observed in men and 44 % (N = 779,000) in women.

 5 The most frequent causes of cancer death were due to lung cancer (353,000 deaths, 
20 % of the total of cancer deaths), followed by colorectal cancer (215,000 deaths, 
12.2 %) and breast cancer (131,000, 7.5 %).

 5 In men, lung cancer was the leading cause of death from cancer (254,000, 26.1 %) fol-
lowed by colorectal (113,000, 11.6 %) and prostate (92,000, 9.5 %) cancers.
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 5 In women, breast cancer was the most frequent cause of death in (131,000, 16.8 %), 
followed by colorectal (102,000, 13.0 %) and lung (nearly 100,000 deaths, 12.7 %) 
cancers.

 5 Age-standardised incidence rates were highest in both sexes in Northern and West-
ern European countries (for instance, rates were 550 per 100,000 in men in France 
and 454 per 100,000 in women in Denmark). In both sexes, the all-cancer incidence 
rates were lower in the Balkan Peninsula (for instance, in Bosnia and Herzegovina, 
rates were 254 in men and 195 in women; or in Albania, rates were 263 in men and 
234 in women) and in Greece (289 in men and 192 in women).

1.2.2  Mortality of All Cancers Excluding Nonmelanoma Skin 
Cancers

 5 Mortality rates, that reflect the frequency and the fatality of cancer, were both high 
in men in Eastern and Central European countries, i.e. Hungary (306). The high 
all- cancer mortality rate estimated in Danish women (168) is partially driven by 
the high incidence and mortality rates of breast cancer.

 5 The lowest mortality rates in males were estimated for Northern European countries, 
Finland (163) and Iceland (161) and in females for Southern European countries, 
Portugal (103) and Spain (99).

1.3  Lung Cancer

1.3.1  Incidence

 5 In men, incidence rates were highest in Central and Eastern European countries: 
Hungary (109/100,000), FYR of Macedonia (102), Serbia (99) and Poland (90). 
Rates were lowest in Northern European countries, for instance, in Finland (45) 
and Sweden (29).

 5 In women, the geographical pattern of rates was the opposite of men. Elevated rates 
were observed in Northern Europe (i.e. Denmark, 55/100,000, and the Netherlands, 
44), while low rates were displayed in Eastern Europe (i.e. Ukraine, 9/100,000; 
Belarus, 9; or Russian Federation, 10).

 5 Incidence and mortality rates in men are decreasing in many European countries, par-
ticularly in Northern and Western areas since the 1980s and the 1990s. These areas were 
the first in the 1960s where the prevalence of smoking diminished in men.

1.3.2  Mortality

 5 In both sexes, the geographical pattern of the mortality rates followed generally the 
geographical pattern of the incidence rates.

 5 Mortality rates in women, who started smoking later than men, are generally increas-
ing in Europe (particularly in France and Spain) although mortality rates tend to flat-
ten, notably in high-risk countries of Northern Europe.
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1.3.3  Risk Factors

 5 Nearly 90 % of lung cancers are caused by tobacco smoking. Thus, tobacco control is 
a priority in all European countries, particularly the male populations of Central and 
Eastern Europe, but also in young women.

1.3.4  Survival

 5 The European mean age-standardised 5-year survival for lung cancer was the poorest 
of the ten index cancers (13.0 %) and better for women than for men.

 5 Geographical differences were small, varying from 9.0 % in the UK and Ireland to 
14.8 % in Central Europe.

 5 Age was a strong determinant of survival, ranging from 24.3 % for patients aged 
15–44 years to 7.9 % for patients aged older than 75 years.

1.4  Breast Cancer

1.4.1  Incidence

 5 Breast cancer was the leading cancer site in women across all Europe in 2012, while a 
threefold geographical variation in rates was displayed between countries.

 5 The highest incidence rates were estimated in Western European countries, for 
instance, Belgium (147), France (137) and the Netherlands (131) and in Northern 
Europe, in the UK (129) and in the Nordic countries, Denmark (143), Iceland (131) 
and Finland (121).

 5 By contrast, incidence rates were much lower in Eastern European countries (i.e. 
Ukraine rate was 54 and in Moldova rate was 53).

 5 Moreover, menopausal status should be considered when studying breast cancer:
 5 In postmenopausal women, the highest rates of breast cancer women were found 
in Northern European countries, but in the three Baltic countries, where the inci-
dence rates were similar to those observed in Eastern and Central Europe.

 5 Moreover, in Northern, Western and Southern Europe (except for the Baltic coun-
tries), incidence rates flatten, with small increases in Slovenia, Germany and the 
Netherlands. In premenopausal women, the incidence rates of breast cancer were 
highest in Southern and Western Europe (for instance, above 140/100,000 in Italy, 
France and the Netherlands).

 5 The lowest rates were observed in Central and Eastern Europe and the three Baltic 
countries (<90/100,000). Finally, rates have flattened in the last 20 years.

1.4.2  Mortality

 5 Breast cancer was also the first cause of death from cancer in women in Europe. The 
range of mortality rates varied twofold. Mortality rates were highest in the North (e.g. 
Belgium, 29, and Denmark, 28) and in the South (i.e. Serbia, 31, and Macedonia, 36).
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 5 Declines in breast cancer mortality rates in most European countries in the 1990s were 
reported as a consequence of the combined effects of early detection (partly due to 
screening, partly due to increasing awareness) and a range of advancements in treat-
ment.

1.4.3  Risk Factors

 5 It is likely that the variation observed in breast cancer incidence across European 
countries may be linked to a different extent and type of screening activities, a dif-
ferential prevalence and distribution of known risk factors for breast cancer (e.g. par-
ity, age at first birth), as well as to possible biases in the estimation methods of breast 
cancer incidence.

1.4.4  Survival

 5 For most countries, 5-year survival for breast cancer (women only) was fairly close to 
the European mean (81.8 %). In all countries except Eastern Europe, survival ranged 
between 76 and 86 %.

 5 In all Northern and Central European countries, and also Italy, Spain and Portu-
gal, survival was >80 %.

 5 In most Eastern European countries—except the Czech Republic—survival was 
10–15 % lower than in the rest of Europe.

1.5  Colorectal Cancer

1.5.1  Incidence

 5 The incidence rates of colorectal cancer are slightly higher in men than in women, 
and a nearly fivefold variation in incidence rates was displayed within European 
countries.

 5 The higher rates of incidence were observed in Central European countries: Slovakia 
(92 per 100,000), Hungary (87) and the Czech Republic (81) in men and in Norway 
(54), Denmark (53) and the Netherlands (50) in women.

 5 The lower rates were displayed in the Balkan countries of Bosnia and Herzegovina 
(30 in men and 19 in women), Greece (25 in men and 17 in women) and Albania 
(13 in men and 11 in women).

 5 Increasing trends in colon cancer in males were seen in countries in Central, Eastern 
and Southern Europe.

1.5.2  Mortality

 5 The geographical patterns of mortality partially followed the pattern of incidence, 
although mortality was elevated in some countries with relatively low incidence rates 
(i.e. Moldova, Russia, Montenegro, Poland and Lithuania).
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1.5.3  Risk Factors

 5 Diets low in fruit, vegetables and unrefined plant food, and high in red meat, processed 
food and fat, have been shown to confer an increased risk of colorectal cancer.

 5 Avoidance of a sedentary lifestyle and obesity may reduce the risk of colorectal cancer.
 5 The implementation of an organised population-based colorectal cancer screen-
ing, during which precancerous polyps and early-stage cancers can be detected and 
removed, is underway in higher-resource countries and should remain a high priority 
as a means of early detection of the disease in Europe.

1.5.4  Survival

 5 For colon cancer, the European mean age-standardised 5-year survival was 57.0 %, 
with slight differences between the sexes:

 5 Northern, Central and Southern Europe had survival around 60 %.
 5 For Eastern Europe, and the UK and Ireland, survival was lower.
 5 Several countries had significantly different survival compared with the mean of 
their respective regions, including Denmark, Croatia, Slovenia and Ireland.

 5 For patients with rectal cancer, the European mean age-standardised 5-year survival 
was 55.8 % and was higher for women than for men:

 5 Central and Northern Europe had highest the survival, with several countries 
above 60 %.

 5 Southern Europe and the UK and Ireland had intermediate survival.
 5 Eastern Europe had much lower survival.

1.6  Prostate Cancer

1.6.1  Incidence

 5 Incidence rates of prostate cancer vary nearly eightfold across European countries:
 5 The highest rates were observed in Northern and Western European countries 
such as Norway (193) and France (187).

 5 The lowest rates were observed in Central and Eastern European countries, such 
as the Republic of Moldova (30) and Albania (25).

 5 The incidence rates of prostate cancer increased in all European countries, especially 
in Northern Europe and in the younger age group (35–64 years), for instance, +28 %/
year in Lithuania.

In some Northern and Western European countries, incidence rates seemed to have 
flattened or dropped before 2012.

1.6.2  Mortality

 5 Mortality rates varied much less than incidence rates:
 5 The highest rates were displayed in Lithuania (36) and in Denmark (34).
 5 The lowest were observed in Malta (14) and Albania (13).
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 5 In most high-resource countries in Northern and Western Europe, the rising trends 
in incidence are largely attributable to increased detection of latent disease follow-
ing the widespread availability of PSA tests in the late 1980s and its subsequent and 
rapid uptake as an inappropriate screening test.

1.6.3  Risk Factors

 5 The risk factors for prostate cancer are still largely unclear. The strong increase in pros-
tate cancer incidence is mainly due to the introduction of prostate-specific antigen 
(PSA) testing and consequent biopsy in asymptomatic men and in men with lower uri-
nary tract symptoms.

 5 The benefit of population screening using PSA testing remains controversial.

1.6.4  Survival

 5 For prostate cancer, European mean age-standardised 5-year survival was high 
(83.4 %):

 5 In most European countries except those in Eastern Europe, survival was around 
80–90 % (exceptions were Croatia, Denmark and Slovenia).

 5 Survival was lower in Eastern Europe, except for the Czech Republic and Lithuania.
 5 European 5-year relative survival was highest at age 55–64 years and lowest for 
patients aged 85 years and older.

 5 The fall with age was steeper for the UK and Ireland, Central Europe and Southern 
Europe than for Eastern and Northern Europe.

1.7  Discussion

 5 The cancer burden and the increasing trends in incidence of the most common can-
cers in Europe are of concern, in particular those at younger ages, as observed for 
colorectal cancer.

 5 The differences in survival of patients with cancer are large for patients diagnosed up 
to 2002, with high survival in Northern and Central Europe and low survival in the 
UK and Eastern Europe.

 5 A large proportion of the studied cancers are potentially avoidable, and primary can-
cer prevention has achieved some important successes in the past.

Strategies to reduce the extent of the disease burden on the continent evidently 
need to be established locally, to reflect the profile of the observed cancer rates in each 
European country and in comparison with the pattern in the other countries.

 5 Possible explanations for persistent international differences in survival include dif-
ferences in cancer biology, use of diagnostic tests and screening, stage at diagnosis 
and access to high-quality care.
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 5 The differences in survival partly represent differences in resources allocated to health 
care, so that countries with high total national expenditure on health generally had 
better survival than did countries that spent less.

However, differences in cancer survival can be affected by factors other than the 
provision and organisation of health care, such as socioeconomic status, lifestyle and 
general health status differences between populations.

In turn, these factors are likely to lead to differences in health-care-seeking behav-
iours, patient management decisions and treatment effectiveness that can directly or 
indirectly affect cancer outcomes. In particular, a poor performance status because of 
comorbidities can limit the treatment options and their efficacy and thus reduce cancer 
survival.

 5 Mass screening and intense diagnostic activity—increasing both incidence and sur-
vival—can also contribute to variations in survival.

Early diagnosis increases detection of early-stage cancers, which might respond 
well to treatment, but can also result in overdiagnosis and lead time bias, which pro-
long survival without significantly reducing mortality.

 5 The increases in survival over time and disparities in cancer survival across Europe sug-
gest that further improvements could be made by application of proven treatment proto-
cols and ensuring that all cancer patients have access to early diagnosis and high- quality 
treatment.

1.8  European Code Against Cancer

The European Code Against Cancer, 4th edition, was developed as a set of 12 recommen-
dations to give advice on the prevention of cancer and to reduce the risk of dying from 
cancer (. Table 1.1).

The Code follows five main principles:
 5 Sufficient scientific evidence that following the recommendation to avoid or reduce 
exposure to a harmful agent, or to adopt a healthy behaviour, or participate in screen-
ing or vaccination activities would reduce the individual’s risk of developing cancer or 
dying from cancer.

Consequently, for the individual, there is a scientifically established benefit, albeit 
obviously acknowledging the impossibility of totally avoiding cancer.

 5 The recommendations are suitable for a broad target population.
 5 The recommendation is something individuals can do to reduce their cancer 
risk.

The intention was not to downplay the responsibility of health decision-makers, but 
to provide a tool for people responding to the question, “what can I do to reduce my 
cancer risk?”

 5 The recommendation can be clearly and succinctly communicated to the general popu-
lation.

 5 The last principle was to avoid recommendations that would give confusing or mixed 
messages to people.
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2.1  Key Points

 5 Cardiovascular disease is the leading cause of death worldwide, with approximately 
30 % of deaths. Several studies have demonstrated that both cardiovascular morbid-
ity and mortality are increased by cigarette smoke exposure, and this correlation has 
been confirmed also for environmental tobacco exposure, such as in the case of pas-
sive smoking.

 5 Cardiovascular disease caused by tobacco use involves multiple mechanisms includ-
ing thrombosis, endothelial dysfunction, and inflammation.

 5 Epidemiologic data show that most of the damages produced by smoke exposure 
reverse quickly after cessation.

 5 Thus, smoking cessation is a crucial issue of cardiovascular prevention.
 5 Lung cancer is the leading cause of cancer morbidity and mortality worldwide, and 
90 % of the annual cancer deaths worldwide are attributable to cigarette smoke, 
including passive smoking as a strong risk factor.

 5 Smoking is directly involved in carcinogenesis; among the over 5000 compounds 
identified in cigarette smoke, more than 70 substances are carcinogens (both tobacco- 
specific such as nitrosamines and others derived from tobacco burning such as poly-
cyclic aromatic hydrocarbons) (PAHs).

 5 In addition, smokers are exposed to other carcinogens including volatile aldehydes, 
while the addiction of nicotine leads to long-term dependence and cumulative 
exposure to these substances.

 5 The relative risk increases with amount smoked, duration, earlier starting age, tar 
level, and fraction smoked and decreases with time quit.

 5 Smoking cessation improves risk and mortality from cardiovascular disease and lung 
cancer; therefore, it is a priority, for the public health system, to reduce smoking prev-
alence through effective tobacco control policies.

2.2  Epidemiology

Cardiovascular disease is the leading cause of death worldwide, with approximately 30 % 
of deaths [1]. Several epidemiologic studies have demonstrated that cigarette smoking is 
associated to higher incidence of myocardial infarction and acute coronary arterial dis-
ease, both in men and women [2–6]. This correlation is similar also among low-tar ciga-
rette smokers [7] as well as clearly described for environmental tobacco exposure, such as 
in the case of passive smoking [8]. The relative risk for cardiovascular events is different by 
age and is higher in younger smokers, but the absolute excess smoking-related mortality 
rises with age [9, 10].

 > However, although it is established that cardiovascular morbidity and mortality are 
both increased by cigarette smoke exposure, the exact role of smoking components 
is not yet fully clarified as well as the entire and complex pathogenesis.

The cardiovascular disease caused by tobacco use involves multiple mechanisms 
including thrombosis, endothelial dysfunction, and inflammation [9, 11]. Another note-
worthy issue is the dose–response observation. The correlation between cigarettes daily 

 A. Catino et al.



17 2

consumption and ischemic heart disease shows that the risk increases sharply from a 
scarce tobacco use and reaches a plateau toward heavy smokers [9, 10, 12].

 > However, epidemiologic data show that most of the detrimental effects produced 
by smoke exposure reverse quickly after cessation [9].

Thus, smoking cessation is a useful and crucial issue of cardiovascular prevention [8, 10].

2.3  Cigarette Smoke: Chemical–Physical Characteristics

The two phases of cigarette smoke are the tar phase and the gas phase.
 5 The tar phase is represented by the material remaining after passing through the glass 
fiber filter, that retains 99.9 % of all particulate material >0.1 μm.

 5 The gas phase is left after passing through the filter [13].

In these phases a different concentration of free radicals, with a higher rate of long- lived 
radicals in the tar phase, is contained [13].

The mainstream cigarette smoke, drawn through the tobacco into an active smoker’s 
mouth, consists mainly of gaseous components (92 %), while sidestream smoke, deriving 
from the burning end of cigarette, contains a relatively higher concentration of the toxic 
gaseous component than mainstream smoke [14].

 > Environmental tobacco smoke derives both from sidestream smoke (85 %) and 
exhaled mainstream smoke (15 %) by smokers [11].

Nicotine, used as additive and present in the tar phase, is involved at multiple levels 
with smoke-related damages [9, 11].

2.4  Pathophysiology

 5 Cigarette smoking causes cardiovascular disease by several mechanisms.
 5 The correlation between cigarette smoking and different atherosclerotic conditions 
is the major cause of cardiovascular disease, involving the cardiac vessels as well 
as big and peripheral vessels, leading to various atherosclerotic clinical syndromes 
(stable and acute angina, sudden death, stroke, intermittent claudication, and aor-
tic aneurysms) [11].

 5 Cigarette smoking interacts with some essential elements of the atherosclerotic pro-
cess, mainly by the impairment of vasodilatory function, inflammation, and altera-
tion of lipid profile.

 5 Several studies have demonstrated that some substances contained in cigarette smoke 
are related to cardiovascular disease; among them, nicotine, carbon monoxide, and 
oxidant gases are the most studied.

 – Nicotine exposure is very significant in regular smokers, with accumulation pat-
terns persisting high 24 h a day. The effects of nicotine comprise catecholamine 
release both at the local neurons and from adrenal glands, with persistent sympa-
thetic nervous activation inducing elevated heart rate.
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 – Cigarette smoking exposes to carbon monoxide, that binds to hemoglobin caus-
ing persistent high concentrations of carboxyhemoglobin; this significantly reduces 
the possibility of oxygen carrying and release. As a consequence of carbon monox-
ide exposure, in cigarette smokers a relative hypoxemia is generally present causing 
increased red cell mass and blood viscosity, thus favoring a hypercoagulable  
condition.

 – Other oxidizing substances absorbed by smokers are represented by nitrogen 
oxides as well as several free radicals, all together involved both with the deple-
tion of endogenous antioxidants (such as vitamin C) and also with multiple 
causes of cardiovascular disease, including inflammation, endothelial injury, 
dyslipidemia, and platelet activation [15].

 – Furthermore, experimental studies reported that polycyclic aromatic hydrocar-
bons could favor atherosclerosis [16].

Nicotine is primarily correlated with the hemodynamic effects of cigarette smoking; nico-
tine stimulates the sympathetic nervous system and heart so increasing the myocardial 
oxygen demand not balanced by the myocardial blood supply. In addition, nicotine 
induces cutaneous vasoconstriction while other vascular beds become dilated, such as 
skeletal muscular vessels (. Tables 2.1 and 2.2).

Globally, the effects of nicotine encompass higher heart rate and blood pressure as well 
as myocardial contractility, thus increasing myocardial work and requiring more myocar-
dial blood flow. Moreover, a coronary blood flow impairment is produced by cigarette 
smoking both by an increase of vascular resistance and also by constriction of epicardial 
arteries [17]. Indeed, this effect is present even at low dose in humans [18]. Finally, the 
trend toward stress-induced myocardial ischemia is partially influenced by the carbon 
monoxide-related effect, which increases the request for coronary blood flow under stress 
by its induced functional anemia; so, the reduced coronary blood flow vasodilatory reserve 
could contribute to stress-induced myocardial ischemia in smokers.

Other mechanisms, based on endothelial injury, as well as thrombosis and inflamma-
tion, contribute at different levels to cardiovascular smoking-related disease.

The endothelial damage of peripheral and coronary arteries is another mechanism by which 
cigarette smoking contributes to atherogenesis and acute cardiovascular disease; it is notewor-
thy that smoking cessation has shown to reverse partially some of these alterations [19].

In this scenario, acute ischemic events are favored by several causes correlated with 
endothelial injury/dysfunction: a prothrombotic state, a reduced vasodilatory reserve, 
the inflammation, and an increased adhesion to vessels by neutrophils and monocytes 
[20]. The oxidative stress is strictly correlated to the development of atherosclerosis and 
 vascular dysfunction, mainly due to the action of free radicals, as reported by some 
studies [21, 22].

The free radicals could be derived from the gas or tar phase of cigarette smoke, the 
activation of leucocytes, or other endogenous sources, and one of the consequences is the 
reduced NO availability [11, 23, 24].

Globally, the enhanced oxidative stress is associated with all cigarette smoking-
related alterations, such as endothelial dysfunction, lipid peroxidation, reduced 
endogenous fibrinolysis, and prothrombotic effects [23, 24]. In fact, the administra-
tion of antioxidants or agents reducing the oxidative stress or improving the NO avail-
ability could reverse the cigarette smoking-induced mechanisms described above 
[25–27].
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.. Table 2.1 Smoking harms the whole body, and there are several benefits from smoking 
cessation, because it is always useful to quit

(continued)

Organ Organ damage Smoking cessation benefits

The brain  Nicotine addiction is similar to drugs as 
heroin and difficult to eliminate due to 
some severe brain alterations
 The brain develops more receptors for 
nicotine to receive larger amounts
This causes the withdrawal syndrome 
(anxiety, irritability, and a powerful 
craving for smoking)

 To retrieve the brain function to 
also help stop addiction
After smoking cessation, the 
number of nicotine receptors 
quickly returns to normal

Hearing/vision Mild–moderate hearing loss, sometimes 
permanent (due to the reduced oxygen 
amount provided to cochlea)
It is remarkable that a hearing loss, 
although mild, could compromise the 
working activities
Vision damage (nicotine affects the 
production of substances favoring the 
night vision)
Increased risk of blindness caused by 
cataract and macular degeneration

 Hearing improvement
 Eyesight improvement especially 
night vision (by contrasting the 
processes altering the oxygen 
supply to the retina and optic 
nerve)

The mouth  Mouth ulcers, early tooth loss, 
periodontitis, and gingivitis
 Increased incidence of cancer

 Clean mouth and white teeth, 
brighter smile (less dentist 
sittings, costs, and free time 
saving)

The face  The typical “smoker’s face” presents dry, 
dull, and aged skin with many wrinkles

 Quitting smoking is a real 
“antiaging” treatment, with 
improvement and prevention of 
wrinkles and dark spots
 Cost-saving (for beauty centers, 
medical consulting, other 
interventions)

Sexuality and 
fertility

 Increased risk and worsening of erectile 
dysfunction in men
 Genetic damage of sperm and oocytes 
and increased incidence of infertility or 
genetic defects in children

 Smoking cessation quickly 
reduces these harms

Bone and 
muscles

 Muscular damages because of reduced 
supply of blood and oxygen, with difficult 
strengthening and easy tiredness as well 
as myalgias
 Some substances from cigarette smoke 
alter the bone composition and 
physiology, causing osteoporosis and 
increased risk as well as delayed recovery 
of fractures
 Important: nowadays, the surgeons 
consider some orthopedic 
interventions at higher risk if the patient is 
a smoker

 Smoking cessation quickly 
improves the bone and muscular 
health
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 > The smoking-related endothelial alteration is mediated both by oxidant chemicals 
and by nicotine.

In addition, smokers present lower levels of antioxidant vitamins, utilized to contrast 
the increased oxidant stress; consequently, as reported by Heizer [25], the endothelial 
alteration could be partially improved by the administration of vitamin C. Nicotine affects 
by itself the endothelium, and an increase of myointimal thickening has been detected in 
experimental studies [28–31]. Furthermore, in the presence of some comorbidities, such 
as dyslipidemia, hypertension, and diabetes, the effects of smoking considerably raise the 
risk of endothelial dysfunction [32].

 > Cigarette smoking is involved in acute cardiovascular disease by increasing the risk 
both for myocardial ischemia and also for angina pectoris; the most important 
pathogenetic mechanism is represented by a hypercoagulable condition [9].

.. Table 2.1 (continued)

Organ Organ damage Smoking cessation benefits

Hormonal 
status and 
metabolism

 Bigger belly and proportion of fat
 Increased risk of diabetes as well as worse 
diabetes control (diabetes involves 
multiple organs thus disabling them due to 
several complications: blindness, 
amputation of limbs caused by severe 
vasculopathies, etc.)
 Infertility and earlier menopause in 
women

 Improved control of 
metabolism, improved dietary 
efficacy
 Wellness, fitness, and sexual 
recovery

Respiratory 
function

 Bronchopulmonary chronic inflammation 
and emphysema (evolutive and leading to 
scarred lungs requiring continuous oxygen 
therapy)

 After a short time from smoking 
cessation, the respiratory 
symptoms improve as well as 
the protective function of 
bronchial cilia
 The lung emphysema is not 
curable; hence, it is very 
important to prevent it by 
smoking cessation at any time

The heart  Very high risk of cardiovascular diseases 
(myocardial infarction, ictus cerebri, and 
Buerger disease frequently causing limb 
amputation)

 Most of these risks are 
reversible simply by smoking 
cessation
 Smoking cessation quickly 
reduces arterial blood pressure 
and cardiac frequency
 The risk of cardiac ischemic 
disease decreases 
already by 24 h after smoking 
cessation
 The fat level decreases and the 
blood becomes more fluid by 
reducing the thromboembolic 
risk; therefore the heart works 
easier
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.. Table 2.2 Main smoking cessation methods. The efficacy of such methods is strongly affected 
by the reasons and the willingness of smokers. The best choice is represented by an initial 
approach with a dedicated staff, so the proposed technique will be the single or combined 
method more suitable according to the personal characteristics of the smoker as well as to the 
addiction degree

Nicotine-based 
transdermal 
plasters and 
chewing gums

The plasters release the substances contained in the gel, thus reaching the 
central nervous system and reducing the withdrawal symptoms as well as 
decreasing the number of smoked cigarettes
It is appropriate to use it after medical consultation

Counseling Groups of smokers guided by an expert (physician, psychologist). Thanks to the 
communication and the mutual support, it is possible to improve the reasons 
for quitting smoking, thus increasing the confidence of own possibilities
Aside from the comparison of personal experiences, this modality is useful 
due to the important information provided about the smoking harms as 
well as a dietary support helpful for detoxification

Pharmacological 
therapy

Some drugs (e.g., Varenicline) are useful for smoking cessation and are 
proposed to single patients and also in the context of combined programs 
developed by Antismoking Centers or by groups belonging to health 
services/hospitals
These therapies are active and appropriate if prescribed by expert physicians

Electronic 
cigarettes

Several studies and experimental trials are ongoing with the aim of evaluating 
the safety of the inhaled substances; however, in case of a strong motivation, 
it could be an option for smoking cessation especially if combined to 
counseling programs or experimental clinical trials in qualified centers

Other methods

Acupuncture The acupuncture technique, belonging to the Chinese culture, is based on the 
insertion of thin needles in precise points of the body. It is considered a 
potentially useful method, even in the presence of a strong reason, quite costly

Homeopathy A medicine “alternative” based on herbal and natural remedies, partially 
acknowledged also by the “traditional” medicine, could help to quit smoking 
without drugs and stimulate the natural body defenses
There are not yet definitive data about this method that however requires a 
stronger motivation to quit

Hypnosis This method is still not much known and validated
The technique requires a skilled physician and the strong motivation to quit

To aspirate Some mouthpieces releasing nicotine are not to be used concurrently with 
cigarettes. The nicotine mucosal absorption could reduce the smoke craving. 
Method not validated

The dietary issue This is a very important factor to consider during smoking cessation
It is necessary to avoid overeating (since the ex-smoker could desire food), 
but the diet could be a very effective support
In general, it is recommended to avoid confectionery, fats, alcohol, and fried 
food; in addition, it is recommended to increase vegetables and fruit intake 
(rich in vitamins and water). To drink water and herbal teas is useful, because 
nicotine is water-soluble and is eliminated through urine and sweat
Important: the risk of getting fat could be counteracted by the dietary 
advices provided by the nutritionist, since taking candies or food is often 
wrongly considered to substitute cigarettes
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An enhanced risk of thrombosis relies on multiple factors; among them, the platelet 
activation as well as endothelial dysfunction and the effects of oxidant substances are 
closely linked.

Additional causes are represented by the impaired platelet-derived nitric oxide release 
and a reduced release of tPA from coronary arteries in response to Substance P 
(endothelium- dependent vasodilator) [33, 34]. It is noteworthy that higher levels of PAI-1 
have been detected in smokers as compared in nonsmokers; this finding contributes to 
impair fibrinolysis [35].

 > In conclusion, cigarette smoking acts by several mechanisms to thrombosis from 
atherosclerotic plaques; the activation of platelet aggregation and the high 
fibrinogen levels as a response to the chronic inflammatory status in smokers are 
only a part of the complex interaction of multiple factors in the pathogenesis of 
smoking-related cardiovascular disease.

Indeed, epidemiologic data support this concept, as demonstrated by the rapid reduc-
tion of this risk after smoking cessation.

 5 Smoking-induced cardiovascular disease is correlated with a chronic inflammatory 
stimulation, as witnessed by increased serum levels of several inflammatory media-
tors (leukocytes, monocytes, C-reactive protein, and fibrinogen) so favoring athero-
genesis [36–39].

 5 Actually, cigarette smoking favors the vascular inflammation, mostly based on the 
recruitment and leukocyte adhesion to the blood vessel wall. Oxidant stress is con-
sidered the major factor inducing inflammation, while nicotine has been shown to 
promote inflammation enhancing leukocyte–endothelial links and is also a neutrophil 
chemotactic agent [9, 40, 41].

 5 Finally, the insulin resistance associated to cigarette smoking and the hyperinsulinemia- 
related endothelial alteration represent other interesting elements involved in the smok-
ing-related cardiovascular disease.

 5 Nicotine could contribute to insulin resistance, so the long-term safety of nicotine 
medications is to be accurately considered in tobacco cessation programs [9].

 5 As a concluding remark, smoking is associated with lipid abnormalities, thus favoring 
atherogenesis.

 5 Nicotine acts by accelerating lipolysis and inducing insulin resistance, so its role is 
crucial by increasing the cardiovascular risk in smokers [9].

2.5  Smoke as Risk Factor for Cancer and Other Diseases

Lung cancer is the leading cause of cancer morbidity and mortality worldwide, with 
almost 1.6 million new cases of lung cancer per year (13 % of total cancer morbidity) 
and 1.4 million deaths per year (18 % of total cancer mortality) [42]. Globally, lung 
cancer is the leading cause of cancer deaths in males and the second in females [43]. 
Tobacco causes almost 6 million people deaths every year, and 90 % of the annual can-
cer deaths worldwide are attributable to cigarette smoke, although this rate is various 
across populations, ranging from >80 % in the USA and France to 40 % in sub-Saharan 
Africa [44].
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 > Besides the pathogenetic processes correlated to the cardiovascular disease and 
mortality risk, smoking is directly involved in carcinogenesis.

 5 Among the over 5000 compounds identified in cigarette smoke, more than 70 
substances are carcinogens (both tobacco-specific such as nitrosamines and oth-
ers derived from tobacco burning such as polycyclic aromatic hydrocarbons 
(PAHs).

 5 In addition, smokers are exposed to other carcinogens including volatile aldehydes, while 
the addiction of nicotine leads to long-term dependence as well as cumulative exposure 
to these substances [45, 46].

 5 Studies have demonstrated that the higher risk of lung cancer in smokers is dose 
dependent [47].

 5 Also passive smoking is considered a strong risk factor for lung cancer [46–49], despite 
contrasting data about the exact correlation with duration, amount of exposure level, 
and setting of exposure, respectively [47, 50, 51].

 5 However, the secondhand tobacco smoke plays a significant role, as reported by Oberg 
et al. [52], with an estimated 21,400 lung cancer deaths in nonsmokers annually.

The issue regarding the hypothesized higher susceptibility of women to cigarette smoking 
is not yet fully clarified, as a recent meta-analysis by Yu et al. reports, reaffirming that 
tobacco control is equally requested in both males and females [53].

 > A recent systematic meta-analysis has quantitatively demonstrated, by reviewing 
287 studies including more than 100 lung cancer cases and published in the last 
century, the association between lung cancer and smoking [54].

 > This correlation is strong according to all cancer histotypes and irrespective for sex, 
although more evident in ever-former and current smokers, as well as for small and 
squamous subtypes; as expected, the relative risk increases with amount smoked, 
duration, earlier starting age, tar level, and fraction smoked and decreases with time 
quit [54].

Furthermore, the covariate adjustment did not affect these findings, thus supporting 
the causal relationship between smoking and lung cancer.

Notwithstanding the well-known prognostic impact of smoking status on lung cancer 
patients [55], Okamoto et al. [56] have reported almost partially unforeseen results in a 
retrospective study evaluating the influence of the amount of tobacco smoking on out-
come of patients according to histotype. The prognosis, evaluated in more than 1000 
patients submitted to surgery, seems to be better in adenocarcinoma nonsmokers, whereas 
among squamous subtypes light smokers (PY ≤ 30) showed a significantly worse progno-
sis than heavier smokers (PY > 30).

These findings support further studies aimed to explore the carcinogenic pathway based 
on smoking status and histotype, due to the possible different sensitivity to tobacco- related 
carcinogens irrespective of the extent of DNA damage caused by these smoke components.

 > As above reported, it is remarkable that most of the pathogenetic mechanisms 
involved in smoke-related diseases are, at least partially, reversible; hence, the risk 
reduction of lung cancer incidence and mortality by smoking cessation strongly 
supports tobacco cessation programs [47, 53, 57].
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Furthermore, besides the advantages achievable for smokers who quit, it is important 
to highlight that, among the former smokers, lung cancer and mortality risk declines pro-
gressively with the younger age at smoking cessation [58].

Following previous data about the correlation between the 21 well-known and for-
mally established diseases as caused by smoking [12 types of cancer, 6 categories of cardio-
vascular disease, diabetes, chronic obstructive pulmonary disease (COPD), and 
pneumonia including influenza], some studies have suggested that also other causes could 
contribute to the mortality excess in current smokers [59, 60]. Recently, Carter et al. have 
reported that approximately 17 % of the excess mortality among current smokers could be 
associated with some diseases not previously formally attributed to smoking, including 
renal failure, hypertensive heart disease, infections, respiratory diseases, and breast and 
prostate cancer [60]. An interesting further finding is the reduction of these risks as the 
time elapsed since quitting increased [60].

A recent Italian study has estimated the gain in life expectancy with smoking cessation 
in smokers living in the Mediterranean area [61].

Consistently with previous studies conducted worldwide, Carrozzi et al. have confirmed 
that quitting smoking improves life expectancy for men and women; in addition, the study 
presents a tool for estimating the risk reduction associated with quitting smoking for both 
men and women, by age of quitting, and number of cigarettes smoked per day [61].

Thus, in order to promote and support the fight against tabagism as well as the programs for 
smoking cessation, it is crucial to accurately estimate the risk. As a consequence, to quantify 
the gain in health and life expectancy is essential within the National Health System.
.5 The studies conducted worldwide have showed consistent results about the risk quan-

tification, the improvement of risk by quitting smoking, and the gain in life and health 
according to the earliness of smoking cessation.
.5 Despite the improvement in lung cancer therapies, this neoplasm is mostly diagnosed 

in advanced stage, so efforts have to be made to optimize the screening methods, 
particularly in high-risk subjects, with the aim of an early detection and a chance of 
cure. Nevertheless, the rate of lung cancer deaths now preventable by screening is still 
low, estimated as not more than 8 % in a recent study conducted in the USA [62].
.5 Tobacco smoke is the major preventable cause of cancer. In the last decade, although 

the smoking prevalence is decreasing, now representing 28 % in EU-27 (27 Member 
States) [46], it is still high especially in low-income countries; furthermore, both men 
and women in European countries show the highest prevalence between 25 and 44 
years, with a significant proportion of current heavy smokers [46, 63, 64].

 > Therefore, it is a priority, for the public health efforts, to prevent cancer deaths and 
to reduce smoking prevalence as rapidly as possible, through effective tobacco 
control policies.

Hence, as an important part of the strategy against tobacco smoking and prevalence, 
according to the WHO’s Framework Convention on Tobacco Control (FCTC), the most 
important measures to be implemented worldwide comprise:
 1. Monitoring tobacco use and prevention policies
 2. Smoke-free air policies
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 3. Cessation programs
 4. Warnings (health and mass media)
 5. Bans on advertising, promotion, and sponsorship
 6. Raising tobacco taxes [65]

The reported results about the usefulness of tobacco control policies in the USA with a sig-
nificant avert of deaths from lung cancer [66] strongly support these programs also in order 
to decrease the impact on the Health Systems by the multiple smoking-related diseases.

Indeed, a reduction of cardiovascular events has been achieved in many countries by 
the adoption of smoke-free legislation and smoking ban [46, 67–69], and it is hopeful that 
these tobacco control policies will protect also the nonsmoker population.

2.6  Conclusions

Smoking cessation has a significant favorable impact on risk and mortality from cardio-
vascular disease, lung cancer incidence, and mortality as well as on other tobacco-induced 
cancers and chronic diseases such as chronic obstructive pulmonary disease (COPD).

A global approach, inspired by the WHO-FCTC recommendations, is essential, espe-
cially in a Public Health System (as Italian-EU system) aimed to protect the overall popu-
lation from tobacco; in this scenario, the governmental activities could allow for positive 
results also within a spending review policy.
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3.1  Background

Lifestyle and diet are recognized as risk factors determinants in the pathogenesis of 
cancer and cardiovascular disease. There are many epidemiological studies that have 
documented the correlation between the role of diet and how it’s modified in geographical 
area and migration. Smoke, obesity, diabetes, hypertension, and high blood cholesterol are 
the most important risk factors for atherosclerosis and coronary artery disease (CAD). A 
heart-healthy diet contains fruits and vegetables, grains, fish, low-fat dairy, and few sugar- 
sweetened beverages [1]. It has been known for long time that a healthy diet and regular 
physical activity, together with avoiding smoking, reduce the recurrence of ischemic heart 
disease and might improve survival in subjects with CAD or at high risk [2–4]. A diet rich 
in saturated fatty acids is dangerous also in patients with heart failure [5]. The Mediterranean 
diet is associated with a significant reduction in overall mortality (9 %), mortality from 
cardiovascular diseases (CVD) (9 %), and incidence of or mortality from cancer (6 %) [6]. 
A diet rich in fruits and vegetables reduces the risk of cancer of the digestive tract particu-
larly colorectal cancer. Red meat increases the risk of colorectal cancer. Consumption of 
sugary drinks too seems to have a strong correlation with the incidence of pancreatic 
cancer. It is also known that overweight and insufficient physical activity increases the risk 
of several types of cancer, including breast, colon, lung, prostate, and endometrium [7, 8].

High intake of calories leads to increased body weight and obesity; therefore, it’s a 
factor associated with an increased risk for both cancer and cardiovascular disease. Many 
studies have documented how reducing caloric intake reduces this risk. The factors that 
are determinants are hyperinsulinemia, insulin resistance, upregulation of insulin-like 
growth factor, changes in sex hormones metabolism, chronic inflammation, oxidative 
stress, increased production of angiogenic growth factors, and immune system impair-
ment. As a result, they will determine alteration of the regulation of cell proliferation with 
a reduction in apoptosis and increased replicative potential, immunological escape, and 
favors metastatic process [9, 10].

Some food components have a role such as the direct carcinogenic nitroso- compounds-
heme iron found in red meat promote colorectal cancer. Heterocyclic amines and polycy-
clic aromatic hydrocarbons are carcinogens that are formed when red meat is cooked at 
very high flame for a long time [11].

Each food item and its components has the ability to influence multiple mechanisms 
of the pathogenesis of cancer. Micronutrients can affect these processes in a single or com-
bined form. In fact, there are multiple and complex links between cancer and diet; hence, 
it is impossible to ascribe to a single food a causal effect; the combination of various foods 
and duration of exposure are actually affecting many pathways involved in carcinogenesis 
and in atherosclerosis [12].

 > Cardiovascular diseases and many cancers share the same risk factors, and the 
strategies useful to prevent cardiovascular diseases are often useful to prevent 
various kinds of cancer and vice versa [13] (. Figs. 3.1, 3.2, and 3.3).
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Practical Suggestions for a Healthy Lifestyle Aimed at Preventing Cancer
 1. Do not smoke: If smoker, stop smoking.
 2. Body fatness: be as lean as possible within the normal range of body weight 

personal recommendations. Ensure that body weight throughout childhood and 
adolescent growth projects towards the lower end of the normal BMI range at age 
21. Maintain body weight within the normal range from age 21. Avoid weight gain 
and increases in waist circumference throughout adulthood.

 3. Physical activity: be physically active as part of every day life. Be moderately 
physically active, equivalent to brisk walking, for at least 30 min every day. As 
fitness improves, aim for 60 min of moderate or 30 min of vigorous physical activity 
every day. Limit sedentary habits such as watching television.

 4. Foods and drinks that promote weight gain: limit consumption of energy-dense 
foods and avoid sugary drinks. Consume energy-dense foods sparingly. Avoid 
sugary drinks. Consume fast foods sparingly, if at all.

 5. Plant foods: eat foods mostly of plant origin. Eat at least five portions/servings (at 
least 400 g or 14 oz) of a variety of non-starchy vegetables and fruit every day. Eat 
relatively unprocessed cereals (grains) and/or pulses (legumes) with every meal. 
Limit refined starchy foods. People who consume starchy roots or tubers as staples 
should also to ensure sufficient intake of non-starchy vegetables, fruit, and pulses.

 6. Animal foods: limit intake of red meat and avoid processed meat. People who eat 
red meat should consume <500 g (18 oz) a week, very little, if any, to be processed.

 7. Alcoholic drinks: limit alcoholic drinks. If alcoholic drinks are consumed, limit 
consumption to no more than two drinks a day for men and one drink a day for 
women.

 8. Preservation, processing, preparation: limit consumption of salt. Avoid mouldy 
cereals (grains) or pulses (legumes). Avoid salt-preserved, salted, or salty foods; 
preserve foods without using salt. Limit consumption of processed foods with 
added salt to ensure an intake of <6 g (2.4 g sodium) a day. Do not eat mouldy 
cereals (grains) or pulses (legumes).

 9. Dietary supplements: aim to meet nutritional needs through diet alone. Dietary 
supplements are not recommended for cancer prevention.

 10. Breast feeding: mothers to breastfeed; children to be breastfed. Aim to breastfeed 
infants exclusively up to 6 months and continue with complementary feeding 
thereafter.

 11. Cancer survivors: follow the recommendations for cancer prevention. Personal 
recommendations. All cancer survivors should receive nutritional care from an 
appropriately trained professional. If able to do so, and unless otherwise advised, 
aim to follow the recommendations for diet, healthy weight, and physical activity.

TO BE NOTED: Items 1–9 are valid also for cardiovascular prevention.

Modified with permission from: World Cancer Research Fund/American Institute for 
Cancer Research, Food, Nutrition, Physical Activity and the prevention of cancer: a global 
perspective. Washington, DC: world Center Research Fund/American Institute for cancer 
Research, 2007.
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3.2  Diet

 z Sugar
There is a strong association of sugar-sweetened beverage intake with adiposity in children 
and adults [15]. Diets high in sugar or carbohydrates with high glycemic index promotes 
diabetes, cardiovascular diseases, and carcinogenesis, by increasing the secretion of insulin 
and promoting oxidative stress and weight gain [14, 16]. A positive association between 
sugar-sweetened beverages or high glycemic index food has been linked to CAD and pan-
creatic, colorectal, and breast cancers [17–19]. Compared with solid foods, calories in liquid 
form may be less satiating and thereby increase the total amount of daily calories consumed. 
Sugar-sweetened beverage intake can also displace more healthful beverages, such as milk.

 > Reduction in sugar-sweetened beverages is an important dietary target for 
reducing both cardiovascular and cancer risk in individuals.

 z Fats
Unsaturated fatty acids may be mono-unsaturated (MUFA, as oleic and palmitoleic acids) 
and poly-unsaturated (PUFA, including omega-3, omega-6 acids). The high content of 
MUFA in olive oil is considered to be one of the key advantages of the Mediterranean diet. 
The optimal dietary ratio of omega-6 to omega-3 is 1:1–4:1. Seafood-derived omega-3 PUFAs 
have strong inverse relations with CHD mortality; the potency of plant-based omega-3 
appears weaker. Saturated fatty acids (SFA) in the food supply are animal products, such as 
butter, cows’ milk, meat, salmon, and egg yolks, and some plant products, such as chocolate 
and cocoa butter, coconut, and palm kernel oils. Since a greater SFA consumption has tradi-

17%
34%

21%

21%

5%

18%
14%

12%
5%

10%
Colorectum

Stomach

Oesophagus

Mouth, pharynx,
larynx

0 10 20 30 40
Cancer preventability (%)

Non-starchy vegetables

Fruits

Salt

Foods rich in fibre

Red meats

Processed meats

.. Fig 3.3 Cancer preventability estimates for the United Kingdom for dietary factors judged to be con-
vincingly or probably related to the risk of some cancers. The figure shows the percentage of cancer cases 
preventable by adequate diet in the United Kingdom. Reproduced with permission from: Norat et al. [14]

Cancer, Heart Diseases and Common Risk Factors: Diet and Physical Activity



34

3

tionally been associated with increased CAD risk, the general advice of limiting their intake 
seems logical and has been proposed for many years [20]. However, a 14 % reduction of the 
risk of cardiovascular events was seen in studies of fat modification (not reduction)—which 
is directly related to the degree of effect on serum total LDL cholesterol and triglycerides in 
men, not in women [21]. Actually, the most atherogenic SFA is the palmitic acid, which con-
tains 16 carbon atoms (16C). Medium- chain fatty acids (MCFAs), i.e., those <12C are non-
atherogenic. Sterols are lipids present in the membranes of most cells, tryglicerides are 
composed from three fatty acids linked to a single glycerol, and are the main form or process 
of storing metabolic fuels. When the diet contains an excess of carbohydrate and/or lipids 
needed immediately, they are converted by the liver to lipoproteins which are transported in 
the blood to muscle and adipose tissue. There are three types of lipoproteins: very-low-den-
sity lipoproteins (VLDL), low- density lipoproteins (LDL), and high-density lipoproteins 
(HDL). It’s known for many years that a high blood level of trygliceride-rich VLDL and LDL-
cholesterol are linked to a high risk of atherosclerosis and that lowering LDL has a favorable 
effect [22–24]. On the contrary, HDLs have a protective effect, mediating cholesterol effluxes 
from cells and reversing the cholesterol pathway from peripheral tissue to the liver [25].

Trans-fatty acids (TFA) are produced industrially through partial hydrogenation of liq-
uid plant oils in the presence of a metal catalyst, vacuum, and high heat. It can also occur 
naturally in meat and dairy products, where ruminant animals bio-hydrogenate unsatu-
rated fatty acids via bacterial enzymes. Consumption of industrial trans- unsaturated fatty 
acids is associated with a 30 % increase in the risk of CHD events and an 18 % increase in 
the risk of CHD mortality [26]. However, natural TFA contained in dairy products as 
trans-palmitoleate are associated with higher LDL cholesterol and with lower triglycerides, 
fasting insulin, blood pressure, and incident diabetes [27]. Trans-fatty acids have also a key 
role in the pathogenesis of cancer of the breast, colon, stomach, and prostate [28–31].

 5 Substitution of dietary PUFAs for SFA has been shown to lower CVD risk, but replac-
ing saturated fat with carbohydrate, particularly refined carbohydrate, can exacerbate 
the atherogenic dyslipidemia associated with insulin resistance and obesity that includes 
increased triglycerides, small LDL particles, and reduced HDL cholesterol [32].

 5 The most recent studies state that there is insufficient evidence to determine whether 
lowering dietary cholesterol reduces LDL cholesterol [33].

 > Dietary advice should lay emphasis on optimizing the quality of fats (limiting 
industrial TFA and >12C SFA; increasing the use of MFAs and PUFAs; limiting the 
omega-6/omega-3 ratio to <5/1; preferring seafood derived omega-3)—rather than 
limiting total calories intake—and associating physical activity [34].

 z Integral Foods
Dietary fiber intake is associated with lower levels of inflammation markers, such as 
C-reactive protein and tumor necrosis factor α receptor 2, which play key roles in chronic 
inflammatory conditions [35, 36]. Moreover, whole grains and cereal fiber have a high 
content of antioxidants, vitamins, trace minerals, phenolic acids, lignans, and phytoestro-
gens, which have been associated with a reduced risk of colorectal cancer [37, 38]. Dietary 
fiber from vegetables stimulates the fermentation of anaerobia bacteria in the large intes-
tine. This leads to the synthesis of short-chain fatty acids that are able to induce apoptosis 
and reduce cell proliferation. The fibers reduce the contact time between mucosa and 
intestinal contents (including carcinogenic substances) and are able to reduce the levels of 
circulating estrogen and androstenedione and therefore may have a protective role against 
breast cancer [39]. Dietary fibers have specific and unique impacts on intestinal  microbiota 
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composition and metabolism, and gut microbiota have been related with various chronic 
diseases such as obesity, CVD, diabetes, and cancer [40, 41].

 > There is consistent epidemiological evidence that whole grain foods substantially 
lower the risk of CAD, diabetes, and cancer and also play a role in body weight 
management and digestive health; high consumption of whole grains or cereal fiber 
was significantly associated with reduced risk of all-cause mortality and death from 
CVD, cancer, diabetes, respiratory disease, infections, and other causes [42, 43].

 z Fruits and Vegetables
Regular consumption of fruits and vegetables produce substantial improvements in sev-
eral risk factors, including blood pressure (BP), lipid levels, insulin resistance, inflamma-
tory biomarker levels, endothelial function, and weight control [44–46]. The polyphenols 
that are derived from the plant have an important role in the prevention by acting as 
scavengers of oxidizing agents, anti-inflammatory, antimicrobial, and able to inhibit plate-
let aggregation [47]. Eating phenol-rich fruits at the end of a meal enhances the antioxi-
dant capacity of the blood. Legumes, mostly soy beans, provide an overall package of 
micronutrients, phytochemicals, and fiber that could plausibly reduce cardiometabolic 
risk. An advantage of legumes is their content of proteins and that can be used as an alter-
native to meat [48]. Nuts, mostly tree nuts, contain several bioactive constituents that 
could improve cardiometabolic health, including unsaturated fatty acids, vegetable pro-
teins, fiber, folate, minerals, antioxidants, and phytochemicals. Nut consumption reduces 
total cholesterol; LDL cholesterol; postprandial hyperglycemia from high-carbohydrate 
meals; and (variably) oxidative, inflammatory, and endothelial biomarkers [49]. Garlic 
and other vegetables from the same family act as inhibitor of deacetylase inhibitors 
increasing the stability of DNA.  The resveratrol and curcumin have antioxidant, anti- 
inflammatory, and anticarcinogenic activities [50, 51].

 > There is a strong concordant evidence that fruit (both fresh and nuts) and vegetable 
consumption lowers CVD and cancer risk.

 > There are significant differences amongst the different types of fruits, vegetables, 
or their juices, according to the way they are cultivated (open air versus green 
houses; southern versus northern countries).

 > To obtain the most beneficial effects, the diet should include a large variety of 
different fruits and vegetables, preferring season foods.

 z Meat
Several constituents of red meats could increase cardio-metabolic risks, including saturated 
fatty acids, cholesterol, heme iron, and also in processed meats—high levels of salt and other 
preservatives [52]. However, fat composition of meats is about 50 % of MUFAs and PUFAs, 
beside SFAs. Increased red meat intake is associated with higher fasting glucose, fasting 
insulin concentrations, and unfavorable plasma concentrations of inflammatory and glu-
cose metabolic biomarkers [53, 54]. Consumption of processed meats but not unprocessed 
red meats is associated with higher incidence of CVD and diabetes and higher mortality for 
CVD and cancer [55]. These findings suggest that adverse effects of preservatives (e.g., 
sodium, nitrites, and phosphates) and/or preparation methods (e.g., high-temperature 
commercial cooking/frying) could influence health effects of meat consumption [56]. 
Several studies have shown an association between high intake of processed meat (such as 
ham, bacon, sausages, and hot dogs), red meat (mainly beef, pork, or lamb) and colorectal, 
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pancreatic cancer [57, 58]. Cooking meat at high temperatures(frying or grilling) generates 
carcinogenic aromatic amines; marinades with virgin oil, garlic, onions, red wine, and herbs 
have antioxidant capacity and may inhibit the formation of such amines [59].

 > The cardiovascular and cancer risk linked to eating meat is mostly due to the quality 
(fresh or processed) and the type of cooking. A moderate intake of meat seems to be safe.

 z Dairy Foods
Dairy foods often have a high content of saturated fatty acids, sodium, and calories and 
thus have been considered as potentially dangerous as regards CVD. Dietary interventions 
that includes low-fat dairy foods have been suggested and significantly lowered BP, lipid 
levels, and insulin resistance and improved endothelial function, independent of changes 
in weight. However, in the most recent studies, there is no evidence that dairy products are 
associated with risk of CAD or stroke in a generally healthy population [32, 60]. On the 
contrary, high intakes of dairy products could be associated with a lower risk of CVD, 
while fermented dairy product may be associated with a reduced risk of stroke [61]. 
Sheep’s and goat’s milk are richer in MCFAs compared to cow’s milk; the quality of milk 
fats is also influenced by the animal diet. Milk minerals, especially calcium and potassium, 
may be responsible for the antihypertensive effect.

 > Dairy foods are a good source of proteins, calcium, and other nutrients and should 
not be banned from the diet. However, they should be used as an alternative to 
meat in the meal.

 z Alc ohol
An excess of alcohol consumption may cause or favor dilated cardiomyopathy; atrial 
fibrillation; liver cirrhosis; cancers of the mouth, esophagus, pharynx, larynx, and liver, 
and breast cancer in women [62, 63]. However, moderate quantities (10 to <50 g per day 
for men and 5 to <25  g per day for women) have a favorable effect, increasing HDL- 
cholesterol, improving insulin resistance, and reducing the postprandial lipemia [64]. 
Wine (mostly red wine) contains phenolic compounds, which are cardio-protective. The 
drinking pattern is also relevant: drinking at meals slows the absorption of alcohol and 
prevents the production of carcinogenic metabolites.

 > Regular consumption of one glass of wine (125 ml) at meals is recommended for the 
prevention of CAD.

 z Salt
A high consumption of salt (sodium chloride) raises the blood pressure, thereby increas-
ing the risk of stroke and cardiovascular diseases. Dietary salt intake has a synergistic 
effect with Helicobacter pylori infection on gastric carcinogenesis and enhances the carci-
nogenicity of nitroso compounds, increasing the risk of stomach cancer. In North America 
and in Europe, 75 % of sodium intake is derived from packaged or restaurant foods.

 > Lowering the sodium intake is beneficial for preventing both cardiovascular 
diseases and stomach cancer.

Vitamins and dietary supplements, minerals and vitamins Vitamins B6, C, D, E, carot-
enoids, and selenium have antioxidant activity and antiproliferative and anti- inflammatory 
properties, acting in a manner protective of DNA [65].
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3.2.1  Dietary Supplements

Several dietary supplements have been proposed as effective both for the prevention as 
well as therapy for cardiovascular diseases and cancer.

 5 Some of them actually have a beneficial effect when used as a complement (not an 
alternative) to pharmacology:

 5 Omega-3 PUFAs are the only supplements suggested to prevent atherosclerosis.
 5 Coenzyme Q10 might be useful in reducing the cardiovascular risk in patients 
with metabolic syndrome and in the elderly, but there are no proven effects on 
cancer prevention [66, 67].

 5 Some supplements have some positive effects theoretically, but the advantage has 
not been confirmed by prospective studies. Amongst these are Folic acid, vitamins, and 
Selenium. For years, green tea has been shown to be a potential cancer-fighting agent. 
Some researches suggests that in countries where consumption of green tea is increased, 
cancer incidence are decreased accordingly. Soy isoflovones are reported to possess strong 
antioxidant and anti-angiogenic properties which may prove to be useful in the fight 
against cancer. Curcumin has been reported to offer anti-angiogenesis properties as well 
as immunity, enhancing benefits in the fight against cancer. It has also been suggested that 
it may help traditional cancer therapies such that chemotherapy may work better [68].

 5 Some supplements may even have harmful side effects (mostly according to the 
dose):

 5 Calcium supplements reduce the risk of colorectal cancer, but increase the risk of 
myocardial infarction.

 5 Vitamin E may protect against a number of chronic diseases, such as cardiovascu-
lar disease, and an inverse relationship was observed between alpha-tocopherol 
levels and prostate cancer, but only in current and recent ex-smokers. However, 
the administration of high doses of vitamin E (alone or with Selenium) results in 
an increased risk of prostate cancer.

 5 High doses of vitamin C are usually given intravenously and might have some anti-
cancer effect and potentiate the effect of drugs such as platinum and paclitaxel. How-
ever, they may also interfer with other chemotherapeutic drugs such as doxorubicin 
and bortezomib.

 5 High doses of beta-carotene can result in pro-oxidant effects, especially in smok-
ers, and increase the risk of lung and prostate cancer.

 5 Amygdalin (also called Laetrile or vitamin B17) is present in bitter almonds, apple, 
apricot, peach, plum seeds, fava beans, and other vegetables. It has shown little 
anticancer activity in animal studies and no anticancer activity in human clini-
cal trials. It contains cyanide and may cause a toxicity mirroring the symptoms of 
cyanide poisoning, including liver damage, difficulty walking (caused by damaged 
nerves), fever, coma, and death.

 5 Herbs and vitamins with antiplatelet activity that have the potential to prolong 
bleeding time, includeing garlic (Allium sativum), gingko (Gingko biloba), cran-
berry (Vaccinium macrocarpon), vitamin E, ginger (Zingiber officinale), and gin-
seng (Panax ginseng), may be harmful in patients undergoing surgery, and should 
be avoided 1–2 weeks before [69].

 5 Several herbs and foods, as St John’s wort (Hypericum perforatum), grapefruit 
juice, gingko, ginseng, and garlic, may interact with drugs interfering with the 
Cytochrome P450 system [70, 71].
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 > Many natural compounds, including vitamins, have beneficial effects in preventing 
cardiovascular diseases and cancer.

 > However, the presumption that the greater the intake, the greater the benefit is not 
true. On the contrary, it can be even harmful.

 > A diet including a variety of foods (different fruits and vegetables) is likely to 
provide the necessary amount of vitamins and micronutrients. The intake of dietary 
supplements (or of “fortified foods”) is not recommended.

3.2.2  Prevention of Cardiotoxicity

We are not able to code, despite many preclinical studies performed on in vitro models and 
animals, a dietary pattern that can have an absolute value and applicable to all patients who 
undergo treatment or those who are cured and start a cancer follow-up. Most of the efforts 
have been directed towards the use of medications of integration and in this context assumes 
an important role also the nutraceutical in the prevention of cardiotoxicity and other side 
events of treatments. Although none of them have provided a convincing evidence that 
agents of nutrition can prevent myocardial damage induced by chemotherapy [72].

 5 The prevention of anthracycline cardiotoxicity has been approached with the use 
of free radical scavengers such as flavonoids of natural origin, vitamins A, C, and E, 
endogenous antioxidants, but the available data are limited to preclinical studies.

 5 Flavonoids, polyphenolic benzo-γ-pyrone present in all plants, possess the prop-
erty iron-chelating and radical scavenging. Flavonoids derived from spinach or 
from grape seeds have shown a beneficial role in animal models with heart disease 
induced by doxorubicin [73, 74].

 5 High dose vitamin supplements have also been studied in animal models but did 
not find any application in humans.

 5 Selenium and zinc in some studies protect against cardiotoxicity in animal models 
involving the use of rats and rabbits. However, the shortage of this mineral is not itself 
a factor that can exacerbate cardiac damage induced by the use of anthracyclines.

 5 Endogenous antioxidants, such as N-acetylcysteine and coenzyme-Q10, obtained 
conflicting results in studies using animal models and in those conducted with 
humans. Interesting data—highlighted by studies involving the use of melatonin 
in rodents—has shown to have an action free-radical scavenger, capable of neu-
tralizing the damaged myocyte induced by doxorubicin. No human data are avail-
able at the time.

 5 Androgen deprivation therapy. Dietary supplements (flavonoids, selenium, Vitamine E, 
omega-3 and omega-6 fatty acids, various herbs) have been suggested to relieve adverse 
effects related to metabolic syndrome resulting from androgen deprivation therapy 
(ADT). However, there is no convincing evidence of the effectiveness of most of them. 
On the contrary, the unregulated self-prescription of active compounds such as soy, Sele-
nium, or Vitamin E may in some cases even prove to be harmful or negatively interfere 
with cancer treatment [75]. The only suggested supplements in men undergoing ADT 
are calcium and Vitamin D supplementation to prevent osteoporosis; the  isoflavones of 
soy and flaxseed seem to have little effect on reducing the levels of  LDL-cholesterol [76, 
77]. Unsaturated fatty acids are effective in reducing some cardiovascular risk factors if 
given as an alternative to saturated fatty acids rather than a supplement to the diet [78].
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3.2.3  Traditional and Alternative Dietary Patterns (. Table 3.1)

Several healthy dietary patterns have been identified, sharing several key characteris-
tics [79]:

 > An emphasis on fruits, vegetables, other plant foods such as beans and nuts, and 
whole grains and fish.

 > Moderate consumption of dairy products, preferring sheep’s, goat’s, and fermented 
products.

 > Limited red meats or processed meats.

 > Few refined carbohydrates and other processed foods.

.. Table 3.1 Myths and truth about diet, supplements, and complementary/alternative therapies 
for cancer

Diet Hypothesis The truth

Blood groups Blood groups (A, B, AB, and O) define a 
natural predisposition to take 
advantage/disadvantage of eating 
different foods

No physiologic rationale, no studies 
supporting the hypothesis: it’s an 
urban legend
All 4 diets (or “ways of eating”) are 
mostly based on healthy food and a 
huge step up from the standard 
Western diet of processed junk food

Vegetarian Avoiding meat and fish may prevent 
cancer and cardiovascular disease

The advantage of limiting meat 
intake (mostly processed meat and 
red meat) is accepted. The 
superiority of a vegetarian over a 
mediterranean diet has not been 
demonstrated

Vegan Avoiding any animal and 
animal-derived food may prevent 
cancer and cardiovascular disease and 
cure some cancers

There is no advantage compared 
with vegetarian or Mediterranean 
diet. Vitamin B12 deficiency may be 
harmful

Macrobiotic Avoiding foods containing toxins; 
cooking and storing foods in pots and 
utensils made of wood, glass, stainless 
steel, or ceramics; without electricity or 
microwave could cure cancer and other 
serious illnesses

Available scientific evidence does 
not support claims that a 
macrobiotic diet can treat or prevent 
cancer. As vegetarian and 
Mediterranean diet, it lowers 
cholesterol level. The intake of 
calcium, iron, vitamins, and proteins 
may be insufficient

Gerson and 
Gonzalez 
regimens

Organic and vegetarian diets associated 
to various supplements may cure some 
cancers

No prospective, peer-reviewed 
studies confirming the assumption

Alcaline diet Replacing acid-forming foods with 
alkaline foods can improve health and 
fight cancer

It is impossible to change the body 
pH with foods; food can only change 
urine pH. Any change in blood pH 
would be harmful

(continued)
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.. Table 3.1 (continued)

Supplementary, 
complementary, 
alternative 
treatments

Hypothesis The truth

Folic acid Reduce oxidative stress The evidence of a positive effect has not 
been proven

Beta carotene Reduce oxidative stress High doses may have a pro-oxidant effect; 
increases the risk of lung cancer

Vitamin E Reduce oxidative stress High doses may increase the risk of 
prostate cancer

Mistletoe extracts May improve cancer survival They may improve chemotherapy side 
effects (nausea, vomiting) and reduce 
fatigue, but there is no clinical evidence of 
improved survival

Vitamin C Generating hydrogen 
peroxide has a cytotoxic 
effect on various cell lines

High dose of Vitamin C (mostly through the 
intravenous route) may increase the effect 
of chemotherapy and radiotherapy in 
some solid tumors, but may reduce the 
effect of chemotherapies in leukemia, 
lymphoma, and multiple myeloma

Cannabis and 
cannabinoids

Have an antitumor effect 
inducing apoptosis of tumor 
cells, inhibiting tumor cell 
growth and 
neoangiogenesis. Have 
antiemetic and analgesic 
effects, reduce anxiety, 
stimulate appetite

Their beneficial effect on pain and nausea 
has been confirmed in clinical studies. 
Therapeutic use of cannabinoids for 
prevention of chemotherapy-induced 
nausea is approved in the USA. Oromucosal 
administration of cannabis is approved in 
several countries for cancer pain. There are 
no clinical data supporting the 
antineoplastic use

Laetrile 
(amygdalin)

Has antitumor and 
radiosensitizing effects

The claimed benefits of laetrile are not 
supported by controlled clinical trials.  
There is a risk of serious adverse effects from 
cyanide poisoning after laetrile or amygdalin, 
especially after taking it by mouth

Echinacea Boost the immune system 
and then fights cancer

No anticancer or immunomodulatory 
effect. It might reduce some of the side 
effects of cancer chemotherapy (sore 
mouth or diarrhea)

St John’s worth 
(Hypericum)

It’s a non toxic and natural 
therapy for depression

It is effective in mild to moderate 
depressive symptoms. It interferes with the 
absorption and metabolism of many drugs, 
including anticancer and cardiovascular 
drugs, anticoagulants, antiepileptic drugs

Further information in
7 http://www.cancer.gov/about-cancer/treatment/cam/hp
7 http://authoritynutrition.com/search/?q=cancer
7 http://authoritynutrition.com/search/?q=cardiovascular+disease
7 http://www.cancerresearchuk.org/about-cancer/cancers-in-general/treatment/complementary-
alternative/
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The Mediterranean diet is a good example of a healthy dietary pattern; however, its benefits 
are mostly evident in the Mediterranean countries, where a large variety of fresh fruits and 
vegetables are available. In northern countries, the Mediterranean diet should be adapted 
to the locally available foods.

Vegetarians (lacto-vegetarian, ovo-vegetarians, and lacto-ovo-vegetarian) diets have 
beneficial effects on diabetes, obesity, lipid profile, metabolic syndrome, and cardiovascu-
lar diseases [80–82]. However, they did not show any statistically significant advantage, 
compared to a diet containing meat, as regards the prevention of colon cancer [83]. In a 
recent study, vegetarians had significantly lower mortality for pancreatic (but not colorec-
tal) and hematologic cancers compared to meat eaters, but similar advantages were 
observed for fish eaters; the overall all-cause mortality did not differ between vegetarians 
and nonvegetarians [84].

Vegan diets (excluding eggs and dairy products) cause a vitamin B12 deficiency and 
require a supplementation. Vitamin B12 deficiency raises plasma homocysteine (increas-
ing thrombotic risk) and the indexes of atherosclerosis [85]. A vegetarian diet should be 
preferred to a vegan diet.

Several alternative dietary regimens including cocktails of supplements pretending 
to cure cancer in a “natural” way have been proposed both by physicians and nonphysi-
cians and are often quoted by complementary/alternative medicine (CAM) sites on the 
web. Given the high prevalence of complementary therapy use (often self-prescribed by 
the patients), raising a discussion is an excellent opportunity for the physician to demon-
strate compassion, understanding, and humanity and to provide high-quality care based 
on scientific data [86–88].

 5 Aloe vera is a plant from which several compounds are extracted. Some of them have 
antineoplastic activity on multiple tumor cells involving multi-channel mechanisms, 
including the disruption of cell cycle, induction of apoptosis, anti-metastasis, antian-
giogenic, and strengthening of immune function. However, only in vitro or animal 
studies have been done so far, and data about its use in clinical oncology are still lack-
ing. Presently, Aloe vera extracts are successfully used as cosmetics and for skin or 
mucosal protection or healing during radiotherapy and chemotherapy [89].

 5 Antineoplastons are drugs composed of chemical compounds that are naturally pres-
ent in the urine and blood. They were introduced as a possible cancer treatment in 
1976. The hypothesis was that they should provide a natural biochemical substance 
that is excreted and therefore lacking in people with cancer. No randomized con-
trolled trials showing the effectiveness of antineoplastons have been published in the 
peer-reviewed scientific literature till date. Their side effects include serious neuro-
logic toxicity.

 5 Cannabis. Chemical components of Cannabis also known as cannabinoids activate 
specific receptors found throughout the body to produce pharmacologic effects, 
 particularly in the central nervous system and the immune system. Cannabinoids 
(dronabinol and nabilone) may have benefits in the treatment of some cancer-related 
side effects, mostly in nausea and pain. There are no published data on the use of 
Cannabis for other cancer-related symptoms. In vitro and animal studies suggests that 
cannabinoids may cause antitumor effects by various mechanisms, like induction of 
cell death, inhibition of cell growth, and inhibition of tumor angiogenesis invasion 
and metastasis. However, no clinical trials of Cannabis as a treatment for cancer in 
humans have been published, except for a single, small study of intratumoral injection 
of delta- 9- THC in patients with recurrent glioblastoma multiforme.
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 5 Essiac and Flor Essence are herbal tea mixtures originally developed in Canada by 
a nurse in 1922 and are marketed worldwide as dietary supplements. Proponents 
have claimed that Essiac and Flor Essence can help detoxify the body, strengthen the 
immune system, fight cancer, relieve pain, reduce side effects, improve quality of life 
and reduce tumor size. No report of a clinical study on Essiac has been published in 
the peer- reviewed scientific literature. A retrospective review of data voluntarily sub-
mitted by physicians for 86 cancer patients who had been treated with Essiac did not 
show any curative effect.

 5 Gerson therapy is empirically based on observations made by Max Gerson, M.D., 
in the 1930s–1950s. It is advocated by its supporters as a method of treating cancer 
patients based on an organic vegetarian diet plus nutritional and biological supple-
ments, pancreatic enzymes, and coffee or other types of enemas. No prospective, con-
trolled study of the use of the Gerson therapy in cancer patients has been reported in 
a peer-reviewed scientific journal.

 5 Gonzalez regimen combines prescribed diets, nutritional supplements, coffee 
enemas, and pancreatic enzymes in a cancer management program. The regimen is 
intended to detoxify the body, correct nervous system imbalances that might lead to 
impaired general health, and support natural immune processes. There are no data 
supporting its efficacy: on the contrary, in one and only study published amongst 
patients who had pancreatic cancer, those who chose gemcitabine-based chemother-
apy survived more than three times as long (14.0 versus 4.3 months) and had better 
quality of life than those who chose Gonzalez treatment.

 5 Mistletoe is one of the most widely studied complementary/alternative therapy for 
cancer. In certain European countries, the preparations made from European mistle-
toe (Viscum album, Loranthaceae) are among the most prescribed drugs offered to 
cancer patients. The mistletoe extracts and products studied in clinical trials were 
Iscador, Eurixor, Helixor, Lektinol, Isorel, abnobaVISCUM, and recombinant lec-
tin ML-1. Improvement in chemotherapy-associated fatigue, nausea and vomiting, 
depression, emotional well-being, and concentration were reported in several ran-
domized trials. There is no clinical evidence of a significant effect on survival, after 
tests in various kinds of tumors.

 5 Sodium bicarbonate acts by inducing the formation of an alkaline environment 
adverse to cancer growth. The proton pump inhibitors (PPIs), used in the treatment of 
gastric ulcer (omeprazole, lansoprazole, and others), have been extensively investigated 
for their potential role in reducing tumor acidity and overcome the acid-related chemo- 
resistance and because they could have direct tumor cell toxicity by depriving them of a 
key mechanism for maintaining pHi/pHe gradient [90]. No clinical studies are available.

 > Dietary supplements are popular and readily available. Patients often use them on 
their own, without informing their physicians.

 > Patients are drawn also to natural products lacking anticancer activity, but are 
marketed with “buzzwords” such as antioxidant, immune booster, and detox. Product 
claims indicating protection of good cells from damage, restoring suppressed 
immune function, or removing “toxins” left behind by cancer treatment are not 
uncommon.

 > The patients should receive a packet reminding them to discuss any self-prescribed 
supplements or medications with their physicians and should be asked at each visit 
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to disclose any herbs and other dietary supplements they are taking on a “home 
medication list.”

 > The caring physician should discuss CAM with the patient, explaining the possible 
risks of some supplements.

 > The use of agents that are generally safe and have shown some preliminary 
evidence of anticancer activity should be tolerated, if it is not in conflict with the 
prescribed therapies.

3.3  Physical Activity

Sedentary behavior and limited physical activity are associated with a higher risk of hyper-
tension, diabetes, cardiovascular disease, and some cancers [91]. Physical activity inter-
acts with a plethora of metabolic and health-related functions, independently of energy 
balance: insulin sensitivity and glucose metabolism, fatty acid metabolism, and endothe-
lial function [92]. There are several mechanism through which physical activity may affect 
cardiovascular and cancer risk [93, 94].

 5 Reduced blood pressure, both in men and women [95].
 5 Reduced adiposity and thus:

 5 Reduces inflammatory cytokines, lowering the risk for both atherosclersis and 
most cancers.

 5 Decreased insulin use, insulin resistance, hyperglycemia, and type 2 diabetes (all 
factors linked to the risk of CAD and of breast, colon, pancreas, and endometrial 
cancer),

 5 Reduced HDL cholesterol levels among men and women and triglycerides among  
men [96].

 5 In postmenopausal women, it lowers estrogen and progesterone levels, reducing the 
risk of endometrial and some other types of breast cancers.

 5 Increases gut motility, leading to a reduced exposure to food carcinogenenic sub-
stances, contributing to a reduced risk of colon cancer [97].

 5 Comorbidities (diabetes, ischemic heart disease, stroke, metabolic syndrome) 
may increase the overall mortality of patients who have been cured of can-
cer; these comorbidities may be prevented/controlled by physical activity [98–
100].

Various aspects of physical activity should be taken into account:
 1. Physical activity is any movement that increases energy expenditure above the basal 

level. It is conventionally classified as: low-intensity if the energy expenditure is between 
1.6 and 2.9 metabolic equivalents of task (METs), moderate-intensity 3–5.9 METs), and 
vigorous-intensity (≥6 METs).

1. Physical exercise is a planned and repetitive physical activity, aimed at 
improving or maintaining physical fitness. It may be classified as
i. Aerobic (high volume-low force muscle contractions), leading to increase in 

heart rate and energy expenditure.
 ii. Anaerobic/resistance (low volume-high force muscle contractions), leading to 

increase in muscle size and strength.
2. Occupational physical activity is the activity performed during work hours 

(approximately 6–8 h a day).
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3. Household activity includes cleaning, moving objects, walking in home, 
gardening, child care.

 2. Sedentary behavior refers to the time spent in activities with a low level of energy 
expenditure (i.e., ≤1.5 METs), such as sitting, lying down, and watching television and 
videos.

 > Physical activity and sedentary behavior are not mutually exclusive.

3.3.1  Physical Activity and Cardiovascular Diseases

 5 Studies amongst men and women suggest that high level of leisure time PA reduces the risk 
of CVD in a range of 20–30 %, compared to the risk of those with low level of PA at leisure 
time, while moderate leisure time PA decreases the risk by about 10–20 %, indicating an 
obvious dose–response relationship. However, a moderate level of occupational PA is asso-
ciated with a 10–20 % lower risk of CVD, whereas high PA at work fails to show any stron-
ger protective effect against CVD. These effects are independent of the impact of major 
cardiovascular risk factors which were considered as confounders [101].

 5 Volume of physical activity has been inversely associated with both ischemic heart 
disease and stroke [102].

 5 In people >65 years of age, there is an inverse association between recreational physi-
cal activity and incidence of major vascular events up to about 20 MET-hours per 
week (equivalent to approximately 1 h of non-vigorous, or half an hour of vigorous, 
physical activity per day) [103] (. Fig. 3.4).

 5 At higher levels of physical activity, there is no evidence of further reductions in 
risk and no evidence of an increase in risk.

 5 In patients with congestive heart failure, physical training can have beneficial effects 
on neuro-humoral, inflammatory, metabolic, and central hemodynamic responses, as 
well as on endothelial, skeletal muscle and cardiovascular functions, leading to:

 5 Improvement in functional capacity and quality of life [104].
 5 Improved survival [105].

 5 After an acute myocardial infarction, an exercise intervention based on early progressive 
exercises, started in the inpatient setting and followed by unsupervised training on dis-
charge, has a positive impact on quality of life and functional capacity [106].
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.. Fig. 3.4 Overall survival of 

citizens aged ≥65 years 
according to number of times (0 
times/week, 1–2 times/week, 
and 3–5 times/week) they 
performed physical activity for 
≥30 min. Reproduced with 
permission from: Wu CY, et al. 
The association of physical 
activity with all-cause, 
cardiovascular, and cancer 
mortalities among older adults. 
Prev Med. 2015 Mar;72:23–9
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3.3.2  Physical Activity in Cancer Prevention (. Fig. 3.5)

 z Breast Cancer
Convincing epidemiologic evidence indicates that physical activity is inversely associated 
with breast cancer risk with an average decrease in risk of 25–30 % for women in the high-
est versus the lowest category of physical activity [107].

 5 The effect is most evident in postmenopausal women.
 5 The protective effect is evident in both obese and nonobese women; body mass index 
(BMI) is directly linked to breast cancer risk, but this risk is independent of physical 
activity [108].

 5 The cancer receptors are also relevant: the difference between active and non active 
women is significant as regards Estrogen receptors (ER) positive and/or HER2 nega-
tive cancer [109].

 5 Dose–response analysis suggests that the risk of breast cancer decreased by 2 % for 
every 25 metabolic equivalent (MET)-h/week increment in nonoccupational physi-
cal activity, 3 % for every 10 MET-h/week (roughly equivalent to 4 h/week of walking 
in 2 miles/h or 1 h/week of running in 6 miles/h) increment in recreational activity, 
and 5 % for every 2 h/week increment in moderate plus vigorous recreational activity, 
respectively [110].

Decreased oestrogens
and androgens

Improved immune function

Decreased risk of cancerReduced adiposity

Altered adipocytokines
(  �adiponectin,

¯leptin, ¯inflammation)

Increased physical activity

Decreased insulin and 
glucose

.. Fig. 3.5 Hypothesized mechanisms linking physical activity to cancer risk or prognosis. Physical 
activity might work through reducing the amount of adipose tissue, which lowers production of sex 
hormones, insulin, leptin, and inflammatory markers, thereby decreasing the exposure to these 
potentially carcinogenic hormones and peptides and reducing cancer risk. Reproduced with permission 
from: McTiernan [93]
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 z Colorectal Cancer
There is convincing evidence linking physical activity and reduced incidence of colon 
cancer by about 25 %.

 5 Both occupational and recreational physical activity are protective, and the effect is 
similar for males and females [111].

 5 The preventive effect of physical activity does not seem to differ between the colonic 
subsites (proximal versus distal), but it seem be irrelevant as regards the rectum, per-
haps indicating that different mechanisms are operating in the development of colon 
and rectal cancer [112, 113].

 5 Whether sedentary behavior and nonaerobic physical activity are associated with the 
risk of colon cancer is still do be defined.

 z Endometrial Cancer
An increase in leisure-time physical activity by 3 MET-hour/week is associated with 2 % 
reduced risk of endometrial cancer and by 1 h/week with 5 % reduced risk [114].

 z Gastric Cancer
The risk of gastric cancer is 21 % lower among the most physically active people as com-
pared with the least physically active people.

 5 The advantage is maintained after adjustment for important confounders, including 
age, obesity, and other risk factors for gastric cancer (smoking, alcohol, dietary pat-
terns), and socioeconomic status [115].

It is not defined if the type of physical activity (recreational or occupational) and activity 
levels influence the effect. One meta-analysis suggests an inverse relation of physical activ-
ity, in particular exercise frequency, but this was not confirmed by others [116, 117].

 z Other Cancers
For other types of cancers, the evidence is weaker, but according to some studies, it is worth 
considering. A 12 % reduction in renal cancer risk is associated with a high versus low level of 
physical activity B [118]. High physical activity seems to have a protective effect against lung 
cancer (reduction of 22–23 %) among smokers and ex-smokers, but not among the non-
smokers [119]. Physical activity is not strongly associated with pancreatic cancer risk, and the 
relationship is not modified by smoking status or BMI level. There is a suggestion of potential 
pancreatic cancer risk reduction with consistent physical activity over time [120]. There is an 
inverse relationship of physical activity to bladder and prostate cancer risk [121, 122].

 > Sedentary behavior increases the risk of various cancers independently from 
physical activity—this has been suggested for colon, endometrial, and breast 
cancers [123].

3.3.3  Physical Activity After Cancer Diagnosis

 5 In breast cancer patients, physical inactivity was related to reduced health and 
increased symptoms such as pain, depression, and anxiety [124].

 5 A meta-analysis of physical activity after breast cancer diagnosis in relation to sur-
vival found a 34 % decrease in breast cancer mortality, 41 % decreased risk of all-cause 
mortality, and 24 % decreased risk of disease recurrence [125].
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 5 Both pre-diagnosis (lifetime and more recent combined) and post-diagnosis physical 
activities were also associated with reduced risk of breast cancer events (breast cancer 
progression, new primaries, and recurrence combined) [126].

 5 However, after breast cancer surgery, many patients are more sedentary and partici-
pate in less low intensity activity, both compared to non-cancer control subjects and 
to their previous habits [127, 128].

3.3.4  Cardiovascular Disease, Cancer, and Physical Activity

 5 Both antineoplastic treatments (chemotherapy, target therapy, hormone treatment) 
and lifestyle modifications (physical inactivity, sedentary behavior) after the diagnosis 
of cancer may negatively impair the cardiovascular function or increase the cardio-
vascular risk [129–132].

 5 The effect may indirectly induce the metabolic syndrome or alter the lipid profile 
or directly lead to an endothelial dysfunction [133, 134].

 5 Patients treated for extragonadal seminomas have an increased risk of cardiovas-
cular disease, while those with testicular seminomas have not [135].

 5 Physical activity has the rationale for reducing the adverse effects of antineoplastic 
treatments on the cardiovascular system.

 5 Several exercise intervention studies in breast cancer survivors were  
successful in lowering resting heart rate, systolic and diastolic blood  
pressure, C-reactive protein, and in improving cardiovascular function  
[136–139].

 5 It has been suggested to ameliorate and/or reverse long-term cardiovascular dis-
ease sequelae in germ cell cancer survivors [132].

 5 Physical activity improves the quality of life in cancer patients (both during and after 
treatments) through positive changes in physical functioning, emotional well-being, 
sleep disturbance, social functioning, anxiety, fatigue, and pain [140, 141].

 5 Although the preclinical data supports the importance of exercise to mitigate car-
diotoxicity, only one human study has reported specifically the influence of cardiac 
activity in patients undergoing chemotherapy treatment. A case study by De Pal-
eville has documented that physical exercise a week prior to chemotherapy treat-
ment and continued during treatment can lead to an improvement of heart function 
parameters in breast cancer patients [142].

 5 A prevention program could be divided into two stages: primary and secondary pre-
ventions. Primary prevention should include the ability to start physical activity prior 
to chemotherapy and during treatment. In fact, there are no data supporting the fact 
that the start of physical activity prior to chemotherapy is likely to speed-up with 
what is needed to start the treatment and the recovery time after surgery.

References

 1. Shay C, Stamler J, Dyer A, et al. Nutrient and food intakes of middle-aged adults at low risk of cardio-
vascular disease: the international study of macro-/micronutrients and blood pressure (INTERMAP). 
Eur J Nutr. 2012;51:917–26.

 2. Chow CK, Jolly S, Rao-Melacini P, et al. Association of diet, exercise, and smoking modification with 
risk of early cardiovascular events after acute coronary syndromes. Circulation. 2010;121:750–8.

Cancer, Heart Diseases and Common Risk Factors: Diet and Physical Activity



48

3

 3. Ford ES, Bergmann MM, Boeing H, et al. Healthy lifestyle behaviors and all-cause mortality among 
adults in the United States. Prev Med. 2012;55:23–7.

 4. Kwagyan J, Retta TM, Ketete M, et al. Obesity and cardiovascular diseases in a high-risk population: 
evidence- based approach to CHD risk reduction. Ethn Dis. 2015;25:208–13.

 5. Colin-Ramirez E, Castillo-Martinez L, Orea-Tejeda A, et al. Dietary fatty acids intake and mortality in 
patients with heart failure. Nutrition. 2014;30:1366–71.

 6. Sofi F, Cesari F, Abbate R, et al. Adherence to Mediterranean diet and health status: meta-analysis. BMJ. 
2008;337:a1344. Review.

 7. Shephard RJ. Exercise in the prevention and treatment of cancer. An update. Sports Med. 1993;15:258–
80. Review.

 8. Na HK, Oliynyk S.  Effects of physical activity on cancer prevention. Ann N Y Acad Sci. 2011;1229: 
176–83.

 9. Hursting SD, Lavigne JA, Berrigan D, et al. Calorie restriction, aging and cancer prevention: mecha-
nism of action and applicability to humans. Annu Rev Med. 2003;54:131–52.

 10. Anderson AS, Key TJ, Norat T, et al. European code against cancer 4th edition: obesity, body fatness 
and cancer. Cancer Epidemiol. 2015;39 Suppl 1:S34–45.

 11. Cross A, Pollock JR, Bingham SA. Haem, not protein or inorganic iron, is responsible for endogenous 
intestinal N-nitrosation arising from red meat. Cancer Res. 2003;63:2358–60.

 12. Diet, nutrition and the prevention of chronic disease. Report of a WHO study group. World Health 
Organ Tech Rep Ser. 1990;797:1–204.

 13. Foraker RE, Abdel-Rasoul M, Kuller LH, et al. Cardiovascular health and incident cardiovascular disease 
and cancer: the women’s health initiative. Am J Prev Med. 2016;50:236–40.

 14. Norat T, Scoccianti C, Boutro-Roulat MC, et  al. European code against cancer 4th edition: diet and 
cancer. Cancer Epidemiol. 2015;39 Suppl 1:S56–66.

 15. Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes in diet and lifestyle and long-term weight 
gain in women and men. N Engl J Med. 2011;364:2392–404.

 16. Ludwig DS. The glycemic index: physiological mechanisms relating to obesity, diabetes, and cardio-
vascular disease. JAMA. 2002;287:2414–23. Review.

 17. Fung TT, Malik V, Rexrode KM, et  al. Sweetened beverage consumption and risk of coronary heart 
disease in women. Am J Clin Nutr. 2009;89:1037–42.

 18. Genkinger JM, Li R, Spiegelman D, et  al. Coffee, tea, and sugar-sweetened carbonated soft drink 
intake and pancreatic cancer risk: a pooled analysis of 14 cohort studies. Cancer Epidemiol Biomark-
ers Prev. 2012;21:305–18.

 19. Choi Y, Giovannucci E, Lee JE.  Glycaemic index and glycaemic load in relation to risk of diabetes-
related cancers: a meta-analysis. Br J Nutr. 2012;108:1934–47.

 20. Mensink RP, Zock PL, Kester AD, Katan MB. Effects of dietary fatty acids and carbohydrates on the ratio 
of serum total to HDL cholesterol and on serum lipids and apolipoproteins: a meta-analysis of 60 
controlled trials. Am J Clin Nutr. 2003;77:1146–55.

 21. Hooper L, Summerbell CD, Thompson R, et al. Reduced or modified dietary fat for preventing cardio-
vascular disease. Cochrane Database Syst Rev. 2012;5:CD002137.

 22. Talayero BG, Sacks FM. The role of triglycerides in atherosclerosis. Curr Cardiol Rep. 2011;13:544–52.
 23. Chapman MJ, Guérin M, Bruckert E.  Atherogenic, dense low-density lipoproteins. Pathophysiology 

and new therapeutic approaches. Eur Heart J. 1998;19(Suppl A):A24–30. Review.
 24. Morris PB, Ballantyne CM, Birtcher KK, et al. Review of clinical practice guidelines for the management 

of LDL-related risk. J Am Coll Cardiol. 2014;64:196–206.
 25. von Eckardstein A, Nofer JR, Assmann G. High density lipoproteins and arteriosclerosis. Role of choles-

terol efflux and reverse cholesterol transport. Arterioscler Thromb Vasc Biol. 2001;21:13–27. Review.
 26. de Souza RJ, Mente A, Maroleanu A, et al. Intake of saturated and trans unsaturated fatty acids and risk 

of all cause mortality, cardiovascular disease, and type 2 diabetes: systematic review and meta-analy-
sis of observational studies. BMJ. 2015;351:h3978.

 27. Mozaffarian D, de Oliveira Otto MC, Lemaitre RN, et al. Trans-palmitoleic acid, other dairy fat biomark-
ers, and incident diabetes: the multi-ethnic study of atherosclerosis (MESA). Am J  Clin Nutr. 
2013;97:854–61.

 28. Chajes V, Thiebaut AC, Rotival M, Gaythier E, Maillard V, Bouton Rauault MC, et al. Association between 
serum trans-monosaturated fatty acids and breast cancer risk in the E3N-EPIC study. Am J Epidemiol. 
2008;167:1312–20.

 29. Chavarro JE, Stampfer MJ, Campos H, et al. A prospective study of trans fatty acid level in blood and 
risk of prostate cancer. Cancer Epidemiol Biomarkers Prev. 2008;17:95–101.

 P. Tralongo et al.



349

 30. Chajes V, Jenab M, Romieu I, et al. Plasma phospholipid fatty acid concentrations and risk of gastric 
adenocarcinomas in the European prospective investigation into cancer and nutrition (EPIC-EUR-
GAST). Am J Clin Nutr. 2011;94(5):1304–13.

 31. Vinikoor LC, Schroeder JC, Millikan RC, et al. Consumption of trans fatty acid and its association with 
colorectal adenomas. Am J Epidemiol. 2008;168:289–97.

 32. Siri-Tarino PW, Sun Q, Hu FB, Krauss RM. Meta-analysis of prospective cohort studies evaluating the 
association of saturated fat with cardiovascular disease. Am J Clin Nutr. 2010;91:535–46.

 33. Eckel RH, Jakicic JM, Ard JD, et al. American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines. 2013 AHA/ACC guideline on lifestyle management to reduce cardiovas-
cular risk: a report of the American College of Cardiology/American Heart Association Task Force on 
Practice Guidelines. Circulation. 2014;129(25 Suppl 2):S76–99.

 34. Mozaffarian D, Ludwig DS. The 2015 US dietary guidelines. Lifting the ban on total dietary fat. JAMA. 
2015;313:2421–2.

 35. Qi L, van Dam RM, Liu S, et al. Whole-grain, bran, and cereal fiber intakes and markers of systemic 
inflammation in diabetic women. Diabetes Care. 2006;29:207–11.

 36. Wannamethee SG, Whincup PH, Thomas MC, Sattar N. Associations between dietary fiber and inflam-
mation, hepatic function, and risk of type 2 diabetes in older men: potential mechanisms for the 
benefits of fiber on diabetes risk. Diabetes Care. 2009;32:1823–5.

 37. Slavin JL. Mechanisms for the impact of whole grain foods on cancer risk. J Am Coll Nutr. 2000;19:300S–7.
 38. Okarter N, Liu RH. Health benefits of whole grain phytochemicals. Crit Rev Food Sci Nutr. 2010;50(3):193–208.
 39. Monroe KR, Murphy SP, Henderson BE, et al. Dietary fiber intake and endogenous serum hormone 

levels in naturally postmenopausal Mexican American women: the multiethnic cohort study. Nutr 
Cancer. 2007;58:127–35.

 40. Yang J, Martínez I, Walter J, et al. In vitro characterization of the impact of selected dietary fibers on 
fecal microbiota composition and short chain fatty acid production. Anaerobe. 2013;23:74–81.

 41. Saura-Calixto F. Dietary fiber as a carrier of dietary antioxidants: an essential physiological function. 
J Agric Food Chem. 2011;59:43–9.

 42. Jonnalagadda SS, Harnack L, Liu RH, et al. Putting the whole grain puzzle together: health benefits 
associated with whole grains—summary of American Society for nutrition 2010 satellite symposium. 
J Nutr. 2011;141:1011S–22.

 43. Huang T, Xu M, Lee A, et al. Consumption of whole grains and cereal fiber and total and cause-specific 
mortality: prospective analysis of 367,442 individuals. BMC Med. 2015;13:59.

 44. Svendsen M, Blomhoff R, Holme I, Tonstad S. The effect of an increased intake of vegetables and fruit 
on weight loss, blood pressure and antioxidant defense in subjects with sleep related breathing dis-
orders. Eur J Clin Nutr. 2007;61:1301–11.

 45. McCall DO, McGartland CP, McKinley MC, et al. Dietary intake of fruits and vegetables improves microvas-
cular function in hypertensive subjects in a dose-dependent manner. Circulation. 2009;119:2153–60.

 46. Dauchet L, Amouyel P, Hercberg S, Dallongeville J. Fruit and vegetable consumption and risk of coro-
nary heart disease: a meta-analysis of cohort studies. J Nutr. 2006;136:2588–93.

 47. Yoon JH, Baek SJ. Molecular targets of dietary polyphenols with anti-inflammatory properties. Yonsei 
Med J. 2005;46:585–96.

 48. Paul G, Mendelson GJ. Evidence supports the use of soy protein to promote cardiometabolic health 
and muscle development. J Am Coll Nutr. 2015;34.sup1:56–9.

 49. Kris-Etherton PM, Hu FB, Ros E, Sabate J. The role of tree nuts and peanuts in the prevention of coro-
nary heart disease: multiple potential mechanisms. J Nutr. 2008;138:1746S–51.

 50. Dashwood RH, Myzak MC, Ho E. Dietary HDAC inhibitors: time to rethink weak ligands in cancer che-
moprevention? Carcinogenesis. 2006;27:344–9.

 51. Chung MY, Lim TG, Lee KW. Molecular mechanisms of chemopreventive phytochemicalsa against gas-
troenterological cancer development. World J Gastroenterol. 2013;19:984–93.

 52. Bernstein AM, Sun Q, Hu FB, et al. Major dietary protein sources and risk of coronary heart disease in 
women. Circulation. 2010;122:876–83.

 53. Ley SH, Sun Q, Willett WC, et al. Associations between red meat intake and biomarkers of inflamma-
tion and glucose metabolism in women. Am J Clin Nutr. 2014;99:352–60.

 54. Fretts AM, Follis JL, Nettleton JA, et al. Consumption of meat is associated with higher fasting glucose 
and insulin concentrations regardless of glucose and insulin genetic risk scores: a meta-analysis of 
50,345 Caucasians. Am J Clin Nutr. 2015;102:1266–78.

 55. Rohrmann S, Overvad K, Bueno-de-Mesquita HB, et  al. Meat consumption and mortality—results 
from the European prospective investigation into cancer and nutrition. BMC Med. 2013;11:63.

Cancer, Heart Diseases and Common Risk Factors: Diet and Physical Activity



50

3

 56. Micha R, Wallace S, Mozaffarian D. Red and processed meat consumption and risk of incident coronary 
heart disease, stroke, and diabetes: a systematic review and meta-analysis. Circulation. 2010;121: 
2271–83.

 57. Chan DS, Lau L, Aune D, et al. Red and processed meat and colorectal cancer incidence: meta-analysis 
of prospective studies. PLoS One. 2011;6:e20456.

 58. Rohrmann S, Linseisen J, Nöthlings U, et al. Meat and fish consumption and risk of pancreatic cancer: 
results from the European prospective investigation into cancer and nutrition. Int J Cancer. 2013;132: 
617–24.

 59. Gibis M. Effect of oil marinades with garlic, onion, and lemon juice on the formation of heterocyclic 
aromatic amines in fried beef patties. J Agric Food Chem. 2007;55:10240–7.

 60. Dalmeijer GW, Struijk EA, van der Schouw YT, et al. Dairy intake and coronary heart disease or stroke—
a population-based cohort study. Int J Cardiol. 2013;167:925–9.

 61. Soedamah-Muthu SS, Ding EL, Al-Delaimy WK, et  al. Milk and dairy consumption and incidence of 
cardiovascular diseases and all-cause mortality: dose–response meta-analysis of prospective cohort 
studies. Am J Clin Nutr. 2011;93:158–71.

 62. Laonigro I, Correale M, Di Biase M, Altomare E.  Alcohol abuse and heart failure. Eur J  Heart Fail. 
2009;11:453–62.

 63. Thun MJ, Peto R, Lopez AD, et al. Alcohol consumption and mortality among middle-aged and elderly 
U.S. adults. N Engl J Med. 1997;337:1705–14.

 64. Pownall HJ, Rosales C, Gillard BK, Gotto Jr AM.  Alcohol: a nutrient with multiple salutary effects. 
Nutrients. 2015;7:1992–2000.

 65. Pathak SK, Sharma RA, Mellon JK.  Chemoprevention prostate cancer by diet-derived antioxidant 
agents and hormonal manipulation (review). Int J Oncol. 2003;22:5–13. [Epub ahead of print]

 66. Raygan F, Rezavandi Z, Dadkhah Tehrani S, et al. The effects of coenzyme Q10 administration on glu-
cose homeostasis parameters, lipid profiles, biomarkers of inflammation and oxidative stress in 
patients with metabolic syndrome. Eur J Nutr. 2015 [Epub ahead of print].

 67. Alehagen U, Aaseth J, Johansson P. Reduced cardiovascular mortality 10 years after supplementation 
with selenium and coenzyme Q10 for four years: follow-up results of a prospective randomized dou-
ble-blind placebo-controlled trial in elderly citizens. PLoS One. 2015;10:e0141641.

 68. 7 http://www.sarcomacancer.org/index.php?page=adjunctive-treatment. Accessed 22 Dec 2015.
 69. Andersen MR, Sweet E, Zhou M, Standish LJ. Complementary and alternative medicine use by breast 

cancer patients at time of surgery which increases the potential for excessive bleeding. Integr Cancer 
Ther. 2015;14:119–24.

 70. Izzo AA, Ernst E. Interactions between herbal medicines and prescribed drugs: an updated systematic 
review. Drugs. 2009;69:1777–98.

 71. Unger M, Frank A.  Simultaneous determination of the inhibitory potency of herbal extracts on the 
activity of six major cytochrome P450 enzymes using liquid chromatography/mass spectrometry and 
automated online extraction. Rapid Commun Mass Spectrom. 2004;18(19):2273–81.

 72. Rock E, De Michele A.  Nutritional approaches to late toxicities of adjuvant chemotherapy in breast 
cancer survivors. J Nutr. 2003;133:3785S–93.

 73. Das DK, Sato M, Ray PS, et al. Cardioprotection of red wine: role of polyphenolic antioxidants. Drugs 
Exp Clin Res. 1999;25:115–20.

 74. Bagchi D, Bagchi M, Stohs S, et al. Molecular mechanism of cardioprotection by a novel grape seed 
proanthocyanidin extract. Mutat Res. 2003;523–524:87–97.

 75. Dueregger A, Heidegger I, Ofer P, et al. The use of dietary supplements to alleviate androgen depriva-
tion therapy side effects during prostate cancer treatment. Nutrients. 2014;6:4491–519.

 76. Bloedon LT, Balikai S, Chittams J, et al. Flaxseed and cardiovascular risk factors: results from a double 
blind, randomized, controlled clinical trial. J Am Coll Nutr. 2008;27:65–74.

 77. Pan A, Yu D, Demark-Wahnefried W, Franco OH, Lin X. Meta-analysis of the effects of flaxseed interven-
tions on blood lipids. Am J Clin Nutr. 2009;90:288–97.

 78. Vafeiadou K, Weech M, Altowaijri H, et  al. Replacement of saturated with unsaturated fats had no 
impact on vascular function but beneficial effects on lipid biomarkers, E-selectin, and blood pressure: 
results from the randomized, controlled Dietary Intervention and VAScular function (DIVAS) study. Am 
J Clin Nutr. 2015;102:40–8.

 79. Mozaffarian D, Appel LJ, Van Horn L. Components of a cardioprotective diet: new insights. Circulation. 
2011;123:2870–91.

 P. Tralongo et al.

http://www.sarcomacancer.org/index.php?page=adjunctive-treatment


351

 80. Yokoyama Y, Barnard ND, Levin SM, Watanabe M. Vegetarian diets and glycemic control in diabetes: a 
systematic review and meta-analysis. Cardiovasc Diagn Ther. 2014;4:373–82.

 81. Pilis W, Stec K, Zych M, Pilis A. Health benefits and risk associated with adopting a vegetarian diet. Rocz 
Panstw Zakl Hig. 2014;65:9–14. Review.

 82. Crowe FL, Appleby PN, Travis RC, Key TJ. Risk of hospitalization or death from ischemic heart disease 
among British vegetarians and nonvegetarians: results from the EPIC-Oxford cohort study. Am J Clin 
Nutr. 2013;97:597–603.

 83. Gilsing AM, Schouten LJ, Goldbohm RA, et al. Vegetarianism, low meat consumption and the risk of 
colorectal cancer in a population based cohort study. Sci Rep. 2015;5:13484.

 84. Appleby PN, Crowe FL, Bradbury KE, et al. Mortality in vegetarians and comparable non vegetarians in 
the United Kingdom. Am J Clin Nutr. 2015;103:218–30.

 85. Woo KS, Kwok TC, Celermajer DS. Vegan diet, subnormal vitamin B-12 status and cardiovascular health. 
Nutrients. 2014;6:3259–73. Review.

 86. Saghatchian M, Bihan C, Chenailler C, et al. Exploring frontiers: use of complementary and alternative 
medicine among patients with early-stage breast cancer. Breast. 2014;23:279–85.

 87. 7 http://www.cancer.gov/publications/pdq/information-summaries/cam. Accessed 15 Dec 2015.
 88. Deng G, Cassileth B.  Integrative oncology: an overview. Am Soc Clin Oncol Educ Book. 2014;2014: 

233–42.
 89. Radha MH, Laxmipriya NP. Evaluation of biological properties and clinical effectiveness of Aloe vera: a 

systematic review. J Tradit Complement Med. 2014;5:21–6.
 90. Fais S, Venturi G, Gatenby B. Microenvironmental acidosis in carcinogenesis and metastases: new strat-

egies in prevention and therapy. Cancer Metastasis Rev. 2014;33:1095–108.
 91. Kraus WE, Bittner V, Appel L, American Heart Association Physical Activity Committee of the Council on 

Lifestyle and Metabolic Health, Council on Clinical Cardiology, Council on Hypertension, and Council 
on Cardiovascular and Stroke Nursing, et al. The national physical activity plan: a call to action from the 
American Heart Association: a science advisory from the American Heart Association. Circulation. 
2015;131:1932–40.

 92. Pahkala K, Heinonen OJ, Lagström H, et  al. Vascular endothelial function and leisure-time physical 
activity in adolescents. Circulation. 2008;118:2353–9.

 93. McTiernan A. Mechanisms linking physical activity with cancer. Nat Rev Cancer. 2008;8:205–11.
 94. Leitzmann M, Powers H, Anderson AS, et al. European code against cancer 4th edition: physical activity 

and cancer. Cancer Epidemiol. 2015;39 Suppl 1:S46–55.
 95. Pouliou T, Ki M, Law C, et al. Physical activity and sedentary behaviour at different life stages and adult 

blood pressure in the 1958 British Birth Cohort. J Hypertens. 2012;30:275–83.
 96. Ki M, Pouliou T, Li L, et al. Physical (in)activity over 20y in adulthood: associations with adult lipid levels 

in the 1958 British Birth Cohort. Atherosclerosis. 2011;219:361–7.
 97. Quadrilatero J, Hoffman-Goetz L. Physical activity and colon cancer. A systematic review of potential 

mechanisms. J Sports Med Phys Fitness. 2003;43:121–38. Review.
 98. Nechuta S, Lu W, Zheng Y, et al. Comorbidities and breast cancer survival: a report from the Shanghai 

breast cancer survival study. Breast Cancer Res Treat. 2013;139:227–35.
 99. Jung HS, Myung SK, Kim BS, Seo HG. Metabolic syndrome in adult cancer survivors: a meta-analysis. 

Diabetes Res Clin Pract. 2012;95:275–82.
 100. Bao PP, Zheng Y, Nechuta S, et al. Exercise after diagnosis and metabolic syndrome among breast cancer 

survivors: a report from the Shanghai breast cancer survival study. Cancer Causes Control. 2013;24: 
1747–56.

 101. Li J, Siegrist J.  Physical activity and risk of cardiovascular disease—a meta-analysis of prospective 
cohort studies. Int J Environ Res Public Health. 2012;9:391–407.

 102. Elosua R, Redondo A, Segura A, et al. Dose–response association of physical activity with acute myocar-
dial infarction: do amount and intensity matter? Prev Med. 2013;57:567–72.

 103. Lacey B, Golledge J, Yeap BB, Lewington S, Norman PE, Flicker L, Almeida OP, Hankey GJ. Physical activ-
ity and vascular disease in a prospective cohort study of older men: the health in men study (HIMS). 
BMC Geriatr. 2015;15:164.

 104. Crimi E, Ignarro LJ, Cacciatore F, Napoli C. Mechanisms by which exercise training benefits patients with 
heart failure. Nat Rev Cardiol. 2009;6:292–300.

 105. Loprinzi PD. The effects of free-living physical activity on mortality after congestive heart failure diag-
nosis. Int J Cardiol. 2015;203:598–9.

Cancer, Heart Diseases and Common Risk Factors: Diet and Physical Activity

http://www.cancer.gov/publications/pdq/information-summaries/cam


52

3

 106. Peixoto TC, Begot I, Bolzan DW, et al. Early exercise-based rehabilitation improves health-related qual-
ity of life and functional capacity after acute myocardial infarction: a randomized controlled trial. Can 
J Cardiol. 2015;31:308–13.

 107. Friedenreich CM, Cust AE. Physical activity and breast cancer risk: impact of timing, type and dose of 
activity and population subgroup effects. Br J Sports Med. 2008;42(8):636–47.

 108. Bellocco R, Marrone G, Ye W, et al. A prospective cohort study of the combined effects of physical activ-
ity and anthropometric measures on the risk of post-menopausal breast cancer. Eur J  Epidemiol. 
2015;31:395–404.

 109. Ma H, Xu X, Ursin G, et al. Reduced risk of breast cancer associated with recreational physical activity 
varies by HER2 status. Cancer Med. 2015;4:1122–35.

 110. Wu Y, Zhang D, Kang S. Physical activity and risk of breast cancer: a meta-analysis of prospective stud-
ies. Breast Cancer Res Treat. 2013;137:869–82.

 111. Wolin KY, Tuchman H. Physical activity and gastrointestinal cancer prevention. Recent Results Cancer 
Res. 2011;186:73–100.

 112. Boyle T, Keegel T, Bull F, et al. Physical activity and risks of proximal and distal colon cancers: a system-
atic review and meta-analysis. J Natl Cancer Inst. 2012;104:1548–61.

 113. Robsahm TE, Aagnes B, Hjartåker A, et al. Body mass index, physical activity, and colorectal cancer by 
anatomical subsites: a systematic review and meta-analysis of cohort studies. Eur J  Cancer Prev. 
2013;22:492–505.

 114. Keum N, Ju W, Lee DH, et al. Leisure-time physical activity and endometrial cancer risk: dose–response 
meta-analysis of epidemiological studies. Int J Cancer. 2014;135:682–94.

 115. Singh S, Edakkanambeth Varayil J, et al. Physical activity is associated with reduced risk of gastric can-
cer: a systematic review and meta-analysis. Cancer Prev Res (Phila). 2014;7:12–22.

 116. Behrens G, Jochem C, Keimling M, et al. The association between physical activity and gastroesopha-
geal cancer: systematic review and meta-analysis. Eur J Epidemiol. 2014;29:151–70.

 117. Abioye AI, Odesanya MO, Abioye AI, Ibrahim NA. Physical activity and risk of gastric cancer: a meta- 
analysis of observational studies. Br J Sports Med. 2015;49:224–9.

 118. Behrens G, Leitzmann MF.  The association between physical activity and renal cancer: systematic 
review and meta-analysis. Br J Cancer. 2013;108:798–811.

 119. Leitzmann MF, Koebnick C, Abnet CC, et al. Prospective study of physical activity and lung cancer by 
histologic type in current, former, and never smokers. Am J Epidemiol. 2009;169:542–53.

 120. Behrens G, Jochem C, Schmid D, et  al. Physical activity and risk of pancreatic cancer: a systematic 
review and meta-analysis. Eur J Epidemiol. 2015;30:279–98.

 121. Keimling M, Behrens G, Schmid D, et al. The association between physical activity and bladder cancer: 
systematic review and meta-analysis. Br J Cancer. 2014;110:1862–70.

 122. Hrafnkelsdottir SM, Torfadottir JE, Aspelund T, et al. Physical activity from early adulthood and risk of 
prostate cancer: a 24 year follow-up study among Icelandic men. Cancer Prev Res (Phila). 2015;8: 
905–11.

 123. Schmid D, Leitzmann MF. Television viewing and time spent sedentary in relation to cancer risk: a 
meta- analysis. J Natl Cancer Inst. 2014;106(7) pii: dju098.

 124. Bränström R, Petersson LM, Saboonchi F, et al. Physical activity following a breast cancer diagnosis: 
implications for self-rated health and cancer-related symptoms. Eur J Oncol Nurs. 2015;19:680–5.

 125. Ibrahim EM, Al.Homaid AA. Physical activity and survival after breast cancer diagnosis: meta-analysis of 
published studies. Med Oncol (Northwood, London, England). 2011;28:753–65.

 126. Lahart IM, Metsios GS, Nevill AM, Carmichael AR. Physical activity, risk of death and recurrence in breast 
cancer survivors: a systematic review and meta-analysis of epidemiological studies. Acta Oncol. 2015; 
54:635–54.

 127. Sabiston CM, Brunet J, Vallance JK, Meterissian S.  Prospective examination of objectively-assessed 
physical activity and sedentary time after breast cancer treatment: sitting on the crest of the teachable 
moment. Cancer Epidemiol Biomarkers Prev. 2014;23:1324–30.

 128. Phillips SM, Dodd KW, Steeves J. Physical activity and sedentary behavior in breast cancer survivors: 
new insight into activity patterns and potential intervention targets. Gynecol Oncol. 2015;138: 
398–404.

 129. Gandaglia G, Sun M, Popa I, et al. The impact of androgen-deprivation therapy (ADT) on the risk of 
cardiovascular (CV) events in patients with non-metastatic prostate cancer: a population-based study. 
BJU Int. 2014;114(6b):E82–9.

 P. Tralongo et al.



353

 130. Jespersen CG, Nørgaard M, Borre M. Androgen-deprivation therapy in treatment of prostate cancer 
and risk of myocardial infarction and stroke: a nationwide Danish population-based cohort study. Eur 
Urol. 2014;65:704–9.

 131. Fung C, Fossa SD, Milano MT, et al. Cardiovascular disease mortality after chemotherapy or surgery for 
testicular nonseminoma: a population-based study. J Clin Oncol. 2015;33:3105–15.

 132. Christensen JF, Bandak M, Campbell A, et al. Treatment-related cardiovascular late effects and exercise 
training countermeasures in testicular germ cell cancer survivorship. Acta Oncol. 2015;54:592–9.

 133. Redig AJ, Munshi HG.  Metabolic syndrome after hormone-modifying therapy: risks associated with 
antineoplastic therapy. Oncology (Williston Park). 2010;9:839–44. Review.

 134. Patterson RE, Flatt SW, Saquib N, et al. Medical comorbidities predict mortality in women with a history 
of early stage breast cancer. Breast Cancer Res Treat. 2010;122:859–65.

 135. Beard CJ, Travis LB, Chen MH, et al. Outcomes in stage I testicular seminoma: a population-based study 
of 9193 patients. Cancer. 2013;119(15):2771–7.

 136. Fairey AS, Courneya KS, Field CJ, et al. Effect of exercise training on C-reactive protein in postmeno-
pausal breast cancer survivors: a randomized controlled trial. Brain Behav Immun. 2005;19:381–8.

 137. Courneya KS, Mackey JR, Bell GJ, et al. Randomized controlled trial of exercise training in postmeno-
pausal breast cancer survivors: cardiopulmonary and quality of life outcomes. J Clin Oncol. 2003;21: 
1660–8.

 138. Sturgeon KM, Ky B, Libonati JR, Schmitz KH. The effects of exercise on cardiovascular outcomes before, 
during, and after treatment for breast cancer. Breast Cancer Res Treat. 2014;143:219–26.

 139. Giallauria F, Maresca L, Vitelli A, et al. Exercise training improves heart rate recovery in women with 
breast cancer. Springerplus. 2015;4:388.

 140. Mishra SI, Scherer RW, Snyder C, et al. Exercise interventions on health-related quality of life for people 
with cancer during active treatment. Cochrane Database Syst Rev. 2012;15:8.

 141. Mishra SI, Scherer RW, Geigle PM, et al. Exercise interventions on health-related quality of life for cancer 
survivors. Cochrane Database Syst Rev. 2012;8:CD007566.

 142. de Paleville DT, Topp RV, Swank AM. Effects of aerobic training prior to and during chemotherapy in a 
breast cancer patient: a case study. J Strength Cond Res. 2007;21:635–7.

Cancer, Heart Diseases and Common Risk Factors: Diet and Physical Activity



55 II

Cardiac Problems  
as a Consequence  
of Cancer

Contents

Chapter 4  Thromboembolic Disorders as a Consequence  
of Cancer – 57
Irma Bisceglia and Nicola Maurea

Chapter 5  Arrhythmias and Electrolyte Imbalances  
as Consequences of Cancer – 75
Nicola Maurea, Iris Parrini, and Chiara Lestuzzi



© Springer International Publishing Switzerland 2017
C. Lestuzzi et al. (eds.), Manual of Cardio-oncology, DOI 10.1007/978-3-319-40236-9_4

57 4

Thromboembolic Disorders 
as a Consequence of Cancer
Irma Bisceglia and Nicola Maurea

4.1  Introduction – 58

4.2  Clinical Aspects – 59

4.3  Screening for Occult Cancer in Patients  
with Idiopathic VTE – 59

4.4  Primary Thromboprophylaxis and Identification 
of High-Risk Outpatients – 60

4.4.1 Surgical Prophylaxis – 60
4.4.2  High-Risk Cancer Outpatients Identification for Primary 

Thromboprophylaxis – 60
4.4.3  Multiple Myeloma – 63

4.5  Appropriate Immediate and Long-Term  
Treatment for Patients with Acute Thromboembolism 
and the Role of NOACs – 64

4.5.1  Acute Treatment (First 10 Days) – 65
4.5.2  Long-Term (First 3 Months) and Extended Therapy  

(No Planned Stop Date) – 65
4.5.3  Treatment of Catheter-Related DVT – 66
4.5.4  Vena Cava Filters – 70

4.6  Management of Recurrent VTE on Anticoagulation 
Therapy – 71

4.7  Treatment Strategy in Patients  
with Thrombocytopenia – 71

 References – 72

  Suggested Reading: Society Guidelines – 74



58

4

4.1  Introduction

Cancer cells and coagulation system are strictly connected. General prothrombotic mecha-
nisms are related both to the host response to cancer and to the procoagulant activity of cancer 
cells (. Fig. 4.1). Host-related factors include the acute-phase reaction, paraprotein produc-
tion, inflammation, necrosis, and hemodynamic disorders. Malignant cells can activate 
blood coagulation in several ways. They can produce: procoagulant factors as tissue factor 
(TF) and cancer procoagulant factor (CP), which are the most powerful procoagulant 
observed; microparticles (MP); inflammatory cytokines such as tumor necrosis factor 
(TNF) and interleukin-1 (IL-1); pro-angiogenic factors as vascular endothelial growth fac-
tor (VEGF), which promote both endothelial prothrombotic alterations and angiogenesis. 
VEGF is an indirect procoagulant that increases microvascular permeability, reprograms 
gene expression, and promotes the survival of endothelial cells; the resulting increased vas-
cular density plays a key role in the pathophysiology of many cancers. The same procoagu-
lant factors contribute to tumor progression. Also platelets, endothelial cells, and neutrophils 
of host cells are stimulated to express procoagulant activity. Thus, thromboembolism fre-
quently complicates the course of malignancy and can be the first symptom of cancer [1, 2].

Blood clotting
activation

Thrombus formation

Adhesion
molecules

Activated platelets
and NETs

Adhesion to
host cells

Endothelial cell
activation

Inflammatory cytokines
Proangiogenic factors

ENDOTHELIAL CELLS

Platelet MP

ACTIVATED
PLATELETS

Neutrophil with NETs
TUMOR CELL

TUMOR MP

.. Fig. 4.1 Cancer-hemostatic system interactions. Tumor cells can activate the hemostatic system in mul-
tiple ways. Tumor cells release procoagulant activities, and microparticles (MP), by which the coagulation 
cascade is activated. Tumor cells also activate the host hemostatic cells (endothelial cells, leukocytes, and 
platelets), by either release of soluble factors or direct adhesion contact, thus eliciting the expression of a 
procoagulant phenotype of these cells. In addition, the neutrophils can release neutrophil extracellular trap 
(NETs), and the adhesion of a large quantity of NETs to the vasculature may initiate thrombosis by providing 
a scaffold for platelet adhesion, activation, and thrombin generation. Reproduced with permission from [1]
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4.2  Clinical Aspects

 5 The more common events are venous thromboembolism (VTE), including deep venous 
thrombosis (DVT) and pulmonary embolism (PE). VTE is the second-leading cause of 
death in patients with malignancy [3].

 5 The arterial thrombotic events (ATE) in cancer are common after treatment with anti-
angiogenic drugs, cisplatin, and hormonal therapies [4, 5].

 5 The cardiovascular risk factors associated with the hypercoagulability of cancer contrib-
ute to the precipitating of thrombotic events. VTE incidence is significantly different 
(P < 0.0001) for the different types of cancer, with the higher rate observed in patients 
with pancreatic cancer (19.2 %) and the lowest in patients with bladder cancer (8.2 %) 
[6]. Although DVT is more common in patients with pancreatic cancer (12.6 %), the PE 
is more common in lung (3.6 %) and gastric cancers (3.3 %).

 5 VTE is also associated with recurrent VTE as well as bleeding, both at significantly 
higher rates than seen in non-cancer patients [7].

 5 Systemic chemotherapy increases the risk of VTE sixfold–sevenfold, and the rise in can-
cer-associated VTE over recent decades may have been caused in part by the introduction 
of therapies with direct effects on the vascular endothelium [6].

 5 Clinically apparent VTE occurs in as many as 10 % of patients with cancer, but autop-
tic studies have described higher rates of thrombosis in some subgroups: for example 
the patients who died of pancreatic cancer, [1, 7–9].

 5 VTE is associated with a threefold increase in hospitalizations and an increased health-
care resource utilization and costs. It is vital to adopt appropriate strategies for pre-
vention and treatment of venous thromboembolism in order to reduce its impact in 
patients with cancer and health care system. [10].

4.3  Screening for Occult Cancer in Patients with Idiopathic VTE

An “idiopathic” VTE may be the first clinical sign of a tumor; up to 10 % of patients 
with unprovoked VTE receive a cancer diagnosis within the first year subsequent to the 
event, and more than 60 % of occult cancers are diagnosed shortly after the diagnosis 
of idiopathic VTE [2, 11]. The utility of using an extensive screening for the purpose of 
early identification of an occult neoplasm is controversial. In the absence of specific 
guidelines, clinical practice is very variable and differs depending on the prevailing 
beliefs of the individual centers. A recently published study compared a limited occult 
cancer screening (basic blood testing, chest radiography, age screening for breast, cer-
vical, and prostate cancer) to limited occult-cancer screening in combination with 
computed tomography (CT) of the abdomen and pelvis. There was no significant dif-
ference between the two study groups in the mean time to a cancer diagnosis 
(4.2 months in the limited-screening group and 4.0 months in the limited-screening-
plus-CT group, P = 0.88) or in cancer- related mortality (1.4 and 0.9 %, P = 0.75) at 
1-year follow-up [12].

 > For patients with a first episode of unprovoked VTE, a limited testing for cancer, 
including a history and physical examination, complete blood count, serum 
chemistries, liver function tests and urinalysis, routine age-appropriate cancer 
screening, and chest radiography, is actually suggested [13].
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4.4  Primary Thromboprophylaxis and Identification 
of High-Risk Outpatients

4.4.1  Surgical Prophylaxis

 5 After abdominal or pelvic surgery for cancer, thromboprophylaxis with either unfrac-
tionated heparin (UFH) or low molecular weight heparin (LMWH) reduces the risk 
of deep vein thrombosis by about 15 %.

 5 UFH versus LMWH.
 5 In the ENOXACAN study (designed to compare the efficacy and safety of LMWH 
enoxaparin 40 mg/day versus UFH at low doses, in the prophylaxis in cancer abdom-
inal or pelvic surgery), the incidence of DVT was 18.2 % in patients with UFH and 
14.7 % in the group with enoxaparin [14].

 5 a meta-analysis that included 16 clinical trials with 12,890 patients with cancer found 
no major differences between the perioperative thromboprophylaxis with LMWH 
compared with UFH in their effects on mortality, VTE, and bleeding in patients with 
cancer.

 5 The advantage of single daily dosing, the most favorable pharmacological profile, and 
the lower association with heparin-induced thrombocytopenia make the most used 
LMWH compared with UFH [15, 16].

 5 The benefit of a longer duration of postoperative anticoagulation than typically used for 
individuals without cancer was shown in three separate trials that randomized patients 
undergoing major cancer surgery to 1 week versus 4 weeks of a LMWH.

 5 These trials all showed a significant reduction in the incidence of VTE after 4 weeks 
of anticoagulation compared with 1 week (5 versus 12 %, 7 versus 16 %, and 13 ver-
sus 10 %) [17–19].

 5 None of the trials showed increased bleeding in the prolonged anticoagulation 
group. Although it remains to be confirmed that extended thromboprophylaxis 
improves survival or is cost-effective after surgery for cancer, extended prophy-
laxis up to 4 weeks after surgery for cancer is recommended by consensus guide-
lines.

 5 As regards the laparoscopic surgery, a significant difference in the incidence of postopera-
tive VTE was not observed when compared to traditional open surgery [20].

4.4.2  High-Risk Cancer Outpatients Identification for Primary 
Thromboprophylaxis

A recent systematic review estimates the overall risk of VTE to be 13 per 1000 person-
years (95% CI, 7-23). The risk of VTE was 68 per 1000 person-years (95% CI, 48 to 
96) in patients considered at high risk for metastatic disease or high-risk treatments.
The highest risk is in patients with brain cancer (200 per 1000 personyears; 95% CI, 
162-247).
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 > An appropriate risk stratification of patients is therefore crucial to highlight which 
patients should receive prophylaxis [21].

Clinical risk factors, biomarkers, or combinations of the two can be used to estimate VTE 
risk.

 5 Clinical risk factors include tumor type, location, stage, and time since diagnosis influence 
VTE risk, along with patient comorbidities and therapeutic interventions (. Table 4.1).

 5 Factors related to treatment are: surgery, chemotherapy, hormonal therapy, anti-
angiogenic agents (thalidomide, lenalidomide, bevacizumab), central venous cath-
eters, erythropoiesis-stimulating agents (ESAs), blood transfusions.

 5 VTE risk after surgery is 2 times higher in patients with known cancer than in the 
general population; 1/3 of events occur after discharge, and mortality is more than 
six times higher in patients with VTE compared to those without VTE (8 versus 
1.2 %) [23].

 5 Individuals with cancer should be considered high risk for development of postoperative 
VTE. This increased risk is reflected in the Caprini score for VTE in surgical patients, 
which assigns two points for the presence of malignancy.

 5 Chemotherapy with cisplatin and fluorouracil may induce thrombogenic effects 
through multiple mechanisms that include the secretion by the tumor cells of 
pro-angiogenic and immunomodulatory cytokines, increase of TF on endothe-
lial cells, direct toxicity on the endothelium, and reduced synthesis of C protein.

 5 Erythropoiesis-stimulating agents (ESA) reduce the need for transfusions and improve 
quality of life but cause an increased incidence of VTE and mortality [23].

.. Table 4.1 Risk factors for thromboembolism

General
 Older age
 Female gender
 African or Afroamerican ancestry
 Previous VTE
 Hypertension
 Infections
 Limited mobility

Treatment related
 Hospitalization
 Surgery
 Antiangiogenic agents
 Hormonal therapy
 Erythropoiesis-stimulating agents
 Blood transfusions
 Central venous lines

Cancer related
  Site (brain, pancreas, kidney, stomach, lung, bladder, 

gynecologic, hematologic malignancies)
 Advanced stage
 Short time after initial diagnosis

Biomarkers
 Platelet count (≥350,000/μL)
 Leukocyte count (≥11,000/μL)
 D-dimer
 TF
 P selectin
 TFMP
 Hyperlipidemia

Modified from Falanga and from ASCO guidelines [1, 22]
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 5 The advent of novel “targeted” anticancer therapies has not reduced the risk of 
VTE. Indeed, drugs targeting angiogenesis such as bevacizumab, sunitinib, 
sorafenib, and the multi-targeted tyrosine kinase inhibitor ponatinib have been 
associated with arterial thromboembolism.

 5 Immunomodulatory agents such as thalidomide and lenalidomide have been asso-
ciated with very high rates of VTE, and anti-epidermal growth factor antibodies 
such as cetuximab and panitumumab have also recently been associated with 
VTE [24–26].

 5 A particularly high risk has been reported in patients receiving chemotherapy in com-
bination with antiangiogenic agents. The highest incidence of VTE in myeloma occurs 
during treatment with thalidomide associated with anthracyclines (12–28 %), thalido-
mide with dexamethasone at high doses (17–26 %), lenalidomide, and high dose of 
dexamethasone (18–26 %) [27–30].

 5 A variety of biomarkers have also been associated with VTE in malignancy. These 
include platelet count ≥350,000 before chemotherapy, white blood cell count 
>11,000 before chemotherapy, hemoglobin value <10 g/dL, elevated tissue factor 
expression on the surface of cancer cells, high activity of circulating tissue factor, 
elevated d-dimer, elevated soluble P-selectin, thrombin generation, and levels of 
TF bearing microparticles (TFMP) [31–33].

 5 A validated model to guide clinical decisions on thromboprophylaxis in patients 
treated with chemotherapy has been developed by Khorana. The Khorana score is 
calculated by assigning points for clinical parameters available for patients (i.e., site 
of primary tumor, hmatologic parameters, and body mass index) [34] (. Table 4.2).

 5 This risk score was originally derived from a development cohort of 2701 patients 
and then validated in an independent cohort of 1365 patients, stratified into three 

.. Table 4.2 Predictive model for VTE. Points for the risk model are based on the regression 
coefficients obtained from the final model and divided the population into 3 risk categories 
based on the score from the risk model: low (score 0), intermediate (score 1-2), and high  
(score 3; not present)

Patients Characteristic Score

Site of cancer
 Stomach, pancreas (very high risk)
 Lung, lymphoma, gynecologic, bladder, testicular

2

1

Prechemotherapy platelet count 350,000/mm3 1

Hemoglobin level <10 g/dL or use of red cell growth factors 1

Pre chemotherapy leukocyte count >11,000/mm3 1

Body mass index (BMI) ≥35 Kg/m2 1

High-risk score ≥3; intermediate 1–2; low 0

Modified from Khorana et al. [34]
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risk groups to predict the development of VTE. The cumulative incidence of VTE 
at 2.5 months ranged from 0.3 to 6.7 % in patients with the fewest and most risk 
factors, respectively.

Subsequently, the score was externally validated prospectively, and modified version of the 
score was used in an observational cohort study: the Vienna Cancer and Thrombosis Study 
(CATS). The modified score included:

 5 Additional high-risk tumor types (brain, myeloma, kidney).
 5 Two additional laboratory values: soluble P-selectin and d-dimer levels.
 5 In a retrospective analysis, the cumulative incidence rates of VTE at 6 months were 
1 % for the lowest risk group (0 points) and 35 % for the highest risk group (≥5 
points) [35].

Recently, the same working group has explored the utility of soluble plasma VEGF-A 
(sVEGF) as a biomarker for the prediction of VTE in patients with cancer, and ele-
vated sVEGF is proved to be associated with an increased risk of VTE in patients with 
cancer [36].

In the PROTECHT score, the inclusion of chemotherapy with platinum (carboplatin, 
cisplatin) or gemcitabine over the five variables identified high-risk cancer patients in a 
post hoc analysis of the PROTECHT study. Patients with higher absolute risk of VTE 
would derive the most benefit as demonstrated by the analysis of subgroups of two largest 
randomized trials.. Rates of VTE in high-risk patients enrolled in PROTECHT were 
11.1 % in the placebo arm and 4.5 % in the nadroparin arm (NNT = 15 versus 77 for low 
and intermediate-risk patients) [37].

In the subgroup analysis of SAVE-ONCO, rates of VTE in patients with Khorana risk 
score ≥3 were 5.4 % in the placebo arm and 1.5 % in the semuloparin arm (NNT = 25 for 
high-risk patients to 333 for low-risk patients) [38].

Anticoagulant prophylaxis has been shown to reduce the risk of VTE in medical 
patients, but none of the trials reported the rates of symptomatic venous thromboembolic 
events or major bleeding episodes according to cancer status; recommendations are 
 therefore made based upon extrapolation of data from randomized trials that included 
only a small minority of cancer patients [39].

4.4.3  Multiple Myeloma

VTE incidence is about 5 % in myeloma patients treated with conventional chemother-
apy. The anti-angiogenic agents for the treatment of multiple myeloma, such as thalido-
mide and lenalidomide, are known to activate endothelial cells and platelets, and to 
damage the vascular endothelium, increasing the thrombotic risk. VTE incidence is par-
ticularly high when thalidomide or lenalidomide is combined with high-dose dexameth-
asone (480 mg/month), with doxorubicin or with polichemotherapy. For patients with 
multiple myeloma, a risk assessment model has been proposed from the Myeloma 
Working Group. It takes into account individual risk factors, factors linked to the disease 
and therapy [27].
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4.5  Appropriate Immediate and Long-Term Treatment 
for Patients with Acute Thromboembolism  
and the Role of NOACs

The goal of therapy is to resolve the acute episode and to prevent recurrence, extension, 
and embolism while minimizing the risk of bleeding. However, treatment of VTE in can-
cer is complicated due to higher rates of recurrent VTE as well as a higher risk of bleeding 
with anticoagulation treatment.

Special Recommendations
.5 Aspirin is recommended for patients with 0–1 risk factors.
.5 Enoxaparin 40 mg per day or full-dose warfarin (target INR 2–3) are indicated both for 

patients with two or more individual risk factors related to myeloma, both for patients 
treated with thalidomide/lenalidomide associated with high-dose dexamethasone 
and/or doxorubicin.
.5 A randomized study compared the effectiveness of low dose aspirin, 1.5 mg/day dose 

warfarin, and enoxaparin 40 mg in patients with newly diagnosed myeloma treated with 
thalidomide-based regimens, cortisone and melphalan or bortezomib. Similar efficacy 
of therapeutic regimens in reducing VTE in elderly patients was observed; however, 
enoxaparin showed greater efficacy compared to warfarin in reducing major throm-
boembolic events, acute cardiovascular events, and sudden deaths [40].
.5 Another study compared low-dose aspirin with enoxaparin 40 mg in patients 

treated with lenalidomide.
.5 The incidence of VTE was 2.27 % in the aspirin group and 1.2 % in the LMWH group, 
suggesting that aspirin is an effective therapeutic alternative for patients at “stan-
dard” risk [41].

.5 It was also noted that the treatment with bortezomib reduces the 2 % risk of VTE for 
an antithrombotic effect due to the synthesis of nitric oxide which would result in a 
reduced platelet activation [42].
.5 All patients with malignancies undergoing major surgery should be considered for 

both pharmacological thromboprophylaxis with UFH or with LMWH, unless contra-
indicated due to active bleeding or high risk of bleeding.
.5 Once daily LMWH, UFH three times a day or fondaparinux is recommended to pre-

vent postoperative VTE in patients with cancer.
.5 Pharmacological prophylaxis should be started 12–2 h before surgery and continued 

for at least 7–10 days. Use of fondaparinux must be made 6 h after surgery.
.5 The extended prophylaxis for 4 weeks in patients with a high risk of VTE (pelvic and 

abdominal surgery) and low bleeding risk for patients undergoing abdominal or 
pelvic surgery for cancer with high-risk features such as reduced mobility, obesity, 
history of VTE, or other risk factors is recommended.
.5 The use of LMWH for the prevention of VTE in cancer patients undergoing laparo-

scopic surgery is recommended as for laparotomy.
.5 Mechanical methods are used in association with drug therapy in high-risk patients 

but are not recommended as monotherapy except when pharmacological prophy-
laxis is contraindicated for active bleeding or high risk of bleeding.
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4.5.1  Acute Treatment (First 10 Days)

 5 The therapeutic options for TVE in the acute phase include UFH, LMWH, and 
Fondaparinux.

 5 Few studies have directly compared the anticoagulant therapy for the initial treat-
ment of VTE in cancer patients. In a meta-analysis of 16 randomized controlled 
trials in cancer patients treated with anticoagulants for VTE, LMWH compared to 
UHF was associated with a reduction in mortality at 3 months (RR 0.71; 95 % CI 
0.52, 0.98) without an increased risk of bleeding [43].

 5 LMWH offers other advantages over UFH: cost, ease of dosing and a lower risk of 
heparin-induced heparin (HIT).

 > There are no studies in the literature of direct comparison between fondaparinux 
and LMWH for the initial treatment of VTE.

 5 UFH can be used in patients with severe renal impairment (CrCl < 30 mL/min) 
because the liver is a main site of heparin biotransformation. Other advantages of 
UFH are the short half-life and the reversibility of effect with protamine sulfate.

 5 The initial dose of UFH for VTE treatment is based on weight, with the recom-
mended dose of 80 units/kg bolus followed by 18 units/kg/h infusion.

 5 UFH is contraindicated in patients with HIT, and in this situation fondaparinux or 
a thrombin inhibitor represents a better alternative.

 5 Fondaparinux is not the first choice in patients with cancer because of the long 
half-life, the absence of an effective antidote, and the renal clearance of 100 %.

 5 Analysis of Matisse-DVT trial subgroup showed higher rates of recurrent VTE 
in the fondaparinux group than in the enoxaparin group: 12.7 % compared with 
5.4 % with no differences in mortality and bleeding [44].

Currently, the use of LMWH for the initial treatment of VTE patients with cancer is recom-
mended as treatment of choice.

4.5.2  Long-Term (First 3 Months) and Extended Therapy  
(No Planned Stop Date)

 5 The minimum duration of anticoagulant therapy for VTE is usually 3 months; this 
period of treatment is referred to as “long-term therapy.” For long-term therapy, the 
possible options are vitamin K antagonists (VKA), LMWHH, Fondaparinux, and new 
oral anticoagulants (NOACs) ad dabigatran, rivaroxaban, apixaban.

 5 A meta-analysis of seven randomized clinical trials involving cancer patients with 
VTE showed a significant reduction of recurrent VTE in patients treated with LMWH 
compared with those treated with VKA [45].

 5 LMWH are preferred to VKA therapy in patients with cancer for several reasons: there 
is a substantial rate of recurrent VTE in patients with VTE and cancer who are treated 
with VKA; benefits of LMWH compared to VKA therapy are greater in patients with 
metastatic disease treated with aggressive chemotherapy [46]; it is often harder to keep 
patients with cancer who are on VKA in the therapeutic range; LMWH is reliable in 
patients who have difficulty with oral therapy; and LMWH is easier to withhold or 
adjust than VKA if invasive interventions are required or thrombocytopenia develops.
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 5 In the CLOT trial, the efficacy and safety of immediate dalteparin (200 units/kg daily for 
5–7 days) followed by chronic (6 months) therapy with an oral coumarin derivative are 
compared versus chronic dalteparin therapy (200 units/kg daily for 1 month followed 
by 150 units/kg for months 2–6) in patients with cancer (most of patients had meta-
static disease) after diagnosis of acute proximal DVT, PE, or both. Full dose dalteparin 
was given for 1 month followed by a reduced dose (75–80 %) for 2–6 months.

 5 Prolonged treatment with LMWH for 6 months reduced thromboembolic recurrence 
from 17 to 9 % (P = 0.0017), compared to standard therapy without increasing the risk 
of bleeding [46].

 5 The CATCH study evaluated the efficacy and safety of tinzaparin in patients with 
active cancer and symptomatic VTE. The patients were randomized to receive tinza-
parin 175 IU/kg once a day for 6 months or initial tinzaparin 175 IU/kg once a day 
for 5–10 days followed by warfarin for 6 months.

 5 Tinzaparin significantly reduced the risk of recurrent symptomatic DVT, nonfatal and 
clinically relevant bleeding [47].

 5 Fondaparinux seems to have a similar safety and efficacy profile as LMWH [48].
 5 Studies focused on the use of NOAC in cancer patients are still lacking. Preliminary 
results of the subgroup analyses and meta-analysis of randomized clinical trials sug-
gest that they have efficacy and safety comparable to anticoagulation with VKA and 
could represent an alternative for oral anticoagulant therapy.

 5 A meta-analysis of six RCTs assessed the efficacy and safety of NOACs in patients 
with cancer-associated VTE. NOACs were shown to be as effective (OR 0.63, 95 % CI 
0.37–1.10) and as safe (OR 0.77, 95 % CI 0.41–1.44) as warfarin [49]. The risk reduc-
tion for recurrent VTE with the NOACs compared to LMWH has not been assessed 
but, based on indirect comparisons, LMWH may be more effective that the NOACs 
in patients with VTE and cancer.

 5 However, the small number of patients with cancer (5–8 %) enrolled in each study and 
the use of warfarin or placebo rather than LMWH in the control do not support yet 
their use for this population [22, 49–61].

 5 Furthermore, there are interactions with some chemotherapeutic agents [49].
 5 NOACs have not been compared with VKA in a broad spectrum of patients with 
VTE and cancer, and indirect comparisons have not shown convincingly different 
outcomes with different NOACs (. Table 4.3).

 5 A preference for one NOAC over another or for either a NOAC or VKA in patients 
with cancer cannot presently be expressed.

See . Tables 4.3 and 4.4 for further details on indications and dose of anticoagulant as 
prophylaxis and therapy, according to different guidelines.

4.5.3  Treatment of Catheter-Related DVT

Permanent central venous catheters (CVC) are usually regularly washed with heparin 
to maintain their patency. However, symptomatic catheter-related venous thrombosis 
may occur in 4–8 % of patients. Clinical symptoms include edema, pain, and erythema 
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.. Table 4.3 Key points of most recent guidelines

ACCP 2016 ASCO 2015 NCNN 2015 BSH 2015

Thromboprophylaxis

Most hospitalized 
patients with active 
cancer require 
thromboprophylaxis 
throughout hospital-
ization.
Routine thrombopro-
phylaxis may be con-
sidered for selected 
high-risk patients.
Patients with mul-
tiple myeloma receiv-
ing antiangiogenesis 
agents with chemo-
therapy and/or dexa-
methasone should 
receive
prophylaxis with 
either low-molecular 
weight heparin 
(LMWH) or low-dose 
aspirin to prevent VTE.
Extending postopera-
tive prophylaxis up to 
4 weeks should be 
considered in those 
undergoing major 
abdominal or pelvic 
surgery with high-risk 
features.

Dose adjustments are 
required for obese 
patients receiving pro-
phylaxis with daltepa-
rin, enoxaparin, UFH, 
or fondaparinux.
Prophylactic antico-
agulation therapy 
should be considered 
for all inpatients with 
cancer without con-
traindication to such 
therapy. Following 
hospital discharge, 
it is recommended 
that cancer patients 
in a high-risk setting 
for VTE continue 
to receive VTE pro-
phylaxis, with the 
duration of anticoag-
ulation determined by 
the clinical situation.
Patients with multiple 
myeloma who are 
receiving lenalido-
mide- or thalidomide-
based combination 
regimens associ-
ated with a high 
thrombotic risk or 
patients with two or 
more individual or 
disease-related risk 
factors should receive 
prophylaxis strategy 
with either LMWH 
(e.g., enoxaparin 
40 mg daily) or dose 
adjusted warfarin 
(INR 2–3)
Patients with cancer 
at high risk for VTE 
(based on Khorana 
risk assessment score 
3 or higher) could be 
considered for outpa-
tient VTE prophylaxis 
on an individual basis.

Patients undergoing 
abdominal and pelvic 
surgery for cancer 
should be considered 
for extended throm-
boprophylaxis (2B).
Thromboprophylaxis 
should be considered 
for high-risk outpa-
tients (2B).
Patients with active 
or recent cancer 
admitted to hospi-
tal should receive 
thromboprophylaxis 
unless contraindi-
cated (2C).
Patients with 
myeloma receiv-
ing thalidomide or 
lenalidomide should 
be risk-assessed 
for VTE and offered 
thromboprophylaxis 
unless there is a con-
traindication (1A).
A platelet count of 
<50 × 109/L is a rela-
tive contraindication 
to pharmacological 
prophylaxis.

(continued)
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of the affected limb; most of the CVC are inserted in the superior vena cava: thus, there 
may be swelling of the neck, supraclavicular area, or face. The thrombosis can develop 
acutely or over a more prolonged period of time. In case of thrombosis, the choice is 
influenced by the need of maintaining the device for further antineoplastic treatments 
of the patient [61, 62].

 5 The removal is recommended if the device is no longer required or when patency can-
not be restored by thrombolysis and/or anticoagulation; there are contraindications to 
anticoagulation (active bleeding, platelet count <50,000/μL, or recent central nervous 
system bleeding or surgery), if the catheter is infected or dysfunctional.

ACCP 2016 ASCO 2015 NCNN 2015 BSH 2015

Treatment

 LMWH are the pre-
ferred long-term 
treatment for VTE and 
cancer
 Extended antico-
agulant therapy (no 
scheduled stop date) 
over 3 months of 
therapy (Grade 1B), 
is recommended in 
patients who do not 
have high bleeding 
risk and suggested 
in patients who have 
high bleeding risk 
(Grade 2B)
 A reassessment at 
periodic intervals is 
recommended in all 
patients who receive 
extended an ticoagu-
lant therapy.
 In patients with VTE 
and cancer who are 
not treated with 
LMWH, a NO AC or 
VKA could both be 
considered. Moreover, 
there isn’t any con-
vincing evidence that 
NOAC is superior to 
another.

LMWH are recom-
mended for the initial 
5–10 days of treat-
ment of established 
deep vein thrombo-
sis and pulmonary 
embolism as well as 
for long-term second-
ary prophylaxis for at 
least 6 month
Use of novel oral anti-
coagulants is not cur-
rently recommended 
for patient with malig-
nancy and VTE

LMWHs are preferred 
for acute manage-
ment of VTE in cancer 
patients because they 
do not require hos-
pitalization or moni-
toring and are the 
preferred option for 
long-term therapy
The use of LMWHs as 
chronic anticoagula-
tion therapy is sup-
ported in patients 
with metastatic 
disease who are diag-
nosed with acute VTE
Use of novel oral 
anticoagulants for 
acute and extended 
chronic treatment of 
VTE in patients with 
cancer remains to be 
investigated in future 
prospective trials

Initial treatment 
should be with 
LMWH for 6 months, 
if tolerated (1A).
In the presence of 
active malignancy, 
anticoagulation 
should be continued 
(2B).
When the platelet 
count is <50 × 109/L, 
platelet support 
should be given to 
elevate the count to 
>50 × 109/L to allow 
full dose anticoagula-
tion, especially in the 
immediate period 
following thrombosis 
development (2D).
Patients with plate-
let counts between 
25 and 50 × 109/L 
should have frequent 
assessment to allow 
decisions on LMWH 
to be made (2D).
If the platelet count 
remains <25 × 109/L, 
full anticoagulation 
should be avoided 
(1D).
Warfarin and other 
oral anticoagulants 
are acceptable 
alternatives if LMWH 
is impractical and 
anticoagulation is 
indicated (1A).

.. Table 4.3 (continued)

 I. Bisceglia and N. Maurea



69 4

.. Table 4.4 Recommended dosing regimens for cancer associated VTE

Standard dosing Obese patients (≥40 Kg/m2)

Prophylaxis

Outpatients

UFH 5000 UI SCb once every 8–12 h 7500 UI every 8 h

Dalteparin Nadroparin
Enoxaparin 
Fondaparinux
Tinzaparin

5000 UI SC ODc

3800 UI SC OD
4000 UI SC OD
2.5 mg SC OD
4500UI SC OD or 75 units/kg OD

7500 UI SC OD
4000 UI SC OD
5 mg SC every 12 h

Aspirin 81–325 mg (low risk myeloma)

Inpatients

Medical patients

UFH
Dalteparin
Enoxaparin
Fondaparinux

5000 UI SC every 8–12 h
5000 UI SC OD
4000 UI SC OD
2.5 mg SC OD

Surgical patients

UFH
Dalteparin
Enoxaparin
Fondaparinux

5000 UI 2–4 h preoperatively and 5000 UIOD postoperatively
2500 UI 2–4 h preoperatively and 5000 UI OD postoperatively
4000 UI 10–12 h preoperatively and 4000 UI OD postoperatively
2.5 mg OD beginning 6–8 h postoperatively

Warfarin INR target 2–3

Treatment

Initial

UFHa

Dalteparin
Tinzaparin
Enoxaparin
Fondaparinux

80 UI/kg IV bolus, then 18 U/kg/h IV; adjust dose based on a PTT
100 UI/kg once every 12 h; 200 U/kg OD
1 mg/kg once every 12 h; 1.5 mg/kg OD
1 mg/kg once every 12 h; 1.5 mg/kg OD
<50 kg, 5.0 mg OD; 50–100 kg, 7.5 mg OD;100 kg 10 mg OD

Long term

Dalteparin
Enoxaparin
Tinzaparin

200 UI/kg OD for 1 month, then 150 U/kg OD
1.5 mg/kg OD;1 mg/kg once every 12 h
175 UI/Kg OD

Warfarin INR target 2–3

According to ASCO and NCNN guidelines [22, 58, 59]
aUnfractioned Heparin
bSubcutaneously
cOnce a day
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 5 Before removing the device, a short time (5–7 days) of anticoagulant therapy is 
recommended to reduce the risk of embolization. Therefore evaluation of the like-
lihood and consequences of embolization according to the size and location of the 
thrombus should be carried out.

 5 Patients with cancer who have had their CVCs removed and then replaced with-
out anticoagulation often experience recurrent thrombosis.

 5 Anticoagulant therapy with LMWH is recommended if the catheter must remain in 
situ for a period of at least 3 months up to 6 months [62].

 5 Thrombolytic therapy is justified in cases of thrombosis of the superior vena cava 
with caval syndrome poorly tolerated or complete occlusion of the CVC. Instillation 
of 2 mg of t-PA or Urokinase 10,000 IU infused in each catheter lumen for 4 h once a 
week may restore catheter patency.

 5 In case of symptomatic CVC thrombosis, anticoagulant treatment is recommended 
for a minimum of 3 months.

 5 In this setting, LMWHs are suggested. Oral VKA can also be used, in the absence of 
direct comparisons of these two types of anticoagulants in this setting.

 5 The CVC can be kept in place if it is functional, well-positioned, and noninfected with 
good resolution of symptoms under close surveillance.

4.5.4  Vena Cava Filters

 5 The implantation of inferior vena cava (IVC) filters should be restricted to patients 
with VTE and/or PE and contraindications to anticoagulation [63].

 5 Active bleeding.
 5 High risk of bleeding.
 5 Undergoing surgery at high risk of bleeding (as major abdominal surgery).

 5 Their use in patients with recurrent thrombotic events despite anticoagulant ther-
apy does not appear logical because the filters do not treat the condition of throm-
bosis, and the presence of an intravascular foreign body is likely to promote the 
formation of a thrombus proximal or distal to the thrombus filter.

 5 IVC thrombotic occlusion is the presence of an occluding thrombus in the IVC 
after filter insertion can be symptomatic or asymptomatic and remains a serious 
complication of IVC filtration. The reported incidence ranges from 2 to 30 %.

 5 Renal failure secondary to renal vein thrombosis has been reported after supra-
renal filter placement. Suprarenal filters should be avoided in patients with a 
single functional kidney, renal insufficiency, or previous renal vein thrombosis.

 5 The possible complications of inferior vena cava filters are [64]:
 5 Penetration of the vein wall by a filter strut or anchor device with transmural 
incorporation, with secondary lesion to the neighbouring structures.

 5 Filter embolization, defined as post-deployment movement of the filter or its com-
ponents to a distant anatomic site (heart and pulmonary tree).

 5 Filter fracture (i.e., breakage or separation); the reported incidence of filter frac-
ture is as high as 2–10 %.

 5 Retrievable devices should be used, and possibly be removed, re-starting the anticoagu-
lant therapy, as soon as possible [63, 64].
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4.6  Management of Recurrent VTE on Anticoagulation  
Therapy [55, 63–67]

 5 In patients with thrombosis occurring during treatment with oral anticoagulant, a relapse 
with INR not in the therapeutic range requires a dose adjustment in order to obtain INR 
in the range between 2 and 3.

 5 For recurrent VTE on a non-LMWH anticoagulant, LMWHs are suggested.
 5 If recurrence occurs in the course of LMWH at subtherapeutic doses (75–80 %), the re-
administration of the LMWH at full dose may be effective in more than 90 % of patients 
and for recurrent VTE on full dose of LMWH; the dose may be increased by about 25 %.

 5 If the patient is taking medications that increase the risk of thrombosis such as estro-
gens or chemotherapy, these treatments should be possibly withdrawn.

4.7  Treatment Strategy in Patients with Thrombocytopenia

 5 In patients with thrombocytopenia, full doses of anticoagulation can be used for VTE 
treatment if the platelet count is ≥50,000, and there is no evidence of bleeding.

 5 For patients with a platelet count of 20,000–50,000, a 50 % of full dose must be employed.
 5 Stop anticoagulants for a count <20,000 always adapting the decision to the individual 
case.

 5 If severe cancer or chemotherapy-induced thrombocytopenia is present, plate-
let transfusions may be used to allow anticoagulation; an experience of few cases 
reported in the literature suggests that the use of prophylactic doses of LMWH can 
be tolerated in patients with platelet counts ≤20 × 109/L with associated resolution of 
thrombotic symptoms [67].

Special Recommendations
.5 Brain tumor in itself is not a contraindication to anticoagulation therapy in VTE. For the 

treatment of VTE in patients with brain tumor, it is preferable to use LMWH for 6 months 
in all patients except those with tumors that have a high rate of intracranial hemorrhage 
(metastases from melanoma, choriocarcinoma, thyroid carcinoma, and renal cell carci-
noma).
.5 There is no evidence to recommend LMWH or UFH over another in elderly patients 

with active malignancy. Tinzaparin might have a favorable biologic profile using 
therapeutic dosing in the setting of renal insufficiency.
.5 In patients with renal insufficiency and Ccr < 30 mL/min, enoxaparin might have a 

less favorable biologic and the dosage should be reduced a 1 mg/kg sc every 24 h or 
factor Xa will be monitored UFH, tinzaparin and dalteparin are preferred as agents.
.5 In cancer patients who are pregnant, standard prophylaxis should be implemented.
.5 Heparin-induced thrombocytopenia (HIT), due to the formation of antibodies against 

a complex platelet factor 4 (PF4)/heparin, is a consumptive thrombocytopenia associ-
ated with a serious pro-thrombotic state. The treatment of HIT is based on the use of 
direct thrombin inhibitors, such as lepirudin (0.08 mg/kg/h, to be halved in case of 
kidney failure), argatroban, and bivalirudin. Fondaparinux may be an alternative, but 
its use is not consolidated and is considered off-label.
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Both arrhythmias and electrolyte imbalances are rather frequent consequences of cancer 
itself and of cancer treatments (and their side effects). Arrhythmias may be also a conse-
quence of electrolyte imbalance.

5.1  Arrhythmias

(See Chap. 11 for more detailed information).
 5 Sinus tachycardia is frequently observed in patients with anemia, pleural or pericar-
dial effusion, mediastinal masses, and lung tumors (both primary and secondary). 
It is a compensatory mechanism, which does not need any treatment as far as is well 
tolerated. However, a rest heart rate constantly >110/m’, which raises >120–130 at any 
minimal effort, may be very uncomfortable for the patient.

 5 Treatment:
 Ȥ Try to correct the underlying conditions (anemia, hypoxia…).
 Ȥ Low-dose beta-blockers (bisoprolol 1.25 mg/day or more).
 Ȥ If beta-blockers are not tolerated because of low blood pressure, ivabradine 5 or 
7.5 mg, twice a day, is a good option.

 5 Atrial fibrillation (AF) is more frequent in patients with a cancer history in general, 
mostly with lung and colorectal cancer, after thoracic surgery, and in neoplastic involve-
ment of the heart [1–4]. A condition possibly linking cancer to AF is chronic inflamma-
tion, which increases both cancer and AF risk [5–7]. An association of bisphosphonate 
use and risk of AF has been reported; bisphosphonate are used in high doses in treatment 
of bone metastasis and hypercalcemia. In a study of 3981 cancer patients exposed to 
intravenous bisphosphonate, 128 (3.2 %) developed AF/flutter [8].

 5 It should be reverted to sinus rhythm, if possible, to avoid the risk of thromboembo-
lism and the need of anticoagulation. Moreover, in a recent prospective single-center 
study, AF after pulmonary lobectomy for lung cancer affected hospital morbidity and 
mortality, and long-term outcome in 5-year survivors [9].

 5 Treatment:
 – In a study on lung cancer patients undergoing lung surgery and who had elevated 
N-terminal pro-brain natriuretic peptide levels in the perioperative period, both 
beta-blockers (BBs) and losartan significantly reduced the incidence of postop-
erative AF [10].

 – Amiodarone is able to lower the incidence of AF from 39.2 to 8.3 % and appeared 
to be safe with no major complications in patients undergoing lung surgery [11]. 
It is recommended in patients with low blood pressure.

 – Flecainide, dofetilide, propafenone, and IV ibutilide are useful for cardiover-
sion of AF or atrial flutter, provided contraindications to the selected drug are  
absent [12].

 – Since many cancer patients are elderly, with possible comorbidities, amiodarone 
is the drug of choice in case of new onset AF if cardiac function is not known, 
and in older patients.

 5 Ventricular arrhythmias (VA) are most frequently observed as a consequence of some 
antineoplastic treatments (see Chap. 11 for more detailed information) or of electro-
lyte imbalances. Also ventricular tumors may present with VA. In presence of frequent 
VA, a careful assessment of both possible predisposing factors and risk of sudden 
death should be carried out [13].
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 5 Treatment
 – Check serum electrolytes, including magnesium, and correct any abnormality 
(see below).

 – Beta-blockers are the first choice in case of frequent and/or symptomatic VA and 
in patients with ischemic heart disease. Advantages are the rapid effect, the short 
half-life (should the therapy be changed). The main disadvantage is that BBs are 
not well tolerated by hypotensive patients.

 – Amiodarone may be a therapeutic choice, unless in presence of QT interval 
prolongation or thyroid dysfunction. However, the long half-life may be a contra-
indication in some patients.

5.2  Electrolyte Imbalances

Wide, even rapid, changes in blood electrolytes are rather common in cancer patients, 
both as a consequence of the disease itself (malnutrition) and of the antineoplastic treat-
ments, both surgical and pharmacological [14]. The sodium and potassium serum level are 
among the factors predictive of outcome after surgery for gastroesophageal cancer [15, 16].

 > Electrolyte abnormalities are among the most common causes of cardiac arrhythmias. 
Of all the electrolyte abnormalities, hyperkalemia and hypercalcemia are the most 
rapidly fatal.

5.2.1  Hypokalemia

Hypokalemia is a common consequences of vomiting, diarrhea, fluid load, drugs, and 
some antineoplastic treatments [1]. It may be due to some neuroendocrine tumors [2, 3]. 
Hypokalemia increases the risk of ventricular arrhythmias [17].

 > Hypokalemia is defined as a serum potassium level <3.5 mEq/L.

 Clinical Manifestations
Hypokalemia may cause weakness, paralysis, muscle cramps, respiratory failure, and 
 constipation.

ECG changes including U waves, T-wave flattening, arrhythmias prevalently ventricu-
lar (especially if concomitant digoxin therapy), and asystolia.

 Treatment
 5 Both enteral and parenteral potassium administration are equally effective in restor-
ing serum potassium levels [18].

 5 Potential adverse effects with enteral administration include unpalatable taste, nausea, 
and abdominal discomfort.

 5 Adverse effects with intravenous administration include venous sclerosis, 
 infusion- related pain, and phlebitis when delivered via peripheral vein and the risk of 
cardiac arrest due to excessive infusion rates when administered via a central intrave-
nous catheter.

 5 Continuous ECG monitoring is essential during IV infusion, and the dose should be 
titrated after repeated sampling of serum potassium levels.
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 5 If occurs ventricular arrhythmias or imminent arrest give infusion of 2 mEq/min, 
 followed 10 mEq IV over 5–10 min.

 5 The mean dose–response per 20 mmol of potassium chloride is 0.25–0.27 mmol/L.

5.2.2  Hyperkalemia

Hyperkalemia may be due to renal insufficiency, tissue breakdown (rhabdomyolysis, 
tumor lysis, hemolysis), metabolic acidosis, drugs, abnormal erythrocytes, or thrombocy-
tosis. It may cause severe ventricular arrhythmias and cardiac arrest; it is the most com-
mon electrolyte disorder associated with cardiopulmonary arrest.

 > Hyperkalemia is defined as a serum potassium >5.0 mEq/L.

 Clinical Manifestations
Severe hyperkalemia may cause weakness, flaccid paralysis, depressed deep tendon 
reflexes, respiratory failure, and asystolic and cardiac arrest.

ECG changes including peaked T waves (tenting) and-when serum potassium increases-
flattened or absent P waves, a prolonged PR interval, widened QRS complex, deepened  
S waves, merging of S and T waves, idioventricular rhythms, and asystolia.

 Treatment [19, 20]
 5 Mild hyperkalemia (serum level <6 mEq/L):

 5 Intravenous furosemide: 40–80 mg ev.
 5 Potassium exchange resins, i.e., calcium resonium 15–30 g or sodium polystyrene 
sulfonate (Kayexalate®) 15–30 g in 50–100 mL of 20 % sorbitol, given either orally 
or by retention enema (onset in 1–3 h, maximal effect at 6 h).

 5 Dialysis: hemodialysis is more efficient than peritoneal dialysis at removing potas-
sium (immediate onset, 25–30 mmol potassium h−1 removed with hemodialysis).

 5 Moderate forms (serum level 6–7 mEq/L):
 5 A solution of glucose 50 mg plus rapid acting insulin 10 units given intravenously 
over 15–30 min (onset in 15–30 min, maximal effect at 30–60 min; monitoring 
blood glucose).

 5 Intravenous NaCO3 50 mEq ev in 5 min.
 5 Use in addition to removal strategies above.

 5 In more severe cases (serum K+ >7 mEq/L):
 5 Salbutamol, 5 mg nebulized. Several doses may be required (onset in 15–30 min).
 5 Sodium bicarbonate plus glucose/insulin as above (onset in 15–30 min).
 5 CaCl− 10 % (5–10 mL intravenously in 2–5 min) to prevent arrhythmias as mem-
brane stabilizer (to be noticed: this does not lower K+ levels).

 5 In case of cardiac arrest, protect the heart first, then apply shifting and removal strate-
gies using:

 5 Calcium chloride: 10 mL of 10 % calcium chloride IV by rapid bolus injection to 
antagonize the toxic effects of hyperkalemia at the myocardial cell membrane.

 5 Sodium bicarbonate: 50 mmol IV by rapid injection (if severe acidosis or renal 
failure).
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 5 Dextrose/insulin: 10 units short-acting insulin and 50 g glucose IV by rapid injec-
tion.

 5 Hemodialysis: consider this for cardiac arrest induced by hyperkalemia, which is 
resistant to medical treatment.

5.2.3  Hypercalcemia

Hypercalcemia is the most common life-threatening metabolic disorder associated with 
cancer, occurring in approximately 10–30 % of all patients with neoplastic disease espe-
cially with skeletal metastases [21]. It may be humoral due to secretion of the parathormone- 
like 1,25-dihydroxy vitamin D or PTH-related protein (PTHrP), or secondary to extensive 
bone lysis (in multiple myeloma, breast cancer bone metastases). PTHrP-secreting tumors 
may be lymphomas; squamous cancer of the lung, esophagus, head, and neck; gynecologic 
malignancies, breast cancer, and renal carcinomas. A serum calcium >14  mg/dL may 
cause acute renal failure and cardiac arrest. It should be promptly treated even in absence 
of any symptom [22].

 > Hypercalcemia is defined as serum calcium concentration >10.5 mEq/L.

 Clinical Manifestations
Hypercalcemia may cause somnolence, confusion, depression, psychosis, muscle weak-
ness, coma; constipation, anorexia, nausea, abdominal pain, peptic ulcer disease, pancre-
atitis, polyuria, polydipsia, nephrolithiasis, nephrocalcinosis, and renal failure; 
hypertension and digitalis sensitivity; and osteoporosis, fracture, and bone pain.

ECG changes including QT interval shortening, atrioventricular block, prolonged PR 
and QRS intervals, and increased QRS voltage.

 Treatment [19, 20]
 5 Intravenous isotonic saline solutions to reverse volume depletion will often lower the 
serum calcium 1–2 mg/dL as a consequence of expanding the intravascular space. 
Approximately 3–6 L of intravenous fluid during the initial 24-h period have been 
recommended.

 5 Caution should be exercised in administering large volumes and high rates of intra-
venous fluid because of the likelihood of producing congestive heart failure and 
third spacing, particularly in malignancy-associated hypercalcemia, where patients 
tend to be quite ill and often have concomitant hypoalbuminemia.

 5 Some authors recommend rehydration with no more than 75–150 mL/h of 0.9 % sodium 
chloride in this patient population and avoidance of saline-induced diuresis [23].

 5 Further decreases in the serum calcium can be achieved by infusing intravenous 
saline to induce a diuresis, though this is not a consistent finding.

 5 Furosemide was used in the past to reduce calcium reabsorption in the loop of Henle 
and thus augment calciuresis. However it is no longer recommended (unless needed 
to reverse overly aggressive fluid replacement) as excessive diuresis may lead to vol-
ume depletion, hypokalemia, and worsening hypercalcemia.

 5 Bisphosphonates are pyrophosphate analogues that are deposited in bone and lower 
serum calcium levels via multiple effects on osteoclasts, one of which is inhibition of 
osteoclastic bone resorption. They are the most used treatment for cancer hypercalce-
mia, mostly if due to bone lysis.
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 5 Zoledronic acid (3–4 mg intravenously in 100 mL of saline over 15–30 min) is 
the most powerful biphosphonate and has a rapid and durable effect. In several 
studies, it performed better than other agents, by reducing the number of skeletal-
related events, preventing recurrence of hypercalcemia and exhibiting a longer 
duration of response. Adverse effects are pyrexia, skeletal pain, nausea, and asthe-
nia [24].

 5 Pamidronate is also highly effective and show a durable response. It is given at 
doses of 60–90 mg intravenously in 2–24 h. Its effect is not as prompt as zole-
dronic acid.

 5 Salmon calcitonin is useful for treatment of severe hypercalcemia irrespective of 
etiology, given its early onset of action and relatively mild adverse effects. It begins 
working within several hours and lowers plasma calcium levels by 1–2 mg/dL only. 
However, when calcitonin is given along with intravenous fluid therapy, the combi-
nation may be sufficient to reverse the immediate risks of severe hypercalcemia. 
It may be considered in the emergency setting, as an early intervention if biphos-
phonate are not available. Recommended doses are 4–8 units subcutaneously (or 
intranasal, less used) every 6–12 h. Side effects include nausea, vomiting, flushing, 
and injection site reactions, while intranasal form can be associated with rhinitis. 
Hypersensitivity reactions can occur.

5.2.4  Hypocalcemia

Hypocalcemia may occur in acute pancreatitis, tumor lysis syndrome, rhabdomyolysis, 
and toxic shock syndrome. Hypocalcemia can exacerbate digitalis cardiotoxicity.

 > Hypocalcemia is defined as a serum calcium concentration <8 mg/dL.

 Clinical Manifestations
Hypocalcemia may cause tetany, seizures, and cardiac arrest.

ECG changes including prolonged QT interval, T-wave inversion, AV heart block, and 
ventricular fibrillation.

 Treatment
 5 Calcium chloride 10 %: 10–40 mL intravenously
 5 Magnesium sulfate 50 %: 2–4 g if needed

5.2.5  Hypomagnesemia

Hypomagnesemia is a common consequence of decreased absorption or increased loss of 
magnesium from the kidneys or intestines such as diarrhea, abnormalities of thyroid hor-
mones, or some drugs (e.g., pentamidine, diuretics, alcohol) and malnourishment.

 > Hypomagnesemia is defined as a serum magnesium concentration <1.3 mEq/L.

 Clinical Manifestations
Hypomagnesemia may cause muscle tremor, nystagmus, tetany, and mental status 
 alterations.
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ECG changes including prolonged PR and QT interval, T-wave inversion, widening of 
QRS, torsades de pointes, and ventricular tachycardias.

 Treatment [19, 20]
 5 1–2 g of MgSO4 bolus IV in 15 min
 5 If there are convulsions 2 g of MgSO4 iv in 10 min
 5 Calcium gluconate when associated hyocalcemia

5.2.6  Hypermagnesemia

Hypermagnesemia is the most common consequences of renal failure but may be iatro-
genic with intake of food or continuous use of laxative.

 > Hypermagnesemia is defined as a serum magnesium concentration >2.2 mEq/L.

 Clinical Manifestations
Hypermagnesemia may cause muscular weakness, paralysis, ataxia, drowsiness, confu-
sion, and hypotension. High serum magnesium levels may induce a depressed level of 
consciousness, hypoventilation, and cardiac arrest.

ECG changes including prolonged PR and QT intervals, bradycardia, block AV, and 
cardiac arrhythmias.

 Treatment
 5 CaCl− 10 % (5–10 mL intravenous) to prevent arrhythmias as membrane stabilizer.
 5 Dialysis is the treatment of choice in severe hypermagnesemia.
 5 Saline solution 0.9 %.
 5 Forced diuresis with furosemide 1 mg/kg.

5.2.7  Hyponatremia

Hyponatremia is a common electrolyte disorder representing an excess of water relative to 
total body solute, may be due to heart failure, liver cirrhosis, renal failure, hypothyroidism, 
and non-osmotic vasopressin activity determined by malignancies, infections, and drugs 
as diuretics but also antineoplastic agents as cyclophosphamide, cisplatin, vincristine, and 
ifosfamide [25–27].

 > Hyponatremia is defined as a serum sodium concentration <135 mEq/L.

 Clinical Manifestations
It is usually asymptomatic, but acute or serious hyponatremia can cause brain edema with 
severe symptoms as decreased consciousness, seizures, and muscle rigidity. Other symp-
toms are nausea and vomiting, headache, muscle weakness, cramps, and spasm.

 Treatment [25, 26]
Different strategies have been proposed to treat hyponatremia.

 5 In the setting of severe symptoms, infusion of hypertonic saline intravenous is recom-
mended, having a concentration of 3 % infused at 1 mEq/L/h until restoring neuro-
logical symptoms then continue at 0.5 mEq/L/h.
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 5 For euvolemic and hypervolemic asymptomatic hyponatremia fluid restriction are 
 recommended as first treatment.

 5 Saline solution 0.9 % infusion is recommended calculated with Adrogue–Madias 
 formula (. Fig. 5.1).

 5 Infusion usually varied between 8 and 12 mmol/L during the first 24 h and 18 mmol/L 
during the first 48 h regardless if hyponatremia was acute or chronic.

 5 Stricter limit of <8 mmol/L during the first 24 h in cases where the patient was 
believed to be high risk for developing osmotic demyelination syndrome.

5.2.8  Hypernatremia

Hypernatremia is a rare electrolyte imbalances resulting in three situations [25, 28]:
 (a) Water and solute loss occurs when hypovolemia is present due to critical illness, 

sedation, neurological impairment, fever, and gastrointestinal loss of hypotonic fluid.

Initial patient assesment
ABCDa)

Bolus 2 ml/kg 3% NaClc)

P-[Na+] < 130 mmol/lb)

Bolus 2 ml/kg 3% NaCl

Bolus 2 ml/kg 3% NaCl

Consider alternative
causes

No severe symptoms

Avoid overcorrection
Monitor P-[Na+] and

diuresis

Final
diagnostics/correction

(Figure 2)

Give water per os/5%
glucose iv/0.45% NaCl iv

Desmopressin can be used
to control brisk diuresise)

Severe symptoms persist

Severe symptoms persist

Severe symptoms persist

A=Airway, B=breathing, C=circulation, D=disability: Avoid secondary brain damage. 
Diagnose hypo -/hyperglycemia.
Higher levels in patients with intracranial pathology/known hypernatremia
Bolus = peripheral or central intravenous/intraosseous infusion in a few minutes.
Response to a bolus is observed after 5 minutes: if symptoms decrease, go to “no
severe symptoms”; if severe symptoms persist, infuse a maximum of three boluses.
Corresponding amounts of more concentrated NaCl can be used.
Large diuresis creating a negative water balance is the most frequent cause of
overcorrection. K+-substitution: 1 mmol K+ increase P -[Na+] as much as 1 mmol Na+

(Equation 2)
Proposed desmopressin doses: 1-2  µg iv/10-20 µg nasal spray/60-120 µg melting tablet

a)

b)
c)

d)

e)

P-[Na+] is determined by external balances of
water and cations according to Equation 2:

[Na+]2 = [N a+]1 × TBW + D(N a+ +K +)

[Na+]1: Initial plasma concentration

TBW: Total body water
DTBW: Change in external water balances
D(Na++K+): Change in external cation balances

[Na+]2: Resulting concentration

 TBW + D TBW

Severe symptoms:
Decreased consciousness

Seizures
Muscle rigidity

Conservative goals:
8 mmol/l in 24 hours

14 mmol/l in 48 hours
16 mmol/i in 72 hours

P-[Na+] increases too
rapidlyd)

.. Fig. 5.1 Reproduced from Overgaard-Steensen and Ring [25], published under CC BY 4.0 license 
7 http://ccforum.biomedcentral.com/articles/10.1186/cc11805
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 (b) Pure water loss occurs when water balance is negative with reduced water intake as in 
patients with critical illness and occasionally diabetes insipidus and infants.

 (c) Increased total body solutes are rare, usually due to infusion of hypertonic potassium- 
containing solutions, hypertonic saline, and NaHCO3 treatment.

 > Hypernatremia is defined as a serum concentration above the normal range of  
135 to 145 mEq/L.

 Clinical Manifestations
Hypernatremia may cause cerebral symptoms as decreased level of consciousness, irrita-
bility, hyperreflexia, spasticity, and seizures.

 Treatment [28]
 (a) Water and solute loss.

 5 Restoring extracellular volume by infusing intravenous saline (see above).
 (b) Pure water loss.

 5 Restoring of the water loss.
 (c) Increased total body solutes.

 5 Reduce input and increase output with diuretics or rarely dialysis (with caution!). 
No optimal correction rate has been determined, but it has been suggested that it 
should not exceed 0.5 mmol/L/h.

5.2.9  Hyperphosphatemia

Hyperphosphatemia may be observed in chronic kidney disease and after cancer treat-
ments; it has been associated to a poorer cancer prognosis [29]. Its more severe form is 
observed in the tumor lysis syndrome (see below).

 Clinical Manifestations
Arrhythmias, lethargy, seizures, nausea, and vomiting.

 Treatment
 5 Diet with no added phosphate in replacement fluids.
 5 Use of phosphate binders.
 5 Prevention of oliguria.
 5 Using diuretics to minimize the risk for calcium phosphate precipitation in renal 
tubules.

 5 Dialysis is useful in phosphate removal and continuous venovenous hemofiltration 
are the therapy of choice.

5.3  Tumor Lysis Syndrome

Tumor lysis syndrome (TLS) is a potentially life-threatening metabolic disorder occurring 
after massive lysis of tumor cells. It is more frequent after antineoplastic treatments, but it 
may develop also spontaneously in tumors with rapid tumor cell turnover, such as Burkitt’s 
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lymphoma and acute leukemias [30–33]. This syndrome may develop in patients with 
hematologic malignancies or solid tumors, mostly in highly chemosensitive tumors and 
when the tumor burden is large; also the presence of preexisting renal disease, the use of 
nephrotoxic drugs, and the presence of disseminated intravascular coagulation are risk fac-
tor for TLS [34, 35]. Treatment-induced TLS usually occurs 12–72 h after starting therapy.

 5 The incidence varies according to the diagnostic method used to define the TLS: 
 laboratory versus clinical presentation; several criteria have been proposed [35–39]  
(. Tables 5.1 and 5.2).

 5 Two or more laboratory abnormalities (hyperuricemia, hyperphosphatemia, 
 hyperkalemia, hypocalcemia) are necessary for diagnosis.

It is characterized by the rapid development of:
 5 Hyperuricemia, from rapid release and catabolism of intracellular nucleic acids
 5 Hyperkalemia, caused by the rapid release of potassium from malignant cells and by 
the renal failure

 5 Hyperphosphatemia from the rapid release of intracellular phosphorous from malig-
nant cells

 5 Acute renal failure as a consequence of calcium phosphate precipitation in the renal 
tubules
Frequently observed are also:

 5 Hypocalcemia, as a consequence of hyperphosphatemia calcium phosphate 
 precipitation

 5 Uremia, due to uric acid crystal formation in the renal tubules secondary to hyperurice-
mia, calcium phosphate deposition, tumor infiltration in the kidney,  tumor- associated 
obstructive uropathy, drug associated-nephrotoxicity, and/or acute sepsis.

.. Table 5.1 Definitions of laboratory tumor lysis syndrome (LTLS)

Author Cairo–Bishop Montesinos Howard

Adults Children

Uric acid x ≥ 476 μmol/L or 25 % increase 
from baseline

>7.5 mg/dL >8 mg/dL >ULN

Potassium x ≥ 6.0 mmol/L or 25 % increase 
from baseline

>5 mEq/L >6 mmol/L

Phosphate x ≥ 2.1 mmol/L (children), x 
≥1.45 mmol/L (adults) or 25 % 
increase from baseli

>5 mg/dL >4.5 mg/dL >6.5 mg/dL

Calcium x ≤ 1.75 mmol/L or 25 % 
decrease from baseline

<8 mg/dL Corrected <7 mg/dL; ionized 
<1.12

Creatinine – >1.4 mg/dL

Note: Cairo–Bishop’s clinical classification has 5 grades: grade 5 (not reported here) includes death. 
Data from Cairo and Bishop [35], Montesinos et al. [37], and Howard et al. [36]
UNL = upper normal limits (for laboratory and/or according to age)
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5.3.1  Clinical Manifestations

 5 Renal failure, oliguria
 5 Seizures, neuromuscular irritability, laryngospasm, bronchospasm
 5 Cardiac arrhythmias/death
 5 Heart failure

5.3.2  Treatment [38–40]

 5 Vigorous hydratation is recommended: target fluid intake of 3 L/day
 5 Prevent (especially for high risk patients) and treat hyperuricemia choosing amongst 
these drugs:

 5 Allopurinol is commonly used in treatment of hyperuricemia. However, it has been 
associated with several hypersensitivity syndromes. An interaction between allopuri-
nol and azathioprine (often used for immunosuppression in patients with transplants 
or autoimmune conditions) can lead to severe and life-threatening bone marrow 
suppression.

 5 Febuxostat is a novel xanthine oxidase inhibitor that does not appear to have the 
hypersensitivity profile of allopurinol. In addition, it is metabolized to inactive 
metabolites in the liver, obviating the need for specific kidney dosing. Its routine 
use is limited by the higher cost compared to allopurinol.

 5 Rasburicase is an Aspergillus-derived recombinant urate oxidase and catalyzes the 
conversion of uric acid to allantoin, carbon dioxide, and hydrogen peroxide. Recom-
mended dose is 0.15–0.2 mg/kg as a daily intravenous (i.v.) infusion for up to 5 days. It 
reduces uric acid levels within 4 h, both in pediatric and adult patients, catalyzing the 
oxidation of uric acid into allantoin, rapidly excreted by the kidneys. It was approved 
in the EU and in the USA for the management of acute hyperuricemia. Warning: it 
can lead to devastating methemoglobinemia and hemolytic anemia in individuals with 
glucose-6-phosphate dehydrogenase deficiency [41]. The routine use of Rasburicase in 
children with cancer is still questionable [42].

 5 Urine alkalinization, the solubility of uric acid is highly pH dependent. At a typical acidic 
urine pH of 5.0, the solubility of uric acid is 15 versus 200 mg/dL at a pH of 7.0. However, 
alkalinization of the urine (or serum) can favor the precipitation of calcium phosphate 
salts in soft tissues and renal tubules, potentially worsening kidney failure. Urinary alka-
linization should only be considered in cases of severe hyperuricemia in which recombi-
nant urate oxidase is unavailable.

 5 Use of diuretics remain controversial.
 5 Dialysis may be necessary in case of severe renal insufficiency. Continuous modalities 
are often preferred to intermitted hemodialysis to reduce the risk of “rebound” hyper-
kalemia or hyperphosphatemia.
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6.1  Introduction: Cardiovascular Toxicity with First-Line 
Therapy in Solid Tumors, Risk, and Benefit

Neoplastic conditions are diseases of aged subjects, generally already suffering of different 
medical comorbidities and likely to assume polypharmacy for these conditions. This leads 
to a potentially increased risk of drug interactions and may increase the likelihood of car-
diovascular events when they have to be treated with certain cardiotoxic anticancer drugs.

 5 Cancer therapy has evolved, becoming more selective and potentially less toxic, spar-
ing normal tissue from acute and chronic damage. 

 5 However, the “off-target” toxicities (an unexpected toxic effect linked to the pres-
ence of the drug target on healthy organs, like the heart, vessels, skin, etc.) may be 
a problem [1].

 5 Treatment of main solid tumors encloses more commonly a combination of cytotoxic 
drugs (e.g., chemotherapy) that portend a different but existing risk of cardiovascular 
side effects, with molecular targeted agents, that can be associated with adverse events 
that are the consequence of critical pathways inhibited by these targeted therapies on 
vessels and the heart [e.g., vascular endothelial growth factor receptor (VEGFR)] [2].

 5 This combination has the potential to delay progression of disease, to increase 
overall survival (OS), and also to increase the burden of toxicity of cancer patients 
suffering from various cancers [3].

 5 The risk of cardiotoxicity can also be augmented if patients were previously 
exposed to cardiotoxic drugs during the primary treatment of disease or in the 
past (in case of relapsing or second cancer). Some classical examples are the treat-
ments with anthracyclines for hematologic malignancies and/or for breast cancer 
that have a cumulative (cardiotoxic) dosage beyond which the risk of heart failure 
becomes clinically significant. A pretreatment with these agents can also make a 
(subclinical) cardiac damage not clinically apparent until a further toxic damage is 
added in the metastatic phase of cancer.

 > The scope of oncological treatment, when potentially cardiotoxic drugs have 
planned to be used, must include a comprehensive clinical history of patient for 
preexisting medical condition, anticancer treatments, other risk factors and 
polypharmacy, and a careful cardiologic evaluation.

 > With these data in mind, any oncologist should estimate the real added benefit of 
any oncological therapy, as a function of prognosis of metastatic cancer to be 
treated, balanced with the risk of life-threatening adverse events.

Cancer patients receiving chemotherapy or targeted therapies have an increased risk of 
developing cardiovascular complications, and the risk is even greater, in particular, if there 
is a known history of heart disease. Several meta-analyses have demonstrated a small risk 
of fatal adverse events [approximately 1.5–2.5 %, relative risk (RR) 1.5–2.2] with both anti-
angiogenic tyrosine kinase inhibitors (TKIs) and bevacizumab [4–6]. In one analysis, 
bevacizumab was associated with an increased risk of fatal events when used in combina-
tion with taxanes or platinum agents (RR, 3.49) but not in combination with other agents 
(RR, 0.85) [4]. In two meta-analyses, bleeding was the most common fatal adverse event 
with both classes of agents; however, other causes of treatment-related death were also 
cardiac [4,5]. In another meta-analysis examining fatal events with anti-VEGFR TKIs, 
death due to heart failure were higher on the TKI treatment arms [6].
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Among the main serious cardiovascular events that have been reported and will be 
discussed here, there are:

 5 Arrhythmias
 5 Myocardial damage causing a dilated cardiomyopathy
 5 Angina or myocardial infarction
 5 Pericardial disease (rare)
 5 Hypertension
 5 Arterial or venous thromboembolic events

Drug-associated cardiovascular toxicity in oncology patients treated with upfront treat-
ment for advanced stages of disease is the primary argument of this chapter and will be 
analyzed according to different types of cancer, taking into consideration in particular the 
combinations of agents used as first-line therapy.

6.2  First-Line Therapy in Different Cancers: Challenges 
and Pitfalls with Cardiotoxic Drugs

6.2.1  Breast Cancer

 Chemotherapy

Anthracyclines and Taxanes Alone or in Combinations
 5 Systemic treatment of metastatic breast cancer includes the use of one or more of:

 5 Hormonal therapies
 5 Cytotoxic agents
 5 Target therapies

 > The choice of the strategy is based mostly on the biology of disease, and the extent 
of lymph node and metastatic burden.

 5 Hormonal therapies are used in patients whose cancer expresses estrogen and/or pro-
gesterone receptors. The most used drugs are tamoxifen and aromatase inhibitors (as 
letrozole and fulvestrant.). Tamoxifen is given for 5 years in the adjuvant setting.

 5 Cytotoxic therapies are used in patients whose cancer is not hormone-sensitive and in 
advanced disease.

 5 Anthracyclines (monotherapy or with cyclophosphamide).
 5 Doxorubicin, epidoxorubicin, and liposomal doxorubicins (pegylated or non-
pegylated).

 5 Taxanes (paclitaxel, docetaxel)—either as a single agent or in combinations with 
anthracyclines—is the preferred regimen as first-line therapy for metastatic patients. 
A taxane-based (anthracycline-free) combination has significantly fewer adverse 
events of neutropenia, infection/febrile neutropenia, nausea, and vomiting compared 
to anthracyclivnes/cyclophosphamide [7].

 5 Combination chemotherapy is preferred with visceral and/or symptomatic disease.
 5 Combination chemotherapy in metastatic setting is not associated with a significant 
increase in OS, with response rate and time to progression being moderately increased.

 5 Cardiac toxicity of anthracyclines has been known for many years and is mostly evi-
dent as left ventricular dysfunction possibly leading to congestive heart failure. 
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 5 Epirubicin is less cardiotoxic than doxorubicin on a mg per mg basis [8]. In a meta-
analysis of 13 studies comparing doxorubicin with epirubicin, use of epirubicin sig-
nificantly decreased the risks of both clinical and subclinical cardiotoxicity [9].

 5 In liposomal formulations, doxorubicin is included in liposomes which do not 
cross healthy capillary vessels and concentrate in tumor. A randomized trial com-
pared pegylated liposomal doxorubicin (PLD, 50 mg/m2 every 4 weeks) with doxo-
rubicin (60 mg/m2 every 3 weeks) as first-line therapy in patients with metastatic 
BC; 56 % of them previously received anthracyclines. With a similar PFS and OS 
for the two arms, risk of cardiotoxicity was significantly higher with doxorubicin 
than PLD (P < 0.001) [10]. Similar results, with low rates of cardiac toxicity, were 
found with non-pegylated liposomal doxorubicin + cyclophosphamide compared to 
conventional anthracycline + cyclophosphamide combination [11].

 Ȥ The limit of liposomal formulations is mostly the high cost.
 5 Cardiotoxicity of taxanes is rare and asymptomatic. Paclitaxel is mainly associated 
with bradycardia and heart block. 

 5 However, they may potentiate the cardiotoxicity of anthracyclines.
 5 Heart failure has described in up to 20 % of patients treated with paclitaxel plus 
doxorubicin in different studies [12,13], although an increased incidence of car-
diotoxicity was not seen in all studies, even in patients pretreated with adjuvant 
anthracyclines [14]. The risk of heart failure is apparent at cumulative doxorubicin 
doses that are much lower than would be expected with single-agent doxorubicin 
[15–17]. Even docetaxel is associated with potentially related cardiac events and 
can potentiate the cardiac toxicity of anthracyclines [18]. In two randomized first-
line trials comparing combinations of anthracycline + cyclophosphamide with 
anthracycline + taxanes, in anthracycline-naïve patients, the rate of grade 3–4 car-
diac toxicity is similar and about 3 % in both arms [19,20].

 > The choice of treatment is according to comorbidities, risk factors, and previous 
therapies.

 5 The cardiotoxicity of doxorubicin and epirubicin may become relevant with cumula-
tive doses above 300 and 700 mg/m2, respectively. 

 > The added toxicity is evident even for treatments given years apart (i.e., the 
cumulative dose of anthracyclines is calculated during the lifespan).

 > To better evaluate the cumulative dose of different anthracyclines, a conversion 
factor of 0.66 may be used for epidoxorubicin.

 5 Age, preexisting cardiovascular disease (e.g., cardiomyopathies, coronary artery dis-
ease, hypertension, peripheral vascular disease, diabetes), and concurrent or prior 
chest irradiation increase the risk of cardiotoxicity.

 5 The concomitant use of trastuzumab also increases the risk of cardiac dysfunction.
 5 In patients at high risk, an anthracycline-free regimen should be preferred. If anthracyclines 
are considered necessary, liposomal formulations or epidoxorubicin should be used.

 Anti-HER2 Agents
Two drugs are currently approved for treatment of HER2+ breast cancer: the monoclo-
nal antibodies trastuzumab and pertuzumab, which are combined with taxanes in a 
triplet combination showing a better OS that chemotherapy plus trastuzumab alone. 
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Both drugs bind to the extracellular domain IV of ErbB2 receptor, belonging to the HER 
family of tyrosine kinase receptor class. Pertuzumab binds instead the domain II, but 
both prevent dimerization of HER2 with other receptor members of HER family (homo- 
or heterodimerization). Pivotal early trials in 2000’s association of trastuzumab with 
chemotherapy lead to a 1–4 % of heart failure and up to 18 % of LVEF drop when used in 
the adjuvant phase of treatment. Risk factors specific for trastuzumab-associated cardio-
toxicity have not been clearly discovered. The analyses of the potential risk factors, 
including age, weight, hypertension, cumulative dose, and HER2 expression level, have 
revealed, however, that only age and concurrent doxorubicin therapy were significantly 
associated with an increased risk of cardiac disease [21]. In particular the risk is higher 
when the concomitant administration of anthracyclines is planned. After the introduc-
tion of trastuzumab therapy in early disease after 2005, almost all patients with HER2+ 
breast cancer are pretreated with anthracyclines as adjuvant therapy, so few women are 
anthracycline naive in metastatic setting. In the pivotal phase III trial by Slamon et al., 
the combination of paclitaxel and trastuzumab leads to a NYHA class III–IV cardiac 
dysfunction in 2 and 1 % of patients treated with paclitaxel + trastuzumab and paclitaxel 
alone, respectively [22]. In the pivotal phase III CLEOPATRA trial that randomly 
assigned 808 patients with HER2+ breast cancer to first-line treatment with trastuzumab 
and docetaxel plus either pertuzumab or placebo [23], combined therapy arm (triple 
combination) was not associated with significantly worse cardiac toxicity compared to 
docetaxel/trastuzumab alone. However, only a few patients had received trastuzumab in 
adjuvant setting. A decline of ≥10 % age points that resulted in an LVEF of <50 % 
occurred in 3.8 % of the pertuzumab group versus 6.6 % of the control group. Among 
them, 72 % of patients in the placebo arm and 87 % of those on the pertuzumab arm 
recovered to a normal value. The prescribing information package suggests monitoring 
LVEF about every 3 months. When LVEF fall to value <45 % or 45–50 % but with a 
≥10 % absolute decrease below the pretreatment value, both pertuzumab and trastu-
zumab have to be withhold, and LVEF assessment should be repeated within approxi-
mately 3 weeks.

 Endocrine Therapy (Tamoxifen, Aromatase Inhibitors, Fulvestrant)
Among hormonal therapies used for treating metastatic breast cancer, the most worri-
some side effect is venous thromboembolism due to tamoxifen. It manifests as venous 
thrombosis or pulmonary embolism. Both aromatase inhibitors and fulvestrant are not 
known cardiotoxics in studies of advanced disease. Probably the limited time on treat-
ment in metastatic patients limits the risk of vascular events.

6.2.2  Colorectal Cancer and Other Upper  
Gastrointestinal Malignancies

 Fluoropyrimidines
The antimetabolite agents 5-fluorouracil (5-FU) and capecitabine are the cornerstone of 
all treatments for advanced GI cancers, either alone or in combination with oxaliplatin 
and irinotecan (plus or minus biological agents). Another similar agent, S-1, is now 
approved for treatment of advanced gastric cancer in association with cisplatin, but has 
the potential to be associated with lower risk of cardiotoxicity compared to 5-FU 
 continuous infusion. Cardiotoxicity associated with these drugs is frequently reported in 
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the literature, with rates varying according to the series reported from 1 to 20 %. The most 
frequent cardiac symptom due to FU is an angina-like syndrome and is associated with 
ECG changes. Angina is reported up to 45 % of patients with 5-FU-related cardiotoxicity, 
myocardial infarction, and arrhythmia in 22 % of cases. Symptoms and ECG signs usually 
appear within 72 h in about 70 % of cases; the mortality rate is the more rare event (up to 
8 %) [24,25]. The risk seems to be related to the rate of 5-FU administration, the presence 
of preexisting coronary artery disease, and the use of concurrent radiation or other poten-
tially cardiotoxic drugs (e.g., anthracyclines). It is to be noted that most cases arising in 
patients not known for cardiac disease and preexisting cardiac disease are not predictive 
of cardiotoxicity. The risk is higher with continuous infusion (both long-term and short- 
term schedules) compared to bolus regimens. In one series, 8 % receiving a high-dose 
continuous infusion of FU developed cardiotoxicity [26]. In a second study of 106 patients 
receiving short-term infusional 5-FU with the FOLFOX regimen, nine developed chest 
pain during treatment [24]. The onset was during courses one, two, six, and eight in three, 
four, one, and one patient(s), respectively. Rechallenge is not recommended, and substitu-
tion with other agents (e.g., raltitrexed) is suggested. A possible alternative to 5-FU in 
colorectal neoplasms is in fact represented by raltitrexed (Tomudex®); an inhibitor is thy-
midylate synthesis (TS). Raltitrexed, an analogue of folate, was developed as a direct and 
specific inhibitor of TS. Clinical studies have shown a similar activity to 5-FU in meta-
static colorectal cancer although the treatment had been accompanied by gastrointestinal 
toxicity concerns, particularly in patients with renal failure. Raltitrexed is currently indi-
cated for the palliative treatment of advanced colorectal cancer where 5-FU and folinic acid 
are not tolerated or inappropriate. In particular, raltitrexed seems to be an option for 
patients with cardiovascular risk factors. A review by Kelly et al. showed that raltitrexed is 
associated with a significantly reduced incidence of cardiovascular toxicity in patients 
with a history of cardiac toxicity or cardiac comorbidities [27]. Some case studies had 
been published in which patients who had experienced cardiac symptoms when treated 
with 5-FU had been shifted to raltitrexed without further cardiac symptoms. To such sim-
ilar conclusions come Avallone and collaborators, reviewing the literature of raltitrexed 
which suggested a resurrection of the drug specifically for those patients who manifest 
cardiovascular toxicity during therapy with 5-FU or have a positive cardiovascular history 
[28]. From a pooled analysis of studies with upfront raltitrexed associated with oxaliplatin 
and irinotecan (TOMOX and TOMIRI), Barni et al. revealed a substantial clinical equiva-
lence with standard FOLFIRI and FOLFOX with an apparent minor hematological and 
gastrointestinal toxicity [29]. Capecitabine is an oral fluoropyrimidine that is metabolized 
to 5-FU. The cardiac toxicity of capecitabine is similar to that reported with infusional 
5-FU [30]. Also, patients who previously experienced cardiotoxicity with 5-FU have still a 
risk of toxicity with capecitabine [31,32]. The incidence of cardiotoxicity with capecitabine 
ranges from 3 to 9 % [33,34]. The most frequent is angina; arrhythmias, myocardial infarc-
tion, and death have also been reported [30,35–39]. It is likely that the mechanism of 
cardiotoxicity is similar to that seen with FU, with coronary vasospasm being the most 
hypnotized. In particular in a trial in which 153 patients were treated with capecitabine 
plus oxaliplatin for advanced colorectal cancer, 10 cases of cardiotoxicity were observed 
(7 %), 80 % of which occurred during the first cycle of treatment [36]. Angina occurred in 
70 % of them, and there was one case each of sudden death, heart failure, and ventricular 
fibrillation. In a retrospective series of 78 patients treated with capecitabine, 7 (9 %) devel-
oped symptoms of chest pain or chest discomfort suggestive of cardiotoxicity [37]: none 
had documented preexisting heart disease. Abnormalities were present in 60 % of patients 
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evaluated by ECG, but no elevations of cardiac enzymes were observed. Recurrent symp-
toms were observed in one of three patients who were rechallenged with a lower dose. In 
a literature-based review of 53 patients with reported capecitabine cardiotoxicity, the reac-
tion was fatal in 6 (11 %) [39]. Rechallenge led to symptom recurrence in 10 of the 16 
patients, and neither dose reduction nor medical prophylaxis influenced the outcome at 
rechallenge.

 Anti-VEGF Agents

Bevacizumab
Bevacizumab is a monoclonal antibody against VEGF that inhibits binding of the normal 
VEGF ligand to its receptor. It is approved, other than for the breast, lung, ovarian, and 
renal cell carcinoma, for the treatment of advanced colorectal cancer in combination with 
chemotherapy. Targeting VEGF is associated with typical class effect adverse events as 
hypertension, thromboembolism, and more rare left ventricular dysfunction. Some events 
can be fatal as described by a meta-analysis of bevacizumab trials published by Ranpura 
et al. [4]. The risk of death (2.5 %) was only increased for combinations of bevacizumab 
with platinum agents or taxanes (RR = 3.49). The primary vascular adverse event reported 
with bevacizumab is arterial hypertension. The hypothesis for the etiopathogenesis of 
hypertension is linked with reduced nitric oxide production with a consequent increase in 
vascular resistance. In a meta-analysis of 12,949 patients treated with bevacizumab for 
metastatic tumors, the relative risk (RR) of developing significant rise in blood pressure 
(G3 or 4) was 5.38 (95 % CI 3.63–7.97) for patients treated with bevacizumab [40]. Among 
patients receiving bevacizumab, the overall incidence of all raised blood pressure events 
was 24 %, while the incidence of high-grade hypertension was 8 %. The risk was dose 
dependent, and the risk of G3-4 was higher for those with renal cell carcinoma (RR 13.77, 
95 % CI 2.28–83.15) and breast cancer (RR 18.83, 95 % CI 1.23–292.29) who received bev-
acizumab at 5 mg/kg/week. In two colorectal cancer studies, the RR was 4.87. Data about 
the correlation of hypertension development with prognosis are controversial. Data about 
risk of arterial (but not venous) thromboembolic events (ATEs) are also substantial. In a 
meta-analyses of more than 13,000 patients, the RR of ATEs in patients receiving bevaci-
zumab for advanced cancers was 1.46 (95 % CI 1.11–1.93) with an incidence of 2.6 % (95 % 
CI 2–3.5) [41]. The highest rate was seen in patients treated for colorectal cancer (3.2 %, 
95 % CI 1.9–5.4). In summary, bevacizumab, at the doses labeled for treatment of advanced 
colorectal cancer, is associated with a small increased risk of ATEs and with a moderately 
increased risk of hypertension. Heart failure is rarely observed in patients not treated for 
breast cancer where taxanes are associated with bevacizumab. All these data have to be 
taken in mind when elderly or hypertensive patients are planned to be treated.

 Anti-EGFR Agents

Cetuximab and Panitumumab
Anti-EGFR agents are presently used for the treatment of RAS-wt metastatic colorectal 
cancer, but they are not known cardiotoxic agents. They, however, are associated with 
magnesium wasting, probably by a reduced renal absorption, and hypomagnesemia could 
trigger arrhythmias [42]. Also, anti-EGFR agents are associated with an increased risk of 
venous but not arterial thrombosis, but the mechanism is presently unknown [43]. Cases 
of atrial fibrillation not certainly due to cetuximab have been described.
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6.2.3  Lung Cancer

 Platinum-Based Chemotherapy

Cisplatin
Cisplatin-based chemotherapy is the current standard of care for first-line treatment of 
advanced non-small cell lung cancer (NSCLC) in fit, good performance status patients. It 
is used in combination with other agents, rarely alone. Most frequent combinations used 
are those with gemcitabine, taxanes, or pemetrexed. Carboplatin is a platinum agent with 
reduced nephrotoxicity and is combined with the same agents listed above, replacing 
cisplatin when it is contraindicated for preexisting renal insufficiency, neuropathy, or car-
diovascular diseases. Cisplatin, in fact, is a known vasculotoxic agent. Cardiac arrhyth-
mias, myocardial infarction, and other ischemic events have also been described, 
frequently as a consequence of electrolyte disturbance. Cisplatin has also been associated 
with Raynaud’s phenomenon, hypertension, and ischemic cerebral events, frequently 
observed in long- term survivors of testicular cancer. Patients receiving cisplatin-based 
chemotherapy are also at increased risk of venous but not arterial thromboembolic events 
(RR = 1.67, P = 0.01 and 1.36, and P = 0.19) [44–48]. In those patients with vascular mor-
bidity, elderly or with reduced renal function substitution of cisplatin with carboplatin 
can be suggested.

 Anti-EGFR and Anti-ALK TKIs
Crizotinib, a small molecule anti-ALK inhibitor, is approved for the treatment of ALK- 
positive advanced NSCLC after one previous treatment. The major event reported in the 
literature is a sinus bradycardia that is relatively frequent in patients treated with crizo-
tinib with high-grade severity seldom reported [49,50]. In general, patients were asymp-
tomatic, but caution should be used with the concomitant administration of beta blockers 
in patients treated with crizotinib. In two trials evaluating the efficacy of crizotinib for 
advanced NSCLC, bradycardia was reported in 12 of 240 patients, and all cases were mild 
(grade 1 or 2) in severity [49]. In another series of 42 patients receiving treatment with 
crizotinib for advanced NSCLC, there was a medium decrease of 26 beats per minute 
(bpm) among all patients; 69 % had at least one episode of sinus bradycardia (heart rate 
<60 bpm) [50]. Profound sinus bradycardia (heart rate <50 bpm) developed in 31 % of 
patients. None of the patients who developed bradycardia during treatment was symp-
tomatic or had ECG changes such as QTc interval prolongation.

A QTc interval prolongation was however described with crizotinib, and the drug 
should be avoided in those patients with congenital long QT syndrome, heart failure, 
bradyarrhythmias, and electrolyte abnormalities or who are taking other agents known to 
prolong the QTc interval. Treatment should be temporarily discontinued if severe QTc 
prolongation develops and definitely discontinued if it reappears or is associated with 
arrhythmia, heart failure, hypotension, shock, syncope, or torsade de pointes. The sugges-
tion is to perform an ECG at baseline in all patients treated with crizotinib in particular if 
they have a history of heart failure or cardiac arrhythmias and then regularly check for 
ECG abnormalities only if the patient develops symptoms (bradycardia) or assumes drugs 
that are known to cause QTc interval prolongation [51].
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6.2.4  Genitourinary Cancers (Renal Cell Carcinoma  
and Prostate and Bladder Cancer)

 Multitarget TKIs Used in Renal Cell Carcinoma
Agents used for the treatment of renal cell carcinoma (RCC) involve the angiogenesis 
pathway mainly through VEGFR receptor inhibition. Also, further tyrosine kinases asso-
ciated receptors as PDGF, RET, KIT, and FLT-3 are targeted by a larger spectrum of activ-
ity with some drugs. With this in mind, it is expected that arterial hypertension and heart 
failure, the main cardiovascular effect, even if likely associated with a better outcome (bio-
marker predictive of efficacy), are the more frequent side effects of agents used for curing 
advanced RCC and targeting the VEGFR pathway. In the pivotal randomized trial that led 
to approval of sunitinib for advanced RCC, 21 % of patients experienced a decline in LVEF, 
but this was symptomatic in only 10 % [52]. All cases were reversible and not associated 
with an adverse clinical outcome. In a meta-analysis of the published literature that 
included 6936 patients receiving sunitinib for a variety of oncologic indications and who 
had regular cardiac function monitoring, the summary incidence of all grades of heart 
failure was 4.1 % with grade 3 or 4 heart failure of 1.5 % [53]. There were no differences in 
subgroups of patients receiving sunitinib for RCC versus other cancers. Both hyperten-
sion and a history of coronary artery disease are associated with an increased risk of suni-
tinib cardiotoxicity. Less data on cardiotoxicity are available with sorafenib, but the risk 
seems to be lower than with sunitinib. In a phase III trial of patients treated for advanced 
RCC, 2.9 % of patients receiving sorafenib developed cardiac ischemia or infarction com-
pared with 0.4 % of those receiving placebo [54].

In trials of pazopanib, an oral multitarget inhibitor of several cell surface receptors as 
VEGFR-1, VEGFR-2, VEGFR-3 (PDGFR-alpha and PDGFR-beta), fibroblast growth fac-
tor receptor (FGFR-1 and FGFR-3), cKIT, interleukin-2 receptor inducible T-cell kinase, 
leukocyte-specific protein tyrosine kinase (Lck), and transmembrane glycoprotein recep-
tor tyrosine kinase (c-Fms), approved for the upfront treatment of advanced RCC, cardiac 
dysfunction (decreased LVEF and clinical heart failure) has been observed. In COMPARZ 
trial [55], a phase III study that compared head-to-head sunitinib with pazopanib as first- 
line therapy for advanced RCC, symptoms of cardiac dysfunction were rare in both arms 
(1 %). Instead absolute decrease of ≥15 % of LEVF or >10 % but below the lower normal 
limit was not rare, but similar in both arms (9 versus 9 % and 7 versus 5 % with pazopanib 
and sunitinib, respectively).

Sunitinib and sorafenib are associated with a typical increase of blood pressure, a 
VEGFR class effect. In a meta-analysis of 13 studies (4999 patients treated with sunitinib 
for RCC or other malignancies), the overall incidence of all-grade hypertension was 22 %, 
with severe grades in 7 % [56]. Similar results were reported in a systematic review that 
analyzed the impact of hypertension in patients treated with sorafenib in nine prospective 
trials [57]. In a meta-analysis of trials with pazopanib [58], it was associated with higher 
rates of all-grade hypertension than sorafenib or sunitinib (36 versus 23 and 22 %, respec-
tively). However, both this meta-analysis and the phase III trial led by Motzer and coll. 
showed similar rates of grade 3–4 events.

Sunitinib more than sorafenib is also associated with QTc prolongation [59].
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 Systemic Therapy Used for Prostate Cancer

LHRH Agents and Antiandrogen (Chemical Castration)
LHRH analogues alone or with antiandrogen represent the initial treatment of castration- 
sensitive recurrent or metastatic prostate cancer. Other than the well-known vasomotor 
and endocrine effects due to reduced testosterone levels, potential cardiac effects are 
observed. The data are contradictory, with some studies suggesting that androgen depriva-
tion therapy (ADT) increases morbidity and/or mortality in particular in men with a car-
diac disease [60–63], while others did not found a statistically significant effect [64,65]. An 
increased risk may be more pronounced in men who have had several (>2) previous cardio-
vascular disease events, especially during the first 6 months after initiation of ADT [66]. The 
potential benefits of ADT when it is being considered as part of the multidisciplinary treat-
ment of prostate cancer have to be balanced with the potential cardiovascular harm, in 
particular in low-risk disease. No randomized trials have prospectively evaluated the risks 
of cardiovascular disease associated with ADT, but only retrospective data are available. A 
meta-analysis of eight phase III trials [67] showed that the incidence of cardiovascular death 
was not significantly different in those assigned to ADT compared with placebo (11.0 versus 
11.2 %, relative risk 0.93, P = 0.41). There was no increase in risk of cardiovascular death in 
those who received ADT for a short (≤6  months) or long (3  years or more) duration. 
Furthermore, the meta-analysis found that in 11 trials with 4805 patients, both cancer-spe-
cific mortality and overall mortality were significantly decreased in those assigned to ADT 
compared with placebo. Another meta-analysis of eight observational studies that included 
approximately 415,000 men treated with ADT [68] showed that the RR for any type of car-
diovascular disease in men treated with an LHRH was 1.38 (95 % CI 1.29–1.48), with simi-
lar events observed for surgical or medical castration. Also men with prostate cancer who 
are on ADT appear to be at increased risk of thromboembolic events (e.g., deep venous 
thrombosis, pulmonary embolus, arterial embolism). In a Surveillance, Epidemiology, and 
End Results (SEER) database analysis that included approximately 155,000 men, 38 % of 
whom received ADT, there was a significantly increased risk of thromboembolic events 
compared to those not on ADT (15 versus 7 %, HR = 1.56) [69]. Finally, Swedish authors, in 
an analysis that included approximately 77,000 men with prostate cancer, showed that the 
risk of thromboembolic events was increased in all men and that the risk was greatest in 
those who were treated with endocrine therapy [70]. Androgen deprivation therapy may 
also prolong the QT/QTc interval. Degarelix, an LHRH antagonist, seems associated to a 
similar risk of cardiovascular events of leuprolide in a prospective trial [71].

New Antiandrogen (Abiraterone and Enzalutamide)
New antiandrogens as abiraterone acetate and enzalutamide are now being used in the 
earlier castration-resistant stages, before or after chemotherapy. They reduce testoster-
one effect on prostate cancer cells by reduction of biosynthesis of adrenal precursors (abi-
raterone) or reducing its interaction with androgen receptors. The most common adverse 
events related to abiraterone therapy are fluid retention, hypokalemia, hypertension, and 
cardiac abnormalities due to 17-a hydroxylase inhibition, an enzyme involved in testos-
terone synthesis in the testis, adrenal glands, and the tumor itself. In the pivotal phase III 
trial COU- AA- 301 that compared abiraterone and placebo in castration-resistant pros-
tate cancer progressing after docetaxel, adverse effects due to elevated mineralocorticoid 
levels and cardiac  disorders (ischemic heart disease, myocardial infarction, supraventric-
ular arrhythmias, ventricular arrhythmias, cardiac failure, and any signs and symptoms 
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of arrhythmia) were not significantly worse in patients receiving abiraterone than placebo 
(16 versus 12 %) [72]. In the companion trial in chemotherapy-naïve patients, cardiac dis-
orders of any grade were about 20 % in both arms [73]. In a case series of 51 patients with 
cardiovascular comorbidities or risk factors, Procopio et al. did not found any evidence 
of safety alert for patients treated with abiraterone acetate [74]. In enzalutamide phase 
III trial in pre-docetaxel setting (castrate-resistant prostate cancer), no cardiac concerns 
were raised [75].

6.2.5  Rare Tumors

 Imatinib Used as First-Line Therapy in GIST
Imatinib is a small molecule inhibitor of the Bcr-Abl, Kit, PDGFR, and SRC family of 
tyrosine kinases, and it is approved for the treatment of gastrointestinal stromal tumors 
(GIST), which are characterized by mutations in KIT or PDGFR genes. The use of ima-
tinib for GIST but not for chronic myeloid leukemia (another indication of imatinib) is 
not associated with increased risk of heart failure [76–78]. It seems that Abl inhibition 
handles cardiac disorders. Usually, cardiac monitoring, baseline and thereafter, is not rec-
ommended for all patients on imatinib. NCCN guidelines suggest that patients with car-
diac disease or other risk factors for heart failure who are receiving imatinib should be 
monitored and that any patient with signs or symptoms suggestive of heart failure should 
be evaluated and treated accordingly [79].

 Anti-BRAF Agents (Vemurafenib, Trametinib) Used in BRAF- 
Mutated Advanced Melanoma
Vemurafenib is an oral BRAF inhibitor approved for treatment of metastatic mela-
noma with a V600E BRAF mutation. Vemurafenib has been associated with prolonga-
tion of the QTc interval. Caution is recommended for use in patients with congenital 
long QTc syndrome or to those who are assuming drugs known to prolong the QT 
interval. ECG and electrolytes have to be monitored before treatment and after the start 
of treatment. For patients commencing vemurafenib therapy for advanced melanoma, 
ECGs are recommended at day 15, monthly during the first 3 months of treatment, and 
every 3 months after that or when clinically indicated. If the QTc interval exceeds 
500  ms, treatment should be temporarily interrupted, and electrolyte abnormalities 
evaluated and corrected [80].

 Chemotherapy Agents Used Upfront for Metastatic Sarcomas
Single agents that retain activity with more than 20 % of responses in metastatic soft 
tissue sarcoma are doxorubicin, epirubicin, and ifosfamide. The primary agent used for 
soft tissue sarcoma is single-agent doxorubicin [81]. The threshold dose for optimal activ-
ity appears to be ≥60 mg/m2 administered every 3 weeks, with lower doses associated with 
inferior antitumor activity [82]. It was not demonstrated a clinically meaningful dose–
response relationship with doxorubicin at doses beyond 75 mg/m2 per cycle. Doxorubicin 
is associated with a well-known both acute and chronic cardiotoxicity. Infusional rather 
than bolus administration reduces the likelihood of cardiotoxicity. Combination chemo-
therapy, consisting of anthracycline + ifosfamide doublet, increases response rate but not 
OS, so it indicated only for fit and symptomatic patients when a rapid shrinkage of tumor 
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mass is needed. To overcome cardiotoxicity, a liposomal formulation of doxorubicin 
(Caelyx ®) or use of epirubicin are indicated in high-risk patients. Although combination 
chemotherapies are clearly associated with greater toxicity than single-agent doxorubicin, 
infusional administration of doxorubicin over 3–4 days through a central venous catheter 
appears to reduce doxorubicin cardiotoxicity.

6.3  Recommendations

Many cytotoxic drugs and not usually for the treatment of solid tumors in first-line setting 
are associated with cardiovascular adverse events. In particular hypertension, heart fail-
ure, and arrhythmias are the most frequently reported. For this reason, selection of 
patients when starting treatment is of paramount importance. Strict collaboration with a 
cardiologist is needed, in particular, to reveal subclinical cardiac disease, a cardiac history, 
and potentially avoidable drugs with cardiac side effect. A regular check of blood pressure 
including basal and serial ambulatory room visits and home-based blood pressure assess-
ment with immediate recheck or instauration of an adequate therapy is necessary for 
patients starting drugs with known hypertensive effect. Periodic monitoring of LEVF 
through an echo- or MUGA-based assessment for those cancer patients commencing 
agents known to depress ventricular function is also of paramount importance. Finally, 
avoiding or checking for drugs with known effect of cardiac rate can reduce the risk of the 
QTc interval prolongation. It has to be recognized that association with other drugs used 
in medical oncology as supportive therapies (e.g., antibiotics or antiemetics) have the 
potential to increase QTc interval and those must be avoided or substituted, if possible, if 
other agents with similar side effect have to be commenced. It is not possible to give a 
comprehensive indication to how frequently monitoring for cardiac toxicity. For most 
drugs, this information is included in the drug’s package insert, where frequency and type 
of monitoring are described (e.g., trastuzumab or crizotinib). Another general recom-
mendation is to avoid, if possible, cardiotoxic drugs in patients with preexisting risk fac-
tors. Many tumors are incurable in their advanced stage despite modern therapies that can 
improve outcome and save deaths, so using potentially equal-effective but less toxic drugs 
is suggested according to personal clinical judgment and after careful discussion with 
patients. The Hippocratic injunction primum non nocere remains a potent message 
because each medical and pharmacological have a potential risk of harm.
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7.1  Introduction

Cancer chemotherapy has made remarkable advances in the treatment of both solid 
and hematologic malignancies, and significant progress has been achieved in the 
reduction of recurrences. However, many anticancer treatments present a risk of side 
effects on the cardiovascular system [1]. The phenomenon of cardiovascular toxicity 
has become more evident with increased survival and longer life expectancy in 
oncology patients. In this scenario, cardiotoxicity is one of the most important 
adverse reactions of chemotherapy, leading to an increase in morbidity and mortality 
[2]. According to the NIH cancer dictionary (7  www.cancer.gov/dictionary/
Cardiotoxicity), “cardiotoxicity” is a general term used to define “toxicity that affects 
the heart.” Nevertheless, a clear and unique definition for “cardiotoxicity,” and in par-
ticular the identification/clarification of the mechanisms involved, is lacking. 
Chemotherapy-induced cardiotoxicity refers both to direct effects of the chemother-
apy on the entire cardiovascular compartment and also to an indirect effects associ-
ated with the thrombogenic status or hemodynamic flow alterations as a consequence 
of drug administration [3]. Two main categories of cardiotoxicity have been described 
and conventionally recognized [4]:
 1. Type I cardiotoxicity, which is generally induced by anthracycline treatment. It is 

known to be irreversible, dose related, and caused by free radical formation, oxidant 
stress, and myofibrillar disarray.

 2. Type II cardiotoxicity, observed with some “biological” therapy, mainly studied for 
trastuzumab, has been described as reversible, not dose related, and not associated 
with ultrastructural abnormalities.

The major side effects associated with chemotherapy-induced cardiotoxicity include 
arrhythmias, myocardial ischemia, coronary artery disease, hypertension, and myocar-
dial dysfunction [3]. Heart failure incidence rates associated with the widely prescribed 
chemotherapy agents range from 0.14 to 48 % for anthracyclines, 7 to 28 % for high-
dose cyclophosphamides, 1 % for trastuzumab, and 8 to 12.5 % for tyrosine kinase 
inhibitors [5]. Cardiotoxicity, which can occur up to 20 years after treatment, is likely to 
become even more prevalent as the cancer population ages and novel “targeted” treat-
ment regimens, which can cause damage to cardiac myocytes, are more commonly 
employed [6].

Cardiac dysfunction related chemotherapy associates with cardiomyocyte pheno-
type alterations, involving cellular and molecular mechanisms. Crucial among these are 
the induction of cell death (apoptosis/necrosis), formation of autophagic vesicles 
(AVOS), induction of reactive oxygen species (ROS), senescence, and morphological 
arrangements [7]. In the era of OMICS, deep sequencing, and personalized medicine, 
the monitoring of all these cellular and molecular events, occurring during cardiotoxic-
ity, clearly represents a crucial hub either for intervention or preventive approaches. In 
this scenario, cardio- oncology, the new discipline joining together the oncologist and 
cardiologist, is a necessary field in cancer therapy and prevention of chemotherapy-
associated cardiotoxicity [8]. Here we will discuss the cellular and molecular alterations 
occurring in the chemotherapy- induced cardiotoxicity, focusing on the main anticancer 
agent categories clinically employed in cancer treatment and the screening approaches 
required (. Fig. 7.1).
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7.2  Anticancer Agents Associated with Cardiotoxicity

7.2.1  Anthracyclines

Anthracyclines (doxorubicin, idarubicin, daunorubicin) are antineoplastic agents whose 
mechanisms of actions include intercalation into the nuclear DNA, affecting the topoi-
somerase II DNA-repairing activity, thus resulting in cell death [9].

Cardiotoxicity effects associated with the administration of anthracyclines involve left 
ventricular dysfunction (LVD) and heart failure (HF). It has been reported that anthracy-
cline cumulative doses of 200 mg/m2 precede left ventricular (LV) systolic dysfunction [10, 
11]. Anthracycline single dose, intravenous bolus administration, and combination therapy 
either with pharmacological or with radiotherapy are relevant risk factors contributing to 
the induction of cardiotoxicity [12]. Molecular mechanisms associated with anthracycline- 
induced cardiotoxicity account for impaired protein synthesis, the inhibition of DNA- 
repair response, formation of ROS, and deregulation of calcium homeostasis [13].

In particular, the enhanced production of ROS due to anthracycline metabolism has 
been reported as the classical mechanism of cardiotoxicity. Indeed, doxorubicin cycles 
between the quinone and the semi-quinone radical structure is able to react with oxygen 
(O2), generating superoxide (O2

−*) and hydrogen peroxide (OH−) and directly promoting 
DNA damage. Moreover, the semi-quinone form of doxorubicin is also able to trigger the 
release and accumulation of iron, leading to the production of hydroxyl radicals, further 
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contributing to the oxidative stress. Oxidative stress leads to lipid membrane peroxidation 
and mitochondrial dysfunction and activation of the intrinsic apoptosis pathway. 
Anthracyclines are able to bind the iron-responsive element (IRE) regions of mRNAs 
inhibiting the iron regulatory proteins (IRPs)/IREs interaction, thus modifying the expres-
sion of proteins crucial for maintaining optimal intracellular iron levels [14]. Doxorubicin 
has also been reported to induce apoptosis through mechanisms that do not directly 
involved oxidative stress promotion or ROS formation. These mechanisms include the 
increased concentration of calcium (Ca2+) that is commonly associated with cardiotoxic 
events, supporting the hypothesis that calcium dysregulation is a crucial event in the car-
diomyopathy pathogenesis. The reduction of SERCA2a (sarcoplasmic reticulum Ca2+-
ATPase 2a)-mediated Ca2+ reuptake and the increase of Ca2+ extrusion by the rynodine 
receptor (RyR2) were phenomena observed after anthracycline treatment [13, 15] as far as 
the significant increase in ANF and b-MHC expression [16].

Another relevant factor that is closely correlated with doxorubicin toxicity is represented 
by the high affinity binding to cardiolipin, an anionic phospholipid of the inner mitochon-
drial membrane, which has been recognized as a crucial protein for the energy metabolism 
and that is involved in the cytochrome c release and related apoptosis process [14]. 
MicroRNAs (miRNAs) have been shown to play relevant regulatory roles in both cardiovas-
cular disease and cancer. Several miRNAs have been related to cardiotoxic effects following 
doxorubicin treatment. miR208a silencing has been reported to attenuate doxorubicin- 
induced myocyte apoptosis and cardiac dysfunction [17]. miR-21 has been shown to protect 
cardiomyocytes against doxorubicin-induced apoptosis by targeting BTG2 (B-cell translo-
cation gene 2) [18]. miR-30 overexpression has been shown to protect cardiac cells from 
doxorubicin-induced apoptosis, and its maintenance represents a potential cardioprotective 
strategy to prevent cardiotoxic events associated with anthracyclines [19].

Several antioxidant molecules have been largely used in association with anthracy-
clines to limit chemotherapy-induced CV damages. The combination of anthracyclines 
plus the antioxidant dexrazoxane has been reported to reduce cardiotoxic events and the 
incidence of HF [20]. One rather controversial study showed that it might affect antican-
cer efficacy [3] although there is a good evidence for its clinical use. Several studies using 
the antioxidant carvedilol [21], as well as the angiotensin-converting enzyme inhibitor 
enalapril in combination with anthracyclines, have shown promising prevention activity 
in treated patients [22, 23].

7.2.2  Fluoropyrimidines

5-Fluorouracil and its prodrugs, capecitabine and tegafur, are cytotoxic agents that belong 
to the antimetabolite class, widely employed as first-line treatment for various solid tumors 
(gastrointestinal, gynecological, head and neck, breast carcinomas) [24] and adjuvant 
treatment of late-stage colon carcinoma and metastatic breast cancer [25]. Fluoropyrimidines 
act by inhibiting thymidylate synthase (TS), the enzyme-producing thymidine monophos-
phate (ThMP) that is required for DNA synthesis, leading to the inhibition of DNA repli-
cation. Therapy with fluoropyrimidines can have a range of adverse effects: diarrhea, 
dehydration, abdominal pain, nausea, stomatitis, and hand and foot syndrome. Some 
patients can also experience different levels of cardiac dysfunctions, including ischemic 
syndrome, arrhythmias and fibrillation, tachycardia,  electrographic alterations, angina, 
and heart attack, and in a few cases, also sudden  cardiac death can occur [26].
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The incidence of adverse cardiac events associated with 5-FU is in the range of 
 1.6–7.6 % [11]. Cardiac toxicities in patients receiving 5-FU varies widely: coronary vaso-
spasms and subsequent calcium antagonist non-responding angina are the most common, 
followed by myocardial infarction, ischemia, dysrhythmia, cardiomyopathy, takotsubo 
cardiomyopathy, sinoatrial and atrioventricular nodal dysfunction, QT prolongation with 
torsades de pointes, ventricular tachycardia, cardiac arrest, and sudden death [3, 4, 25–
32]. Clinical manifestations include chest pain, ST-T wave electrocardiogram (ECG) 
changes, supraventricular/ventricular arrhythmias, and angina [3]. The molecular mecha-
nisms involved in fluoropyrimidine analog-induced cardiovascular toxicity have been 
widely investigated, and several hypotheses have been proposed, including accumulation 
of metabolites, global dysfunction, thrombus formation, autoimmune-mediated injury of 
the myocardium, endothelial damage, and direct cardiomyocyte toxicity [33]. It has also 
been reported that 5-FU enhances nitric oxide synthase (NOS) activity [34] leading to 
coronary spasms and endothelium-independent vasoconstriction through protein kinase 
C induction. Moreover, ROS production has been speculated as a possible molecular 
mechanism through which 5-FU induces cardiotoxicity. Increased intracellular levels of 
ROS have been observed after 5-FU and capecitabine treatment [7], leading to cardiomyo-
cyte damage associated with mitochondrial membrane potential impairment, lipid 
 peroxidation, and GSH depletion. These events promote mitochondrial membrane depo-
larization and cytochrome c release, resulting in caspase-3 activation or necrosis, pending 
on cellular ATP level. In contrast, 5-FU, but not capecitabine, is able to induce a severe 
lysosomal membrane damage [35]. Autophagic features, either at the ultrastructural or 
molecular levels, have been described in 5-FU exposed human cardiomyocytes, and 
induction of a senescent phenotype has been observed for cardiomyocytes, smooth mus-
cles, and endothelial cells suggesting involvement of the entire CV compartment [7, 36]. 
Molecularly, the deficiency of dihydropyrimidine dehydrogenase (DPD), a key enzyme 
involved in 5-FU and capecitabine metabolism, accounts for at least 50 % of 5-FU-induced 
toxicity [37, 38]. Epidemiological studies described more than 50 genetic polymorphisms 
that are associated with the impairment of DPD enzymatic activity. Among all, the 
c.1905+1G>A point mutation is the most commonly observed (52 % of cases), with a 
prevalence of heterozygosity in the general population ranging between 1 and 2 % [37, 38]. 
Another common mutation, the IVS14+1G>A, has been associated with a higher risk of 
5-FU- induced toxicity [37, 38].

7.2.3  Microtubule-Targeting Agents

Taxanes (paclitaxel and docetaxel) are cytotoxic agents used in the treatment of advanced 
breast and ovarian cancers and several other solid tumors [11]. These drugs are able to 
exert their biological activity by impairing microtubule function necessary for cell divi-
sion. Taxanes have been reported to be associated with early arrhythmia, sinus bradycar-
dia, hypotension, CHF, ischemia and LVD, and HF induction with a 5–15 % incidence 
with paclitaxel and a 2.3–8 % incidence with docetaxel [10, 39]. The massive histamine 
release induced by paclitaxel has been proposed as the possible molecular mechanism on 
the basis of cardiotoxicity. Indeed, in vivo studies demonstrated that stimulation of hista-
mine receptors in cardiac tissues resulted in conduction disorders and arrhythmias [3]. 
Alternatively, paclitaxel-induced cardiotoxicity could be associated with the induction of 
cardiac muscle alteration due to subcellular organelle damage [40].

The Pharmacologist’s Point of View: Mechanisms of Cardiotoxicity
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7.2.4  Alkylating Agents

Cyclophosphamide is an alkylating agent employed in the bladder and lung cancer 
 treatment as well as for sarcomas and chronic myelogenous leukemia [41]. This drug has 
been reported to induce an acute myopericarditis as well as LVD in 7–22 % of treated 
patients [6] and to promote hemorrhagic myocarditis development [42].

Although the precise molecular mechanisms associated with cyclophosphamide- 
induced cardiotoxicity have not been elucidated, it has been hypothesized that the oxida-
tive stress and related lipid peroxidation caused by its metabolites play a crucial role in the 
CV toxicity onset. Indeed, ROS production has been observed to induce a direct damage 
on the endothelial capillary, with an associated extravasation of proteins and erythrocytes. 
Further, capillary microthrombosis and fibrin deposition in myocardial interstitium have 
been observed after cyclophosphamide treatment. Ultrastructural analysis by electron 
microscopy revealed hypercontraction bands, myofibrillar damage, lysis, intramitochon-
drial electron dense inclusions, and fibrin deposition in the myocyte cytoplasm [43].

An in vivo study suggested that cyclophosphamide treatment is able to increase the 
mRNA expression levels of several proapoptotic genes, including p53 and Bax and 
decreases antiapoptotic genes, i.e., Bcl2 in the myocardium. Cyclophosphamide treatment 
also induces a downregulation of glutathione peroxidase, catalase, and superoxide dis-
mutase antioxidant enzymes in cardiac tissues and decrease ATP levels promoting an 
alteration of ATP/ADP balance [44]. Moreover, cyclophosphamide administration has 
been shown to induce a decrease of tricarboxylic acid (TCA) cycle enzymes including suc-
cinate dehydrogenase, malate dehydrogenase, and isocitrate dehydrogenase in treated rats 
and to interfere with lipid metabolizing enzyme activity, inducing an increase of free cho-
lesterol, esterified cholesterol, and triglycerides in the cardiac tissue [45]. Serum low- 
density lipoprotein (LDL) and very-low-density lipoprotein (VLDL) levels have been 
reported to significantly increase in response to cyclophosphamide treatment, while a 
decrease of high-density lipoprotein (HDL) comparing with control animals has been 
observed following treatment [45, 46].

7.2.5  Proteasome Inhibitors

Proteasome inhibitors, including bortezomib and carfilzomib, are agents approved for the 
treatment of hematologic malignancies (multiple myeloma and non-Hodgkin lymphoma). 
Proteasome inhibitors are able to interfere with the degradation of several proteins 
involved in cell cycle, proliferation, and apoptosis regulation leading to increased smooth 
muscle cell and endothelial progenitor cell death [47, 48]. The incidence of clinical HF has 
been stated between 2 and 5 % [48] in patients treated with proteasome inhibitors  
(. Table 7.1).

In vitro studies have demonstrated that bortezomib-associated cardiotoxicity pro-
duces ultrastructural alterations of cardiomyocyte mitochondria, which lead to decreased 
ATP synthesis and contractile dysfunction. Proteasome inhibition is also associated with 
the accumulation of poly-ubiquitinated proteins, which induce ER stress and autophagic 
processes with increased binding immunoglobulin proteins (BIPs) and microtubule- 
associated protein light chain 3 (LC3) levels in rat cardiomyocytes treated with bortezo-
mib [49]. Moreover, these drugs have been demonstrated to impair eNOS activity 
promoting coronary vasospasm induction [48].
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........ Table 7.1 List of some clinical manifestations and selected molecular mechanisms associated 
with chemotherapy-induced cardiotoxicity

Drug Some clinical manifestations Selected molecular mechanisms

Anthracyclines

Doxorubicin LVD, HF, and LV  Oxidative stress induction

 Iron accumulation

Activation of the intrinsic apoptosis

 Calcium dysregulation

 miRNAs

Tyrosine kinase inhibitors

Trastuzumab LVD and HF NRG-1b modulation

 Oxidative and nitrosative stress 
induction

Angiotensin II upregulation

 Modulation of Notch and NF-kB 
pathways

Lapatinib QT prolongation and LVEF  RAS/RAF and PI3K/AKT inhibition

 ABC inhibition

 Mitochondrial damages and fibrosis 
induction

Imatinib mesilate LVEF and HF Impairment of survival pathways

ER stress induction

 Induction of proapoptotic signaling

 Mitochondrial dysfunction

VEGFR inhibitors

Bevacizumab Hypertension and HF, proteinuria   Decreased eNOS activity

 PAI-1 increased activity

  miRNAs

Tyrosine kinase inhibitors targeting the VEGF pathway

Sunitinib Hypertension, QT prolongation,  
and HF

Inhibition of RSK

 Inactivation of AMPK

Intrinsic apoptosis induction

 Decrease of PDGFR-b expression and 
NG2 pericyte markers

(continued)
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........ Table 7.1 (continued)

Drug Some clinical manifestations Selected molecular mechanisms

Sorafenib LVD and HF RAF1 and BRAF inhibition

MST2 inhibition

 Activation of JNK, FOXO, BAX, and 
LATS1 proapoptotic proteins

Other 
VEGF-targeting 
TKIs

QTcF interval, QT prolongation BRAF inhibition

Fluoropyrimidines

5-FU Chest pain, ST-T ECG changes, 
supraventricular/ventricular 
arrhythmias, and angina

Accumulation of metabolites

Global dysfunction

Thrombus formation

 Autoimmune-mediated injury of the 
myocardium

Endothelial damage

Direct cardiomyocytes toxicity

 Increased eNOS activity

 Mitochondrial membrane potential 
impairment

Lipid peroxidation

 GSH depletion

 Lysosomal membrane damage

 Autophagic induction

 Senescence induction

Microtubule-targeting agents

Paclitaxel Early arrhythmia, sinus 
bradycardia, hypotension, CHF, 
ischemia and LVD, and HF

Massive histamine release

 Induction of cardiac muscle alteration

 Subcellular organelle damages
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........ Table 7.1 (continued)

Drug Some clinical manifestations Selected molecular mechanisms

Proteasome inhibitors

Bortezomib HF  Alterations of cardiomyocyte 
mitochondria

Decreased ATP synthesis

 Contractile dysfunctions

 Accumulation of poly-ubiquitinated 
proteins

ER stress induction

 Autophagic process induction

Impairment of eNOS activity

Alkylating agents

Cyclophosphamide LVD and hemorrhagic 
myocarditis

 Oxidative stress induction

Lipid peroxidation

 Direct damage on the endothelial 
capillary

 Extravasation of proteins and 
erythrocytes

 Capillary microthrombosis and fibrin 
deposition

 Hypercontraction bands

 Myofibrillar damages

 Lysis

 Intramitochondrial electron dense 
inclusions

 Fibrin deposition

 Increased mRNA expression levels of 
proapoptotic genes

 Downregulation of antioxidant 
enzymes

Alteration of ATP/ADP balance

Alteration of TCA cycle enzymes
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7.2.6  Tyrosine Kinase Inhibitors

 Trastuzumab
Trastuzumab is a humanized monoclonal antibody, currently employed as first-line treat-
ment for patients with metastatic HER2+ breast cancer. This antibody is able to selectively 
target the human epidermal growth factor receptor 2 (HER2)/ErbB2 protein, inhibiting 
the related signaling pathways. The administration of trastuzumab can be associated with 
the development of LVD and HF with an incidence of 2–28 %, with an increased risk in 
combination therapy with anthracyclines [6].

Physiologically, the HER2 pathway affected by trastuzumab plays a crucial role in the 
adaptation and stress response and is essential for cell proliferation during the  development 
and for contractile function in the adult. Thus the ability of the antibody to interfere with 
this process may explain the induction of CV toxicity [50].

At the molecular level, HER2 has been reported to interfere with the activity of neu-
regulin- 1b (NRG-1b), a protein with antioxidant and antiapoptotic properties, which is 
further able to enhance eNOS levels in cardiomyocytes through the activation of the 
PI3K/AKT pathway, preserving cells from apoptosis induced by oxidative stress [14, 51].

Recent studies suggest that trastuzumab treatment induces significant effects on the 
myocardial gene expression, leading to an increased oxidative and nitro-oxidative stress. 
These events are correlated with the enhancement of serum troponin I and cardiac myosin 
light chain-1 (cMLC1) levels, which represents two of the major biomarkers of cardiotoxic-
ity [52, 53]. Enhanced levels of ROS determine an increase of angiotensin II that leads to 
vasoconstriction and deregulation of NRG in cardiac microvasculature, inducing the activa-
tion of nicotinamide adenine dinucleotide phosphate oxidase (NADPH) which further 
increases the accumulation of ROS [16, 54]. A relevant molecular mechanism of trastuzumab- 
induced cardiotoxicity is represented by Notch and NF-kB pathways. In the cardiac context, 
the Notch regulates CV development and homeostasis and plays a role in regulating cardiac 
hypertrophy, cardiomyopathy, and heart failure [55]. Although the relationship between the 
Notch and ErbB2 remains still unclear, it has been recently demonstrated that Notch-1 may 
be considered as a novel target in trastuzumab-resistant breast cancer, suggesting a potential 
correlation between these two molecular signaling pathways [55].

 Lapatinib
The dual tyrosine kinase inhibitor lapatinib, which has been shown to inhibit both ErbB1 
and ErbB2 receptors, has been reported to induce QT prolongation and to promote LVEF 
reduction in 1.6 % of treated patients [11]. In vitro treatment with lapatinib alone induced 
slight damages on rat cardiomyocytes by inhibiting the signal transduction to RAS/RAF 
MAPKs, mainly decreasing ERK phosphorylation and PI3K/AKT pathway and affecting 
ATP-binding cassette (ABC) activity [56]. The inhibition of survival pathways leads to 
enhanced apoptosis and reduction of cell proliferation. At the ultrastructural level, lapa-
tinib is able to induce mitochondrial damages in the myocardium of treated mice and has 
been observed to promote cardiac fibrosis [57].

 Imatinib
Imatinib mesilate is a TKI approved for the treatment of several solid and hematologic 
malignancies, in particular chronic myelogenous leukemia (CML) due to its ability to 
inhibit BCR–ABL-dependent phosphorylation. It has been shown to induce a LVEF 
reduction in 0.5–1.7 % in treated patients [58]. At the molecular level, the inhibition of 
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BCR–ABL phosphorylation prevents the activation of related molecular antiapoptotic 
pathways, including Ras–ERK, phosphatidylinositol 3-kinase (PI3K)–Akt- mTOR, and 
signal transducer and activator of transcription 5 (STAT5) proteins [13]. These pro-sur-
vival signaling pathways physiologically enhance the expression of several antiapoptotic 
proteins, including BCL2 and BCL-X, and reduce the activity of proapoptotic proteins as 
BAD and FOXO3A, suggesting a key role for mitochondrial dysfunction in the cardio-
toxic response to imatinib [13, 59]. In cardiomyocytes, imatinib has been reported to 
induce endoplasmic reticulum (ER) stress [60] which enhances the activation of the PKR-
like ER kinase (PERK) and IRE1 pathways and the overexpression of protein kinase Cδ 
(PKCδ). PERK phosphorylation leads to the activation of the eukaryotic  translation ini-
tiation factor 2α (EIF2α), resulting in Jun N-terminal kinases (JNKs) and 14-3-3-medi-
ated apoptosis [61].

 VEGFR Inhibitors
VEGFR inhibitors include antibodies, soluble traps, and small-molecule tyrosine kinase 
inhibitors (TKIs) that have been reported to affect the cardiovascular system in various 
ways.

Bevacizumab
Bevacizumab is a monoclonal antibody anti-vascular endothelial growth factor (VEGF) 
studied for the treatment of colorectal, renal, breast, lung, and ovarian cancers [10] in 
combination with standard therapy. Hypertension is a common side effect in patients 
treated with bevacizumab; however, low incidence (1–3 %) of clinical HF has been 
observed after treatment [6]. The mechanisms of anti-VEGF therapy hypertension remain 
unclear; currently it is thought to be associated with the decreased eNOS activity, which 
leads to reduced NO levels in the arterioles promoting vasoconstriction and reduced 
sodium excretion, increasing peripheral vascular resistance and blood pressure. Inhibition 
of eNOS may enhance plasminogen activator inhibitor-1 (PAI-1) expression, leading to 
an increased risk of hypertension [3]. Along with hypertension, proteinuria represents a 
common side effect associated with bevacizumab administration [62]. A significant 
higher risk of all-grade proteinuria and severe grade bleeding has been observed in 
patients receiving high-dose of BV compared with patients treated with low-dose 
BV. When comparing the risk of adverse drug responses between low and high doses of 
BV, the relative risks of all-grade proteinuria (2.64; 95 % CI, 1.29–5.40 versus 9.24; 95 % 
CI,  6.60–12.94) and severe grade bleeding (1.36; 95 % CI, 1.05–1.75 versus 2.87; 95 % CI, 
1.97–4.18) has been found to be significantly increased when switching from 2.5 to 5 mg/
kg BV [62, 63].

Several miRNA levels have been found to be modulated as a consequence of 
 bevacizumab treatment associated with CV side effects. miR1254 and miR579 have 
been  reported to be significantly increased in patients with bevacizumab-induced 
 cardiotoxicity compared with healthy bevacizumab-treated controls, suggesting the 
potential role of miRNAs as relevant biomarkers for cardiotoxicity identification and 
prevention [64].

 Tyrosine Kinase Inhibitors Targeting the VEGF Pathway
Sunitinib, sorafenib, pazopanib, vandetanib, regorafenib, axitinib, and cabozantinib are 
nonselective tyrosine kinase inhibitors targeting the VEGF pathway as well as other tyro-
sine kinase pathways, approved for the treatment of renal cell carcinoma, hepatocellular 
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carcinoma, colorectal cancer, medullary thyroid cancer, and gastrointestinal stromal 
tumors [65, 66]. All agents inhibiting the VEGF pathway show several common side 
effects, in particular hypertension, venous thrombosis, gastrointestinal perforation, and 
hemorrhage [65, 67]. Malignant hypertension is the most frequently reported CV toxicity 
with all VEGF inhibitors, and the mechanisms appear to be the same that for bevaci-
zumab. Sunitinib and sorafenib were the first approved drugs in this category, thus more 
is known concerning their side effects. Cardiotoxic events, which include hypertension, 
QT prolongation, and clinical HF, have been observed following sunitinib treatment [10], 
while sorafenib has been reported to induce LVD and HF [68]. The molecular mecha-
nisms involved in TKI-induced cardiotoxicity remain still unclear; several hypotheses 
have been proposed.

Sunitinib
Sunitinib cardiotoxic events may be associated with the inhibition of ribosomal S6 kinase 
(RSK), which promotes the release of the proapoptotic factor BCL2-antagonist of cell 
death (BAD), resulting in the activation of the intrinsic apoptotic pathway and ATP deple-
tion. In addition, sunitinib mediates the inactivation of AMP-activating kinase (AMPK) 
[69, 70], by increasing energy consumption due to protein translation and lipid biosynthe-
sis, thus affecting eukaryotic elongation factor-2 (EEF2), mammalian target of rapamycin 
(mTOR), and/or acetyl-coenzyme A carboxylase (ACC) activity [13]. These effects pro-
mote hypertrophy and LV dysfunction. AMPK plays also a crucial role in the hypoxic 
environment, preserving cardiomyocytes during ischemia [13]; thus, inhibition of AMPK 
would lead to hypersensitivity to hypoxia-induced cardiomyocyte death. A recent in vivo 
study has identified pericytes as the key target of sunitinib-induced cardiotoxicity, reveal-
ing that the treatment with this drug induced a decrease of PDGFR-β expression and 
NG2, two pericyte markers [71].

Sorafenib
Sorafenib has been reported to interfere with MAPK signaling, inhibiting RAF1 and 
BRAF and consequently the extracellular signal-regulated (ERK) kinase cascade, decreas-
ing cardiomyocyte cell survival, mainly under conditions of stress [72]. Moreover, 
sorafenib has been speculated to inhibit RAF1–mammalian sterile 20 kinase 2 (MST2) 
protein–protein interaction [73, 74], inducing the activation of Jun N-terminal kinase 
(JNK), forkhead box O (FOXO), and large tumor suppressor homolog 1 (LATS1), all pro-
apoptotic proteins [13]. The parallel inhibition of RAF1–apoptosis signal-regulating 
kinase 1 (ASK1) interaction might trigger the activation of JNK, JNK-mediated phos-
phorylation of 14-3-3 proteins, and subsequent release of BCL2-associated X protein 
(BAX), resulting in cell death [13].

Other VEGF-Targeting TKIs
A randomized, double-blind trial indicated that pazopanib produced a concentration- 
dependent decrease in the heart rate and caused a small, concentration-independent 
prolongation of the QTcF interval [75]. QT prolongation has also been associated with 
BRAF inhibitors [76]. There is a case report for a fatal cardiac event in a patient vande-
tanib that showed cardiomyocyte hypertrophy and myocyte degeneration [77], although 
it remains to be determined if this is associated with vandetanib use in a subgroup of 
patients.
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7.3  Cardio-oncological Early Detection and Prevention: 
The Future

Given the widely recognized CV toxicities associated with chemo-/radiotherapeutic 
agents, the close interaction/cooperation between cardiologists and oncologists is a neces-
sary and urgent need either for intervention of preventive approaches, aimed at limiting 
the anticancer-mediated CV damages. In this scenario, the discovery as far as the elucida-
tion of the molecular and cellular mechanisms associated with chemo-/radiotherapy is 
crucial for the development of alternative/combinatory therapies where the possible side 
effects, especially in the era of the personalized and precision medicine, still represent a 
significant limit in cancer therapies. Finally, the development of biomarkers for 
 chemotherapy- induced cardiotoxicities early detection, clearly represent the most rele-
vant need where the oncologist and cardiologist efforts should work together.

Chemotherapy-induced cardiotoxicity is a price of effective therapy, increasing in 
incidence with long-term survival from cancer therapy. Cardiotoxicity should be preco-
ciously detected and prevented, to avoid the risk of curing cancer while irreversibly dam-
aging the heart.

It is also increasingly evident that various compounds, ranging from classical cardio-
protective agents such as beta-blockers, dexrazoxane, as well as dietary derivatives, such as 
resveratrol, could help curve the side effects of therapy on the cardiovascular system, in 
the field we named “cardio-oncological prevention” [3].
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8.1  Which Drugs Are Involved

The left ventricular dysfunction (LVD), from asymptomatic reduction of left ventricular 
ejection fraction (LVEF) up to heart failure (HF), is probably the most studied and feared 
late effect of anticancer therapy because it is often unpredictable and because it has a poor 
prognosis. It may result from many anticancer drugs through different mechanisms and 
often for a different combination of cardiotoxic effects in a polychemotherapy schedule.

8.1.1  Definition and Graduation of LVD

Historically, the LVD from chemotherapy was considered like a synonym of “cardiotoxic-
ity.” In literature, there are many definitions and classifications of LVD, but actually, in an 
expert consensus document, the American Society of Cardiology with the European 
Association of Cardiovascular Imaging defined LVD as a significant decline of left ven-
tricular performance (from baseline or before anticancer therapy), measured by an LVEF 
reduction up to 10 % points with a final LVEF value <53% [1] independently in the pres-
ence or not of heart failure symptoms, with a significant reduction of the global longitudi-
nal strain (GLS) index, measured by 2D echo, up to −19 %. This society believes that the 
value of cardiac troponin I (TnI) is also important to detect the asymptomatic or preclinical 
LVD, because the high level of TnI reflects the loss of myocardial cells due to drug toxicity.

This last definition seems to be useful because it identifies the LVD not for only one 
aspect and by a single parameter (LVEF) but by a series of different parameters (biological, 
LV contractility, kinetics).

Therefore, it is crucial to detect periodically the left ventricular performance or LVEF 
with echocardiography or, less frequently, with cardiac magnetic resonance (CMR) or 
MUGA scan (see the next chapter), before, during, and after anticancer therapy adminis-
tration, maybe for all life. But it is evident that, actually, it’s not possible to define LVD only 
with the LVEF value.

However, the graduation of severity of cardiotoxicity is often based on LVEF.  The 
Common Toxicity Criteria Manual (National Cancer Institute—Cancer Therapy 
Evaluation Program) version 2.0 (1999) is probably the most simple and balanced classifi-
cation available (see . Table 8.1). This classification does not consider the GLS or TnI 
value, but it is quite useful to identify the severity of cardiotoxicity.

........ Table 8.1 Grading of LVD

Grade I Asymptomatic decline in LVEF of >10 % from baseline evaluation

Grade II Asymptomatic decrease in LVEF of <50 % or ≥20 % compared with baseline value

Grade III Heart failure responsive to treatment

Grade IV Severe or refractory heart failure or requiring intensive medical therapy and/or 
intubation

Grade V Death related to cardiac toxicity

LVEF left ventricular ejection fraction
Adapted from National Cancer Institute Common Terminology Criteria for Adverse Events 2.0 (1999)
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Unfortunately, there is no uniformity of opinion to identify the cardiotoxicity and to 
define this condition; they do not have permission to do a systematic review or meta- 
analysis of cardiotoxicity, to learn more about those aspects that are actually still unclear [2].

8.1.2  Anthracycline-Related LVD

The anthracyclines, commonly used to treat many hematologic and solid malignances 
such as Hodgkin’s and non-Hodgkin’s lymphomas and breast and gastric cancer, are the 
most studied and most frequent drugs with established LVD.

In 2005, Lipshultz [3] defined and classified the anthracycline-related LVD in three 
types depending on the time of appearance:

 5 Acute cardiotoxicity: during chemotherapy administration, usually reversible, and 
characterized by transient contractile LV depression (low incidence)

 5 Early-onset chronic progressive cardiotoxicity: within 1 year after the end of chemo-
therapy, dose dependent, not reversible spontaneously, and associated by a poor prog-
nosis

 5 Late-onset chronic progressive cardiotoxicity: more than 1 year after the end of che-
motherapy

More recent findings, however, suggest that anthracycline-related cardiotoxicity is most 
likely a unique and continuous phenomenon that starts with myocardial cell injury and is 
followed by progressive LVEF decline that, if disregarded and not treated, progressively 
leads to overt HF [5].

This significant late effect seems to have several mechanisms, but free radical forma-
tion and topoisomerase 2B-related DNA damage, are generally accepted as the main 
mechanisms [6–8].

There are several risk factors that increment the probability of anthracycline-related 
LVD (summarized in . Table 8.2): firstly, cumulative dose of drugs. In fact, the prevalence 
of cardiomyopathy increases significantly when patients are given doses of doxorubicin 
≥550 mg/m2 (7 % risk of symptomatic HF; 26 % of symptomatic HF in elderly patients) 
[4,  9, 10]. Age, cardiac risk factors (e.g., hypertension, diabetes, smoke), concomitant 
radiotherapy, the type of anthracycline, female gender, and other conditions appear to 
increase (or decrease) the risk of LVD.

Actually the real incidence of chemotherapy-related cardiotoxicity is unclear,  
because we have several evidences stating that the incidence of cardiovascular diseases, 
especially heart failure in elderly patients, increased in cancer survivors, during the 
 follow-up [11, 12].

The liposomal formulations of doxorubicin, usable only in selected conditions, have 
proven to be less cardiotoxic of the traditional molecule [13].

8.1.3  Non-anthracycline-Related LVD

Anthracyclines are not the only chemotherapy drugs related to LVD. Antimicrotubule and 
alkylating agents seem to increase the anthracycline-related LVD risk in a concomitant 
polychemotherapy [14]. The cardiovascular risk in patients treated with other conven-
tional chemotherapy drugs is negligible.

Cardiotoxicity: Left Ventricular Dysfunction
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8.1.4  Targeted Therapy and LVD

Not only chemotherapy can cause LVD but also the new anticancer molecular targeting 
drugs such as monoclonal antibody-based tyrosine kinase inhibitors (TKI), trastuzumab 
or bevacizumab, and new TKI small cell sunitinib or sorafenib, from asymptomatic LVEF 
decrease to a symptomatic heart failure, but different pathophysiological mechanisms are 
involved.

 Trastuzumab
Trastuzumab is a monoclonal antibody directed toward some epidermal growth factor 
receptors (HerB2) overexpressed in about 30 % of breast cancer and increase significantly 
the efficacy of chemotherapy in HerB2+ patients treated in a metastatic and in adjuvant 
setting [15, 16]. This efficacy depends on the block of intracellular EGFR signal that 
induces apoptosis by increasing intracellular calcium level. But the link with the HerB2 
receptors present in the surface of cardiomyocytes causes also loss of these cells.

The trastuzumab-related LVD depends on the expression of HerB2 that may be tran-
siently upregulated by a compensatory mechanism following cardiac stress in a myocar-

........ Table 8.2 Risk factors for anthracycline cardiotoxicity

Risk factor Aspect

Cumulative 
anthracycline dose

Cumulative doses >500 mg/m2 associated with significantly elevated 
long-term risk

Rate of anthracycline 
administration

Prolonged administration to minimize circulating dose volume may 
decrease toxicity; results are mixed

Individual 
anthracycline dose

Higher individual anthracycline doses are associated with increased 
late cardiotoxicity, even when cumulative doses are limited

Type of anthracycline Liposomal encapsulated preparations may reduce cardiotoxicity. 
Conflicting data exist about anthracycline analogues and 
cardiotoxicity differences

Radiation therapy Cumulative radiation dose >30 Gy; prior or concomitant anthracycline 
treatment

Concomitant therapy Trastuzumab, cyclophosphamide, bleomycin, vincristine, amsacrine, 
and mitoxantrone may increase susceptibility/toxicity. Others are 
implicated as well

Preexisting cardiac 
risk factors

Hypertension; ischemic, myocardial, and valvular heart disease; prior 
cardiotoxic treatment

Comorbidities Diabetes, obesity, renal dysfunction, pulmonary disease, endocrinopathies, 
electrolyte and metabolic abnormalities, sepsis, infection, pregnancy

Age Both young and advanced age at treatment are associated with 
elevated risk

Sex Females are at greater risk than males

Partially modified by Lipshultz, Heart 2008 [4]

126  S. Oliva et al.



127 8

dial cell [17]. For this reasons, it is not prudent to administer trastuzumab concurrently 
with anthracycline but few weeks after the end of this chemotherapy.

In 2005, Ewer called “type 1” the LVD caused by anthracycline or other chemotherapy, 
and “type 2” the LVD caused by targeted therapy, after highlighting that a group of HF 
trastuzumab-related patients with breast cancer would recover LVEF as a result of HF 
therapy and discontinuation of trastuzumab [18, 19]. Many differences are reported from 
these two conditions: relationship of cumulative dose, presence of histological abnormali-
ties, and prognosis. . Table 8.3 summarizes these differences.

 Bevacizumab and TKI Small Cell
Bevacizumab is a monoclonal antibody currently used in gastrointestinal cancer patients. 
In the literature, HF incidence in bevacizumab-treated patients are reported to be from 1 
to 3% [6]. The mechanism of HF associated with bevacizumab may be related to uncon-
trolled hypertension and inhibition of vascular endothelial growth factor (VEGF)/VEGF 
receptor signaling that induces compensatory hypertrophy in patients with hypertensive 
and ischemic disease. The HF that results is a hypertensive failure, so we must carefully 

........ Table 8.3 Classification of LVD

TYPE I (myocardial damage) Type II (myocardial 
dysfunction)

Characteristic 
agent

Doxorubicin Trastuzumab

Clinical course, 
response to 
CRCD therapy

May stabilize, but underlying damage 
appears to be permanent and irreversible; 
recurrence in months or years may be 
related to sequential cardiac stress

High likelihood of recovery 
(to or near baseline cardiac 
status) in 2–4 months 
(reversible)

Dose effects Cumulative, dose related Not dose related

Mechanism Free radical formation, oxidative stress/
damage

Blocked ErbB2 signaling

Ultrastructure Vacuoles; myofibrillar disarray and 
dropout; necrosis (changes resolve over 
time)

No apparent ultra structural 
abnormalities

Noninvasive 
cardiac testing

Decreased ejection fraction by ultrasound 
or nuclear determination: global decrease 
in wall motion

Decreased ejection fraction 
by ultrasound or nuclear 
determination: global 
decrease in wall motion

Effect of 
rechallenge

High probability of recurrent dysfunction 
that is progressive, may result in 
intractable heart failure and death

Increasing evidence for the 
relative safety of rechallenge; 
additional data needed

Effect of late 
sequential stress

High likelihood of sequential 
stress-related cardiac dysfunction

Low likelihood of sequential 
stress-related cardiac 
dysfunction

CRCD chemotherapy-related cardiac dysfunction
From Ewer, JCO 2005 [18]
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control the hypertensive patients. Cardiotoxicity in patients treated with bevacizumab is 
potentially reversible with discontinuation of drug administration, like the other “type 2” 
dysfunctions.

Sunitinib and sorafenib are two TKI small cell used in advanced renal cell carcinoma 
and hepatic tumors. These drugs appear to share the same cardiotoxic mechanism with 
bevacizumab but act within the cell and not outside. Cardiac dysfunction, manifested as 
HF or asymptomatic declines in LVEF, has also been noted but widely underestimated in 
the past; the incidence of HF is estimated to be 4–8 %, while the incidence of asymptom-
atic LVEF decline is even higher, up to 28 % for LVEF declines ≥10 % [20, 21].

8.2  How to Monitor

Highly effective chemotherapeutic agents may cause cancer therapeutics-related left ven-
tricular dysfunction (LVD). To monitoring of left ventricular function is very important 
for early detection of LVD and prompt treatment that may prevent LV remodeling and the 
progression to the HF syndrome.

 5 Echocardiography (ECHO) is also a precious tool for the evaluation of left ventricular 
function, pericardium, valves, and right chambers that all may be damaged by cancer 
therapy.

 5 Cardiac magnetic resonance (CMR) could be useful for improving echocardiographic 
information when this is unsatisfactory or when tissue characterization is needed. 
Contrast-enhanced CMR offers a unique capability to identify subtle myocardial 
abnormalities, such as diffuse fibrosis, compared with other imaging techniques [22, 
23], and anthracycline-related myocardial fibrosis [24, 25]. Although this technique 
suggests promise for future diagnosis and possibly prediction of risk for cardiomyop-
athies, its current use is limited to research studies.

 5 Radionuclide angiography (MUGA) has been referred as the “gold standard” to moni-
tor anthracycline-related damage due to its high accuracy and reproducibility of 
LVEF measurements [26–27], but it has the main disadvantage in radiation exposure. 
Thus, it is frequently used as an adjunct and a complementary technique to echocar-
diography.

The ECHO represents the imaging modality of choice for evaluation and monitoring of 
LVD.

8.2.1  LV Systolic Function

The most commonly used parameter for monitoring LV function with echocardiography 
is ejection fraction (LVEF). In cancer patients, changes in LVEF indicative of LV damage 
can be more appropriately identified comparing baseline and follow-up studies.

Accurate calculation of LVEF should be done with the best method available in a given 
echocardiography lab. Consistency with regard to the method used to determine LVEF 
should be maintained whenever possible during treatment and surveillance after treat-
ment. Importantly, the digital images obtained to calculate LVEF on follow-up echocar-
diography should be visually compared with the previous ones to minimize reader 
variability.
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According to joint recommendations from the American Society of Echocardiography 
(ASE), and the European Association of Echocardiography (EAE) [28], the methods of 
choice for LV volumes quantitation and LVEF calculation are:

 5 The modified biplane Simpson’s technique (method of disks) by 2DE (. Fig. 8.1).
 5 The use of an automated or semiautomated method for identifying LV endocardium, 
compared with manual tracing of endocardial contour required by 2D method, pro-
vides a more accurate estimation of LV volumes (. Fig. 8.2).

 5 A contrast agent should be used when two contiguous LV segments from an apical 
view are not seen on non-contrast images.

 5 3D evaluation of LVEF is recommended because it is more accurate than 2D modality 
for LV volume measurement with a precision, which is comparable to that of CMR.

 5 Advantages: better accuracy in detecting LVEF below the lower limit of normal, better 
reproducibility, and lower temporal variability than 2DE in patients with cancer 
treated with chemotherapy.

 5 Limits: costs, availability, high-quality images, training, and expertise of operators for 
a clinical application limit the wide application of 3DE in the oncological setting.

A LVEF (assessed by 2D modified Simpson’s rule) >52 % for men and >54 % for women is 
suggestive of normal systolic function [29].

As indicated in previous chapter, consensus of ASE-EACVI [1] proposed for the diag-
nosis of cardiac toxicity.

 5 A decrease in the LVEF of >10 % points, to a value <53 %. However, in a recent ESC 
position Paper [29] the Autors has decided to consider the lower limit of normal of 

END-DIASTOLE END-SYSTOLE

4c

2c

.. Fig. 8.1 LVEF using biplane Simpson’s method
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LVEF in echocardiography also 50 %, in line with the definition of cardiotoxicity 
commonly used in registries and trials in patients with cancer.

 5 That should be confirmed by repeated cardiac imaging performed 2–3 weeks after the 
baseline study

The calculation of LVEF should be combined with assessment of the wall motion score 
index; septal and apical pattern of LV dysfunction have been more frequently found at an 
early stage of LVD in the presence of a quite normal LVEF; therefore, a careful analysis of 
regional alterations is strongly worthwhile beyond the LVEF  assessment.

8.2.2  LV Diastolic Function

A comprehensive assessment of LV diastolic function should be performed in the oncol-
ogy setting, although diastolic parameters have not been found to be prognostic of LVD.

According to the joint ASE-EACVI [30], evaluation of LV diastolic function include:
 5 Diagnosis of LV diastolic dysfunction (. Fig. 8.3)
 5 Estimate of LV filling pressure and grading LV diastolic function (. Fig. 8.4)

However, use of the E/e′ ratio remains questionable in the oncological setting, as  
E and e′ velocities fluctuation in these patients could be the consequence of changes in 
loading conditions as a result of side effects associated with the chemotherapy (nausea, 
vomiting, and diarrhea) more than the result of a real change in LV diastolic performance.

.. Fig. 8.2 LVEF using automated 3D method
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Practical Approach to Grade Diastolic
Dysfunction

Reprinted from the Journal of the American Society of Echocardiography 22 (2):107-133, February 2009.
With permission from and copyright 2009 by the American Society of Echocardiography.

Septal e’
Lateral e’

LA volume

E/A 0.8-1.5
DT 160-200 ms
Av. E/e’  9-12
Ar-A ³ 30 ms
Val DE/A ³ 0.5

Septal e’ < 8
Lateral e’ < 10
LA ³ 34 ml/m2

E/A < 0.8
DT > 200 ms
Av. E/e’ £ 8
Ar-A < 0 ms
Val DE/A < 0.5

Septal e’ ³ 8
Lateral e’ ³ 10
LA ³ 34 ml/m2

Normal function,
Athlete’s heart, or

constriction

Normal.
function

Septal e’ ³ 8
Lateral e’ ³ 10
LA < 34 ml/m2

Grade I Grade II Grade III

E/A ³ 2
DT <160 ms
Av. E/e’  ³ 13
Ar-A ³ 30 ms
Val DE/A ³ 0.5

.. Fig. 8.3 Algorithm for diagnosis of LV diastolic dysfunction if LVEF is normal

LA volume < 34 ml/m2

Ar - A < 0 ms
Valsalva D E/A < 0.5
PAS <30 mmHg
IVRT/TE-e’ >2

LA volume ³ 34 ml/m2

Ar - A ³ 30 ms
Valsalva D E/A ³ 0.5
PAS >35 mmHg
IVRT/TE-e’ <2

Normal LAP Normal LAP � LAP � LAP

Estimation of Filling Pressures in
Patients with Normal EF

Reprinted from the Journal of the American Society of Echocardiography 22 (2):107-133, February 2009.
With permission from and copyright 2009 by the American Society of Echocardiography.

E/e’ £ 8
(Sep, Lat, or Av.)

Sep. E/e’  ³ 15
or

Lat. E/e’  ³ 12
or

Av. E/e’  ³ 13

E/e’ 

E/e’ 9-14 

.. Fig. 8.4 Algorithm for estimation of LV filling pressure and grading diastolic function if LVEF is depressed
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8.2.3  Myocardial Deformation

Myocardial deformation (strain) can be measured using different ultrasound techniques: 
Doppler strain imaging (DSI) and 2D/3D speckle tracking echocardiography (STE).

 5 DSI has been the first method used. It showed to be more sensitive than LVEF assess-
ment in recognizing LV systolic dysfunction caused by chemo- and radiotherapy, both 
in adults and children; was able to identify early cardiotoxicity; and could reveal differ-
ences in myocardial function at a regional level, identifying those segments that are 
more affected by the cardiotoxic effect (as interventricular septum) [31].

 5 STE allows for a frame-by-frame tracking of natural acoustic markers and it is pre-
ferred because of a lack of angle dependency and not influenced by translational 
movement, tethering from adjacent myocardium and signal noise.

Different deformation parameter can be evaluated. In general, the maximal extent of the 
systolic myocardial deformation (peak systolic strain) and its peak rate (peak systolic 
strain rate) have been used, both regionally and globally. In general, assessment of longi-
tudinal strain, and specifically global longitudinal strain (GLS) using 4, 2, and 3 chambers 
view, has provided more consistent results than radial and circumferential myocardial 
deformation analysis (. Figs. 8.5 and 8.6).

 5 GLS is the optimal parameter of deformation for the early detection of subclinical LV 
dysfunction.

.. Fig. 8.5 Longitudinal strain using STE
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.. Fig. 8.6 Global longitudinal strain

 5 The measurements during chemotherapy should be compared with the baseline value. 
In patients with available baseline strain measurements (. Fig. 8.7).

 5 a relative percentage reduction of GLS of <8 % from baseline appears not to be 
meaningful.

 5 A relative percentage reduction of GLS of >15 % from baseline are very likely to be 
abnormal.

When applying STE for the longitudinal follow-up of patients with cancer, the same ven-
dor-specific ultrasound machine and range for sex and age should be used [32]  
(. Table 8.4).

This is important also to detect the reversibility of the myocardial damage.

8.2.4  Use of Biomarkers

Several studies admit the utility of troponins as a robust diagnostic tool for the early iden-
tification, assessment, and monitoring of cardiotoxicity [33, 34].

Troponin I (TnI) is a sensitive and specific marker for myocardial injury in adults 
treated with anthracycline chemotherapy and an elevation of troponin identifies patients 
at risk for the subsequent development of LVD.

The ASE-EACVI Consensus proposed an integrated approach for baseline assessment 
and monitoring of LVD [1].

 5 Baseline assessment (LVEF, GLS, TnI) in patients at high risk for development of LVD.
 5 With established risk factors for cardiovascular disease
 5 With LV dysfunction
 5 >65 years of age
 5 Patients scheduled to receive high doses of type I agents (>350 mg/m2) or 
combination chemotherapy with both type I and type II agents

Cardiotoxicity: Left Ventricular Dysfunction
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.. Fig. 8.7 Changes of GLS in a patient with breast cancer treated with anthracyclines (follow-up of 8 
months)

........ Table 8.4 Reference values of global longitudinal strain for vendor, age, and gender

Vendor Age group (y)

0–19 20–29 30–39 40–49 50–59 ≥60

Vivid 7 or Vivid E9 (GE Healthcare)

Male −21.7 ± 3.1 −20.9 ± 1.9 −20.6 ± 1.9 −20.9 ± 1.8 −21.0 ± 1.9 −19.7 ± 1.4

Female −22.4 ± 1.6 −22.3 ± 1.6 −22.8 ± 1.8 −22.6 ± 2.1 −23.3 ± 1.9 −20.9 ± 2.1

iE33 (Philips Medical Systems)

Male −19.4 ± 2.7 −18.8 ± 2.0 −19.1 ± 2.3 −17.9 ± 2.8 −16.9 ± 2.3 −15.8 ± 1.4

Female −20.5 ± 2.2 −20.6 ± 2.3 −20.2 ± 2.0 −19.3 ± 0.9 −20.4 ± 1.5 −17.3 ± 2.3

Artida or Aplio (Toshiba Medical Systems)

Male −21.6 ± 2.0 −20.2 ± 2.0 −20.4 ± 2.2 −19.8 ± 2.3 −18.7 ± 2.6 −16.3 ± 3.1

Female −21.2 ± 1.5 −20.2 ± 2.4 −20.4 ± 2.8 −18.7 ± 1.8 −18.3 ± 2.8 −18.6 ± 2.3

Modified from Takigiku, Circ J 2012 [32]
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 5 If the LVEF is <53 %.
 5 GLS is below the limit of normal.
 5 Elevated TnI should be considered discussion between the cardiologist and oncologist 
of the risk/benefit ratio.
1. If LVEF, GLS, and TnI are normal, echocardiographic follow-up is recommended on 

the basis of the specific type of anticancer agent received.
a. For type I agents: at the completion of therapy and 6 months later for doses of 

anthracycline <240 mg/m [2] or its equivalent. Once this dose is exceeded, mea-
surements of LVEF, GLS, and troponin are recommended before each additional 
50 mg/m [2].

b. For type II agents: every 3 months during therapy for trastuzumab and at 1 
month and every 3 months while on therapy with other tyrosine kinase inhibi-
tors.

2. The detection of subclinical LVD is to compare the measurements of GLS obtained 
during chemotherapy with the one obtained at baseline.
a. A relative percentage reduction GLS of >15 % is very likely to be abnormal,
b. A change of <8 % appears not to be of clinical significance.
c. The abnormal GLS value should be confirmed by a repeat study performed 2–3 

weeks after the initial abnormal study.

8.3  How to Treat

Treatment of cardiac dysfunction resulting from anticancer therapy commonly follows 
the cardiology guideline recommendations for heart failure (HF). This practice, however, 
is mainly based on extrapolation from other clinical settings rather than on evidence spe-
cifically addressing HF in the cancer population.

8.3.1  Left Ventricular Dysfunction Induced by Anthracyclines

Anthracycline-induced cardiac dysfunction (ACD) is believed to be refractory to conven-
tional therapy and to be associated with an especially poor prognosis, with a 2-year mor-
tality rate of up to 60 % [35].

This opinion, however, is based on findings reported in old studies in which  
standard therapy included only the use of digoxin and diuretics [36–38], and on studies 
including very small populations (. Table 8.5), patients with ACD has never been fully 
investigated because, typically, these patients have been excluded from large randomized 
trials.

Moreover, data on long-term outcomes of treated and untreated patients with ACD are 
limited. As a consequence, evidence-based recommendations for the management of can-
cer patients with asymptomatic and symptomatic ACD are still lacking and no definite 
guidelines are currently adopted.

The effectiveness of angiotensin-converting enzyme inhibitors (ACEI) and beta- 
blockers was prospectively assessed only in two studies involving large populations [48]. 
Evidence coming from these two studies can be outlined as follows:

 5 Initiation of ACEI and beta-blocker medications promptly after the detection of ACD 
is a crucial variable for recovery of cardiac function, as a strong inverse relationship 

Cardiotoxicity: Left Ventricular Dysfunction
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........ Table 8.5 Clinical studies evaluating heart failure therapy in anthracycline-induced 
cardiomyopathy

Treatment Author 
(year)

Pts 
(n)

Mean 
age 
(yrs)

Study FU 
(months)

B- 
LVEF 
(%)

F-LVEF 
(%)

Reported 
event

Dig + Diur Lefrak 
(1973) [36]

2 NA CR NA NA NA CD

Dig + Diur Cohen 
(1982) [37]

1 38 CR 8 23 64 Relief of 
symptoms

Dig + Diur Haq 
(1985) [38]

43 55 R 2–52 NA NA Relief of 
symptoms, 
HF, CD

Dig + Diur + ACEI Saini 
(1987) [39]

3 49 CR 12–16 20 48 Relief of 
symptoms
LVEF↑

Dig + Diura

Dig + Diur + ACEIb
Jensen 
(1996) [40]

9 58 PO 26 27 47 CD, HF

Dig + Diur + ACEIa

BBb
Fazio 
(1998) [41]

1 35 CR 12 14 45 Relief of 
symptoms

BB
BB + ACEI

Noori 
(2000) [42]

2
6

51 R 32 28 41 LVEF ↑

Dig + Diura

Dig + Diur + ACEIb
Jensen 
(2002) [43]

10 54 PO 30 27 41 HF

BB
BB + ACEI

Mukai 
(2004) [44]

3
2

53 CR 27 37 53 LVEF ↑
NYHA ↓

ACEI
ACEI + BB

Tallaj 
(2005) [45]

10
15

47 R 70 25 34 CD, TXS

ACEI + BB Tabet 
(2006) [46]

1 52 CR 8 NA 30 HF

ACEI + BB Cardinale 
(2010) [47]

201 53 P 12–96 38 46 LVEF ↑
up to 
≥50 %

ACEI + BB Cardinale 
(2015) [5]

226 50 P 4–228 40 52 LVEF ↑of 5 
points
+ ≥50 %

AC anthracyclines, ACEI angiotensin-converting enzyme inhibitors, B baseline, BB beta-blockers,  
CD cardiac death, CR case report, Dig digitalis, Diur diuretics, F final, HF heart failure, impr. improve-
ment, LVEF left ventricular ejection fraction, NA not available, NYHA New York Heart Association, O 
observational, P prospective, R retrospective, TRZ trastuzumab, TKI tyrosine kinase inhibitors, TXS 
cardiac transplantation
aFirst-line therapy
bSecond-line therapy
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exists between the time elapsed from the end of chemotherapy and the beginning of 
HF therapy for treatment of ACD, and improvement in LVEF—with a fourfold 
decrease in the chance of complete recovery from cardiac dysfunction for each dou-
bling in time to HF treatment. In particular:

 5 The highest chance to recover from ACD is observed in patients treated within 2 
months from the end of chemotherapy.

 5 No complete recovery in cardiac function is obtained in patients treated after 6 
months.

 5 Cardiac surveillance, exclusively based on symptoms, may miss early detection and 
effective treatment of ACD.

 5 ACD recovery is associated with a reduction in cardiac events, when compared with 
patients who do not recover or who have partially recovered from ACD.

 5 A greater improvement in cardiac function is observed in patients receiving a combi-
nation of ACEI and beta-blockers.

Whether therapy with ACEI and beta-blockers should be either prolonged lifelong 
or  discontinued after complete recovery of LVEF is unknown and needs further 
 investigation.

8.3.2  Left Ventricular Dysfunction Induced by Trastuzumab

Treatment of trastuzumab-induced cardiac dysfunction (TICD) is a controversial issue.
Trastuzumab-related cardiotoxicity seems to have a more favorable outcome than 

ACD, as cardiac function improves after withdrawal of the drug in most cases [49].
However, the concept that TICD is a reversible condition remains in discussion [50, 

51]. Follow-up data from large trials show that:
 5 In many patients treated with anthracyclines followed by trastuzumab, TICD does 
not recover.

 5 Up to two-thirds of patients continue to receive cardiac medication after complete 
functional recovery.

 5 Many patients continue to have a LVEF lower than baseline despite optimal HF 
 therapy.

Although favorable data on long-term cardiac outcome of patients with TICD are emerg-
ing [52, 53], showing that the risk versus benefit remains in favor of trastuzumab, some 
uncertainties regarding early diagnosis and management of TICD still remain [49–51].

Guidelines for monitoring patients receiving adjuvant trastuzumab are periodically 
updated, but they are specifically focused on the continuation/withdrawal/resumption of 
trastuzumab therapy [51, 54–57].

No evidence-based recommendations for the treatment of patients developing TICD, 
particularly after the completion of trastuzumab therapy, have been formulated yet. To 
date, the evidence supporting the use of ACEI and beta-blockers in this setting is limited 
to case series, and it is not demonstrated in clinical trials (. Table 8.6).

In clinical practice, the decision on whether to treat or not treat patients showing 
asymptomatic decreases in LVEF with trastuzumab is mainly based on the personal clini-
cal experience of both cardiologists and oncologists.
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Several algorithms have been proposed for management of TICD but their effective-
ness needs to be confirmed in large, prospective trials. To date, the true effectiveness of 
ACEI and beta-blockers in improving LVEF and favorably impacting cardiac outcome in 
patients receiving trastuzumab remains unclear [47, 54–57, 59].

TICD recovery rate seems to be higher in patients treated with a combination of ACEI 
and beta-blockers [47, 59]. On the bases of current evidence, an approach based on the 
association of these two drugs should be considered in patients developing TICD.

 5 Troponin. The response of TICD to HF treatment may be predicted by assessment of 
troponin I, a well-recognized marker of myocardial injury in many clinical settings 
and in cancer patients receiving both old and new antitumor drugs [60].

The rise in troponin I during trastuzumab therapy represents an independent predictor of 
lack of recovery from TICD—with a threefold decrease in the chance of recovery from 
cardiac dysfunction, and it is associated with a higher incidence of cardiac events. There-
fore, troponin I seems able to discriminate between reversible and irreversible cardiac 
dysfunction. This information may have relevant clinical implications for the oncologist 
who has to decide whether to resume trastuzumab or not and allows the cardiologist to 
distinguish patients with a more favorable cardiac outcome from those in whom a close 
cardiologic monitoring is mandatory, and prophylactic strategies, for prevention of clini-
cal and subclinical TICD, should be planned [47].
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9.1  Introduction

 5 Several antineoplastic treatments have been associated with cardiac ischemia as a side 
effect. For most of them, however, large studies are lacking and the association is weak.

 5 Radiation therapy of the mediastinum or of the left chest wall increases by several 
times the risk of coronary artery disease on the long-term follow-up. This problem 
will be discussed in the designated chapter.

 5 The most commonly used drugs that have been involved in cardiac ischemia are the 
fluoropyrimidines (FP) [5-fluorouracil (5FU) and capecitabine], the vascular endo-
thelial growth factor receptor inhibitors (anti-VEGFR) and the aromatase inhibitors.

 5 In regards to FP and anti-VEGFR, the association with acute ischemia is well rec-
ognized.

 5 In regards to aromatase inhibitors, the cause–effect relationship is less clear. Stud-
ies are conflicting, and many confounding factors (blood lipid profile, comorbidi-
ties) should be taken into account.

 5 Other antineoplastic treatments have been associated with acute ischemia during 
treatment or with an increased risk in medium or long term (. Table 9.1).

9.2  Fluoropyrimidines

The fluoropyrimidines (FP) are the antimetabolite 5-fluorouracil (5-FU) and its oral 
 prodrug capecitabine (CAPE).

 5 5-FU is used in different schemes (bolus, short- and long-term infusions) with differ-
ent dosages, as monotherapy or in association with other drugs.

 5 CAPE is used mostly with the scheme 14 days on therapy, 7 off therapy, alone, or associ-
ated to other drugs. As radiosensitizing agent, it may be used daily over 4–5 weeks.

........ Table 9.1 Probability of cause–effect relation with antineoplastic therapies and acute 
myocardial ischemia according to time

During therapy or 
within days after

Weeks/months after 
therapy

Years after therapy

Fluoropyrimidines Very likely Very unlikely Very unlikely

Bevacizumab Very likely Possible Unlikely

TKI (VEGF or BCR-ABL 
targeted)

Very likely Unlikely Unlikely

Platinum Likely Likely Possible

I1-2, IFN Likely Unlikely Very unlikely

Taxanes Possible Very unlikely Very unlikely

Aromatase Inhibitors Possible Possible Possible

Anti-androgen 
treatments

No data Likely in patiens with 
previous cardiovascular 
risk factors

Likely (mostly  
linked to metabolic 
syndrome)

Radiation therapy Unlikely Possible Likely
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 5 The FPs are effective in several carcinomas: colorectal, stomach, esophagus, breast, 
head/neck and pancreas.

 5 The principal mechanism of action of FP has been considered to be the inhibition of 
thymidylate synthase (TYMS), but recent evidence has shown an alternative pharma-
codynamic pathway acting through the incorporation of drug metabolites into DNA 
and RNA.

 5 Cardiac ischemia due to either 5-FU or capecitabine share the same clinical presentation.

9.2.1  Pathophysiology

The pathophysiology of FP-induced ischemia has not been fully clarified yet. Several 
mechanisms have been proposed, but a satisfactory hypothesis consistent with all the 
 various clinical aspects is lacking [1].

 5 The observation of rest angina with ST elevation on ECG suggests a vasospastic (the so-
called “variant” or “Prinzmetal” angina) component. Vasospasm of a major coronary 
artery has been actually described in patients who underwent coronary angiography. 
However, this is in contrast with the usually low increase in cardiac enzymes and the usu-
ally complete recovery of left ventricular kinetics, even after long-lasting episodes. 
Microvessel spasm has also been suggested as an alternative explanation.

 5 Impurities in commercial vials leading to accumulation of fluoroacetate as degrada-
tion product have been considered as possible cause of 5-FU’s cardiotoxicity [2]. 
However, the frequency of the syndrome has not been reduced in the recent years 
after this problem has been avoided suggesting that this hypothesis is unlikely; more-
over, it does not explain CAPE cardiotoxicity.

 5 Direct myocardial damage with myocarditis and hemorrhagic infarction has been 
suggested based on animal studies, but there are no clinical studies supporting this 
hypothesis.

 5 5-FU has a toxic effect on the vascular endothelium and induces a hypercoagulable 
status. However, this is a common effect, and there is no proof that hypercoagulability 
is more pronounced in patients with FP-induced angina compared to those who tol-
erate the therapy without problems [3].

 5 An intriguing hypothesis is that FP can induce a Kounis syndrome, i.e., an acute coro-
nary syndrome due to hypersensitivity reaction, and mediated by mast cell activation 
[4, 5]. This mechanism would explain the observation of a subset of patients who have 
cardiac ischemia at every FP exposure, and also the inconstant response to vasodila-
tor therapy (see below 7 Sect. 2.6).

9.2.2  Incidence

The incidence varies from 2 to 3 % in the retrospective studies based on oncological 
records to 10–18 % in the prospective studies and also varies widely among different 
scheme of administration [6–9].

 5 The incidence is higher in the prospective studies as they include the “asymptomatic 
toxicities” including rest, stress, and/or 24-h (Holter) ECG in the diagnostic work-up 
[10, 11].

 5 Cardiac toxicity has been seldom reported for single bolus infusions of 5-FU. It is 
much more common with prolonged 5-FU infusions and with capecitabine.

Cardiotoxicity: Cardiac Ischemia
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 5 Among 5-FU continuous infusions, those lasting >48 h and those with higher daily 
dosage are at higher risk compared to the shorter and/or lower dosage ones [12].

 5 The concomitant use of leucovorin or of cisplatin has been reported as an addi-
tional risk [8, 13].

 5 No individual predisposing factors have been identified so far.
 5 Preexisting ischemic heart disease or cardiovascular risk factors have been found by 
some authors to be more frequent in patients with FP-induced ischemia compared 
to those without it. However, there might be a bias in evaluating symptoms, mostly 
atypical chest pain: if a patient with known coronary artery disease complains of 
chest pain, angina is likely to be considered; the same symptom in a young woman 
without cardiac history may be easily diagnosed as nonspecific. Moreover, patients 
with coronary heart disease may have—in case of toxicity—a more severe clinical 
presentation, and this may lead to an easier recognition.

 5 There are studies which did not find any relationship with previous cardiac disease 
and FP cardiotoxicity. Many cases of even severe cardiotoxicity have been reported 
in young patients without any cardiovascular risk factor.

 5 Preexisting heart disease (in particular, coronary artery disease) should be aggres-
sively treated and close follow-up should be performed during cancer treatment, with 
prompt additional investigation if patient symptomatic. 

 5 The genetically determined dihydropyridine dehydrogenase (DPD) activity deficit 
(which can cause severe FP gastrointestinal or hematologic toxicities) seems not to 
be involved in the cardiac toxicity [14].

 5 Patients who developed cardiotoxicity during FP treatment pose a very high risk 
of symptoms/toxicity recurrence at rechallenge, even when shifting from 5-FU to 
CAPE or vice versa. On the contrary, patients who do not have cardiotoxicity in 
the first course of therapy seldom have it with further courses.

 5 FP-induced ischemia appears mostly patient-related, as a hypersensitivity reaction
 5 Cardiac ischemia may be present at rest or be elicited or exacerbated by physical 
effort [15].

9.2.3  Clinical Presentation

The clinical presentation is variable from case to case, and this may make the recognition 
of the problem challenging [16, 17].

 5 Symptoms may appear at rest, under or after effort, and even be completely absent.
 5 Typical rest angina is the best known clinical symptom. The attacks may last from a 
few minutes to hours. They are usually relapsing and worsening if the infusion/oral 
assumption is not stopped.

 5 Atypical symptoms (as jaw pain, sore throat, chest discomfort) are also common in 
our experience.

 5 Syncope and sudden death due to ventricular arrhythmias secondary to acute isch-
emia may be the first symptom, or follow the angina.

 5 Effort-induced ischemia may present with typical or atypical angina as well. If it is 
elicited by physical effort, it usually worsens at higher workloads, but it may also 
worsen or become evident in the recovery phase (. Fig. 9.1).

 5 The mortality (of myocardial infarction with cardiogenic shock or fatal arrhythmias) 
is about 8–13 % [17]

 R. Labianca et al.



147 9

.. Fig. 9.1 Oligosymptomatic cardiac ischemia during treadmill stress test. The yellow arrows sign the 
end of stress. Ventricular ectopic beats (BEV, Top left) are present only in the recovery phase. ST segment 
elevation (bottom right, V5 lead) becomes evident during stress, increases in amplitude during the recov-
ery phase, and lasts more than 30 min, in spite of a rapid reduction on heart rate (FC, center top). A mirror 
ST segment depression may be observed in V1 lead (bottom left)

 5 The symptoms may last or even appear in the first hours after stopping therapy.
 5 Pitfalls: Esophageal spasm may mimic anginal pain.

ECG changes may be related to typical or atypical angina symptoms and can even be 
observed without any symptoms and may last for days after symptoms disappearance.

 5 ST segment elevation is the first and most described ECG change reported for FP 
cardiac toxicity.

 5 It may be diffuse or evident in a limited number of ECG leads (. Figs. 9.2 and 9.3a).

.. Fig. 9.2 Rest toxicity during fluorouracil infusion: the patient complained of typical chest pain; ECG 
shows a diffuse ST segment elevation

Cardiotoxicity: Cardiac Ischemia
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.. Fig. 9.3 Different ECG aspects of fluoropyrimidine cardiac toxicity. a ST segment elevation during 

stress test during 5-FU infusion. b ST segment depression during stress test. c ST segment elevation at 
rest during 5-FU infusion. d Negative T waves 4 days after stopping 5-FU infusion (same patient as in c)

 5 ST segment depression has been also observed, mostly in effort-induced ischemia  
(. Fig. 9.3b).

 5 Negative T waves may follow ST segment abnormalities or may be the only ECG sign 
of FP cardiotoxicity (. Fig. 9.3c, d).

 5 Pitfalls:
 Ȥ ST elevation due to early repolarization should not be misdiagnosed as FP toxicity, 
therefore a baseline ECG before chemotherapy, for comparison must be obtained.

 Ȥ Minor ECG changes (negative T waves, nonspecific repolarization changes) may 
be due to electrolyte imbalance, anemia, or other causes. If they are the only 
change, the diagnosis of cardiac toxicity is less likely.

Echocardiographic abnormalities which may be observed in case of FP-induced ischemia 
are:

 5 Segmental hypoakinesia in the leads corresponding to ECG signs of ischemia
 5 Apical ballooning like in takotsubo cardiomyopathy [18]
 5 Diffuse hypokinesia, mimicking myocarditis.

 5 All these abnormalities may be transient and disappear before ECG alterations.

9.2.4  Laboratory Analysis Data

 5 Cardiac necrosis markers (CPK, troponins) may be elevated in cases leading to myocar-
dial infarction but are often within the normal limits or only slightly elevated even in 
presence of diffuse ST segment elevation and/or chest pain lasting several hours.
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 5 Brain natriuretic factor (BNP) may be elevated in some (but not all) cases of diffuse 
left ventricular dysfunction [19].

 5 Blood coagulation tests are usually altered during 5-FU therapy, but this finding is 
nonspecific.

9.2.5  Challenges in Diagnosis

 5 FP cardiac toxicity may be underestimated, because of:
 5 The variety of clinical presentations (often with only mild or atypical symptoms)
 5 The low grade of concordance between symptoms, ECG changes and laboratory 
analysis data

 5 Any patient under FP therapy complaining of even mild or atypical symptoms should 
be thoroughly evaluated for possible ischemia. An ECG performed after some days of 
therapy may also identify a number of asymptomatic toxicities.

 5 The diagnostic work up should include (. Fig. 9.6):
 5 Clinical history with particular attention to angina-like symptoms and their tem-
poral relationship with drug administration.

 5 Rest ECG, which should be compared—if possible—with a pre-chemotherapy 
ECG. In cases with suspect symptoms and normal ECG, a 24-h (Holter) and/or 
stress ECG should be considered.

 5 In cases with typical symptoms and/or ECG alterations the following should be 
obtained:

 Ȥ Echocardiogram.
 Ȥ Cardiac enzymes.
 Ȥ Blood coagulation tests and d-Dimer.
 Ȥ If concern about Kounis syndrome, IgE, histamine, neutral proteases (chymase, 
tryptase), arachidonic acid products, high sensitivity CRP, and tumor necrosis 
factor can help in diagnosis.

9.2.6  Therapy

There are no guidelines or large prospective studies on the therapeutic approach. The fol-
lowing suggestions are based on the analysis of the reported case series and literature 
review, considering the most reliable pathophysiological hypotheses and on our personal 
experience.

9.2.7  FP Therapy Must Be Stopped Immediately When 
Cardiotoxicity is Detected

 5 According to the clinical status (presence of chest pain and/or arrhythmias, heart rate, 
blood pressure), therapy with nitrates and/or calcium channel blockers (nifedipine, 
amlodipine, verapamil, or diltiazem) should be started. The effect may be prompt 
(. Fig. 9.4) or even poor (. Fig. 9.5). Diltiazem has been proved effective in a small 
series [20].
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.. Fig. 9.5 Young female patient with rest toxicity (typical angina and ST segment elevation) during 
fluorouracil infusion. Mild symptoms and ECG changes (mild ST segment elevation, negative T waves) 
lasted more than 3 days after stopping the infusion and starting therapy with i.v. nitrates and oral 
nifedipine

.. Fig. 9.4 Patient with angina on the 4° day of 5-FU infusion. a Diffuse ST segment elevation with tall 
and peaked T waves and mirror ST segment depression in V1. b 20 min later, after nitrates, ECG changes 
are reduced. c After 10 more minutes, pain has disappeared and the ECG changes are reduced. d The fol-
lowing day ECG is normal
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 5 There are no studies about the use of anticoagulants in this setting. However, if a 
hypercoagulable status is recognized, the use of low molecular weight heparin seems 
reasonable and may be considered.

 5 If a Kounis syndrome is suspected, intravenous hydrocortisone (1–2 mg/Kg/day), 
anti-histamines (diphenhydramine 1–2 mg/Kg), and ranitidine (1 mg/Kg) may be 
added to calcium channel blockers and nitrates [4].

 5 A period of in-hospital observation with cardiac monitoring (cardiac enzymes, ECG) is:
 5 Mandatory in all cases presenting with arrhythmias and/or persistent signs/symp-
toms of ischemia at rest. The monitoring period should be prolonged until 
 complete symptomatic recovery

 5 Recommended for at least some hours (preferably 24 h) in all the patients with 
symptoms at rest or after minimal effort and for those with relevant asymptomatic 
ECG or echocardiographic changes

9.2.8  Time to Recovery

5-FU disappears rapidly from blood, but active 5FU nucleotide metabolites (also common 
to capecitabine) responsible for the cytotoxicity of 5FU are retained much more than the 
5FU parent drug at the cellular level [21]. Thus, the cardiotoxic effects may last several 
days after stopping therapy (. Fig. 9.5).

9.2.9  Rechallenge

After FP cardiotoxicity, the risk of relapse if the same drug (or even if capecitabine instead 
of 5FU) is rechallenged is very high, with significant mortality. Thus, rechallenge should be 
avoided if possible (. Fig. 9.6).

 5 Raltitrexed (a thymidylate synthase inhibitor) without the cardiotoxicity spectrum of 
FP may be considered as an alternative drug [22, 23].

 5 Tegafur is another alternative drug which might be considered in particular cases, 
according to the cancer type and clinical status; in fact, its use is limited, compared 
to FP [24–27].

In case of strong oncologic indication to FP therapy, the risk/benefit should be assessed 
together by the caring oncologist and cardiologist (. Fig. 9.7). In case of rechallenge, sev-
eral approaches have been attempted, with variable results [28]:

 5 Prevention with an association of calcium channel blockers (most used: diltiazem, 
nifedipine, amlodipine) with/without associated nitrates has been proven useful in 
some cases [17, 20, 28].

 5 The most effective strategy is to reduce the dosage and the time of exposure to the 
drug:

 5 5-FU boluses instead of prolonged infusions or oral capecitabine [14, 15].
 5 Reduced total dose. This approach would obviously reduce the therapeutic effi-
cacy of the anticancer treatment: thus the maximum tolerated dose should be 
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CAD, high
cardiovascular
risk, suspected

IHD?

YES
Do STRESS TEST

POSITIVE:
Adjust cardiovascular therapy

and repeat stress test

NEGATIVE:
Start CT at 75%

NO
Start CT at

standard dose

At the end of first
course:

Have  ECG and ask for
any new symptom 

NEGATIVE STRESS TEST
AFTER WASH OUT: 

Fluoropyrimidines toxicity

VAGUE SYMPTOMS,
ECG CHANGES:

NO SIMPTOMS,
NORMAL ECG:
Continue CT at
standard dose

Do Stress test/ Holter/echo
If abnormal,CT and hold
have a new  stress test

SIGNS AND/OR SYMPTOMS
SUGGESTING CARDIOTOXICITY:

Hold CT and do a new stress test after 7-
10 days wash-out 

POSITIVE STRESS TEST
AFTER WASH OUT:

Consider CAD

.. Fig. 9.6 Operative flowchart for selection of patients and screening of cardiotoxicity in fluoropyrimi-
dine-naive patients—CAD coronary artery disease, CT chemotherapy, IHD ischemic heart disease

SEVERE TOXICITY: AMI, LV dysfunction, life-threatening
arrhythmias, appearance at rest within 48 hours after 1st dose:

HOLD FLUOROPYRIMIDINES

MILD-MODERATE
TOXICITY:

minor ECG changes, no
arrhythmias, no LV

dysfunction,appearance only
after effort or at higher

cumulative dose

RE-EVALUATE THE
CLINICAL INDICATION

TO FP CHEMOTHERAPY

Reduce dose to 50%,
shorten time of infusion,
add anti-ischemic drugs

Re-evaluate after rechallenge
(ECG, Holter, echo, stress

test)

STRONG
(metastatic setting,

adjuvant in high risk
pts, no valid alternatives

available)

NO TOXICITY:
Continue therapy
with new regimen

TOXICITY

Hold fluoropyrimidines,
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.. Fig. 9.7 Operative flowchart for rechallenge decision in patients with fluoropyrimidine cardiac toxic-
ity. AMI acute myocardial infarction; LV left ventricle
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identified. A practical approach could be start with a course at 50 % of the original 
dose, with close monitoring; if the drug is well tolerated, the does can be increased 
to 70–75 % in the following courses.

 5 A combination of the two previous approaches (reduced dose with prophylactic treat-
ment and then cautious increase in dose) is the optimal approach in our experience.

 5 Rechallenge with stress test to assess the efficacy of preventive interventions may be 
helpful and should be considered in selected cases only [29].

9.3  Anti-VEGFR

Neoangiogenesis, a process involving the proliferation of new blood vessels, plays a crucial 
role in the growth and metastasis of cancer. This process is mainly driven by the vascular 
endothelial growth factors (VEGF), whose signaling pathway has been a target of many 
new antineoplastic agents including bevacizumab, sorafenib, sunitinib, and others. 
However, these drugs affect also normal vessels leading to a variety of cardiovascular side 
effects (. Fig. 9.8) (see also chapter tot: Hypertension).

 5 In a meta-analysis published in 2010, the patients treated with bevacizumab (®Avas-
tin) had an increased risk of acute thromboembolic event compared to patients 
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undergoing conventional chemotherapy, with a 2.2-fold increased risk of acute myo-
cardial ischemia; this risk was observed both in patients with colorectal and renal 
cancer [30].

 5 In a more recent study, the risk of ischemic heart disease was significantly increased, 
with an overall relative risk (RR) 2.49, but varied according to doses (2.1 versus 4.89 
RR for doses of 2.5 mg/Kg/week versus 5 mg/Kg/week, respectively) and tumor type: 
a significant increase was observed in patients with colorectal cancer, not in renal or 
liver carcinoma [31].

 5 The anti-VEGF tyrosin kinase inhibitors (TKI) sunitinib and sorafenib have been 
reported as cause of thromboembolic events and acute coronary syndromes and myo-
cardial infarction [32, 33]. However, in a recent report, the incidence of myocardial 
ischemia with sorafenib and sunitinib in adjuvant setting was low [34]. TKI have 
other therapeutic targets beside VEGF, as platelet-derived growth factor receptor 
(PDGFR), RAF/RAS/MAP kinases.

9.3.1  Pathophysiology

 5 VEGF family comprises several factors (A, B, C, D, and E, with VEGF-A being the 
most studied) which can link to several receptors (VEGFR 1, VEGFR 2, and VEGFR 
3); they play a crucial role in maintaining endothelial integrity, regulating vasodila-
tion, preventing apoptosis, favoring neoangiogenesis, protecting from oxidative stress, 
and also exhibiting anti-inflammatory effects [35–37]. In atherosclerotic lesions and 
in ischemic areas, expression of VEGF is increased; in more advanced lesions, VEGF 
promotes the growing of collateral vessels [38, 39]. VEGF-B is activated during car-
diac ischemia, enhancing functional coronary vascularity, protecting myocytes from 
the ischemic stress, and preventing remodeling after myocardial infarction [40, 41]. 
After acute myocardial infarction, blood VEGF significantly increases; this finding 
suggests a crucial role of VEGF (together with other factors) in the protection and 
repair of cardiac tissue [42].

 5 Damage of endothelial cells leads to exposure of the highly prothrombotic basement 
membrane. Exposure of subendothelial von Willebrand factor induces platelet aggrega-
tion and activation (primary hemostasis), whereas exposure of tissue factor initiates the 
coagulation cascade (secondary hemostasis). Targeting the VEGF signaling pathway 
adversely affects also the production of platelet inhibitors, such as prostaglandin I-2 and 
of nitric oxide (NO), which is a natural vasodilator [43, 44] (. Fig. 9.7).

 5 In patients with atherosclerosis, VEGF blockade causes increased inflammation 
and atherosclerotic instability with subsequent plaque rupture and thrombus for-
mation [45].

9.3.2  Therapy

 5 Anti-VEGF side effects are both ischemia and bleeding, with hemorrhage being the 
most common cause of treatment-related mortality with bevacizumab [46, 47]. Thus, 
the use of antiplatelet and anticoagulant therapy should be done with caution. There 
are no current guidelines about this topic [48].
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 5 A consensus conference suggested careful selection of patients undergoing anti-VEGF 
treatments, with particular attention to those with atherosclerotic disease and cardiac 
ischemia, but no specific therapy for the acute events, besides discontinuing the anti-
neoplastic therapy [49].

 5 According to the pathophysiology, a reasonable approach might be the use of:
 5 Nebivolol, a beta-blocker which increase the release of NO
 5 Nitrates, to enhance vasodilatation
 5 Low-molecular-weight heparin, according to the bleeding risk
 5 Aspirin may also be indicated, since in a retrospective study, its use increased only 
slightly the bleeding risk in association with bevacizumab [50].

 5 Antineoplastic therapy with antiangiogenic drugs may cause acute myocardial isch-
emia or worsen a preexisting ischemic heart disease.

 5 A careful clinical history about CAD and cardiovascular risk factors should be 
obtained before starting therapy.

 5 Smoking should be strongly discouraged, and any cardiac therapy for hyperten-
sion, dyslipidemia diabetes, and/or cardiac ischemia should be optimized before 
antineoplastic therapy.

 5 VEGFs play a relevant role in restoration of the capillary network after ischemia and 
revascularization [51, 52]. An inhibition of neoangiogenesis might then be theoreti-
cally contraindicated shortly after acute myocardial infarction, an acute coronary syn-
drome, and/or a revascularization intervention. On the other hand, there are no 
reported data about the actual clinical risk, and an increase of circulating VEGF after 
angioplasty might be associated with an increased risk of restenosis [53].

 5 After an acute coronary syndrome or revascularization, the risk/benefit ratio of start-
ing immediately or postpone for some weeks a required anti-VEGF therapy should be 
evaluated in the single patient; in either case, a close symptomatic monitoring should 
be done at least for the first 3 months if possible.

9.4  Other Drugs Which Have Been Involved in Acute Cardiac 
Ischemia or in Increased Risk of Myocardial Infarction 
at Medium-Long Term

9.4.1  BCR-ABL-Targeted Tyrosine Kinase Inhibitors

Cardiovascular adverse events occur in patients on BCR-ABL-targeted tyrosine kinase 
inhibitors (nilotinib, ponatinib) [54, 55]. Therefore, in cases of preexisting atherosclerotic 
changes or ischemic processes presenting with angina pectoris-like symptoms, a coronary 
angiography should be considered. Ponatinib has a mild inhibitory effect on platelet 
aggregation. Serious arterial thrombotic events (including cardiovascular, cerebrovascu-
lar, and peripheral vascular events) are seen in 8.9 % of the patients who received pona-
tinib, with an overall incidence of all arterial thrombotic events of 17.1 %. In the “Ponatinib 
in Newly Diagnosed Chronic Myeloid Leukemia” trial, arterial thrombotic events were 
observed predominantly in patients with either a documented ischemic condition or the 
presence of risk factors at baseline [56]. It would be important to close monitor these 
patients and to investigate whether the use of aspirin or other antiplatelet agents may 
reduce the risk of events.
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9.4.2  All-Trans Retinoic Acid

Catastrophic acute myocardial infarction has been reported in patients with APL treated 
with all-trans retinoic acid (ATRA), with increased incidence in patients suspected of hav-
ing ATRA syndrome. Major thrombotic events in APL can happen before, during, or after 
induction therapy, with more than 80 % of those occurring either before or during induc-
tion therapy, at a similar frequency in the two periods [57].

9.4.3  Platinum Compounds

Platinum compounds have been related to an increasing risk of coronary artery disease at 
long-term follow-up in patients with testicular cancer [58–60].

 5 Both a direct diffuse endothelial damage (which could be related to the acute toxicity) 
and an increases of plasma insulin, insulin resistance, total cholesterol and LDL-C, 
BMI, and a concomitant increase in the volume of the abdominal visceral and subcu-
taneous fat mass within months after chemotherapeutic treatment (which could lead 
to coronary artery disease) have been described [61, 62].

 5 Cisplatin-based treatments for testicular cancer led to a 2.6-fold higher risk of 
severe atherosclerotic disease at 20-year follow-up compared to surgery alone; the 
patients who had radiotherapy and chemotherapy had a 4.8-fold higher risk; bleo-
mycin, etoposide, and cisplatin (BEP) was significantly associated to a 5.7-fold 
higher risk for coronary artery disease and a 3.1-fold increase risk of myocardial 
infarction, but CVB (cisplatin, vinblastine, bleomycine) was not [63]. Interestingly, 
another study found an increased incidence of myocardial infarction in patients 
treated with PVB (platinum, vinblastine, bleomycine) and not in those treated with 
BEP; in this study the excess risk compared to the general population was particu-
larly evident (twofold increase) in patients with nonseminoma cancer and younger 
than 45 years [64].

 5 In a recent large, population-based study of testicular nonseminoma, an excess mor-
tality for noncancer-related causes of 60 % (compared to the general population) 
after chemotherapy was observed; 24.2 % of these noncancer-related deaths were a 
result of cardiovascular disease [65]. In this study, significantly elevated cardiovascu-
lar mortality was observed only in the first year after cancer diagnosis.

 5 It is not clearly defined if platinum causes myocardial ischemia directly or induc-
ing metabolic changes which lead to atherosclerosis, and if the effect is due to plat-
inum alone or to the association with other drugs. It should be considered also the 
possible role of other factors, as subclinical hypogonadism after orchiectomy, 
radiotherapy and antiemetic treatments with glucocorticoids, leading to a meta-
bolic syndrome [66].

 > There are convincing data that cardiac ischemia is more frequent, both at short- and 
medium-long term, in patients treated by platin compounds in comparison with 
general population. This excess risk is mostly remarkable in young men treated for 
testicular carcinoma.

 > Patients cured from testicular cancer should be advised to avoid smoking, practice 
regular physical activity, and check regularly blood glucose and lipids.
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9.4.4  Interleukin-2 (Il-2) and Alpha-Interferon

Acute coronary syndromes during therapy with high-dose interleukin-2 (Il-2) and alpha- 
interferon (IFN) cardiac ischemia have been described in the past [67–69].

The mechanisms of IFN cardiac toxicity have not been fully explained, and several 
hypotheses have been proposed: a direct myocite damage, an autoimmune reaction 
(Kounis syndrome), a toxic effect induced by the increase ein tumor necrosis factor, and 
cytokines.

Il-2 causes a severe flu-like syndrome, with tachycardia and diffuse edema; the more 
likely mechanism of ischemia is a capillary leak syndrome leading to interstitial edema.

 5 The use of these drug in oncology has been changed; their use is now limited, and 
doses have been reduced. Cardiac ischemia seems to be a very rare side effect nowa-
days.

9.4.5  Taxanes

Taxanes (paclitaxel and docetaxel) have anticancer effects by promoting polymerization 
of tubulin, leading to the developments of dysfunctional microtubules and disrupting cell 
division.

 5 Paclitaxel causes acute asymptomatic bradycardia in up to 30 % of patients. An early 
series reported a 5 % incidence of serious arrhythmias and myocardial infarction, 
including ventricular tachycardia in 5 of 140 patients (3.6 %) [70]. However, a signifi-
cant risk of cardiac ischemia has not been reported in more recent studies.

 5 The mechanisms are unknown.
 5 Docetaxel causes less cardiac toxicity than paclitaxel.
 5 Taxanes potentiate anthracycline-induced cardiotoxicity, increasing the plasma levels 
of doxorubicin.

9.4.6  Aromatase Inhibitors

The aromatase inhibitors (AIs) are used in adjuvant, neoadjuvant, and metastatic setting.
AIs inhibit the conversion of androgens to estradiol in fat and other tissues, including 

tumors, and thus reduce estrogen levels in plasma and tissue.
 5 One large phase III trial (BIG-198) of the AI letrozole versus tamoxifen (TAM) 
reported a minimal increase in cardiac events in the letrozole arm at a median follow-
up of 26 months, which persisted in subgroup analysis at 51 months [71]. Since TAM 
has a favorable effect on lipid metabolism and reduce the cardiovascular risk, this 
finding could be due to a lack of beneficial effect from TAM rather than to a true tox-
icity of AIs [72].

 5 A meta-analysis of seven trials enrolling 30,023 patients showed that longer duration of 
AIs use was associated with a statistically significant increase in the odds of developing 
cardiovascular disease compared with tamoxifen alone or shorter duration of aromatase 
inhibitor use; however, the magnitude of cardiovascular events was lower for the treat-
ment cohorts where aromatase inhibitors were administered after 2–3 years of treat-
ment with TAM [73]. According to this study, on the other hand, the use of AIs in 
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postmenopausal women with early-stage breast cancer decreases the odds of venous 
thrombosis. There were no differences in the odds of cerebrovascular disease, other sec-
ond cancers, or death without breast cancer recurrence between treatment strategies.

 5 In a study comparing 2 versus 5 years of TAM therapy, taking TAM for 5 years low-
ered the risk of CV disease and death as a result of a CV event, particularly among 
those age 50–59 years [74].

 5 The meta-analysis of randomized trials of AIs compared with TAM either as initial 
monotherapy or after 2–3 years of TAM found that AIs produce significantly lower 
recurrence rates compared with tamoxifen, either as initial monotherapy or after 2–3 
years of TAM, without any increase in noncancer-related deaths [75].

 > There is a general warning in using AIs in patients with heart disease but not a clear 
contraindication in the overall population.

 > Switching to AIs after initial TAM therapy might reduce the cardiovascular risk.

 > The decision on whether to initiate treatment with an AIs or TAM or whether to 
switch to an AI after 2–3 years of TAM rather than continuing with TAM for 5 years 
depends on a careful evaluation of the general health issues of each individual and 
the risk of relapse [76].

9.4.7  Androgen Deprivation Therapy

Androgen deprivation therapy (ADT) is the mainstay of treatment for locally advanced and 
metastatic prostate cancer. Androgen deprivation can be achieved surgically (orchiectomy), 
medically [gonadotropin-releasing hormone (GnRH) agonists and antagonists, and estro-
gens], and by inducing androgen resistance (androgen receptor antagonists).

 5 It has been known for several years that ADT is associated to an increased risk of 
insulin resistance, diabetes, dyslipidemia, metabolic syndrome, and cardiovascular 
disease, with the duration of ADT directly associated with the degree of metabolic 
perturbations [77, 78].

 5 Venous thromboembolism, peripheral artery disease, and myocardial infarction have 
been reported as a consequence of ADT and not of orchiectomy [79–82].

 5 This risk seems to be independent from the presence of traditional cardiovascular risk 
factors [83].

 5 A large cohort study found that endocrine medical therapy was associated with 
increased risk for MI and stroke but did not find a similar association after orchiec-
tomy [84].

 5 In the most recent study, both orchiectomy and GnRH agonists were associated with 
an increased risk of CV disease, and men with a previous history of two or more CV 
events (particularly if the last event occurred within a year) were at a higher risk of 
CV disease within the first 6 months of therapy [85].

 > Every patient undergoing orchiectomy or pharmacological treatment for ADT has 
an increased risk of developing diabetes, insulin resistance, dyslipidemia, and 
cardiovascular diseases (including CAD) on the medium-long term and should be 
carefully followed up.

 > Patients who have already two or more cardiovascular risk factors have an 
increased risk of myocardial infarction and stroke on the short term.
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10.1  Introduction

Chemotherapy agents have been widely used for a long time in the fight against cancer, 
improving progression-free survival and reducing mortality of about 20 % in the United 
States in the last years [1]. Anyway, extensive cancer research has demonstrated that the 
use of new biologic drugs might be indicated in patients with neoplasia, in particular in 
the setting of metastatic cancer.

Renal surgery has represented the first line of treatment for renal cancer for years, thus 
inducing a reduction in the number of nephrons, and consequently the development or 
the worsening of chronic kidney insufficiency and hypertension. The italian Association 
of Medical Oncology (AIOM) guidelines have recently reported that the treatment with 
interferon α and/or interleukin-2 does not improve global survival of patients with renal 
cancer when compared with surgical intervention. Therefore, renal cancer represents a 
possible target of biologic chemotherapy drugs, which have been already demonstrated to 
be effective in case of renal metastatic carcinoma.

Despite a favorable toxicity profile, these new chemotherapeutic agents may present 
side effects, particularly on cardiovascular and renal systems. In this chapter, we will ana-
lyze the cardiovascular and renal adverse events related to the new biologic chemotherapy 
agents.

10.2  Proteinuria

Agents targeting vascular endothelial growth factor (VEGF) are usually well tolerated, 
with the most frequently observed adverse events being hypertension, asymptomatic 
proteinuria, and asthenia [2, 3]. Bevacizumab is a monoclonal antibody against VEGF 
which has been associated with the development of proteinuria in 23–38 % of patients 
with colon rectal cancer and in more than 64 % of patients with renal carcinoma [4–6]. 
In the Avastin for Renal Cell Cancer (AVOREN) study, 95 % of patients treated with 
bevacizumab (10 mg/kg every 2 weeks) and interferon α (9 MIU 3 times per week) for 
more than 1 year developed proteinuria, and 6 % of patients presented heavy proteinuria. 
In the Bevacizumab Expanded Access Trial (BEAT) study, proteinuria was present only 
in 1 % of patients [7].

A recent meta-analysis of randomized trials on the use of bevacizumab reported a 
relative risk of 1.4 to develop proteinuria, when low doses of the drug were administered 
(2.5–7.5 mg/kg). The risk increased to 1.6 when the drug was administered at higher doses 
(10–15  mg/kg), thus suggesting that the risk for developing proteinuria was dose- 
dependent [2]. Moreover, it has been demonstrated that the interruption of the therapy 
with bevacizumab might be associated with a reduction of proteinuria [8].

In the Italian XELBEVOCT study, performed on 45 patients with metastatic endocrine 
neoplasia treated with octreotide long-acting release, metronomic capecitabine, and beva-
cizumab, 48 % of patients developed proteinuria and 40 % hypertension [9]. All grades of 
proteinuria correlated with longer progression-free survival (p = 0.017), and this correla-
tion was present even after adjustment for bevacizumab therapy duration [9]. Moreover, 
an inverse relationship between proteinuria and vitamin D levels was observed; in 
 particular 75 % of patients with vitamin D levels <10 ng/ml developed proteinuria. Thus, 

 M. Garozzo et al.



165 10

the authors recommended the administration of vitamin D supplements in patients with 
hypovitaminosis D [9].

In patients with chronic kidney disease, renal vitamin D activation is progressively 
lost, and this has been recently associated to an increase in proteinuria and disease pro-
gression [10]. The administration of vitamin D analogs in these patients has been demon-
strated to have renoprotective effects, similarly to ACE inhibitors and angiotensin receptor 
blockers [11].

Moreover, the association of bevacizumab with pamidronate seems to increase the risk 
to develop proteinuria, due to the impairment of podocyte function and the subsequent 
loss of selective glomerular permeability induced by this drug [8].

Patel et al. have reported a preeclampsia-like syndrome in seven patients treated 
with the multitargeted kinase inhibitors sunitinib and sorafenib. All the patients 
developed proteinuria (average 3.8 g/g, range 1.1–10.4 g/g), with peak urine protein 
excretion occurring at a median of 24 weeks, edema, and hypertension [12]. The 
reduction of the dose administered or the interruption of the therapy were associated 
with improved blood pressure control and proteinuria regression in 4 patients with 
follow-up information [12].

In the kidney, glomerular podocytes express VEGF and glomerular endothelial cells 
express VEGF receptors. Podocyte-specific deletion of a single VEGF allele causes pro-
teinuria and capillary endotheliosis in rodents, and disrupted glomerular VEGF signaling 
is strongly implicated in the pathogenesis of human preeclampsia [13, 14]. Therefore, anti- 
VEGF agents may play a role in the pathogenesis of preeclampsia.

In case of heavy proteinuria or preeclampsia-like syndrome induced by agents target-
ing VEGF, kidney biopsy is recommended. Izzedine et  al. have recently carried out a 
review on patients treated with anti-VEGF agents undergoing kidney biopsy. They have 
reported 12 cases of glomerular thrombotic microangiopathy, likely induced by the con-
comitant administration of pamidronate, one case of cryoglobulinemia glomerulonephri-
tis, one case of proliferative glomerulonephritis, and one case of interstitial nephritis 
induced by sorafenib [8].

Proteinuria is partially related to the development of hypertension. In a randomized 
trail performed on 116 patients treated with bevacizumab, the incidence of proteinuria 
was 16 % in case of mild hypertension, reaching 54 % in case of moderate-severe 
 hypertension [4]. Moreover, patients treated with bevacizumab and capecitabine with 
proteinuria developed hypertension more frequently than patients without proteinuria 
(47.1 versus 16.9 %, p ≤ 0.001) [15].

It is still not known if the risk for developing proteinuria is higher in case of 
thera py with agents targeting VEGF than with antibodies against VEGF. Anyway, all 
patients requiring this kind of therapy should be screened for proteinuria and preexi-
sting nephropathy. Therefore, once the treatment is started and before every cycle of 
therapy, proteinuria and kidney function should be evaluated. In case of proteinuria 
<1–2 g/24 h, vitamin D supplements or analogs might be administered, in particular 
in patients with hypovitaminosis D. ACE inhibitors and angiotensin receptor blockers 
are indicated particularly if hypertension coexists. If proteinuria is higher than 
2 g/24 h or acute kidney injury develops, kidney biopsy is strongly recommended and 
referral to nephrologists is mandatory. It is important, indeed, to investigate the 
presen ce of  glomerular thrombotic microangiopathy, acute interstitial nephritis, and 
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paraneoplastic glomerulonephritis, which is not related to drug administration but to 
the type of neoplasm. Pulmonary and gastrointestinal tumors are more frequently 
associated with paraneoplastic syndromes.

10.3  Hypertension

Hypertension is another side effect of anti-VEGF treatment with an incidence ranging 
from 9 to 30 % [2, 16–19]. Di Lorenzo et al. carried out a multicenter analysis on cardiac 
adverse events in 175 patients with metastatic renal cell carcinoma who underwent treat-
ment with sunitinib. Grade 3 hypertension was seen in 17 patients (9.7 %) [16].

Furthermore, the appearance of worsening hypertension (grade 2 or more) was found 
to be the single independent predictor of a better clinical response to sunitinib in meta-
static renal cell carcinoma, as reported by Rixe et al. [18]. In the same study, grade 3 hyper-
tension (requirement of therapy or more intensive therapy than previously) was correlated 
with a better outcome [18]. Hypertension seems to be a time-dependent and reversible 
side effect of the anti-VEGF therapy [2, 8, 20, 21]. In a review performed by Zhu et al. on 
5000 patients with renal cell carcinoma, gastrointestinal stromal tumor and other malig-
nancies treated with sunitinib, a significantly increased relative risk of high-grade hyper-
tension (RR = 22.72, 95 % CI: 4.48–115.29, p < 0.001) was observed [19]. Hypertension was 
related to left ventricular dysfunction which may represent a side effect of the drug or the 
result of hypertension [19].

Hypertension is an on-target effect of the VEGF pathway inhibition [21]. In the retro-
spective analysis of Rini et al., patients with metastatic renal cell carcinoma and sunitinib- 
induced hypertension (maximum systolic blood pressure ≥140 mmHg or diastolic blood 
pressure ≥90 mmHg) had better outcomes than those without treatment-induced hyper-
tension (objective response rate: 54.8 versus 8.7 %) [21] (. Fig. 10.1).

Hypertension associated with improved response, PFS and survival
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The inhibition of VEGF plays a pivotal role in the pathogenesis of sunitinib-induced 
hypertension. It reduces the ability of cell renewal, increases apoptosis in vascular endo-
thelial cells, determines the rarefaction of capillaries and arterioles, and interferes with 
the cellular production of vasodilators such as nitric oxide and prostacyclin, favoring 
vasoconstriction, increasing peripheral resistance, and decreasing renal excretion of 
sodium [22, 23].

All these effects seem to be related to VEGF genotype which has been associated to 
median overall survival, as well as grade 3 or 4 hypertension, in patients with metastatic 
breast cancer treated with bevacizumab [24].

Early and intensive antihypertensive therapy with the goal of maintaining the anti- 
VEGF agents use may improve response rate in these patients. Diuretics, beta-blockers, 
ACE inhibitors, and angiotensin receptor blockers may be indicated in patients with heart 
failure, while calcium-channel blockers, nitrates, and beta-blockers may have beneficial 
effects in patients with ischemic heart disease. Moreover, ACE inhibitors and angiotensin 
receptor blockers may be useful in patients with nephropathy, with caution in case of renal 
artery stenosis [17].

10.4  Cardiotoxicity

10.4.1  Anti-vascular Endothelial Growth Factor Agents

Cardiovascular toxicity has been reported among the side effects of anti-VEGF agents. 
Bevacizumab is a monoclonal antibody acting specifically against VEGF-A, responsible 
for left ventricular dysfunction in 1 % of treated patients [15]. Conversely, sunitinib and 
sorafenib are less selective anti-VEGF agents, with an increased risk of cardiotoxicity and 
an incidence of reduced ejection fraction of 28 % [25].

In a recent trial, Gore et al. enrolled 4371 patients with metastatic renal cell carcinoma 
treated with sunitinib, reporting heart failure as a side effect of the therapy in <1 % of 
patients [26]. A higher incidence of cardiac abnormalities was observed among 175 
patients with metastatic renal cell carcinoma treated with sunitinib in the study of Di 
Lorenzo et al. [16]. Twelve patients were classified as grade 3 left ventricular dysfunction 
and/or congestive heart failure (6.9 %) [16]. Similar data have been reported in two meta- 
analysis performed on 7000 patients treated with sunitinib and 900 patients treated with 
sorafenib, demonstrating an incidence of sunitinib-induced heart failure of 4.1 % and of 
sorafenib-associated cardiac dysfunction of 1 % [16, 27].

In an observational study, Schmidinger et al. found that among 74 eligible patients 
treated with either sunitinib or sorafenib, 33.8 % experienced a cardiac event, 40.5 % 
had ECG changes, and 18 % were symptomatic. Seven patients (9.4 %) were seriously 
compromised and required intermediate care and/or intensive care admission. All 
patients recovered after cardiovascular management (medication, coronary angiogra-
phy, pacemaker implantation, heart surgery) and were considered eligible for therapy 
continuation [28].
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Sunitinib and sorafenib belong to the class of small molecule tyrosine kinase inhibitors 
and are able to block signaling cascades other than the one of VEGF [29]. The higher inci-
dence of cardiotoxicity is indeed explained by the inhibition of off-target kinases, such as 
ribosomal S6 kinase, with consequent activation of the intrinsic apoptotic pathway, and 5′ 
AMP-activated protein kinase with worsening of ATP depletion [29]. Therefore, left ven-
tricular dysfunction would occur due to myocyte dysfunction [29].

Moreover, antiangiogenic drugs may interfere with membrane integrity of endothelial 
cells, thus altering nitric oxide production and inducing hypertension and coagulation 
disorders [30, 31]. Bevacizumab was found, indeed, to be associated to an increased risk 
of arterial and venous thromboembolism [30, 32] and hemorrhagic events [33] in patients 
with renal carcinoma. Sunitinib and sorafenib as well have been reported to induce arte-
rial thromboembolism [16, 34] and hemorrhagic events [35] in patients with renal 
 carcinoma. Furthermore, in a retrospective study on 67 patients with metastatic renal cell 
carcinoma treated with sorafenib or sunitinib, five patients (7 %) died of intracerebral 
hemorrhage during therapy [31].

Antiangiogenic drugs have been also demonstrated to interfere with potassium chan-
nels of myocytes. In particular, the serine/threonine kinase BRAF is responsible for the 
increased expression of these channels on cellular membrane, with consequent increased 
intracellular concentration of potassium and action potential. The inhibition of BRAF by 
chemotherapeutic drugs, such as sorafenib, vemurafenib, regorafenib, and dabrafenib, 
may induce a QT interval prolongation and an increased risk of cardiac arrhythmias and 
sudden death [36].

10.4.2  Antihuman Epidermal Growth Factor Receptor 2

Trastuzumab, a recombinant monoclonal antibody against human epidermal growth 
factor receptor 2 (HER2), has been demonstrated to be effective in case of breast and 
gastric cancers which overexpress HER2 [37]. Anyway, this drug seems to induce car-
diac dysfunction due to reduced myocardial contractility, in particular if it is associated 
to anthracyclines [37, 38]. Because of the reported cardiotoxicity of both drugs, the 
association of the two agents is forbidden. Indeed, anthracyclines are responsible for 
myocytes damage which may be exacerbated by the concomitant administration of 
trastuzumab [39].

No available data exist about cardiotoxicity of pertuzumab, while lapatinib, an inhibi-
tor of HER2, seems to possess less cardiotoxic effects than trastuzumab [38].

Cardiotoxicity of anti-HER2 agents is related to the inhibition of neuregulin-1 [39, 
40]. The neuregulin-1 gene is a member of the epidermal growth factor gene family, abun-
dant in the cardiovascular system. The neuregulin-1 exerts its cardioprotective effects in a 
paracrine manner and its inhibition by anti-HER2 drugs is responsible for the increased 
cardiac sensitivity to toxic insults, included anthracyclines [29].
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10.4.3  Anti-active Breakpoint Cluster Region  
Abelson Receptor

Imatinib and dasatinib are new-generation drugs against breakpoint cluster region abel-
son (BCR-ABL) receptor used in case of chronic myelogenous leukemia and gastrointes-
tinal neoplasia. Even though preliminary data suggested the potential cardiotoxic effects 
of these drugs, recent studies have not confirmed these results [29].

10.4.4  Prevention and Management of Cardiotoxicity

Before treatment with biologic agents is started, cardiotoxic risk should be evaluated 
for each patient [29]. Clinical assessment, ECG, and echocardiography performance 
are recommended in order to identify cardiac disease and arrhythmias. Blood pressure 
should be monitored and hypertension carefully treated. Thyroid function should be 
assessed as well, in particular in patients with known cardiac disease or in patients with 
increased cardiovascular risk factors. In these patients, ejection fraction should be 
evaluated before the starting of each cycle of therapy for the first four cycles [17]. In 
patients without cardiovascular risk factors, ejection fraction may be assessed every 
three cycles [17].

In case of therapy with anti-VEGF agents, coagulation system should be studied to 
avoid thrombotic events. If patients develop moderate-severe thrombosis or hemorrhagic 
events, the interruption of treatment is mandatory.

10.5  Renal Dysfunction

Renal function should be always assessed before chemotherapy is started and carefully 
monitored during all treatment, especially in patients with previous nephrectomy. In 
these patients, the real incidence of kidney dysfunction might be underestimated, in par-
ticular in case of mild reduction of renal function, due to the increased creatinine tubular 
secretion [19].

Zhu et al. have reported an incidence of renal dysfunction of 65.6 % among patients 
with renal cell carcinoma treated with sunitinib and of 12.4 % among patients with gastro-
intestinal neoplasia, when compared with controls (RR 1.359, 95 % CI: 1.197, 1.544; 
p < 0.001). In addition to nephrectomy, renal dysfunction may be also related to hyperten-
sion or to the effects of anti-VEGF agents on podocytes and renal tubules [20].

Moreover, nausea, vomiting, and prolonged diarrhea, which are common side effects 
of chemotherapy, may dehydrate patients, thus triggering acute kidney injury, especially 
in subjects with chronic kidney disease.

. Table 10.1 reports all the side effects of biologic chemotherapy agents.
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11.1  Introduction

Patients with cancer may have several kinds of arrhythmias either as an independent 
comorbidity or as a consequence of the cancer itself or of the antineoplastic therapies.

11.1.1  Incidence of Cardiac Arrhythmias

The real incidence of arrhythmias is difficult to be assessed and can often be underesti-
mated for different reasons:

 5 Systematic cardiac monitoring is not routinely performed in cancer patients unless 
symptomatic.

 5 Some arrhythmias may not be detected during routine monitoring [1, 2]
 5 Sometimes patients with heart disease or higher risk of cardiotoxicity are excluded in 
clinical trials

 5 In many patients, several chemotherapy are administered simultaneously; therefore it 
is difficult to identify which drug may cause arrhythmia

 5 Great number of new agents used in the treatment

11.2  Atrial Fibrillation

Atrial fibrillation is a disorganized, rapid, and irregular atrial activation. The ventricular 
response to the rapid atrial activation is irregular. The rate may vary between 120 and 160 
beats/min, but sometimes arrives up to 200 beats/min.Atrial fibrillation is defined as:

 5 paroxysmal if it is self-terminating, usually within 48 h. AF episodes that are cardio-
verted within 7 days should be considered paroxysmal

 5 persistent if it is present when an AF episode lasts longer than 7 days or requires ter-
mination by cardioversion after 7 days or more.

 5 permanent if the presence of the arrhythmia is accepted by the patient (and physi-
cian) it lasts for months or years.

The prevalence is 1.5 % to 2 % in the general population, increasing up to 10 % at 80 years 
of age and to 18 % at 85 years of age [3, 4, 5]

11.2.1  Epidemiology

Most frequent cancer-related AF occurs postoperatively.
 5 AF is particularly frequent during and after thoracic surgery:

 5 Especially in pulmonary resection for lung cancer [6], associated with an increase 
of postoperative mortality; in patients who underwent elective colectomy for 
colorectal cancer [7] or esophagectomy for esophageal cancer [8].

The association between cancer and AF is not only limited to the postoperative period but 
also in some cancers like colorectal of the colon, breast, lung, kidney, and ovary a higher 
incidence of AF may be observed [9].
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11.2.2  Pathophysiology

There are many conditions predisposing to AF in cancer patients:
 5 A direct manifestation of cancer in case of primary neoplasm such as lung and esoph-
agus involving the heart or metastatic cardiac tumors.

 5 Electrolyte imbalances, metabolic disorders, an increase in sympathetic tone, parane-
oplastic manifestations as in hyperparathyroidism, or autoimmune reactions.

 5 A consequence of medical therapy such as anthracyclines, taxanes, 5-fluorouracil and 
capecitabine, cisplatin, ifosfamide, gemcitabine, high-dose corticosteroids, targeted 
therapies, and bisphosphonates.

 5 inflammation may lead to AF [10]:
 5 Chronic inflammation increases cancer risk and affects all cancer stages, trigger-
ing the initial genetic mutation or epigenetic mechanism, promoting cancer 
initiation, progression, and metastatic diffusion. In fact, a general increase in 
plasma levels and cell increase of the main inflammatory markers such as C-reac-
tive protein (CRP) and serum amyloid A (A-SAA) are associated with AF [11].

11.2.3  Clinical Considerations

In clinical practice, the approach to atrial fibrillation requires:
 5 Screening and prophylaxis of AF
 5 Heart rate control versus restoring sinus rhythm
 5 Prevention of thromboembolism
 5 Evaluation of risk of bleeding

 5 Consider antiarrhythmic prophylaxis in particular conditions like:
 5 Lung or oesophageal resection
 5 In some cancers or chemotherapy

 5 Consider pharmacological or electrical cardioversion:
 5 In patients hemodynamically unstable recalling that:
AF onset <48 h under the cover of UFH administered i.v.
AF onset >48 h or AF of unknown duration. Anticoagulation or a transesophageal 

echocardiogram to rule out the presence of atrial thrombi is considered manda-
tory before elective cardioversion

 5 There are evidence in favour of using amiodarone for prophylaxis or rhythm 
maintenance

 5 Consider rate control in patients hemodynamically stable or in metastatic disease
 5 a good ventricular rate is obtained using B-blockers or calcium channel blocker 
such as verapamil o diltiazem

 > A balance between thromboembolic and bleeding risks in cancer patients is 
required. It is known that cancer is itself a pro-thrombotic state increasing the risk 
of thromboembolic events in patients with AF. Moreover, keep in mind the risk of 
bleeding of some cancers in oncology patients.
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Antithrombotic Therapy in Cancer-Related Atrial Fibrillation include evaluation of 
scores using CHADS2 or CHA2DS2-VASc and HAS-BLED are currently used to guide 
antithrombotic therapy [3] (. Fig. 11.1).

In this prediction, scores have not included cancer patients, so may not be adequate: 
CHA2DS2-VASc rules out previous thromboembolism and HAS-BLED excludes hemato-
logical malignancies, coagulation defects, thrombocytopenia, and severe metastatic 
hepatic disease.

In this context, the antithrombotic therapy should be strictly individualized (see other 
chapter).

Furthermore, the response to anticoagulant therapy can be complex and may not be 
predictable for the increased risk of bleeding for concomitant medications or metabolic 
disorders [12].

11.2.4  Therapy

 5 Low molecular weight heparin (LMWH) may often be the therapy of choice having a 
more favorable outcome than vitamin K inhibitors [13].

 5 To date, there is no evidence for the use of novel anticoagulants in cancer patients [14].
 5 OAT should be considered, a year after cancer diagnosis [15].
 5 There are not enough data to use radiofrequency catheter ablation for pulmonary vein 
isolation in cancer patients, but it may be a good option when it becomes difficult to 
control the rhythm with therapy considering cancer prognosis.

In 2014 detailed and comprehensive evidence-based guidelines for the prevention 
and treatment of perioperative/postoperative atrial fibrillation and flutter (POAF) 
for thoracic surgical procedures have been published [16]. These guidelines may 
be applied to the general cancer population. However, for patients undergoing 

AF  cancer-related

Estimation of Thromboembolism Risk Estimation of Bleeding

For thromboembolism risk may be used
CHAD2DS2-VASc score   

In high risk or even in low risk  (e.g.,
CHA2DS2-VASc score 0) when associated
with tumors or cancer therapies  with high
risk of thromboembolism   

For bleeding risk may be used HAS-BLED
score 

Consider antithrombotic 
therapy

In high risk antithrombotic
therapy not recommended 

.. Fig. 11.1 Anticoagulant therapy in patients with cancer-related atrial fibrillation (AF)
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chemotherapy, the possible interaction between cardiologic and oncologic drugs 
have to be taken into account.

For clinical point of view, see . Fig. 11.2.

11.3  Bradyarrhythmias

Bradyarrhythmias are comprised of sinus bradycardia, dysfunction of the sinus node 
(sinus atrial block to sinus arrest) and atrio-ventricular block.

Sinus bradycardia is a heart rhythm with a ventricular rate of less than 60 beats per 
minute. Sick sinus syndrome depends on the dysfunctional node sinus where bradycardia 
is alternating with tachycardia as well as atrial fibrillation.

AV block is a conduction disorder due to failure of impulse conduction over the atrio-
ventricular (AV) node/His-Purkinje system. There are three types of AV blocks with 
increased severity of damage (AV I, II, III degree). In first degree AV block, all the beats 
are conducted to the ventricles (the ventricular rhythm is the same of the atrial rhythm), 
but with a delay exceeding 200 msec. In second degree AV block, some atrial impulse are 
not conducted to the ventricles, and the ventricular rate is slower than the atrial rate. In 
third degree AV block (also called “Complete AV block”), no atrial impulse is conducted 

Atrial Fibrillation
Clinical History

Physical examination 

ECG during tachycardia or recording
when present irregular pulse  

Laboratory tests 
•Thyroid function tests 
•Blood count
•Fasting glucose measurement 
•Serum creatinine measurement 

Echocardiogram

Predisponing factors
•Heart diseases
•Obesity
•Diabete mellitus 
•Cronic renal diseases 
•Surgery
•Chemotherapy

Rate controll vs cardioversion

Risk / benefit of antithrombotic therapy

.. Fig. 11.2 Clinical assessment and theraputic approach for patients with atrial fibrillation
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to the ventricles; the ventricular rate is mantained by a ventricular pacemaker activity, 
leading to a low (25–30/bpm) heart rate with wide QRS in the ECG; an artificial pace-
maker (PM) implantation is often necessary.

Bradyarrhythmias in cancer patients may be present regardless of the chemotherapy.
The evidence of bradycardia/ block AV is higher:

 5 In the elderly patients where there may be fibrosis of the conduction system. Other 
conditions are underlying heart disease with or without concomitant medications, 
cardiac metastases that involves the heart, and secondary infiltration of the heart

 5 Previous mediastinum radiotherapy
 5 Electrolyte disturbance, hypothyroidism, vagal stimulation, or drugs

Bradyarrhythmias in oncology patients generally are rare, transient, and self-limiting 
manifestations of chemotherapy.

Symptoms (e.g., dyspnea, syncope, dizziness, chest pain, fatigue) often depend on ven-
tricular rate degree of block or presence of underlying heart disease (. Fig. 11.3).

Bradyarrhythmias may be determined by several chemotherapeutic agents as 
 doxorubicin, mitoxantrone, cyclophosphamide, cisplatin, paclitaxel, and thalidomide  
(. Table 11.1).

The most common medications that may lead to bradycardia/AV block are thalido-
mide and paclitaxel.

Bradycardia / AV block
Clinical History

Physical examination 

ECG during bradycardia

Laboratory tests
•Thyroid function tests
•Blood count
•Serum creatinine measurement
• Elettrolytes measurement

Predisponing factors
•Elettrolytes
•Drugs induced-bradycardia
•Hypotiroidism
•Age
• Heart diseases
• Chemotherapy

If bradycardia / symptomatic AV block

Consider Risk / benefit to continue chemotherapy Consider PM implantation

.. Fig. 11.3 Clinical assessment and therapeutic approach for patients with bradiarrhythmias
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.¦ Table 11.1 Chemotherapeutic agents induce sinus bradycardia, AV block, intraventricular 
conduction block

Drug Sinus bradycardia AV block Intraventricular conduction block

Amsacrine Rare

Arsenic trioxide Rare Rare Rare

Bortezomib Rare Rare

Capecitabine Rare Rare

Ciplatin Rare Rare Rare

Combretastatin Rare

Crizotinib Rare

Cyclophosphamide Rare Rare

Cytarabine Rare

Daunorubicin Rare Rare

Fludarabine Rare

5-Fu Frequent (*) Rare Rare

Mitoxantrone Rare Rare

Paclitaxel 0.1–31 % 25 % Rare

Polatinib Rare Rare

Rituximab Rare Rare

Taxanes Rare Rare

Thalidomide 27 % Rare

Vinca alkaloids Rare

Vorinostat Rare

Doxorubicin Rare Rare Rare

Epirubicin Rare

Ifosfamide Rare

IL-2 Rare Rare Rare

Interferon-α Rare

Trastuzumab Rare

Imatinib Rare

11.3.1  Thalidomide

Thalidomide is used for some solid tumors. Sinus bradycardia is observed in about one- 
third of patients. Third-degree AV block with hypotension and loss of consciousness were 
reported in a case report [17].

Cardiac Arrhythmias in Cancer Patients



182

11

In clinical practice:
 5 Close monitoring of signs and symptoms of bradycardia (fatigue, syncope, lighthead-
edness, or dizziness) during the administration of thalidomide

 5 Dose reduction or discontinuation in bradycardia with heart rate of 50–60 bpm 
when symptoms develop

 5 Thalidomide should be interrupted in bradycardia with heart rate of <50 bpm.
 5 Bradycardia often recovers after drug discontinuation but sometimes requires a 
 pacemaker implantation [18, 19]

 5 Particularly in responsive myeloma, requiring a continuous therapy, a pacemaker 
implantation when third degree AV block occurs should be considered

 5 Thyroid-stimulating hormone level should be obtained to rule out hypothyroidism

11.3.2  Paclitaxel

Sinus bradycardia and first-degree atrioventricular block, advanced heart block, and con-
duction abnormalities are rare and often asymptomatic.

In clinical practice:
 5 Arrhythmias appear within the first 24 h after initiation of infusion and resolve spon-
taneously over the next 48–72 h [20, 21]

 5 Cardiac monitoring is generally recommended in the first hours of infusion
 5 Drug discontinuation should be considered when conduction disturbances occur.
 5 Pacemaker implantation might be required depending on the severity of symptoms, 
hemodynamic consequences, and need to continue the therapy [21].

 5 Pretreatment with antihistamines and corticosteroids prevents the release of hista-
mine and reduces the risk of bradycardia.

11.3.3  Other Drugs

Other drugs that less commonly lead to bradycardia include the following:
 5 5-fluorouracil (5-FU) and capecitabine: Sometimes transient asymptomatic bradycar-
dia has been observed persisting for more than 24 h [21]. Rarely requires pacemaker 
implantation.

 5 Cisplatin: Bradyarrhythmias are rare, and marked sinus bradycardia may occur dur-
ing each of the six cycles [22].

In conclusion, the approach to these arrhythmias should be individualized: the decision 
depends on the drug administered, the need to continue the treatment, and the severity of 
the arrhythmia and related symptoms.

11.4  Ventricular Arrhythmias Without QT Prolongation

Ventricular tachycardia (VT) is defined as tachyarrhythmia with wide QRS of 3 or more 
consecutive complexes in duration originating from the ventricles at a rate of ≥ 100 bpm.

Non-sustained VT of 3 or more consecutive complexes in duration, terminating spon-
taneously in <30 sec.
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Sustained VT > 30 sec in duration and /or requiring termination due to haemody-
namic compromise in <30 sec.

VT without QT prolongation are rare and may be:
 5 Manifestations of acute or chronic toxicity, mainly in the presence of predisposing 
factors (left ventricular dysfunction, ischemia, electrolyte abnormalities, metabolic 
disorders, or marked bradycardia)

 5 A direct presentation of a primary neoplasm or cardiac metastasis.

The most common drugs that can induce VT are (. Table 11.2):

.¦ Table 11.2 Chemotherapeutic agents induce ventricular 
tachycardia

Drug
Ventricular tachycardia/
fibrillation

Arsenic trioxide 50 %

Capecitabine 2.1 %

Ciplatin 8 %

Cyclophosphamide Rare

Daunorubicin Rare

5-FU* 1.1 %

Taxanes 0.26 %

Doxorubicin 6 %

Ifosfamide Rare

IL-2 05–1.1 %

Interferon-α-ϒ Rare

Trastuzumab Rare

Melphalan Rare

Amsacrine Rare

Gemcitabine Rare

Methotrexate Rare

Dasatinib Rare

Panobinostat Rare

Romidepsin Rare

Alemtuzumab Rare

Rituximab Rare

(*) In continuous infusion
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 5 5-FU and capecitabine
 5 Ventricular arrhythmias and sudden cardiac death often occur during angina or 
myocardial infarction [23, 24]. Arrhythmias without ischemia are rare.

 5 Ischemic-like ECG changes and ventricular arrhythmias appear within 2–5 days 
and disappear within a few hours to 5 days after drug discontinuation.

 5 Interleukin-2 (IL-2). VT during IL-2 administration is rare and described 
in patients with renal cell carcinoma undergoing treatment with high-dose 
bolus [25].

 5 Ifosfamide can be associated with malignant arrhythmias when used in high doses 
[26].

 5 Cyclophosphamide and cisplatin seldom cause ventricular arrhythmias [27, 28].
 5 Anthracycline presents serious ventricular arrhythmias which may occur in chronic 
anthracycline cardiotoxicity even after many years of chemotherapy when patients 
developed a cardiomyopathy [29].

11.5  Diagnosis of Cardiac Arrhythmias

The first clinical approach is to identify those patients who are more susceptible 
to  developing cardiac arrhythmias optimizing clinical monitoring and therapy 
(. Fig. 11.4).

A careful baseline cardiovascular evaluation should be performed.
 5 Aggressive treatment of comorbidity before and during therapy is mandatory to 
reduce the risk of arrhythmias.

 5 Close monitoring and attention to develop signs or symptoms may improve outcome 
of those patients.

ECG should be performed before and during the treatment:
 5 To detect arrhythmias, conduction disturbances, QTc interval prolongation, and signs 
of myocardial ischemia or LV hypertrophy

 5 May help in determining the location of the cardiac tumor [30]

ECG Holter monitoring is useful when arrhythmia is suspected in order to prevent it and/
or treat.

In conclusion, the approach to these arrhythmias should be individualized; the deci-
sion depends on dose and drug administered and the type of cancer. Considering the 
severity of this arrhythmia the chemotherapy should be discontinued (. Fig. 11.4).
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11.6  Arrhythmias and Targeted Therapy

Prolongation of the QTc interval and cardiac arrhythmias: Many drugs delay cardiac repo-
larization—an effect that is reflected on the surface electrocardiogram (ECG) by a pro-
longed heart rate-corrected QT (QTc) interval. Although a prolonged QTc interval is not 
immediately harmful, it can be associated with potentially fatal cardiac arrhythmias. The 
ventricular tachyarrhythmia most typically triggered is of a unique form, known as tors-
ades de pointes, which is most often transient, but when sustained, can give rise to symp-
toms of impaired cerebral circulation or degenerate into ventricular fibrillation, usually 
with a fatal outcome.

Of the vascular endothelial growth factor (VEGF) receptor tyrosine kinase inhibitors 
(TKIs), vandetanib and sunitinib have been most convincingly associated with QTc pro-
longation, although other VEGF receptor (VEGRF) TKIs including sorafenib are less 
certain [31].

Ventricular arrhythmias
Clinical History

Physical examination 

ECG during tachycardia

Laboratory tests
•Blood count
•Elettrolytes measurement
•Serum creatinine measurement
•Troponin measurement

Echocardiogram

Predisponing factors
• Heart diseases
•
•

elettrolytes

•
Drugs
Chemotherapy

•Acute ischaemia

Treatment

•Evaluate for complete reversal of causes
•Evaluate drugs and dose

Stop chemoterapy

.. Fig. 11.4 Clinical assessment and theraputic approach for patients with ventricular arrhythmias
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In a large meta-analysis of 6548 patients, 4.4 and 0.83 % of patients exposed to a 
VEGFR TKI had all-grade and high-grade QTc prolongation, respectively. The relative 
risk (RR) is higher with Sunitinib and Vandetanib; most of the events, however, are asymp-
tomatic QTc prolongation. In the same analysis, the increased RR seen with pazopanib 
and axitinib was not statistically significant. Higher doses of vandetanib were associated 
with a greater risk (RR 12.2 versus 3.6 for lower doses).

 5 The rate of serious arrhythmias including torsades de pointes did not seem to be 
higher in patients who developed high-grade QTc prolongation.

 5 The risk of QTc prolongation was independent of the duration of therapy.

11.6.1  Vandetanib

In some clinical trials, vandetanib has been associated with prolongation of the QTc inter-
val (waveform 1), torsades de pointes, and sudden death [31–33]. The magnitude of risk 
has been evaluated by a meta-analysis of nine phase II or III trials of vandetanib in a vari-
ety of malignancies [33]. The overall incidence of all-grade (>0.45  s) and high-grade 
(>0.5 s or symptomatic and requiring treatment) QTc interval prolongation was 16.4 and 
3.7 %, respectively, among non-thyroid cancer patients (predominantly breast and lung 
cancer), with 18 and 12 %, respectively, among thyroid cancer patients who received treat-
ment for a substantially longer period of time [33]. Largely because of its cardiovascular 
risk, vandetanib is only available through a restricted distribution program (the Vandetanib 
Risk Evaluation and Mitigation Strategy [REMS] Program).

 > VANDETANIB should not be initiated in a patient with a QTc interval > 450 
milliseconds (ms) [34].

Because of the risk of cardiotoxicity, the USA prescribing information includes a black 
box warning to correct hypocalcemia, hypokalemia, and/or hypomagnesemia prior to 
drug administration.

In addition, given the long half-life of the drug (19 days), ECGs are recommended to 
monitor the QT interval.

 5 At baseline, at two to four weeks, 8 to 12 weeks after starting treatment, and every 
three months thereafter.

 5 Monitoring of serum potassium, calcium, and magnesium levels as well as TSH is rec-
ommended on the same schedule.

 5 Concurrent administration of drugs known to prolong the QTc interval should be 
avoided

 5 Patients who develop a QTc interval greater than 500 ms during treatment should 
stop taking the drug until the QTc returns to <450 ms; dosing should be resumed at a 
reduced dose.
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11.6.2  Sunitinib and Sorafenib

Sunitinib also has a dose-dependent effect on the QTc interval [31, 35–37]. In contrast, 
the effect of sorafenib on changes in the QTc interval appears modest and unlikely to 
be of clinical significance [31, 38].Specific guidelines for monitoring with ECGs during 
sunitinib therapy and managing the dose in patients who develop QTc prolongation are 
lacking.

 5 In general, we obtain a baseline ECG in patients treated with sunitinib and monitor 
with ECGs during therapy only if the patient is also receiving therapy with other 
drugs that have the potential to prolong the QTc interval.

11.6.3  Lenvatinib

In a placebo-controlled trial, approximately 9 % of lenvatinib-treated patients developed 
QTc interval prolongation versus 2 % in the control group; the incidence of grade 3 or 
greater QTc prolongation was 2 % versus non in the placebo group.

 5 The US prescribing information recommends monitoring ECGs in patients with con-
genital long QT syndrome, heart failure, bradyarrhythmias, or those taking drugs 
known to prolong the QT interval.

11.6.4  Ponatinib

Approximately, 1 % of patients treated with ponatinib have developed symptomatic brady-
arrhythmias and 5 % supraventricular tachyarrhythmias (predominantly atrial fibrilla-
tion) [39]. QTc prolongation is not reported.

11.7  Monitoring and Management of Cardiac Arrhythmias 
Due to Targeted Therapy

Specific guidelines for assessing and monitoring the QTc interval and recommendations 
for managing the drug based upon the grade of toxicity (. Table 11.3) are available for 
patients receiving vandetanib and lenvatinib. Formal guidelines are not available for any 
of the other anti-angiogenic TKIs.

Cardiac Arrhythmias in Cancer Patients



188

11

.¦ Table 11.3 NCI CTCAE v4.0 QT prolongation

Adverseevent Grade 1 Grade 2 Grade 3 Grade 4

QT intervalprolongation QTc 450 to 
480 
milliseconds

QTc 481 to 
500 
milliseconds

QTc ≥501 
milliseconds 
on at least 
two separate 
ECGs

QTc ≥501 
milliseconds or 
>60 milliseconds 
change from 
baseline and 
torsade de 
pointes or 
polymorphic 
ventricular 
tachycardia or 
signs/symptoms 
of serious 
arrhythmia

Prolongation of the corrected QT interval is found on the electrocardiogram. NCI CTCAE National 
Cancer Institute Common Terminology Criteria for Adverse Events
QTc QT corrected interval, ECGs electrocardiograms

Recommendations
For any patient receiving therapy with an anti-angiogenic TKI, careful review of 
concomitant medications is warranted, especially drugs that are associated with 
increased QTc.

Patients with a history of QT interval prolongation, those who are taking 
antiarrhythmics, and those with relevant preexisting cardiac disease, bradycardia, or 
electrolyte disturbances may be more prone to develop a prolonged QTc.
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12.1  Pathophysiology

Radiation therapy (RT) causes inflammation, activation of pro-fibrotic cytokines, and 
endothelial and microvascular damage. Radiation increases oxidative stress through free 
radical production and results in recruitment of matrix metalloproteinases and pro- 
inflammatory mediators such as IL-4, IL-13, and TGF-β. After myofibroblasts have been 
activated, collagen deposition and fibroblast differentiation can continue independent of 
TGF-β signaling via autocrine induction. These changes may lead to acute toxicity (evident 
during or shortly after radiotherapy) and start a chronic process leading to delayed dys-
function that is evident several years later. Acute changes largely result from direct radiation 
damage and the immediate inflammatory response, while long-term changes are due to 
stem cell loss and late and persistent tissue fibrosis. Thus, chronic radiation-induced dam-
age is irreversible and can affect multiple cardiac structures including the coronary arteries, 
myocardium, pericardium, cardiac valves, and the conduction system [1] (. Table 12.1).

..... Table 12.1 Reproduced with permission from [74]

Echo
cardiography

Cardiac 
CMR

Cardiac 
CT

Stress echo
cardiography

ERNA/SPECT 
perfusion

Pericardial disease

Effusion—
screening and 
positive diagnosis

++++ + + − +/−

Effusion—
follow-up

++++ − − − +/−

Constriction—
screening and 
positive 
diagnosis

++++ ++++ ++ − +/−

Myocardial disease

  LV systolic 
dysfunction

++++ (first-line 
imaging, con-
trast echocar-
diography if 
poor acoustic 
window)

++++ + ++++ (con-
tractile 
reserve 
assessment)

++++/++++ 
(used when 
both function 
and 
perfusion are 
to be 
analyzed)

  LV diastolic 
dysfunction

++++ + − − ++/+

LV dysfunction—
follow-up

++++ (first-line 
imaging, con-
trast echocar-
diography if 
poor acoustic 
window)

+ − ++ (contrac-
tile reserve 
assessment)

++/++

  Myocardial 
fibrosis

− ++++ + − −
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12.2  Acute Toxicity

12.2.1  Acute Pericarditis

The most common acute toxicity is acute pericarditis. It is seen mostly in patients treated 
with high-dose RT for mediastinal Hodgkin (HL) or non-Hodgkin (NHL) lymphoma, 
esophageal cancer, lung cancer, and thymoma. It is a consequence of (1) increased produc-
tion of pericardial fluid due to the increased vascular permeability and (2) impaired drain-
age due to fibrosis of the lymphatic vessels.

 5 The incidence of acute pericarditis has decreased over time from 20 % to 2.5 % with 
modern radiation techniques

 5 Small, asymptomatic pericardial effusions are the most frequent complication but are 
usually self-limited and disappear within weeks without requiring any specific therapy [2].

 > Small pericardial effusions (due probably to impaired lymphatic drainage) are 
frequently present before radiotherapy in patients with lymphoma and large 
mediastinal masses and should not be considered a complication of RT.

 5 Acute pericarditis with chest pain, ECG changes, and/or pericardial friction rubs may 
be observed in some patients during or in the first months after RT over the esophagus 
or lung cancer. Pericardial effusion is usually mild to moderate or even absent.

 5 Therapy is the same as for acute viral or idiopathic pericarditis, i.e., nonsteroidal 
anti-inflammatory drugs. Colchicine may also be considered in refractory cases.

12.2.2  Ventricular Dysfunction

Ventricular dysfunction is a rare event. It is more frequent when an anthracycline or high-
dose chemotherapy is administered concurrently, or shortly before RT, since radiation 
interacts synergistically to induce myocardial damage [3, 4].

 5 The dysfunction is usually both systolic and diastolic, and a restrictive pattern is 
usually seen.

Valve disease

  Positive 
diagnosis and 
severity 
assessment

++++ ++ − ++ +/−

  Follow-up ++++ − − ++ +/−

Coronary artery disease

  Positive 
diagnosis

+ (if resting 
wall-motion 
abnormalities)

++++ 
(stress 
CMRb)

++ (CT 
angioa)

++++ (exer-
cise or dobu-
tamine)

+/++++

  Follow-up + + − ++++ 
(first-line 
imaging)

+/++

..... Table 12.1 (continued)
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12.2.3  Cardiac Ischemia

Cardiac ischemia may also be observed in the first months after RT, especially with radia-
tion fields very close to the heart. In one prospective study, volume-dependent perfusion 
defects were observed in approximately 40 % of patients within 2 years of RT [5]. Patients 
with early perfusion defects might have a high incidence of cardiac events at long-term 
follow-up [6].

12.3  Late Toxicity

Delayed radiation-induced heart disease (RIHD) is a significant problem, especially in 
long-term survivors of lymphoma and breast cancer. The median time from RT to appear-
ance of clinically significant RIHD is 15 years, with the incidence increasing progressively 
over time [7–11].

12.3.1  Coronary Artery Disease (CAD)

Coronary Artery Disease (CAD) is the most frequent and relevant form of RIHD. The risk 
of death due to acute myocardial infarction (AMI) is two- to fourfold higher in patients 
treated for Hodgkin lymphoma compared with age-matched controls, but can be increased 
sevenfold or higher in some subgroups [12]. Animal models of radiation- induced athero-
sclerosis have shown that radiation accelerates the development of atherosclerotic plaques 
and predisposes to an inflammatory phenotype prone to hemorrhage, as well as increasing 
the total plaque burden relative to age-matched animals.

 5 The most relevant risk factors for CAD after chest RT are:
 5 Total radiation exposure of the heart: treatments delivered without heart shielding, 
higher cumulative dose (>30 Gy), fractional dose > 2 Gy, left vs right chest RT (in 
breast cancer)

 5 Younger age (<25 years) at the time of RT
 5 High blood cholesterol, active cigarette smoking, and other cardiovascular risk 
factors

 5 The mechanism involved in plaque formation is thought to mirror spontaneous 
atherosclerosis; however, plaques in irradiated patients have been found to be more 
fibrous with decreased lipid content, and the lesions are consistently more proximal, 
smoother, concentric, tubular, and longer.

 5 Typically, CAD develops mostly within the radiation field.
 5 Ostial stenoses are typical of mediastinal RT. Macroscopically, there is a 
significantly higher incidence of left main disease, followed by ostial right 
coronary artery and left anterior descending artery stenoses.

 5 After left chest irradiation for breast cancer, the apical segments are more 
involved; in these patients, there is a damage of the microvasculature, leading to 
kinetics abnormalities rather than acute myocardial infarction in most cases [13].

 5 Radiation-induced CAD is often clinically silent and AMI may be the first presenting 
event (. Fig. 12.1). Both silent ischemia and false-negative stress tests have been 
documented [14]. In our experience, 75 % of patients with inducible ischemia on 
screening stress tests are asymptomatic.

 C. Lestuzzi et al.
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 5 The probable explanation is that radiation damages the cardiac nerves, leading to a 
functionally denervated heart.

 5 Therefore, screening of patients at risk for radiation-induced CAD should be 
based on functional and/or imaging techniques rather than on symptoms alone.

12.3.2  Left Ventricular (LV) Dysfunction

Left ventricular (LV) dysfunction is a frequent complication of chest RT
 5 it can occur due to one or more of the following mechanisms:

 5 Macroscopic CAD leading to chronic ischemia and myocardial hibernation, 
stunning, and/or necrosis (. Fig. 12.2).

 5 Decrease in capillary density resulting in myocyte hypoxia
 5 Direct myocyte damage and necrosis, more evident in synergy with anthracycline 
cardiotoxicity (in the patients treated also with CHOP-like and ABVD 
chemotherapy), with progressive fibrosis replacing viable myocardial tissue.

 5 Increase in type I collagen rather than type III collagen, leading to reduced 
myocardial distensibility.

 > The cardiovascular system responds differently to RTrelated myocardial damage 
compared with ischemiarelated ventricular dysfunction. Left ventricular dilatation 
is often limited.

 5 Strain deformation parameters may be significantly altered before any relevant 
systolic or diastolic dysfunction (. Fig. 12.3).

 5 Left ventricular diastolic dysfunction is usually predominant, with evolution towards 
a restrictive cardiomyopathy in most severe cases [15].

.. Fig. 12.1 Silent ischemia at stress test in an asymptomatic 48-year-old man, without any cardiovascular risk 
factor, 22 years after mediastinal radiotherapy. Coronary angiography revealed a stenosis of main left coronary 
artery, which was successfully treated with percutaneous angioplasty
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.. Fig. 12.2 Coronary angiogra-
phy of a 53-year-old male, former 
smoker, with high blood pres-
sure and cholesterol. This patient 
underwent chemoradiotherapy for 
Non-Hodgkin Lymphoma in 2006. 
In 2009, a drop of ejection fraction 
(EF) from 61 % before treatment 
to 49 % was observed. Coronary 
angiography revealed a 100 % 
stenosis of left anterior descend-
ing artery, which was treated by 
angioplasty. Two years later EF had 
raised to 59 %

.. Fig. 12.3 Female patient, age 
43, treated by mediastinal radio-
therapy for Hodgkin lymphoma at 
age 17, followed by chemotherapy 
including doxorubicin at age 18. 
Ten years later she underwent 
breast surgery and chemotherapy 
with epidoxorubicin for radiation-
induced breast carcinoma. Ejection 
fraction is normal (63 %) and dia-
stolic function mildly altered (E/A 
ratio 0.83, E/E’ 13), but the global 
strain is reduced (−13 %), with 
abnormalities most evident at the 
level of anterior wall

12.3.3  Valvular Heart Disease (VHD)

Valvular heart disease (VHD) ranges from sclerosis to severe, often calcific, valvular steno-
sis and/or regurgitation. It is more common after mediastinal RT in comparison to chest 
wall RT for breast cancer. Among breast cancer patients, it is more common after left-
sided RT in comparison to right-sided RT [16].
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 5 Screening studies in HL survivors have reported that 32 % of those given mediastinal 
irradiation developed asymptomatic valvular defects after six years [17].

 5 In Hodgkin lymphoma patients, the prevalence is 25–40 %, 20 to 30 years after cancer 
diagnosis (. Fig. 12.4).

 5 The median time between RT and detection of significant valvular heart disease is 
approximately 20 years, and >50 % of patients require surgery in the following years. 
Usually the first finding is regurgitation, and stenosis develops years after [18]  
(. Fig. 12.5).

 5 Aortic valve regurgitation and stenosis is the more frequent finding, followed by 
mitral valve regurgitation and/or stenosis [19].

 5 Cardiac doses ≥30 Gy increase the risk of VHD, while at lower doses the increase per 
Gy is smaller and there may be a threshold dose below which there is no risk.

 5 The main risk factors include age < 20 years at the time of RT, obesity at HL diagnosis, 
and hyperlipidemia at the end of follow-up [20, 21] (. Fig. 12.1).

 5 Other potential risk factors include splenectomy at the time of HL diagnosis and 
hypertension at follow-up (21).

 5 The use of chemotherapy was not found to be an independent risk factor.

a b

c d

.. Fig. 12.4 Same patient of Fig. 12.3: (a and b): At age 41, the aortic valve leaflets are thickened and mildly 
calcific, with mild stenosis and regurgitation. Mitral annulus is thickened, with normal leaflets. (c and d): Three 
years later, the aortic valve disease is stable, but mitral valve leaflets and mitral annulus are more thickened, 
with mild regurgitation
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12.3.4  Chronic Pericarditis

Chronic pericarditis may develop as a consequence of acute pericarditis seen during or 
shortly after RT and as a delayed complication.

 5 The pericardium is often thickened and may be calcific.
 5 The most common clinical presentation is constrictive pericarditis
 5 Some patients have thickened pericardium with mild to moderate effusion and 
may become symptomatic when the effusion increases (effusive-constrictive 
pericarditis).

 5 Signs and symptoms of pericarditis may be subtle and may change with blood 
volume.

 5 Most patients have a combination of restrictive and constrictive disease and 
pericardial stripping does not afford similar benefits in RT patients compared to 
those with constriction due to other causes.

 > If a constrictive pericarditis is suspected, the intravenous infusion of 300–500 ml of 
saline is useful to reveal the hemodynamic pattern of constriction.

12.3.5  Arrhythmias

Both brady- and tachyarrhythmias can be seen as a consequence of RT, may be both 
hyperkinetic and hypokinetic.

.. Fig. 12.5 Female patient, 60-year-old, treated with mantle field radiotherapy for Hodgkin lymphoma at 
age 27. Calcific aortic stenosis (peak gradient 71 mmHg, mean gradient 46 mmHg, area 0.7 cm2) and moder-
ate regurgitation. Ejection fraction 52 %. NYHA class 2. Pericardium and mitral flow are normal
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 5 Inappropriate sinus tachycardia, both at rest and during effort, is common after 
thoracic RT and is felt to be a consequence of autonomic dysfunction [22].

 5 Direct damage and eventually fibrosis of critical structures such as the sinoatrial or 
atrioventricular nodes may lead to a variety of arrhythmias including all degrees of 
atrioventricular block, including complete heart block, and sick sinus syndrome 
[23, 24]

Right and left bundle branch blocks may also be observed and are likely due to microvas-
cular damage and ischemia.

12.4  Clinical Presentation

 5 The clinical presentation differs according to the predominant pathologic change. 
However, it should be noted that:

 5 Pathologies often coexist, thus confounding symptoms. The finding of a severe 
valvular heart disease in a dyspneic patient may lead to underdiagnosis of an 
associated pericardial constriction (. Fig. 12.6).

 5 Patients with RIHD may be asymptomatic for years, even in the presence of 
significant anatomic changes [25]. This is true mostly for CAD, as stated before.

 >  If a specific RIHD is suspected, a thorough evaluation to rule out any associated 
pathology affecting other cardiac structures is of outmost importance.

 5 Acute radiation pneumonitis occurs in the majority of cases between 6 and 12 weeks 
after the end of thoracic RT. It is characterized by interstitial edema, inflammatory 
infiltrates, and pneumocyte proliferation. There are often no symptoms or clinical 
signs appreciated. In some patients, dyspnea and wheezing may occur, sometimes 
accompanied by a nonproductive cough, and crackles on auscultation. In about half 
of the cases, chest radiography shows confluent alveolar and interstitial infiltrates in 
the irradiated field. Rare cases may progress to the development of acute respiratory 
distress syndrome (ARDS). Rarely, one may observe findings consistent with bronchi-
olitis obliterans with organizing pneumonia (BOOP). The clinical picture is that of a 
nonspecific pneumonitis, presenting immediately after RT. Imaging depicts sparse 
and migratory alveolar opacities. Steroid therapy is useful, but relapses have been 
described after steroid discontinuation [26]. Concomitant chemotherapy with gem-
citabine (such as in lung cancer) increases radiosensitivity of the lungs and the inci-
dence of pneumonitis. In breast cancer patients, both paclitaxel and tamoxifen have 
been reported to increase the rate of pneumonitis.

In patients presenting with symptoms of dyspnea, fatigue, and reduced exercise 
tolerance, it is important to consider other organs that may be affected by RT or 
chemotherapy in the differential diagnosis.

Tip
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RT, even in the absence of acute pneumonia. It is a virtually constant radiological fea-
ture which stabilizes two years after the end of treatment. From a pathological point 
of view, the inflammatory infiltrate is replaced by fibrosis and obliteration of the capil-
laries, causing chronic ischemia. This fibrosis may lead to chronic restrictive respira-
tory failure, a rare occurrence.

 5 Recall pneumonitis corresponds to pneumonia in a previously irradiated territory 
following subsequent chemotherapy (anthracyclines, gemcitabine, etoposide, vinorel-
bine, taxanes) or after exposure to some targeted therapies [27, 28].

 5 Chemotherapyinduced lung disease may be observed with several agents [29]. Bleo-
mycin, in particular, can cause pulmonary toxicity (from acute pneumonitis to late 
fibrosis) in 20–40 % of patients [30]. Of note, Bleomycin is part of the ABVD and 
VEPEB chemotherapy protocols used in lymphomas.

 5 Hypothyroidism. Radiation fields including the neck (such as mantle field used for 
HL) may cause thyroid dysfunction. The actuarial risk of any thyroid disease is about 
67 % at 26 years after therapy for Hodgkin lymphoma that includes irradiation of the 
thyroid gland. Hypothyroidism, Graves' disease (relative risk, 7.2–20.4), thyroiditis, 
thyroid nodularity, and thyroid cancer are among the commonly observed thyroid 
effects of RT [31]. The most frequent effect is hypothyroidism, which may be clini-
cally overt, characterized by low free T4 and high TSH, or subclinical (biochemical 
or compensated) hypothyroidism with normal free T4 and high TSH. In the majority 

.. Fig. 12.6 Female patient, 65-year-old, treated with mediastinum radiotherapy for Hodgkin lymphoma at 
age 35. Calcific aortic stenosis (peak gradient 55 mmHg, mean gradient 30 mmHg, area 0.6 cm2) and moderate 
regurgitation. Ejection fraction 51 %. NYHA class 3, with engorged jugular veins, enlarged liver, and ankle edema. 
The pericardium is thickened (red arrow); the diastolic mitral flow is reduced during inspiration (bottom right). 
These findings suggest the presence of constrictive pericarditis
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of cases, subclinical hypothyroidism evolves to overt hypothyroidism, although up to 
20 % of patients experience spontaneous return of TSH to normal levels, or substan-
tial improvement [32].

12.5  Diagnosis of RIHD

Electrocardiography (ECG) and echocardiography are the most widely used tools to 
screening for RIHD. ECG may be normal or show conduction system and/or repolariza-
tion abnormalities. Echocardiography can detect structural cardiac abnormalities (includ-
ing valvular heart disease and pericardial disease) and measure LV function. Several 
echocardiographic approaches (M-mode, Doppler, two-/three-dimensional (2D/3D) 
transthoracic or transesophageal, contrast, or stress echocardiography) can be used 
according to the clinical indication. Computed Tomography (CT) is useful to image the 
pericardium and coronary arteries and in recognizing cardiac calcifications. Magnetic 
Resonance Imaging (MRI) is the ideal complement to echocardiography: using contrast- 
enhanced images and dark-blood and bright-blood sequences, it may both give anatomic 
information and detect signs of inflammation; real-time cine imaging is of great value to 
assess functional abnormalities. Among the noninvasive tests, standard exercise stress 
tests, cardiopulmonary stress tests, and pulmonary function tests (for the differential 
diagnosis between cardiac and lung radiation disease) are also routinely used for screen-
ing after RT. Cardiac catheterization is useful in assessing CAD and can be used to con-
firm/distinguish constrictive and restrictive physiologies [33, 34]. See . Table 12.1.

12.5.1  Coronary Artery Disease

 5 Echocardiography may show segmental abnormalities which suggest the presence of 
CAD. However, a hypokinetic ventricular region is not necessarily specific for the 
presence of CAD, but could reflect a myocardial disease process. A stress-induced 
wall- motion abnormality is a reliable indicator of transient myocardial ischemia and 
is highly sensitive and specific for angiographically assessed epicardial coronary 
artery disease. Either dobutamine or exercise echocardiography can be used, but exer-
cise testing is recommended in patients who are able to exercise. In a study enrolling 
294 asymptomatic patients with Hodgkin disease treated with mediastinal RT, stress 
echocardiography had predictive values of 80 and 87 % for detecting ≥70 and 50 % 
coronary stenoses, respectively. In this study, after a median follow-up of 6.5 years, 23 
patients developed symptomatic CAD, including 10 who sustained an acute myocardial 
infarction. The risk of a cardiac event after screening was related to, among other 
things, the presence of resting wall-motion abnormalities on echocardiography and 
ischemia on stress testing [35].

 5 A cardiac CT scan is a noninvasive way to obtain information about the location and 
extent of calcified plaques in the coronary arteries. In the general population, the 
presence of coronary calcium is associated with adverse outcomes and can be useful 
for risk stratification. As with other groups of patients, obstructive CAD is unlikely to 
be present in the absence of detectable coronary calcium in RT survivors. Thus, coro
nary calcium scores using cardiac CT can be used to rule out CAD. Impaired image 
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quality and excessive calcification (combined with residual motion artifacts) can lead 
to overestimation of the severity of obstructive disease. Coronary CT has been used 
for follow-up in small groups of patients after RT for Hodgkin disease. These studies 
have demonstrated advanced coronary calcification and obstructive CAD (often 
requiring revascularization) in relatively young patients, even in the absence of any 
symptom and with normal stress test [14, 36].

 5 MRI is able to directly image epicardial coronary arteries, microvasculature on myo-
cardial perfusion, ventricular function, and viability. Reversible myocardial ischemia 
can be assessed through stress-induced myocardial perfusion and/or function. In the 
last decade, CMR has emerged as the gold standard to evaluate myocardial infarction 
in both acute and chronic settings [37, 38]. In a recent CMR study of 20-year survi-
vors of Hodgkin disease, perfusion defects were found in 68 % and late myocardial 
enhancement in 29 % of patients [39].

 5 Radionuclide imaging (SPECT and PET) is an accurate and robust technique to 
assess myocardial perfusion. The prevalence of myocardial perfusion defects among 
long-term survivors of chest RT varies widely, depending on the volume of the LV in 
the radiation field, age and timing of screening, and scintigraphic method used. In a 
prospective study, the prevalence of stress-induced perfusion abnormalities increased 
from 5 % to 11 % and 20 % in 2–10 years, 11–20 years, and >20 years after RT, respec-
tively. In this study, myocardial ischemia on SPECT was shown to be associated with 
a higher risk for subsequent coronary events and prompted myocardial revasculariza-
tion in a substantial proportion of patients [40].

12.5.2  LV Systolic and Diastolic Dysfunction

 5 LV ejection fraction assessment by echocardiography can be regarded as the stan-
dard in global systolic function assessment during and after RT. However, subtle 
changes, particularly due to early treatment effects, may be missed due to measure-
ment variability. Deformation parameters derived by strain imaging can detect subtle 
changes that may be missed by standard echocardiographic techniques (. Fig. 12.3). 
LV diastolic function is commonly evaluated by conventional Doppler (mitral inflow, 
pulmonary venous flow) and tissue Doppler techniques (applied to mitral annulus 
motion). However, it is important to note that diastolic parameters are highly sensi-
tive to any change in loading conditions.

There are often discrepancies between imaging techniques and functional studies: 
no single tool has 100 % sensitivity and specificity in detecting CAD and inducible 
ischemia after RT [41]. There are limited data comparing the accuracy of different 
imaging modalities to detect CAD in patients after mediastinal RT. In one head-to-head 
comparison, SPECT had the highest sensitivity compared with stress echocardiography 
and exercise stress testing (65 vs. 59 %), albeit at the cost of a higher false-positive rate 
(89 vs. 11 %). Many of these false-positive findings may actually be caused by 
microvascular disease, endothelial dysfunction, or vascular spasm [34].

Tip
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 5 MRI is an adequate alternative technique to assess LV function in patients with poor 
acoustic windows. Bright-blood cine imaging using the SSFP technique is an accurate 
and reproducible method to assess ventricular volumes, mass, and systolic function 
longitudinally. The same set of images can be used to assess regional contractility and 
contractile patterns [42]. MRI assessment of diastolic function with phase contrast is 
similar to Doppler echocardiography [43].

 5 Radionuclide ventriculography (RNV), either by the gated-equilibrium or first-
pass methods, is an accurate tool to assess and quantify LV systolic and diastolic 
function at rest and during conditions of stress (for the gated-equilibrium method). 
The advantage of RNV is the ability to quantify ventricular volumes from total 
radioactive count  density without the need for calculating volumes from 2D slices 
using assumptions about LV geometry. Diastolic function can be assessed by 
acquiring data with high temporal resolution and by calculating the peak filling 
rate and time-to-peak filling rate [44]. The disadvantage is the cost and the radia-
tion burden.

12.5.3  Restrictive Cardiomyopathy

 5 On echocardiography, classical restrictive cardiomyopathy is characterized by 
increased stiffness of the myocardium and a small LV with an increased left atrial size. 
This causes an early rapid rise in LV pressure during LV filling. Systolic function 
assessed by traditional echocardiographic techniques is usually normal. Doppler mea-
surements of the transmitral flow reveal a typical pattern consisting of a short mitral 
E deceleration duration and a low A wave velocity resulting in a high E/A ratio [45]. 
The E′-wave by tissue Doppler imaging is usually decreased. A combined occurrence 
of constrictive pericarditis and restrictive cardiomyopathy may lead to a more diffi-
cult interpretation of the transmitral LV filling pattern.

 5 MRI may add useful information. Restrictive cardiomyopathy occurs as a result of dif-
fuse myocardial fibrosis. T1 mapping by MRI may depict diffuse myocardial fibrosis. 
T1 mapping can be used to quantify the concentration of gadolinium-based extracel-
lular contrast agents in the myocardium and in the blood pool. However, the diagnos-
tic power is still limited [46].

 5 CTscan and nuclear cardiology are of little or no value in the diagnosis of restrictive 
cardiomyopathy.

12.5.4  Valve Disease

 5 Echocardiographic characteristics of radiation-induced valve disease include fibrosis 
and calcification of the aortic root, aortic valve annulus, aortic valve leaflets, aortic- 
mitral inter-valvular fibrosis, mitral valve annulus, and the base and mid-portions of 
the mitral valve leaflets (5-8). Typically, these changes spare the mitral valve tips and 
commissures, which is the main distinguishing feature between radiationinduced 
valve disease and rheumatic heart disease. 3D echocardiography is particularly use-
ful for the assessment of the presence or absence of commissural fusion.
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 5 Pitfalls in evaluating valve disease severity: Planimetry of the mitral valve area at 
the leaflet tips may underestimate the severity of stenosis since the leaflet tips are 
spared and there is no commissural fusion. The presence of restrictive cardiomy-
opathy with significant underlying diastolic dysfunction may lead to shortened 
pressure half-time and overestimation of the mitral valve area. In addition, 
increased LV end-diastolic pressure may lead to an elevated mitral E-wave result-
ing in an elevated velocity–time integral of the mitral inflow CW Doppler signal, 
which will result in an elevated mean diastolic Doppler gradient tracing. The aor-
tic stenosis gradient may be underestimated in these patients because of signifi-
cant LV systolic dysfunction. Of note, a low-flow state can also be observed in 
patients with preserved LV function. When the LV ejection fraction is reduced, 
dobutamine stress echocardiography can help differentiate pseudo- and fixed 
severe aortic stenosis. The assessment of the severity of mitral valve regurgitation 
can be difficult in the presence of significant mitral annular calcification because 
of acoustic shadowing and difficulties with measuring the diameter of the mitral 
annulus. Transesophageal echocardiography can be particularly useful in the 
assessment of mitral valve disease when there is significant mitral valve annular 
calcification.

 5 MRI provides both anatomic and dynamic evaluation of the diseased valves, including 
information on the number of leaflets, valve thickness, valve structure, leaflet mobil-
ity, and valve orifice. Valvular dysfunction can be quantified by measuring the degree 
of valvular stenosis (the measurement of transvalvular gradients, assessment of 
aortic valve area) and/or valvular regurgitation (the measurement of regurgitant vol-
umes and fraction) and by assessing its impact on cardiac chamber size and function 
[38, 39].

12.5.5  Pericardial Disease

 5 Echocardiography is the first-line imaging modality in patients with suspected or 
confirmed pericardial disease. Pericardial effusion is visualized as an echo-free space, 
external to the myocardial wall. Pericardial thickening appears as increased echo-
genicity of the pericardium on 2D echocardiography and as multiple parallel reflec-
tions posterior to the LV on M-mode recordings. However, the distinction between 
the normal and thickened pericardium may be difficult. Characteristic echocardio-
graphic findings of constrictive pericarditis include:

 5 Thickened pericardium.
 5 Prominent respirophasic diastolic bounce of the inter-ventricular septum.
 5 Restrictive diastolic filling pattern (E/A ratio of >2 and deceleration time of the 
mitral E-velocity of <140 ms).

 5 Significant inspiratory variation of the mitral E-wave velocity (>25 %) (. Fig. 12.6).
 5 Diastolic flattening of the LV posterior wall.
 5 Inferior vena cava plethora.
 5 Expiratory diastolic flow reversal in the hepatic veins.
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 5 Tissue Doppler interrogation of the medial mitral annulus reveals a normal or 
increased velocity that can be higher than the lateral annulus velocity.

 5 The systolic pulmonary pressures are not significantly elevated.

 > Constrictive pericarditis may be differentiated from restrictive cardiomyopathy 
(also a complication of radiation) by the presence of normal mitral tissue Doppler 
velocities and a systolic pulmonary artery pressure <50 mmHg.

 5 MRI allows the detection of indirect signs of constrictive pericarditis, such as unilat-
eral or bilateral atrial enlargement, conical deformity of the ventricles, dilatation of 
caval/hepatic veins, pleural effusion, and ascites. In pericarditis, the pericardium is 
typically thickened. Acute, but not chronic, pericarditis is associated with delayed 
enhancement following contrast administration and this differentiation can have 
therapeutic implications [47, 48]. Realtime cine imaging can be of great value in 
assessing the impact of respiration on inter-ventricular septal motion, allowing easy 
detection of pathological (increased) ventricular interdependence [49]. Furthermore, 
tagged sequencing allows detection of pericardial adhesions. Recently, real-time 
phase-contrast imaging has been proposed to assess the effects of respiration on car-
diac filling [50].

 5 The pericardial cavity and membranes can be recognized on cardiac CT images even 
without injection of contrast media. Normal pericardium is usually < 3 mm in thick-
ness. Thickening of the pericardium may be difficult to distinguish from small peri-
cardial effusions. Pericardial calcifications as well as larger pericardial effusions are 
also readily identified on non-enhanced CT images. Constrictive pericarditis is not an 
anatomical diagnosis, although certain CT characteristics such as pericardial calcifi-
cation, pericardial thickening (>4 mm), narrowing or tubular deformation of the RV, 
as well as manifestations of venous congestion can be present. Pericardial abnormali-
ties may be regional.

12.6  Prevention Strategies in Subjects Treated By RT

RIHD is the most common nonmalignant cause of death in HL and breast cancer patients 
treated with RT. Among cured HL patients, it accounts for 25 % of mortality, with myocar-
dial infarction as the most common cause of death. Patients with breast cancer also have 
an increased cardiovascular mortality if treated with RT, mostly those with left breast 
 cancer [34].

 5 The first step of prevention is responsibility of the radiation oncologist, who can use 
radiation techniques (as conformational radiation fields, heart shielding…) at the 
time of treatment [51]. With modern radiation techniques, probably the problem of 
RIHD will be reduced in the future.

 > Many of the patients currently aged 40 or more have been treated in the past, 
before the introduction of new RT techniques, and should be object of an active 
program of prevention and followup. Usually, the HL and breast cancer patients 
who achieved complete remission are dismissed by the oncological followup after 
5–10 years. Few patients have the opportunity to be included in a cancer survivor 
clinic for longterm followup of treatment related disease. The general 
practitioners and the cardiologists should take care of this problem.
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CHEMO AND/OR
RADIOTHERAPY

.. Fig. 12.7 Suggested pretreatment evaluation and short-medium term follow-up for patients without car-
diac disease or symptoms undergoing RT

 5 The group at highest risk is represented by childhood cancer survivors, and this prob-
lem has been addressed in Chap. 16 (Cardiotoxicity in children). We will consider 
here the patients treated in their adulthood. There are no official guidelines about the 
optimal method and frequency of screening in this group of patients. The following 
suggestions have been obtained by the synthesis of published recommendations and 
by the personal experience of the authors.

 5 Primary prevention includes the common strategies for CAD: subjects treated by 
chest RT should be encouraged to avoid smoking, have a healthy lifestyle (including 
diet and regular physical activity), and maintain optimal body weight.

 5 Check regularly patient’s blood pressure, blood glucose, and cholesterol, and start 
appropriate dietary or pharmacological interventions as soon as necessary

 5 Start a cardiac screening with yearly ECG and clinical visits soon after the end of 
radiation treatment, and echocardiogram every 3–5 years (. Fig. 12.7).

 5 The echocardiographic follow-up should be more strict if cardiotoxic chemotherapy 
was also given.

 5 Additional investigations may be planned according to the clinical findings
 5 The data about the possible role of biomarkers (natriuretic peptides, troponins), in 
detecting RT-induced cardiac injury are scarce and conflicting [52].

 5 Ten years after RT, noninvasive tests to detect CAD or ischemic heart disease are 
necessary and should be repeated every 2–3 years thereafter.

 5 In patients with additional risk factors (younger age at RT treatment, other CAD 
risk factors), the screening should be anticipated (5 years after RT).

 5 In the following years, echocardiograms should be performed every 3 years and 
more often if cardiac valve abnormalities are observed (. Fig. 12.8)

 5 The followup should last lifelong.
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12.7  Therapy

Some particular aspects of RIHD should be considered when planning therapy:
 5 Both tachy and bradyarrhythmias may affect RT survivors. For advanced atrioven-
tricular block, permanent pacemaker implantation may be necessary. The most 
 common problem, however, is inappropriate sinus tachycardia. Beta blockers are indi-
cated, but often require cautious titration in order to avoid symptomatic hypotension. 
Ivabradine may be a useful alternative and better tolerated by some patients 
(. Fig. 12.9).

 5 Percutaneous angioplasty (PTCA) for CAD may be technically difficult and followed 
by early re-stenosis in comparison to non-RT-induced CAD [53].

 5 Coronary bypass surgery may be more difficult or associated with poorer outcomes 
because the internal mammary arteries may be also be affected by RT, because of poor 
distal arterial runoff caused by radiation damage [54], or due to the postoperative 
complications related to RT-induced lung disease and impaired lymphatic drainage.

 5 Pericardiectomy is usually associated with poorer outcomes in RT patients compared 
to those with non-RT-related causes of pericarditis. This is due to the observation that 
many RT patients have concomitant myocardial restriction that persists despite peri-
cardiectomy. Pericardial stripping may also be difficult because the visceral pericar-
dium is usually adherent to the epicardium. Pericardiectomy has the highest 
perioperative and long-term mortality if RT was the underlying cause [55, 56].

 5 Cardiac valve repair is difficult and is associated with suboptimal long-term results 
compared to valve replacement. However, the involvement of multiple valves, pres-

ECG, Clinical evaluation (risk
factors?), echocardiogram,

stress test
Every 2-3 years

LV dysfunction:
Further screening for CAD,

cardiomyopathy, check
thyroid function

Dyspnea without LV dysfunction:
Look for CAD, restrictive

cardiomyoptahy, constrictive
pericarditis

Rule out pulmonary and thyroid
dysfunction

No symptoms, mild to
moderate test abnormality:

Screening every year

No symptoms, normal tests:
Go on with screening every 2-

3 years

.. Fig. 12.8 Suggested long-term follow-up for patients without cardiac disease or symptoms. Start after 
5 years after RT if the patient has a high cardiovascular risk, after 10 years if he/she haven’t
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a b

.. Fig. 12.9 Female patient, treated by mediastinal radiotherapy in 1981, at age 24, for Hodgkin lym-
phoma. In the following years, she had: thyroidectomy for cancer (2000); acute myocardial infarction 
(inferior wall and right ventricle) with 95 % ostial stenosis of the right coronary artery (2008) treated with 
angioplasty; recurring pneumonia; complete atrioventricular block treated by pacemaker (2012); trans-
catheter aortic valve replacement for severe stenosis (2013); occlusion of the right coronary artery (2013). 
(a) Systolic four-chamber view, ventricular M-Mode, and diastolic mitral Doppler flow in January 2014: an 
extensive calcification of the mitral annulus is evident; heart rate 101, ejection fraction 57 %, and restrictive 
pattern at Doppler. (b) One year later, after adding to therapy bisoprolol 2.5 mg and Ivabradine 10 mg the 
heart rate is reduced to 68, the ejection fraction increased to 62 %, mitral flow has improved, and symp-
toms have improved from NYHA 3 to NYHA 2

ence of concomitant coronary artery disease, restrictive myocardial disease, aortic 
abnormalities, and mediastinal fibrosis can increase the length and complexity of the 
surgery, leading to adverse outcomes. Evolving trans-catheter approaches to valve 
replacement may be particularly suited to RT patients [19, 57].

 5 Technical problems during cardiac operations of any kind include dense scarring of 
the mediastinum from radiation-induced mediastinitis and impaired wound healing 
due to skin changes [58].

 5 Due to the multiple cardiac complications seen with RT, patients with RIHD often 
require repeat cardiac surgery and may even require cardiac transplantation. How-
ever, in two small series published, secondary malignancies, kidney injury, and respi-
ratory failure contribute to significant postoperative morbidity and death [59, 60].

 > According to two large studies, patients with radiation heart disease undergoing 
cardiothoracic surgery have greater shortterm and longterm mortality compared 
with age and sexmatched comparison group patients undergoing similar 
surgeries in the same time frame. Perioperative morbidity and mortality are high 
mostly because of respiratory dysfunction and multiorgan failure [61, 62].

 5 In radiation heart disease patients undergoing cardiac surgery, the prediction of 
mortality risk based solely on standard preoperative scores is suboptimal; the 
extent of exposure is also relevant.
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 > The presence of radiationinduced lung fibrosis is a significant predictor of worse 
longterm mortality independent of euroSCORE.

 > It is important to carefully evaluate patients being considered for cardiac surgery 
using clinical (including detailed pulmonary function testing) and multimodality 
imaging (echocardiography, multidetector computed tomography, and in select 
cases, carotid ultrasound) to fully understand the extent of their cardiovascular 
involvement prior to surgery [63].

12.8  Vascular RT Complications

 5 The risk from RT has been best characterized in patients with breast cancer or Non- 
Hodgkin lymphoma. Theoretically, however, any vascular location that is in the radia-
tion field is at increased risk for early atherosclerosis. This is particularly relevant 
among patients with head and neck cancer because neck RT is a major risk factor for 
significant carotid disease. In fact, the risk of stroke is increased after mediastinal, 
cervical, or cranial RT. [64, 65].

 5 The pathophysiological effects of human cerebrovascular radiation have been shown 
in vitro or in animal models using non-fractionated, supra-therapeutic radiation [66]. 
The histological and cellular modifications of the human cerebral vascularization to 
radiotherapy can be characterized in relation to vessel diameter and time from treat-
ment. Inflammatory response, endothelial damage, intima proliferation, and throm-
bus formation may occur after irradiation in the cerebral smallest arteries, arterioles, 
and capillaries, with increased permeability of the blood–brain barrier [67]. Large 
vessels, carotid arteries, and the circle of Willis are more resistant, but advanced ath-
erosclerosis may occur.

 5 In the first year after neck irradiation, a certain degree of increase in the thickness of 
the carotid wall may be shown. In medium and large vessels, vasa-vasorum occlusions 
with medial necrosis followed by fibrosis, adventitial fibrosis, and accelerated athero-
sclerosis have been described [68].

 5 These alterations lead to increased stiffness and advanced atherosclerosis of 
carotid arteries also after long time (>10 years after RT) [69].

 5 Radiation-induced carotid disease produces carotid lesions that are more exten-
sive than the traditional bifurcation stenosis and often involves atypical areas such 
as long segments of the carotid artery [70].

 5 The global risk of cerebrovascular events is increased and the common atheroscle-
rosis risk factors and preexisting atherosclerotic lesions are exacerbating factors 
[71]. Thus, a radiation-related increase in vascular disease risk has been confirmed 
and a dose–response relationship based on individual patient characteristics. 

 5 Hypertension is a cause and, at the same time, a long-term consequence of the 
stiffening process that may follow the atherosclerotic disease due to RT.

 5 Hypertension can be enhanced by many cancer therapies, including both chemo-
therapy and targeted agents, should the patient undergo antineoplastic treatments 
after RT (for a relapsing or a second cancer).

 5 Similar consequences are reported on the aorta and other peripheral arteries, includ-
ing subclavian and ilio-femoral arteries, with ischemic limb symptoms [72].
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 5 Frequently, there are no symptoms attributable to carotid disease in patients previ-
ously treated with RT. Therefore, clinicians should be proactive about age-appropriate 
cardiovascular screening for potentially significant yet asymptomatic disease in these 
patients [73].

 5 For patients at risk for carotid artery disease, ultrasound is the safest and most 
effective screening tool and must be used for follow-up of atherosclerotic damage.

 5 During the last years, increasing interest has been placed on methods for assess-
ment of vascular function, such as pulse wave analysis, arterial stiffness, and endo-
thelial dysfunction, able to detect a very early vascular damage, but their role is 
still debated for the interference with coexisting risk factors.

 5 It’s mandatory to make an estimation of global cardiovascular risk combined with 
subclinical targeted organ damage, taking into account the increased cardiovascular 
risk due to the effects of the concomitant oncologic treatment.
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13.1  General Considerations

 5 Childhood cancer (age 0–14) is a rare event accounting for <1 % of all newly diag-
nosed cancers in the general population [1].

 5 It is estimated that each year about 11,000 new cases of childhood cancer are diag-
nosed in Europe, and >12,000 children and adolescents in the USA [2, 3].

 5 During the last decades, advances in cancer treatment strategies led to a substantial 
improvement in the 5-year survival rate of children (age 0–14) with cancer, moving 
from less than 60 % in the 1970s to more than 80 % in 2010 [4].

 5 It has been estimated that a >300,000 childhood cancer survivors are living in the 
USA [1], and the corresponding number for Europe being between 300,000 and 
500,000. Each year >8000 subjects add on to the CCS population in each continent 
leading to a continuous increase both in terms of total number and in attained age of 
the CCS population [4–6]. Median age of CCS today is estimated to be of around 
30–34 years, with some already beyond the 50 years of age.

Key Point
Currently, it is estimated that about 75–80 % of children newly diagnosed with cancer 
will be surviving after 10 years from diagnosis, compared to a 65 % probability of 
5-year survival of adult patients [1, 7, 8].

 5 This improvement in outcome came, however, at a price mainly linked to the occur-
rence of long-term therapy-related morbidities. By the first 30 years after diagnosis, 
up to 75 % of childhood cancer survivors experience at least one chronic treatment-
related condition [4–6, 9].

Key Points
Cardiovascular complications represent the major cause of morbidity and mortality in 
long-term survivors of childhood cancer, immediately after cancer recurrence and 
second malignancy [2, 4, 5].

Possible cardiac complications after cancer treatment are progressive 
cardiomyopathy that may result in Congestive Heart Failure (CHF), valvular, ischemic, 
conductive system, and pericardial diseases. Among these complications, 
cardiomyopathy is the most common and life-limiting consequence of post-therapy 
cardiotoxicity.

Compared with same age and sex general population, childhood cancer survivors 
have a 15-fold increased risk of developing chronic heart failure (CHF) [1, 8] and a  
four- to sevenfold higher risk of premature death due to cardiac causes [10, 11].

 5 Accurate screening and care of cancer survivors are mandatory in order to early diag-
nose or prevent treatment-related heart damage that might also severely affect their 
quality of life.

 5 Counseling about an appropriate lifestyle and cardiologic screening programs are 
mandatory in order to prevent and/or early identify signs and symptoms of cardiac 
damage (. Table 13.1) [12].

 F. Cairello et al.
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........ Table 13.1 Relative frequency of malignant childhood 
tumors

Diagnostic group Relative (%)

Leukemias 34.1

 Acute lymphoid 26.8

 Acute myeloid 4.7

 Chronic myeloproliferative diseases 0.4

 Other 2.2

Lymphomas and reticuloendothelial 
neoplasms

11.5

 Hodgkin lymphoma 4.8

 Non-Hodgkin lymphoma 5.3

 Burkitt lymphoma 1.3

 Miscellaneous/unspecified 0.1

CNS tumors 22.6

 Ependymomas and choroid plexus tumors 2.2

 Astrocytomas 10.5

 Intracranial embryonal tumor 5.0

 Other gliomas 1.0

 Other/unspecified 3.1

Neuroblastoma and other peripheral nervous 
cells tumors

7.6

Retinoblastoma 2.1

Renal tumors 5.6

 Wilms’ tumor (nephroblastoma) 5.5

 Other 0.1

Hepatic tumors 1.1

 Hepatoblastoma 0.9

 Hepatic carcinomas/other 0.2

Malignant bone tumors 4.6

 Osteosarcoma 2.3

 Ewing’ sarcoma 2.1

 Other/unspecified 0.2

Soft tissue sarcomas 6.1

 Rhabdomyosarcoma 3.4

(continued)
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13.2  Etiology and Pathophysiology

Childhood cancer treatment with anthracycline and/or chest radiotherapy has been cor-
related with an increased risk of cardiotoxicity.

 5 Nearly 60 % of all CCS carry a history of prior anthracycline and/or chest radiation 
exposure [2, 6].

13.2.1  Therapeutic Agents Responsible for Cardiotoxicity

 5 Anthracyclines: (doxorubicin, daunorubicin, epirubicin)
 5 The exact mechanism by which anthracyclines can cause heart damage is still not 
completely understood [1].

 5 These drugs play their role by interfering with cell replication through DNA base 
pair intercalation and disrupting DNA uncoiling through inhibition of topoisom-
erase 2 activity [7] (. Table 13.2) [7, 13].

 5 Oxidative stress with generation of free radicals and lipid peroxidation seems to 
play an important role. Compared to other tissues, cardiac cells are particularly 
susceptible to oxidative damage due to the relative deficiency of free radical-scav-
enging enzymes such as catalase and glutathione peroxidase (. Table 13.3).

 5 The oxidative damage
 – To mitochondrial membranes can cause an impaired energy production reduc-
ing the myocytes’ ability to contract.

 – To cardiac sarcomeres can lead to myofilament destruction and apoptosis acti-
vation, with myocite loss.

........ Table 13.1 (continued)

Diagnostic group Relative (%)

 Other soft tissue sarcomas 1.7

 Fibrosarcoma/unspecified 1.0

Germ cell tumors 3.1

 Malignant gonadal germ cell 1.3

 Intracranial germ cell tumors 0.9

 Malignant extracranial and extragonadal tumors 0.8

Other malignant epithelial tumors and 
malignant melanomas

1.5

 Thyroid carcinoma 0.8

 Other 0.7

Other malignancies 0.1

Total 100

Modified from: Kaatsch P. Epidemiology of childhood cancer. 
Cancer Treatment Reviews 36: 277–285 (2010)
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........ Table 13.2 Human Topoisomerase (Top) [7]

In humans, there are two types of Top2 enzymes: Top2α and Top2β

  Top2α, found predominantly in proliferating cells, is required for DNA replication and is consid-
ered the molecular basis of anthracycline’s antitumoral activity.

  Top2β, present in all quiescent cells, including cardiomyocytes. Top2 inhibition by anthracy-
cline causes double-stranded breaks in DNA which can lead to cardiomyocyte death.

........ Table 13.3 Mechanisms involved in anthracycline myocardial susceptibility

Anthracyclines’ cardiotoxic effect seems to be related with

   Increased generation of reactive oxygen species (ROS), both enzymatically, by a reduction in 
antioxidant enzymes, Top2β-dependent gene transcription, and through the formation of 
anthracycline iron complexes, leading to cell membrane damage, increasing permeability, 
lipid peroxidation, and DNA damage

   High affinity for cardiolipin, a phospholipid present in elevated concentration at the level of 
inner mitochondrial membrane, critical to cell respiration. Cardiolipin’s high affinity for 
anthracyclines allows the drugs to enter cardiomyocytes passively and accumulate in 
intracellular fluids to concentrations several hundred times higher than that in extracellular 
fluids.

   Changes in mitochondrial metabolism due to iron accumulation and change in mitochondrial 
gene expression. The cardiac mitochondrial respiratory chain is implicated. There are studies 
showing mtDNA alteration and respiratory chain defect leading to increased concentrations 
of reactive oxygen species persisting outside the presence of anthracycline. This may help to 
explain the potentially prolonged latency of anthracycline-induced cardiotoxicity.

   Decrease ATP production by lowering protein expression inducing an alteration of 
mitochondrial functions.

   Induced cell membrane changes that lead to disturbance of intracellular calcium homeostasis 
with increased intracellular calcium levels. This activates the pathways resulting in apoptosis 
and cardiac cell death.

   Decreased expression of mRNA encoding sarcoplasmic reticulum, inhibition of nucleic acid 
and sarcomeric proteins synthesis, induced formation of toxic metabolites, and release of 
vasoactive amines.

Reasons why myocardial cells seem more vulnerable to the anthracycline-induced toxic effect 
than other tissues:

   High metabolic activity

   Limited regenerative capability, which increase the susceptibility to long-term adverse  
effects

   Limited antioxidant capacity secondary to lower concentrations of catalase and glutathione 
peroxidase

Cardiotoxicity in Children
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 5 Polymorphisms in genes involved in different cell metabolic pathways such as in 
doxorubicin transport and free radical metabolism can play a role in individual 
susceptibility to anthracycline-induced heart damage [8, 14].

 5 There is a strong dose-dependent relation between cumulative dose of anthracy-
cline exposure and the risk of developing cardiomyopathy and CHF.

 5 In addition to cumulative dose, other factors increase the risk of anthracycline-
induced cardiotoxicity [8] (. Table 13.4).

Key Point
In CCS, the toxic effect of anthracyclines not only induces apoptotic destruction of 
myofilaments and loss of myocites, but also influences cardiac repair mechanisms by 
reducing the pool of cardiac stem cells, compromising the already limited myocardium 
regenerative capacity [8]. This means that cardiac growth in responses to increasing 
somatic growth becomes inadequate in these patients, even if the remaining cells try 
to compensate by becoming hypertrophic to create LV mass. This remodeling process 
alters the myocardial structure inducing a thinning of the myocardium itself, with 
resulting increase in wall stress, decreased cardiac contractility, progressive ventricular 
fibrosis, and progressive ventricular dysfunction [1, 8].

Key Points
The incidence of anthracycline-related cardiomyopathy and CHF correlates with the 
cumulative anthracycline dose exposure and is estimated to be:

 5 <5 % with cumulative anthracyclines dose < 250 mg/m2;
 5 Approaching 10 % at doses between 250 and 600 mg/m2;
 5 Exceeding 30 % for doses >600 mg/m2 [6].

 5 Currently doses > 250 mg/m2 are generally considered to be at higher risk.
 5 There is no “safe” anthracycline dosage for the development of cardiomyop-
athy, since also with cumulative doses < 100 mg/m2 some events have been 
reported [6].

 5 Chest irradiation (RT):
 5 Any irradiation in which the heart is in the field of treatment (mediastinal, tho-
racic, spinal, left or whole upper abdomen, and total body irradiation—TBI) is 
potentially harmful for the heart leading to possible complications affecting the 
different cardiac structures: myocardium, valves, coronaries, pericardium, and 
conduction system [8].

 5 The mechanism of this effect is mainly due to microcirculatory injury and inflam-
mation leading to long-term diffuse myocardial fibrosis.

 5 There is a dose-dependent effect and a correlation with the area involved in the RT 
field. Doses ≥15 Gy to the chest clearly increase the risk of developing congestive 
heart failure. There is little evidence of an increased risk of CHF for doses <15 Gy 
(. Table 13.5).

 5 Cumulative incidence of cardiovascular diseases after cardiac radiation in patients 
receiving ≥ 35 Gy is reported to be around 21 % at a median age of 20 years after 
cancer diagnosis [2, 15].

 F. Cairello et al.
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 z Other Drugs
 5 Other cancer treatments: alkylating agents, 5FU, Paclitaxel, Amsacrine, Thyro-
sine-Kinase inhibitors, and the new therapies with monoclonal antibodies have 
been reported to be cardiotoxic through different mechanisms, with both direct 
and indirect consequences on heart cells and structures.

........ Table 13.4 Risk factors that can increase anthracycline-induced cardiotoxicity

Female sexa

Young age at the diagnosisb

Combination chemotherapy: anthracycline plus other chemotherapeutic agents (i.e., 
cyclophosphamide, ifosfamide, vincristine, cisplatin, trastuzumab, methotrexate). A combined 
treatment using anthracycline and cyclophosphamide seems to carry the most relevant risk for 
acute cardiotoxicity in pediatric population

Concomitant exposure to RT

Trisomy 21

African-American descent

a The cause of the “gender effect” is possibly related to the fact that doxorubicin does not concen-
trate in adipose tissue [4] (which is more represented in female than in male). Then, at same dose 
levels, female cardiomyocytes are exposed to higher drug concentrations [6, 53].
b Children less than 4 years of age at anthracycline exposure showed an increased risk of LV dys-
function [4, 54]. Some studies showed differences in anthracycline pharmacokinetics and clear-
ance in the extreme ages of life as a possible explanation of this “age effect” on the probability of 
developing therapy-related cardiotoxicity [55].

........ Table 13.5 Risk factors for RT-induced cardiotoxicity

 Radiation dose: any dosage involving the heart exceeding 1,5-3,5 Gy increases the risk for 
cardiac diseases during long-term follow-up. There is little evidence of an increased risk of CHF 
for doses < 1,5 Gy [6]

 Field of treatment: Mediastinal, thoracic, spinal, left or whole upper abdominal, or TBI are 
potentially harmful to the heart. Also cranial and cranio-spinal radiotherapy may have an 
indirect role in cardiovascular damage by affecting the hypothalamic–pituitary axis and thyroid 
function, thus possibly increasing the risk of MS development.

 RT technique

 Patient’s age, with a higher incidence in younger patients.

Key Point
The association between high-dose anthracyclines and RT further increases the risk of 
developing heart damage, with a shorter induction period before cardiovascular 
events develop (CEs).
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13.2.2  Preexisting Cardiovascular Disease or Cardiac Risk  
Factors and Comorbidities

 5 Preexisting cardiovascular disease or cardiac risk factors and comorbidities should be 
taken into account while deciding to initiate cardiotoxic cancer therapies. This can 
help identification of high-cardiovascular-risk populations that can benefit from car-
dioprotective strategies or from reduction/minimization of cardiotoxic therapy use 
(. Table 13.6).

13.3  Cardiovascular Manifestations

Cardiovascular complication due to anticancer drug may present soon after drug admin-
istration (acute manifestations) or months-years after the end of treatment (chronic 
manifestations).

However, CCS population presents, in most cases, a long latency period between can-
cer treatment and evidence of cardiac disease.

Usually, the first signs of cardiotoxicity are subclinical and can be documented only 
through appropriate testing (e.g., echocardiogram or ECG). In the second stage, symp-
toms may become manifest and can also affect the normal daily activities. At a later stage, 
treatment is indicated to control the disease.

 5 Anthracycline-related manifestations
Anthracycline-induced cardiotoxicity can be distinguished by the time of presentation as:

 5 Acute: symptoms occur during the first week of therapy
 5 Early onset: after 1 week and within 1 year after completion of therapy.
 5 Late onset: from at least 1 year after completion of therapy, until 10–30 years from 
the first dose of treatment.

........ Table 13.6 Preexisting cardiovascular disease or cardiac risk factors and comorbidities

1. Preexisting cardiovascular disease or cardiac risk factors: hypertension, myocardial and 
valvular diseases, drug hypersensitivity

2. Comorbidities: medical conditions that increase the risk of heart problems such as 
endocrinopathies, infections, inflammatory conditions, hyperlipidemia, obesity and 
metabolic diseases, failure to thrive, sedentary lifestyle, pulmonary disease, musculoskeletal 
disease, renal disease, hepatic disease, prematurity, and genetic disorders (i.e., hereditary 
hemochromatosis, trisomy 21, ….) as well as smoking may contribute to the increased risk 
for CVD [56, 57].

Key Point
Independently of these risk factors, not all children and adolescents exposed to toxic 
treatments, even those who receive the same standardized chemotherapeutic 
regimens, experience cardiotoxicity. This suggests the possibility of a genetic 
predisposition [1, 4].
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 5 Acute cardiotoxicity
 5 Is rare, being reported in about 1.6 % of cases [1, 16].
 5 Manifests as
Intracardiac conduction disturbances, arrhythmias.
ECG abnormalities can range from minor alterations to fatal arrhythmias: patients 

can develop atrial tachyarrhythmia, paroxysmal supraventricular tachycardia, 
and ventricular arrhythmias with or without associated prolongation of QT 
interval (frequently, there is a combined effect of the anticancer therapies with 
the concomitant presence of serum ions alterations and administration of other 
drugs such as antiemetic, antibiotics, antifungal agents).

Pericarditis
Acute left ventricular (LV) failure (rare). It is usually only transient, but some fatal 

cases have also been described.

Key Point
Acute symptoms usually resolve with discontinuation of therapy, though patients may 
suffer permanent damage.

 1. Early- and late-onset cardiotoxicity
 5 Is the most common and life-limiting consequence in CCS exposed to anthracy-
clines, with early onset reported in about 1–16 % of cases

 5 The incidence increases with the length of follow-up.
 5 Is usually a progressive disease, generally irreversible, characterized by initially 
asymptomatic LV dysfunction that may lead to symptomatic CHF [1], and 
increased cardiac mortality secondary to pump failure and sudden death.

 5 Asymptomatic stage: in which the survivor does not complain of any symptom 
but at an echo examination some early dysfunctions can be detected:

 5 Systolic dysfunction: characterized by LV dilatation, thinning of the LV wall, and 
decreased contractility. As contractility diminishes over time, the LV dilates fur-
ther, with subsequent increase in LV wall stress in order to maintain the cardiac 
output with a remodeling process similar to the one seen in congenital dilated 
cardiomyopathy [6, 16].

 5 Diastolic dysfunction: CCS can develop, during time, a restrictive cardiomyopa-
thy characterized by abnormal diastolic patterns and elevated filling pressures 
due to rigid ventricular wall, with an almost preserved LV systolic function [6, 
8, 17].

 5 Symptomatic stage: defined by the development of signs and symptoms of 
CHF; it may appear after a variable period of time.

 5 Grading of CHF in children:

 > CHF is characterized by the failure of the heart either to supply blood to the systemic 
and pulmonary circulation (systolic dysfunction) or to receive venous return at an 
appropriate filling pressure (diastolic dysfunction).

Cardiotoxicity in Children
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Symptoms and signs may be different across ages, from infancy through adolescence 
(. Table 13.7) [18].

 5 Grading of CHF in children derives from a modified NYHA/Ross classification [19]:
GRADE I: asymptomatic
GRADE II: mild tachypnea or diaphoresis with feeding in infants; dyspnea on exertion 

in older children.
GRADE III: marked tachypnea or diaphoresis with feeding in infants as well as pro-

longed feeding time with growth failure due to heart failure; in older children 
marked dyspnea on exertion.

GRADE IV: tachypnea, retraction, grunting, or diaphoresis at rest.

........ Table 13.8 Incidence of symptomatic long-term cardiac 
events [5, 8]

Congestive heart failure 54 %

Arrhythmias 18 %

Valvular heart diseases 12 %

Ischemia/myocardial infarction 12 %

Pericarditis 4 %

........ Table 13.7 Symptoms and signs of Heart Failure in children [18, 19]

Infant/young children Older children/adolescent

Common 
symptoms

Tachypnea Fatigue

Feeding difficulty Effort intolerance

Diaphoresis Breathlessness, exertional dyspnea, rest 
dyspnea, orthopnea

Paleness Abdominal pain, nausea, and vomiting.

Less common 
symptoms

Cyanosis Chest pain

Palpitation Palpitation

Syncope Dependent edema

Facial and dependent edema Ascites

Ascites

Key Point
Other anthracycline-related cardiovascular complications can also be present [5, 8]  
(. Table 13.8).
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RT-related manifestations:
 5 Radiation-induced cardiotoxicity usually has a gradual onset, becoming clinically 
manifest after a decade or more from exposure [2]. As with chemotherapy, the 
damage appears to be progressive and can become manifest with different clinical 
scenarios:

 5 Cardiomyopathy: the most important sequelae of cardiac irradiation is diastolic dys-
function without evidence of systolic dysfunction. Up to 37 % of cases present signs of 
restrictive cardiomyopathy. Few subjects can develop dilated cardiomyopathy [6, 20]. 
Often, survivors have no symptoms or only vague fatigue, although in advanced 
stages they manifest the typical heart failure symptoms.

 5 Valvular dysfunction: Described in up to 29 % of cases. Is due to the thickening of the 
valvular endocardium with fibrotic and calcific alterations. It appears to be progres-
sive. The valves of the left side of the heart, the aortic and mitral valves, are most fre-
quently affected with a damage that appears to be progressive. This suggests an 
important role played by mechanical stress of a high-pressure circulation.

 > Asymptomatic ventricular dysfunction is usually the first manifestation of cancer 
treatment-induced cardiotoxicity; it is reported in more than 50 % of cases [1, 7, 8]; 
thus, appropriate screening should be performed.

During long-term follow-up approximately 5 % of patients develop clinical signs and 
symptoms of CHF [8, 9].

 5 Coronary artery disease: Representing up to 10 % of cases. Symptoms range from 
angina pectoris to myocardial infarction that can lead to sudden death.

 5 Pericardial disease: This event is less common and may manifest with either 
constrictive pericarditis or pericardial effusion. The latter is due to the decreased 
ability of fibrotic venous and lymphatic channels to drain extracellular fluid.

 5 Arrhythmias: This is a rare event and can manifest as heart block or other arrhythmias 
caused by both conductive system fibrosis and ischemia.

Cardiac manifestations due to other drugs:
 5 Alkylating agents (e.g., busulfan, cyclophosphamide, ifosfamide, and cisplatin): clini-
cal symptoms in adults range from asymptomatic pericardial effusion to cardiac fail-
ure and myopericarditis [2].

 The risk of cardiac toxicity for this class of drugs appears to be related more to the 
amount of a single administered dose than to the total cumulative dose.

 5 Cyclophosphamide: symptoms usually appear 1–2 weeks after the initial dose; the 
cardiac effects may persist for several days and, in some patients, resolve without 
problems. In children population, the combination treatment with anthracyclines 
seems to increase the risk of acute cardiotoxicity. High dose (>60 mg/kg/day) may 
cause acute heart failure. Bolus doses >180 mg/kg have been reported to cause 
pericardial effusion. The estimated incidence of cyclophosphamide myocarditis, 
for doses >150 mg/kg in children, is 5 %.
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 5 Ifosfamide: can induce acute dose-related cardiac complication such as arrhyth-
mias and heart failure. It can also alter renal function and this may contribute to 
worsen the cardiac function.

 5 Cisplatin: toxicity occurs during the infusion or several months after therapy. Epi-
sodes of myocardial ischemia have been described in young boys. Cisplatin can 
also induce electrolyte disturbances, hypomagnesemia, platelet aggregation, and 
vascular endothelial damage.

 5 Vincristine, a drug commonly used to treat several malignancies, can be involved in 
rhythm alterations through autonomic nervous system dysfunction.

 5 Antimicrotubule agents (Etoposide, Paclitaxel): can cause conduction system abnor-
malities, reversible sinus bradycardia through action on Purkinje system, arrhyth-
mias, hypotension, hypertension, and angina [21].

 5 Amsacrine: not frequently used in children. Two acute forms of cardiotoxicity have 
been described: ECG changes (prolonged QT interval and nonspecific ST and T-wave 
alterations) and arrhythmias (atrial and ventricular) [22]. Both occur within minutes 
to hours after treatment.

 5 Antimetabolites (5-Fluorouracil): 5-FU is not commonly used to treat pediatric 
tumors. From adult experience, this drug may cause ischemic syndrome secondary to 
coronary spasm in addition to prolonging QTc interval. Preexisting coronary artery 
disease and chest radiation are risk factors for 5-FU toxicity [2].

 5 Tyrosine kinase inhibitors (Bevacizumab, Imatinib, dasatinib..): their use in pediatric 
oncology is still limited [2]. From adult experience, they have been associated with 
QT interval prolongation, promoting arterial thrombotic activity leading to possible 
myocardial ischemia subsequent to coronary spasm or thrombosis [23]. Increases in 
systemic blood pressure have been observed. The pathogenic mechanism is not com-
pletely understood, but it is likely related to VEGF receptor inhibition. LV dysfunc-
tion has been detected in adults treated with Imatinib.

 5 Biological Agents (rituximab): can cause left ventricular dysfunction, arrhythmias.
 5 Miscellaneous chemotherapeutic agents: (asparaginase, all-trans-retinoic acid, arse-
nic trioxide): electrocardiographic changes, QT prolongation, torsade de pointes, 
other arrhythmias, and hypotension.

Other clinical scenarios
It should also be remembered that CCS are at risk of developing premature atherosclero-
sis, secondary to the early onset of modifiable cardiovascular risk factors that identify the 
Metabolic Syndrome (MS) (dyslipidemia, systemic hypertension, obesity, insulin resis-
tance, and other endocrine dysfunction).

Cranial RT, total body irradiation, hypothalamic surgery, endocrinologic deficiencies 
(GH, hypogonadism), wrong dietary habits acquired during treatment, high doses of 
steroid therapy, and difficulties in the practice of regular physical activity (amputation, 
bone surgery, neurologic or cardiopulmonary sequelae) are the main factors affecting 
this risk.
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Focus on Systemic Hypertension during and after cancer treatment
Systemic hypertension is a common complication among CCS.

Cancer treatment can lead to damage on vascular system, endothelial dysfunction, and 
autonomic system dysfunction resulting in blood pressure abnormalities.

Systemic Hypertension:
 5 It may develop during cancer therapy, usually transiently or years later, not only as 
direct consequence of treatment but also for reasons unrelated with cancer treatment 
such as lifestyle behavior and genetic predisposition. The literature reports a 16 % 
incidence of patients requiring antihypertensive therapy during the acute phase of 
treatment. This percentage drops down to 1 % at the end of maintenance therapy.

 5 It increases the risk of global CVD and is one of the five defining criteria of MS. For 
this reason, blood pressure should be monitored regularly.

Key Point
In this high-risk population, premature atherosclerosis further increases the global 
cardiac risk of developing symptomatic disease.

In the presence of metabolic problems it is extremely important to start primary 
intervention programs as soon as possible. If an healthy lifestyle isn’t enough to 
normalize the metabolic status, it is necessary to address the patients to a specialist in 
dysmetabolic diseases [24].

Key Point
The Children’s Oncology Group recommends annual measurements of blood pressure 
for survivors treated with anthracycline, cisplatin, methotrexate, chest and cranial RT, 
and nephrectomy. The recommendation extends also to patients with at least one 
criterion for MS.

13.4  Cardiologic Clinical Setup of a Childhood Cancer  
Patient or Survivor

 5 Patient’s history
 5 Personal health history.
 5 Cancer treatment summary: information on the received cumulative dose of 
chemo- and/or radiotherapy with main focus on anthracyclines’ exposure and 
chest radiotherapy

 5 Information on lifestyle habits
 5 Family history
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 5 Physical examination:
 5 State of peripheral perfusion (skin color and temperature, capillary refill time), 
assessment of peripheral pulse (volume and rate), blood pressure, weight gain.

 5 Chest evaluation: pattern work and rate of breathing, pulmonary crepitation.
 5 Heart evaluation to detect abnormal rhythms, abnormal sounds, significant mur-
mur, pericardial friction rub.

 5 Abdominal evaluation: liver and spleen assessment
 5 Other signs of fluid retention.

 5 Instrumental investigations: Preference and priority should be based on medical his-
tory, and/or clinical presentation

 5 Chest radiography
Is indicated only in children with suspected heart failure [18].

 5 ECG
Is nonspecific; can be used to detect arrhythmias and conduction system abnor-
malities and to measure the QT interval that has been suggested as a noninvasive 
predictor of patients at high risk for cardiotoxicity [8].

 5 Echocardiography:
Is the recommended modality for surveillance, early identification of asymptom-
atic cardiac dysfunction, and monitoring of symptomatic patients [6, 17, 25].
Is a noninvasive, cost-effective, and widely available imaging tool.
2-dimensional echocardiography, M-mode, and Doppler are the most common 
techniques used to assess heart structure (cavity size, wall thickness, valvular 
apparatus) and ventricular systolic and diastolic functions (in particular, Frac-
tional Shortening—FS—and Ejection Fraction—EF—are the most frequent echo-
cardiographic measurements used for assessing left ventricle systolic function) 
(. Table 13.9). Additional echocardiographic measurements for evaluation of sys-
tolic function can also be used (. Table 13.10).

Key Points [8]

FS and EF reference values in pediatric population

EF (%) FS (%)

Normal 55–60 >29

Borderline 50–54 25–28

Abnormal <50 <25

After cancer treatment, it is considered as clinically relevant a decrease of EF, 
compared to previous examinations, by:

 5 15 % for values within normal range
 5 10 % if the value is below the lower limits of normal
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 5 Relevant echocardiographic measurements used for assessing left ventricle diastolic 
function are mitral valve inflow patterns (E/A report), deceleration time (DT), and 
isovolumetric relaxation time (IVRT) (. Table 13.11). These measurements are useful 
for the identification of diastolic dysfunction patterns (. Table 13.12) [26].

 5 More sophisticated echocardiography modalities may offer improved sensitivity and 
specificity. These include:

 5 Tissue Doppler imaging measures:
 – Pulsed tissue Doppler may be easily performed during a standard Doppler 
echocardiographic examination; it has been successfully applied in several clini-

........ Table 13.9 Most frequent and relevant echocardiographic measurements for assessing left 
ventricle systolic function

Echocardiography assessment of left ventricular systolic function [6, 17, 25, 58, 59]:

Ejection Fraction (EF): measures left ventricle end-diastole volume (LV EDV) and end-systole 
volume (LV ESV).

EF (%) = (LVEDV − LVESV/LVEDV) × 100

Echo technique: 2-D measurements for volume calculations using biplane method of disks 
(modified Simpson’s rule)

Normal Value (n.v.): 55–60 %

Limitations:

   Foreshortening of apex will result in overestimation of EF

   If asymmetry of ventricular geometry or wall motion abnormality in a single plane—reduced 
accuracy

   Endocardial definition

   Dependent on: HR, preload, and afterload

  Time-consuming

Ejection Fraction (EF): measures left ventricle end-diastole volume (LV EDV) and end-systole 
volume (LV ESV).

EF (%) = (LVEDV − LVESV/ LVEDV) × 100

Echo technique: 2-D measurements for volume calculations using biplane method of disks 
(modified Simpson’s rule)

Normal Value (n.v.): 55–60 %

Limitations:

  Foreshortening of apex will result in overestimation of EF

   If asymmetry of ventricular geometry or wall motion abnormality in a single plane—reduced 
accuracy

   Endocardial definition

  Dependent on: HR, preload, and afterload

  Time-consuming
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........ Table 13.11 Relevant echocardiographic measurements used during clinical practice for 
assessing left ventricle diastolic function

Echo Assessment of Left Ventricular Diastolic Function [5, 22, 31, 33, 34],

1. 2D observation: LV wall thickness, cavity, size; LA size, pericardium

2. Doppler of Mitral inflow:

  Peak E (cm/s): 73 ± 9 in children (peak early filling of the left ventricle)
  Peak A (cm/s): 38 ± 8 in children (peak late filling of the left ventricle)

  E/A ratio (ratio of to) n.v: 2.0 ± 5

3. Deceleration time DT n.v: 100 ± 22 (ms) in children

4. Isovolumetric relaxation time (IVRT) n.v: 55 ± 10 (ms) in children

5. Pulmonary vein flow pattern:

  Peak S (cm/s): 44 ± 10 (age > 1 year)

  Peak D (cm/s): 61 ± 10 (age > 1 year)

  S/D velocity ratio: 0.7 ± 0.3 (age > 1 year)

6. Tissue Doppler imaging TDI [60]:

  E/e′ lateral n.v. < 10–12

  E/e′ septal n.v. < 15

7. Myocardial deformation parameters: evaluation with Strain and strain rate.

........ Table 13.10 Additional echocardiography measurement used for the evaluation of left 
ventricle systolic function

1. 16 segments visual analysis for identifying regional wall motion abnormality (Grading each 
segment as 1—normal 2—hypokinetic, 3—akinetic, 4—dyskinetic)

2. Volumetric method: based on hydraulic principle that flow rate (Q) is directly proportional to 
cross-sectional area (CSA) of tube and mean velocity of moving fluid is constant:

  Stroke volume (SV) = VTI × CSA

  Cardiac output = SV × HR/1000

  Cardiac Index = CO/BSA (CI n.v: 3.5 l/min/m2)

3. Left ventricle Dp/Dt

  Normal > 1200 mmHg/s

  Borderline 1000–1200 mmHg/s

  Abnormal < 800 mmHg/s

4. TEI index: isovolumetric contraction time + isovolumetric relaxation time/ejection time (v.n 0.39 ± 0.05)

5. Tissue Doppler imaging (pulse/color) [60]: pulsed wave TDI measures instantaneous peak 
velocity from the myocardium (S wave at basal lateral/septal wall of the left ventricle); this 
parameter shows a good correlation with LVEF

6. Other variables: Left ventricle wall stress, left ventricular mass, velocity of shortening corrected 
for heart rate, left ventricle thickness-to-dimension ratio.
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........ Table 13.12 Patterns of diastolic dysfunction

1. Normal

2. Altered Relaxation (grade I)

  Reduced mitral E wave velocity, reduced E/A ratio <1

  Prolonged DT, Prolonged IVRT

  Pulmonary veins Doppler S/D ratio >1 S > D.

  Mitral valve A duration > pulmonary vein AR duration

  TDI: E (mitral inflow peak early filling)/e′ (mitral early septal annular velocity) < 10

3. Pseudonormal (grade II)

  Mitral inflow is apparently normal (Valsalva maneuver to unmask) E/A ratio 1.1–1.5

  DT similar to normal

  Pulmonary veins Doppler S/D ratio < 1 (reduced S peak wave velocity S < D),

  Mitral valve A duration < Pulmonary vein AR duration

  TDI E/e′ > 10

4. Restrictive (grade III)

  Prominent E wave and markedly reduced A wave (E/A ratio >1.5)

  Reduced DT, reduced IVRT

   Pulmonary veins S component is markedly reduced or even absent, Ar wave is  
prominent

  Mitral valve A duration < pulmonary vein AR duration

  TDI E/e′ > 10

Modified from “Echocardiography in pediatric and congenital heart disease from fetus to adult”: 
Lai, Mertens, Cohen, Geva [26]

cal  settings and appears reliable in providing quantitative information on myo-
cardial diastolic relaxation and systolic performance (E′ wave, A′ wave, and S 
wave velocity)

 – Tissue Doppler of LV lateral mitral annulus, in combination with PW Doppler 
of mitral inflow, provides accurate information about the degree of LV filling 
pressure.

 5 Myocardial velocity and deformation imaging (strain and strain rate—SR—imag-
ing), torsion analysis, and three-dimensional measures of cardiac size have poten-
tial value for early quantification of global and regional systolic and diastolic 
myocardial dysfunction [27] (. Table 13.13).
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 5 Cardiac Magnetic Resonance Imaging (CMR):

 5 Is a noninvasive, safe, sensitive, and reproducible technique
 5 It has diagnostic potential for detection of early ventricular involvement, giving 
information regarding both heart structure and function.

 5 It has advantages over echocardiography since it allows assessment of  
ventricular mass and function in a more reproducible and standardized way,  
and is especially useful when ultrasound evaluation is not technically feasible  
or optimal.

 5 When contrast enhancement is used, it provides information not available by 
echocardiography on perfusion abnormalities and sub-endocardial damage 
through identification of delayed enhancement.

 5 It might be useful to determine the prognosis and the timing of treatment in chil-
dren with slowly progressive ventricular dysfunction [6].

 5 It may be useful in borderline patients with EF (calculated by echocardiography) 
between 50 and 59 %.

 5 Cost, time, and need of sedation in younger patient are the major limitations for 
wide employment of CMR [6, 28].

........ Table 13.13 Newer echocardiographic techniques for evaluating ventricular function have 
been introduced during the past decade [61]

Strain and strain rate imaging—using color-coded tissue Doppler imaging—has emerged as a 
quantitative technique to estimate myocardial function and contractility.

  Myocardial strain is a dimensionless measure of regional and global ventricular deformation.

   Myocardial strain rate, a time derivative of strain, correlates with LV peak elastance, which is a 
load- independent global measure of ventricular function.

The speckle-tracking echocardiography-estimated strain and strain rate can detect early cardiac 
dysfunction, both systolic and diastolic, in asymptomatic patients with normal conventional 
measures of cardiac function. It should be taken into account, however, that these new techniques 
depend on the imaging system and on image quality.

3-D—regional and global LV systolic function: good correlation with MRI.

Key Point
The predictive value of standard echocardiography measurements in detecting early 
cardiac dysfunction is limited by the intrinsic variability in echocardiographic 
measurements themselves.

Changes in those parameters are considered “late changes,” indicating that a 
significant myocardial damage is already occurred.

There is growing evidence in the literature supporting the complementary role of 
cardiac biomarkers and echocardiographic imaging studies in early detection of 
asymptomatic cardiac dysfunctions.
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 5 Radionucleotide angiography:
 5 Can be used to study myocardial perfusion, when CMR is not technically possible.

 5 Holter ECG:
 5 Can be useful for monitoring patient with chronic heart failure and/or patients 
with previous arrhythmic events, providing additional information.

 5 Cardiopulmonary exercise test:
 5 Test used for cardiac functional evaluation; can be useful for detecting asymptom-
atic cardiac dysfunction.

 5 CCS may have adequate cardiac function at rest but may decompensate if meta-
bolic demand increases.

 5 In patients with congestive heart failure, maximum oxygen consumption (VO2 
max) closely corresponds with prognosis.

 5 Since in CCS it may be difficult to distinguish early/mild heart disease from lack 
of fitness, the response to an aerobic work may help to differentiate between these 
two clinical situations.

 5 It has been suggested that if CCS show normal response to cardiopulmonary exer-
cise testing, they can take part in dynamic sporting activities. Survivors who 
exhibit a reduced VO2 max should be reevaluated after an aerobic training pro-
gram and should undergo tailored dynamic physical activity if the VO2 max does 
not normalize [6, 29, 30]

 5 Focus: Physical activity in Pediatric Oncology patients: [31–34]
Regular participation in physical activity is one of the strategies recommended by the 
American Heart Association for promoting cardiovascular health in childhood. Physical 
activity is a key factor in the development of healthy children.

Diagnosis of cancer in children and adolescent interrupts their daily life, changing 
drastically the capacity of normal physical activity.

The growing CCS population may develop, during and after therapy, physical and psy-
chosocial side effects including:

 5 Diminished muscular strength, peripheral neuropathy, decreased functional capacity, 
and increased fatigue;

 5 Elevated levels of fear and anxiety, poor social functioning, and decreased health-
related quality of life.

Exercise capacity is reduced in a large percentage of survivors due to several factors other 
than cardiac toxicity, such as respiratory or musculoskeletal dysfunction, psychological 
attitude and lack of physical fitness, endocrine deficiencies, chronic fatigue, or peripheral 
neuropathies. Most of these, however, not only do not contraindicate but can even be 
positively affected by a regular physical activity, even if of moderate intensity. Physical 
activity has emerged as a promising adjuvant therapy to mitigate the negative effects of 
cancer and its treatment. The importance of physical activity in childhood cancer patients 
and survivors is very high, as they are at a greater risk (compared to healthy children) to 
develop a sedentary lifestyle that can aggravate and accelerate the development of physical 
inactivity-related diseases such as hypertension, diabetes, obesity cardiovascular disease, 
coronary artery disease, and osteoporosis and cancer recurrence. These are all factors for 
which this population presents already at higher risk.
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A full program for physical activity during maintenance treatment and during follow-
up after the end of treatment is recommended [35]. Recently, some authors have docu-
mented the integration of physical exercise into primary care of cancer-affected children 
already during acute phase of treatment with evidence of positive outcome [31]. Evidence 
suggests that promoting a mild/moderate physical activity is safe, beneficial, and feasible 
in pediatric cancer experience.

Key Point
With regard to limitations in the intensity of exercise in childhood cancer survivors, 
according to AHA and ESC, the intensities of exercise (high-, moderate-, low-intensity) 
are determined by the severity of existing cardiac dysfunction. Cardiologic 
consultation is recommended for survivors with asymptomatic cardiomyopathy to 
define limits and precautions for exercise [33, 34]. For high-risk survivors, cardiology 
consultation might be reasonable for those who plan to be engaged in high-intensity 
exercise [6].

 5 Lab tests
 5 Routine laboratory testing is not recommended for screening
 5 In case of symptoms, a complete blood count and RCP, acid–base status, electro-
lytes (Na++, K+, Cl−, Ca2), glucose, renal and hepatic function, as well as thyroid 
hormone levels should be evaluated, together with cardiac-specific serum bio-
markers.
Troponin I, T: reflecting acute heart damage
BNP, NT-pro-BNP reflecting acute and chronic heart damage

 5 Focus on specific cardiac serum biomarkers
 5 Cardiac troponin T (cTnT), cardiac troponin I (cTnI), B-type natriuretic peptide 
(BNP), and N-terminal pro-BNP (NT-pro-BNP):

 5 BNP, NT-pro-BNP, and cardiac troponins T and I are currently widely recognized 
as essential part of adult cardiologic evaluation. In adult patients treated with 
anthracyclines, several studies have reported a correlation between the levels of 
cardiac biomarkers and abnormalities seen by echocardiography [36]. Evident 
data, however, are not available in children.

 5 Troponin: Cardiac troponins I and T are cardiac proteins that control calcium-
mediated interaction of actin and myosin. Troponins are specific and sensitive 
marker for the diagnosis of myocardial injury.

 5 BNP and NT-pro-BNP [36–39]. In children with congestive heart failure, BNP and 
NT-pro-BNP levels correlate with functional capacity [39]. Both peptides can dif-
ferentiate cardiac from pulmonary causes in infants with respiratory distress. It is 
known that the N-terminal form of BNP is the most discerning neurohumoral 
marker of early cardiac dysfunction [40, 41]. Children with CHF show high 
plasma N-BNP concentrations that correlate with the severity of clinical symp-
toms [29, 41]. Their use and evaluation in pediatric age is complex since their nor-
mal levels are age, assay, and gender dependent [19, 36, 38]. They are elevated in 
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the first few days after birth [37, 41, 42]; thereafter, their levels decrease and 
remain relatively constant throughout childhood until 10 years, with no differ-
ences between boys and girls. During pubertal age, a sex-related difference is 
found, with higher plasma concentrations in girls [38]. Infants and children with 
heart disease that causes significant pressure or volume overload of the right or 
the left ventricles show elevated BNP and NT-pro-BNP levels.

13.5  Preventive Strategies

The need for effective prevention and treatment strategies to limit or avoid cardiotoxicity 
without reducing oncological efficacy has been widely studied. Several strategies have 
been tested [8], but only few have been evaluated in the specific contest of pediatric ran-
domized controlled trials.

 z Primary Cardioprotective strategies under investigation include
 5 Limiting the dose of anthracyclines:

 5 Ideally, the primary prevention to avoid cardiac consequences should be not to 
expose patients to potentially cardiotoxic treatments, but these drugs are so far 
considered as pivotal for the treatment of several childhood cancers.

 5 The cumulative dose of anthracycline used in cancer protocols has been progres-
sively reduced in order to minimize the cardiotoxic effect (while maintaining the 
same therapeutic efficacy), even if it has been shown that there is no “safe” dose of 
anthracyclines.

 5 Continuous versus bolus anthracycline infusion:
 5 Studies on adult populations showed a reduction in anthracycline-related cardio-
toxicity with continuous versus bolus infusion [43, 44]. However, these results 
were not replicated in children. A study of continuous infusion compared with 
bolus infusion in children with ALL did not show a better long-term cardioprotec-
tion nor improvement in survival [45, 46].

 5 Structurally Modified Anthracyclines: Anthracyclines analogues (i.e., epirubicin, ida-
rubicin, mitoxantrone, etc.)

 5 Liposomal anthracyclines: In the last years, new pharmaceutical formulations of 
anthracyclines (either via a liposomal or pegylated vector) have been developed in 
order to allow slow release of the drug after injection. These drugs seem to have a 
better and safer oncological profile than conventional anthracyclines because of 
their longer circulation times, longer half-lives, slower clearance from plasma, and 
their impossibility to penetrate cardiac cell tight junctions. However, the cost of 
these drugs is still high, and for this reason, they are usually used in relapsing 
patients who had already received anthracyclines as part of their front-line treat-
ment [47]. Their use in children is thus limited and there are no conclusive results.

 5 Anthracycline analogues (e.g., epirubicin, idarubicin): in adults, they seem to dem-
onstrate a better and safer oncological profile compared to conventional anthracy-
clines even if there are not conclusive results regarding the risk of cardiovascular 
effects, since the doxorubicin equivalent conversion score used in some guidelines 
is based on hematological toxic effects and not on cardiotoxic effects [6, 48]. In 
children, there are no conclusive results; more research is needed.
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 5 Use of Cardioprotective Agents
 5 Dexrazoxane

 – Is an iron-chelating agent that reduces the formation of iron–anthracycline com-
plexes and is the most widely studied cardioprotective strategy in adult populations.

 – Controversies about the use of dexrazoxane in children have emerged due to 
fear of reducing treatment efficacy and increasing the number of second can-
cers, thus compromising overall survival rates [49]. This leads The European 
Medicines Agency to not recommend the use of dexrazoxane in children.

 – However, some studies suggest with low-to-moderate confidence that there are 
cardiac beneficial effects in children treated with dexrazoxane, without compro-
mising long-term survival [50, 51].

 5 Nutritive Agents (i.e., Coenzyme Q, Vitamins C, E, A) and antioxidant drugs (i.e., 
L–Carnitine, glutathione):
There is no conclusive evidence supporting their use [52].

 5 ACE inhibitors, Beta-Blockers, ARBs:
The use of these drugs as primary prevention during cancer treatment shows a pos-

sible beneficial hemodynamic effect. However, their usefulness in reducing the 
incidence of asymptomatic changes in echocardiographic parameters and the 
development of symptomatic dysfunction remains uncertain.

 z Secondary cardioprotective strategies
 5 Early identification

 5 Cardiac screening protocols for high-risk patients based on full and sequential 
cardiology assessment of early signs of myocardial damage in order to initiate ade-
quate treatment and improve prognosis.

 5 Pharmacologic treatment
 5 Currently, there are no recommendations for starting cardiac treatment in asymp-
tomatic patients with decreased left ventricular ejection fraction documented by 
echocardiography.

 5 For what concerns the treatment of patients who develop signs and symptoms of 
heart failure, there is evidence that in the adult population the use of ACE inhibi-
tors and beta-blockers improves cardiac function and decreases mobility and mor-
tality. The benefit from the use of these drugs in pediatrics is controversial, but 
seems promising. There are no conclusive data at the moment because the studies 
conducted so far are based on small groups and with short follow-up periods [2, 7, 
8, 18].

Key  Point
It is important to note that based on hematologic toxicity data, the anthracycline dose 
equivalence ratio with doxorubicin and daunorubicin has been typically assumed to 
be 1:1, while it is 1:5 for idarubicin and 1:0.67 for epirubicin. However, a recent report 
based on joint analyses of Dutch and American series has demonstrated that, with 
regard to the cardiotoxic effect, daunorubicin appears to be substantially less 
cardiotoxic than doxorubicin (cardiotoxic effect ratio 1:0.5) [62]. Thus, this conversion 
should be taken into account when calculating the anthracyclines’ cumulative dose 
received by each patient.
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13.6  Practical Surveillance Program

 5 Pretreatment cardiology screening:
 5 Systematic baseline clinical and instrumental cardiologic evaluation (clinical his-
tory with attention to cardiovascular risk factors or comorbidities, clinic cardio-
vascular evaluation, blood pressure, ECG, echocardiography)

 5 During treatment, cardiology evaluation should be repeated:
 5 If there is a history suggesting a cardiologic high risk before the treatment.
 5 If the patient received a high cumulative anthracycline dose and/or high radiation 
dose.

 5 If patient develops cardiac clinical symptoms and signs and/or if there is a sus-
pected infectious complication or any other cardiac complication.

Key Point
In summary, the evidence for the use of ACE inhibitors and beta-blockers in clinical 
practice for pediatric population with heart failure has been extrapolated from adult 
experience and seems to improve cardiac outcome, at least in the short term.

Treatment with ACE inhibitors (captopril, enalapril) is indicated.
Treatment with beta-blockers (carvedilol, metoprolol, or bisoprolol) might be 

initiated in the treatment of moderate to severe systolic dysfunction.

Key Point
If any grade of myocardial dysfunction is found, the evaluation must be repeated after 
each therapy cycle. In these patients, it might be reasonable to consider evaluation of 
specific cardiac biomarkers.

Treatment interruption should be considered if there is severe myocardial 
dysfunction.

 5 Posttreatment cardiology screening:

 > Recently, guidelines, and recommendations for cardiac long-term follow-up 
of children exposed to cardiotoxic treatments have been developed by the 
International Guidelines Harmonization group, with the contribution of the most 
important European and North American cooperative groups [6]. 

According to these guidelines, the risk of developing cardiomyopathy varies based on 
the cumulative doses received of anthracyclines and/or chest irradiation:

 5 CCS should be stratified as at low, moderate, or high risk of developing cardiomyopa-
thy based on the received cumulative dose of anthracyclines and chest radiation:
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Cardiomyopathy 
risk

Anthracycline 
dose

Chest irradiation 
dose

Anthracycline + chest 
radiation

High ≥250 mg/m2 ≥35 Gy ≤100 mg/m2 + ≥15 Gy

Moderate 100–250 mg/m2 ≥15–<35 Gy

Low ≤100 mg/m2

 5 A screening program is strongly recommended for high-risk patients, while for those 
at intermediate or low risk the recommendation is less strong

 5 If a screening program is planned, the recommendations are as follows:

Question Strength of 
recommendation

What surveillance modality should be used?

Echocardiography is recommended as the primary cardiomyopathy 
surveillance modality

Strong

In particular situations in which ultrasound evaluation is not technically 
feasible or optimal for cardiac surveillance, CMR or radionuclide studies 
should be used.
If available, a CMR might be preferred in these cases since:
  It does not use any radiation
   It presents an increasing diagnostic potential for detection of early 

ventricular involvement, giving information regarding both heart 
structure and function.

   It has advantages since it allows assessment of ventricular mass and 
function in a more reproducible and standardized way and is 
especially useful when ultrasound evaluation is not technically 
feasible or optimal.

   When contrast enhancement is used, it provides information not 
available by echocardiography on perfusion abnormalities and 
subendocardial damage through identification of delayed 
enhancement

Limitations are:
   Cost, time, and need of sedation in younger patient.
   The equipment and the expertise needed for its use in this field are 

not available in all centers.

Moderate

Cardiac blood biomarkers are not recommended as the only modality of 
surveillance of cardiac dysfunction in asymptomatic CCS

Not recommended

Cardiac blood biomarkers may be useful for further investigation in case 
that at imaging investigations some sign of cardiomyopathy has 
emerged

Moderate

It might be reasonable to consider the use of serum cardiac biomarkers 
for monitoring
  Symptomatic patients with preserved systolic function
  Patient with borderline cardiac function during primary surveillance

Moderate

When should cardiac surveillance begin and how long should it continue?
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Question Strength of 
recommendation

For CCS included in the high-risk group cardiology surveillance should 
be:
 Performed within 2 years from the end of chemotherapy treatment;
 Repeated at 5 years after diagnosis;
 Continued every 5 years thereafter

Strong

For CCS included in the moderate- and low-risk group cardiology 
surveillance should be:
 Performed within 2 years from the end of chemotherapy treatment;
 Repeated at 5 years after diagnosis;
 Continued every 5 years thereafter.

Moderate

A more frequent surveillance is reasonable for high-risk group and may 
be reasonable in moderate- and low-risk survivors.

Moderate

Lifelong cardiomyopathy surveillance is reasonable in high-risk group 
and may be reasonable for moderate- and low-risk groups

Moderate/Low

What should be done when abnormalities are identified?

The recommendations reported above are for primary surveillance.
If an asymptomatic cardiomyopathy is detected, the subsequent 
investigative steps and the follow-up frequency should be defined by 
the cardiologist

Strong

What to do in case of pregnancy in female survivors treated with anthracycline or chest radiation?

It is reasonable to perform a cardiology evaluation before pregnancy or 
during the first trimester of pregnancy to make sure that heart function 
is normal.

Moderate

If no alterations in heart function are detected during the first 
evaluation, there are no specific recommendations about the need and/
or frequency of further cardiac surveillance during the whole 
pregnancy.

No recommendation

Survivors and their healthcare provider should pay attention to 
symptoms such as shortness of breath, fatigue, and ankle swelling. 
These are commonly reported during pregnancy, but can also be the 
expression of progressive cardiac dysfunction.

Strong

Recommendations on physical activity

Exercise is usually beneficial for everybody and as long as the tests don’t 
show any alterations in heart function, regular physical activity is 
recommended.

Strong

In case of desire to practice high-intensity exercise, a cardiologist 
consultation is recommended

Moderate

If cardiac tests show alterations in heart function, a cardiologist 
consultation is recommended to give advice on the limits and 
precautions of a personal exercise regimen.

Strong

Screening for modifiable cardiovascular risk factors and MS is also strongly suggested 
in order to set the stage and establish if lifestyle modifications are sufficient or a pharma-
cology therapy is necessary.
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If a cardiac dysfunction is detected at an early stage, a therapeutic approach may 
 significantly increase quality of life and life expectancy. This is even more important in 
children than in adults, considering the long latency between cardiotoxic exposure and 
clinically evident disease and the long life expectancy.

The future of childhood malignancies therapy should be based on new biological and 
molecularly targeted agents, together with a risk-adapted approach basing the intensity of 
therapy on clinical, biological, and genetic factors and on treatment response, in order to 
minimize the cardiotoxic complications and contemporarily maintain and enhance the 
anticancer effect.
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14.1  Introduction

The age distribution of population greatly affects its burden of disease and disability, 
including cancer incidence and mortality. Cancer is now the leading cause of death. 
Actually, cancer cases reported over the world have doubled in the past 25 years and could 
even triple by 2030. In fact, the elderly population is rapidly increasing, in Europe 15 % of 
the population is elderly, and 55 % of cancers are in this group of age [1, 2]. Therefore, age 
is an important risk factor for cancer. And, as we know, the cancer is forty times higher 
after 65 years, than when you are aged between 20 and 44 years. Older adults with cancer 
have different needs than younger adults with the disease. So treatment for older adults 
needs to consider many issues because they have unique needs by reason of their complex 
medical histories, numerous drugs taking, their social situations, possible problems with 
cognitive dysfunction related to age, and general diminution of organ function that occurs 
naturally in the older population. In contradiction with the fact that the risk of cancer 
increases with age, there is little interest in their clinical problem. In fact, clinical trial 
guidelines for treatment of cancer were mainly based on assessment for young age and 
rarely in elders. That disparity is demonstrated by a low percentage of research in this area. 
But now there’s a big shift in the way oncologists approach treatment for elderly, and oncol-
ogy management began to raise the consciousness that age was not a contraindication per 
se and starting in the mid-1980s the need of data and information [3, 4]. Ageing is associ-
ated with the decline in organ function that occurs over time and even in the eventual 
presence of injury, illness or poor lifestyle choices (e.g. unhealthy diet, lack of exercise, 
substance abuse). Initially, the changes in organ function do not affect baseline function; 
the first manifestations are a reduced capacity of each organ to maintain homeostasis 
under stress (e.g. illness, like cancer and, injury, like chemotherapy). The cardiovascular, 
renal and central nervous systems are usually the most vulnerable (the weakest links) [5].

14.2  Characteristics of Elderly People

The ageing process is characterised, for both acute and chronic diseases, by a progressive 
decline in physical and cognitive functioning whose underlying causes are only partially 
understood. As a consequence, one of the most characteristic aspects of  ageing is the great 
variability from person to person: some persons maintain their physical and cognitive 
abilities throughout a long life (successful ageing), while others lose these abilities rather 
early in adult life. In a very small subgroup of individuals, the functional status even 
appears to improve over time The basis for this heterogeneity is largely unknown and 
probably is affected by the interaction of genetic, environmental, functional, social and 
psychological factors that make up the individual ageing process [5].

Key Points: Characteristics of Elderly People
 5 Having multi-morbidity or co-morbidity
 5 Having unusual presentations of illness
 5 Experiencing organ physiologic change
 5 Being functional or psychological a risk of dependency
 5 Having frailty syndrome
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14.3  Evaluating Older Patients for Screening Purpose: 
The Comprehensive Geriatric Assessment (CGA)

Among the elderly patients, to identify the best candidate to receive potential cardiotoxic-
ity chemotherapy assumes a crucial role [6].

As age from a clinical perspective is highly heterogeneous and poorly reflected by 
chronological age, the clinical evaluation of the older person is influenced by several fac-
tors and is a key step in the clinical decision process . A geriatric consultation provides a 
variety of relevant information and enables the healthcare team to manage the complexity 
of health care in the elderly; this process is named Comprehensive Geriatric Assessment 
(CGA).

CGA is defined as a multidimensional, often interdisciplinary, diagnostic process 
aimed at determining the medical, psychological and functional capabilities of elderly 
persons in order to develop an overall plan for treatment and long-term follow-up. It dif-
fers from the standard medical evaluation because (1) it focuses on frail elderly people 
with their complex problems, (2) it puts emphasis on the functional status and on their 
quality of life and (3) it benefits from the use of an interdisciplinary team. In the geriatric 
setting, several studies have supported the effectiveness of CGA in improving functional 
status, reducing hospitalisation, decreasing medical costs and prolonging survival. The 
meta-analysis by Stuck and colleagues showed a positive effect of the CGA, and the authors 
recommended its use within interdisciplinary units [7, 8].

Aim of CGA is the study of the complexity of many aspects of old age and the applica-
tion of knowledge related to the biological, biomedical, behavioural and social aspects of 
ageing to diagnosis, treatment and care of older persons.

The onco-geriatric approach is specifically targeted towards patients with multiple, 
interacting problems brought on by disease or ageing and resulting in a progressive reduc-
tion of reserve of multiple organ systems, disability (i.e. functional impairment and 
dependency), co-morbidity, frailty and geriatric syndromes. Such patients are not simply 
old, but are “geriatric” patients because of interacting psychosocial and physical problems. 
In addition, diseases in the elderly may appear with atypical signs and symptoms, a silent 
presentation may occur, and they are extremely susceptible to iatrogenic disease. Chronicle 
diseases are common and their contribution makes the picture more complex [9–11].

As a consequence, the health status of old persons cannot be evaluated by merely 
describing the single disease and/or by measuring the response or survival after treatment. 
Conversely, it is necessary to conduct a more comprehensive investigation of the “func-
tional status” of the aged person. The assessment of the functional status is defined as the 
measurement of a patient’s ability to complete functional tasks, which range from simple 
self-care in activities of daily living (ADL) [12] to more complex instrumental activities of 
daily living (IADL) [13], and fulfil social roles. ADL includes feeding, grooming, transfer-
ring and toileting. IADL includes shopping, managing finances, housekeeping, laundry, 
meal preparation, ability to use transportation and telephone and ability to take medica-
tions. Independence, or the degree of dependence in the ADL and IADL scales, deter-
mines whether an older person can eventually live alone without a caregiver. As for social 
roles, these include the ability to use transportation, the ability of requiring help in cases 
of urgent need and the ability of living in an interpersonal context. Each impairment in 
the physical, social or psychological dimension which gives rise to functional limitations 
is defined as disability.
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The SIOG included CGA in the guidelines for the management of elderly cancer 
patients: the main recommendation was that these scales are applied to all elderly cancer 
patients regardless of age to estimate functional status in order to determine a treatment 
course, assess eligibility for clinical trials and predict treatment toxicity [19] (. Table 14.1).

The further evolution on application of such approach was to use the Geriatric 
Multidimensional Assessment as a milestone in screening process and in decision-mak-
ing. Oncologists should be able to intervene and to target interventions by choosing 
between aggressive or palliative treatments and to prevent toxicity. To assess global health 
and age- related problem recognition could lead to a stratification of elderly cancer patients 
for entering optimal treatment strategies and/or clinical trials. Usually according to CGA 
elderly cancer patients evaluated to treatment course are classified in three risk groups: fit, 
unfit and frail patients (. Fig. 14.1).

In the early 1990s, Monfardini and colleagues designed and validated a comprehensive 
geriatric assessment instrument tailored on oncological setting [14]. Such instrument 
included an evaluation of functional status (ADL, IADL), co-morbidity condition 
(Cumulative Ilness Rating Scale CIRS) [15], cognitive function (Mini-mental state evalu-
ation) [16], depressive symptoms [17], polypharmacy and nutrition.

Such “geriatric” approach may help in the management of older individuals with can-
cer in at least three areas: detection of frailty, treatment of unsuspected conditions and to 
design personalised treatment plan [11, 18].

Key Points
In the case of the older cancer patient, the CGA presents the following advantages:

 5 Estimate of life expectancy
 5 Estimate of functional reserve and tolerance of chemotherapy
 5  Recognition of reversible co-morbidity conditions that may interfere with cancer 

treatment.
 5  Recognition of special social economic needs that may interfere with cancer 

treatment.
 5 Management of nutrition and medications.
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 . Table 14.1 SIOG recommendations for the management of anthracyclines’ cardiovascular 
risk. Reproduced with permission from [19]

Recommendations Proposal

Rigorous screening to exclude 
patients at unacceptably high 
cardiac risk (level 1a)

Comprehensive patient history:
 Current signs or history of CHF
  Cardiovascular co-morbidity (i.e. hypertension, diabetes 

or coronary artery disease)
  Prior exposure to anthracyclines for this or 

previoumalignancy (level 1a)

Not exceeding the recommended 
upper cumulative dose (level 1a)

Reduction in maximum cumulative dose (level 5)

Use of less cardiotoxic therapy 
(level 1a)

Use of continuous infusion (level 1a)
Epirubicin (level 1a)
Dexrazoxane (level 1b, Elderly: level 5)
Liposomal anthracycline formulations (level 1b, elderly: 
level 5)
Sequential administration of conventional anthracyclines 
and trastuzumab in HER2-positive breast cancer (level 1b, 
elderly:level 5)

Regular monitoring of cardiac 
function, signs and symptoms 
(level 1a)

Measure of LVEF by ultrasound (preferred, level 5) or 
MUGA scan, every two to three cycles of anthracyclines 
(level 1a)
 Special attention needed if drop in LVEF exceeds 10 %, 
even if remaining within normal range (level 5) Long-term 
follow-up (level 1a)

Cardiovascular risk reduction 
interventions (level 1a)

Early management of dysfunction (level 1a)
 Lifestyle modifications (i.e. smoking cessation, regular 
exercise, weight loss where appropriate) (level 1a)
Beta blockers and ACE inhibitors (level 1a)
Reduced lipid levels (level 1a)

CHF congestive heart failure, MUGA multiple uptake gated acquisition, ACE angiotensin-converting 
enzyme

Cardiotoxicity in the Elderly
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14.4  The Frail Cancer Patient: Definition and Identification

A key step in the patient evaluation in the onco-geriatric setting is the definition and iden-
tification of frailty that represents a major issue in clinical geriatrics. Although the term 
frailty has been increasingly used since the 1980s in the medical literature, its actual mean-
ing is still not well defined.

Different authors emphasise different aspects of frailty [5], and frailty includes the fol-
lowing notions:

 5 Being at a substantial risk of dependency and other adverse health outcomes
 5 Experiencing the loss of “physiological reserves”
 5 Having complex medical and psycho-social problems

In the oncological setting, Balducci firstly defined frailty condition as to be over 80 years 
old, to have some ADL disability or to be affected by more of three co-morbidities or by a 
geriatric syndrome [4]. Frailty is a reversible condition characterised by a high degree of 
susceptibility to external changes that require adaptation and compensation. On these 
bases, when cancer is the “external change” the main objective of frail detection is to adopt 
compensatory strategies acting at different levels. For instance, the cellular biology level 
(e.g. growth factors, erythropoietin), the physiologic level (e.g. supportive therapies) and 
the metabolic pathways (nutritional support) interplay between functional status and 
social behaviours. With regard to social behaviours, a particular role is played by caregiv-
ers whose presence assures adherence to therapeutic plans.

DOMAINS

COMPREHENSIVE GERIATRIC ASSESSMENT
(CGA)

• ADL

• IADL

Functional
status • CIRS score

Co-Morbidities

• MMSE

Cognitive 
status

• GDS

Mood

Limited by 
ComorbiditiesDose Reduction

ImplementHealthy
Usual care

FIT

FRAIL
UNFIT

• ECOG

• KARNOFSKY

Performance
status

¦¦¦¦¦¦¦¦ Fig. 14.1 Aspects of comprehensive geriatric assessment
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For all these reasons, the effects of ageing must be taken into account during diagnosis 
and treatment of the elderly [20].

In addition, clinicians should be alert for diseases that are much more common among 
the elderly (e.g. diastolic heart failure, Alzheimer disease, incontinence, normal pressure 
hydrocephalus).This approach enables clinicians to better understand and manage the 
complexity of the diseases that often coexist in older patients (. Fig. 14.2).

Clinicians should:
 5  Assess older people according to multidimensional approach by means of validated 

geriatric assessment tool.

Clinicians should not:
 5 Mistake pure ageing for disease (e.g. slow information retrieval is not dementia)
 5  Mistake disease for ageing (e.g. ascribe debilitating arthritis, tremor or dementia to 

old age)
 5  Ignore the increased risk of adverse drug effects on weak-link systems stressed by 

illness
 5  Forget that the elderly often have multiple underlying disorders (e.g. hypertension, 

diabetes, atherosclerosis) that accelerate the potential for harm

¦¦¦¦¦¦¦¦ Fig. 14.2 First and second level assessment of geriatic patients
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The unmodifiable effects of ageing may be less dramatic than thought, and healthier, 
more vigorous ageing may be possible for many people. Today, people >65 are in better 
health than their ancestors and remain healthier longer. Because health has improved, 
decline tends to be most dramatic in the oldest old.

14.5  Selected Physiologic Age-Related Changes

Evaluation of the elderly usually differs from a standard medical evaluation. For elderly 
patients, especially those who are very old or frail, history taking and physical examina-
tion may have to be done at different times, and physical examination may require two 
sessions because patients become fatigued.

The elderly also have different, often more complicated healthcare problems, such as 
multiple disorders, which may require use of many drugs (sometimes called polyphar-
macy) and thus greater likelihood of a high-risk drug being prescribed.

14.5.1  Multi-morbidity and Co-morbidity

Diseases interact with pure ageing effects to cause geriatric-specific complications, par-
ticularly in the weak-link systems—even when those organs are not the primary ones 
affected by a disease. Typical examples are delirium complicating pneumonia or UTIs and 
the falls, dizziness, syncope and weight loss that often accompany many minor illnesses in 
the elderly [21].

14.5.2  Unusual Presentations of Illness in the Elderly

In the elderly, many common conditions can exist without their characteristic features. 
Instead, the elderly may have ≥1 non-specific geriatric syndromes (e.g. delirium, dizzi-
ness, syncope, falling, weight loss, incontinence). These syndromes result from multiple 
disorders and impairments; nonetheless, patients may improve when only some of the 
precipitating factors are corrected. An even better strategy is to identify risk factors for 
these syndromes and correct as many as possible, thus reducing the likelihood of the syn-
drome’s developing at all.

Although virtually any illness or drug intoxication can cause geriatric syndromes, the 
following disorders are especially likely to trigger one or more of them, sometimes instead 
of causing the typical symptoms and signs:

 5 Heart failure may cause confusion, agitation, anorexia, weakness, insomnia, fatigue, 
weight loss or lethargy; patients may not report dyspnoea. Orthopnoea may cause 
nocturnal agitation in patients who also have dementia. Peripheral oedema is less 
specific as a sign of heart failure in elderly than in younger patients. In bed-bound 
patients, oedema may occur in the sacral area rather than in the lower extremities.

 5 Hyperparathyroidism may cause non-specific symptoms: fatigue, cognitive dysfunc-
tion, emotional instability, anorexia, constipation and hypertension. Characteristic 
symptoms are often absent.
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 5 Hyperthyroidism may not cause the characteristic signs (e.g. eye signs, enlarged thy-
roid gland). Instead, symptoms and signs may be subtle and may include tachycardia, 
weight loss, fatigue, weakness, palpitations, tremor, atrial fibrillation and heart failure. 
Patients may appear apathetic rather than hyperkinetic.

 5 Hypothyroidism may manifest subtly in elderly patients. The most common symp-
toms are non-specific (e.g. fatigue, weakness, falling). Anorexia, weight loss and 
arthralgias may occur. Cold intolerance, weight gain, depression, paraesthesias, hair 
loss and muscle cramps are less common than among younger patients; cognitive 
 dysfunction is more common. The most specific sign—delayed tendon reflex relax-
ation—may not be detectable in elderly patients because of decreased amplitude or 
absent reflexes [21–24].

14.6  Drug Therapy in the Elderly

Prevalence of prescription drug use among older adults increases substantially with age. 
Among people ≥65, 90 % use at least 1 drug per week, > 40 % use at least five different 
drugs per week and 12 % use ≥10 different drugs per week. Women take more drugs, par-
ticularly psychoactive and arthritis drugs. Drug use is greatest among the frail elderly, 
hospitalised patients and nursing home residents; typically, a nursing home resident is 
given 7–8 different drugs on a regular basis [25].

Providing safe, effective drug therapy for the elderly is challenging for many reasons:
 5 They use more drugs than any other age group, increasing risk of adverse effects and 
drug interactions, and making adherence more difficult.

 5 They are more likely to have chronic disorders that may be worsened by the drug or 
affect drug response.

 5 Their physiologic reserves are generally reduced and can be further reduced by acute 
and chronic disorders.

 5 Ageing can alter pharmacodynamics) and pharmacokinetics.
 5 They may be less able to obtain or afford drugs.

There are two main approaches to optimising drug therapy in the elderly:
 5 Using appropriate drugs as indicated to maximise cost-effectiveness
 5 Avoiding adverse drug effects

Because the risk of adverse drug effects is higher, overprescribing (polypharmacy) has 
been targeted as a major problem for the elderly. However, underprescribing appropriate 
drugs must also be avoided.

14.7  Drug-Related Problems in the Elderly

Drug-related problems are common in the elderly and include drug ineffectiveness, 
adverse drug effects, overdosage, underdosage and drug interactions.

Cardiotoxicity in the Elderly
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14.7.1  Before Starting a New Drug

To reduce the risk of adverse drug effects in the elderly, clinicians should do the following 
before starting a new drug:

 5 Consider nondrug treatment
 5 Discuss goals of care with the patient
 5 Document the indication for each new drug (to avoid using unnecessary drugs)
 5 Consider age-related changes in pharmacokinetics or pharmacodynamics and their 
effect on dosing requirements

 5 Choose the safest possible alternative (e.g. for non-inflammatory arthritis, acetamino-
phen instead of an NSAID)

 5 Check for potential drug–disease and drug–drug interactions
 5 Start with a low dose
 5 Use the fewest drugs necessary
 5 Note coexisting disorders and their likelihood of contributing to adverse drug  
effects

 5 Explain the uses and adverse effects of each drug
 5 Provide clear instructions to patients about how to take their drugs (including generic 
and brand names, spelling of each drug name, indication for each drug and explana-
tion of formulations that contain more than one drug) and for how long the drug will 
likely be necessary

 5 Anticipate confusion due to sound-alike drug names and pointing out any names that 
could be confused (e.g. Glucophage® and Glucovance®)

14.7.2  After Starting a Drug

The following should be done after starting a drug:
 5 Assume a new symptom may be drug related until proved otherwise (to prevent a 
prescribing cascade).

 5 Monitor patients for signs of adverse drug effects, including measuring drug levels 
and doing other laboratory tests as necessary.

 5 Document the response to therapy and increase doses as necessary to achieve the 
desired effect.

 5 Regularly re-evaluate the need to continue drug therapy and stop drugs that are no 
longer necessary.

14.7.3  Ongoing

The following should be ongoing:
 5 Medication reconciliation is a process that helps ensure transfer of information 
about drug regimens at any transition point in the healthcare system. The process 
includes identifying and listing all drugs patients are taking (name, dose, frequency, 
route) and comparing the resulting list with the physician’s orders at a transition 
point. Medication reconciliation should occur at each move (admission, transfer and 
discharge).
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 5 Computerised physician ordering programs can alert clinicians to potential prob-
lems (e.g. allergy, need for reduced dosage in patients with impaired renal function, 
drug–drug interactions). These programs can also cue clinicians to monitor certain 
patients closely for adverse drug effects.

14.7.4  Cardiac Effect of Anticancer Therapy in the Elderly

The elderly are historically underrepresented in clinical trials, with patients older than age 
65 years representing only 38 % of enrolled patients. For this reason, less is known about 
long-term risks in this population of cancer survivors.

Cancer treatments, including chemotherapy, targeted therapy and hormonal therapy, 
have multiple short- and long-term toxicities, but one of the most concerning is cardiac 
toxicity. Anticancer therapies can also have indirect effects, such as alterations in blood 
pressure, or can cause metabolic abnormalities that subsequently increase risk for cardiac 
events [6, 18, 26–28].

14.7.5  Anthracycline

Anthracyclines are part of most chemotherapeutic regimens for the treatment of many 
malignancies encountered in the elderly. Toxicity that is observed more frequently is a 
form of cardiomyopathy that manifests itself during the therapy with doxorubicin in the 
greatest part of the cases, 86, and it has been reported that the incidence of congestive 
heart failure following treatment with anthracyclines increases progressively with age after 
70 years; these results are confirmed by a multivariate analysis [29].

This may explain why many elderly patients are either excluded from anthracycline 
treatment or receive less-aggressive chemotherapy.

However, anthracyclines remain the cornerstone of first-line therapy for non- Hodgkin’s 
lymphoma (NHL) and metastatic cancers, and the decision to treat involves balancing 
likely benefit against possible risks [30, 31].

Anthracycline administration techniques and modality may also affect cardiac risk in 
the elderly:

 Duration and Frequency of Administration
 5 A Cochrane review of five randomised controlled trials predominantly involv-
ing adult patients concluded that continuous infusion of 6 h or longer significantly 
reduced the risk of clinical heart failure (and probably also subclinical cardiac dam-
age) when compared with infusions of 1 h or less [relative risk (RR) 0.27; 95 % confi-
dence interval (CI) 0.09–0.81] [32].

 5 In the early retrospective study of Von Hoff et al. [33], weekly administration was 
associated with less CHF than a 3-week schedule.

 Type of Anthracycline
 5 Epirubicin is less cardiotoxic than doxorubicin and the Cochrane Review of the 
evidence from controlled trials has recently confirmed a lower rate of CHF with no 
difference in response rate and survival observed in patients treated with epirubicin 
compared with doxorubicin [34].

Cardiotoxicity in the Elderly
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 5 Pegylated liposomal doxorubicin has shown similar efficacy and improved  
cardiac safety compared with that of conventional doxorubicin (HR = 3.16, 95 %  
CI 1.58– 6.31, P < 0.001) [35, 36] (. Table 14.2).
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15.1  Introduction

The incidence and the prevalence of both cardiovascular and the neoplastic diseases are 
increasing, as are the therapeutic possibilities and survival. Thus, identifying the best car-
diovascular care in a patient ready to start an antineoplastic treatment is becoming a 
rather common problem.

The coexistence of two different diseases may rise several problems:
 5 The presence of the tumor might worsen the cardiac status
 5 The antineoplastic treatments might directly or indirectly worsen the preexisting car-
diac problems or may limit the cardiac therapeutic options.

 5 There are pharmacological interactions between cardiac and antineoplastic drugs
 5 The prognosis of either cardiac or neoplastic disease might influence the therapeutic 
choices

These points will be analyzed in summary here (for more details go to the relative chap-
ters).

15.1.1  Risk of Worsening of Cardiac Status Due to the Tumor

 5 Several tumors induce a hypercoagulable status and might increase the risk of throm-
boembolism [1, 2]. In patients with atrial fibrillation (AF), history of deep vein 
thrombosis, and/or pulmonary embolism, mechanical prosthetic cardiac valves anti-
coagulant therapy should be optimized and followed strictly unless actively bleeding.

 5 A change in the anticoagulant strategy may be required in particular cases: oral anti-
coagulants (OA) may be less effective in patients with bowel disease, or—on the other 
hand—be less tolerated in case of bleeding. Low molecular weight heparins (LMWH) 
are the first choice in treatment and prophylaxis of venous thromboembolism in can-
cer, since they are more effective and safe compared to OA. To date, there are insuf-
ficient evidence to recommend NOACs in cancer patients [3–5]. (See also Chap. 6: 
“Thromboembolic disorders”)

 > In patients with chronic AF or mechanical prosthetic valves, LMWH at dosage of 
100 UI/kg twice a day should be considered as the optimal alternative to OA until 
the cancer has been cured.

 5 New onset or recurrence of AF is rather common in lung cancer patients, mostly after 
thoracic surgery, and affects negatively the clinical outcome.

 5 ECG and possible Holter monitoring are useful to early detection of arrhythmias. In 
patients at high risk (clinical history of recurring AF, enlarged left atrium, depressed 
left ventricular function), antiarrhythmic prophylaxis may be necessary. Unless con-
traindicated in patients with thyroid dysfunction or by drug–drug interactions, beta-
blockers and amiodarone are the preferred agents.

 5 Severe anemia (as observed in some hematologic malignancies or in solid tumors with 
severe bleeding) may decompensate a patient with ischemic heart disease or a patient 
with dilated cardiomyopathy. Secondary tachycardia may also cause angina or precipi-
tate heart failure in patients with both systolic and diastolic dysfunction.

 5 Try to correct anemia as far as possible.

 I. Parrini et al.
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 5 Persistent sinus tachycardia should be treated if not well tolerated: low dose beta-
blockers (bisoprolol, starting with 1.25 mg once a day and carefully titrating the 
dose according to blood pressure) or ivabradine (5 to 7.5 mg twice a day)  
in case of hypotension are useful.

15.1.2  Antineoplastic Treatments Interfering 
with the Cardiovascular Function

 5 Several antineoplastic treatments are associated with an increased risk of thrombo-
embolism, which may be life-threatening [6].

 5 Patients with other thrombosis risk factors should receive appropriate prophylaxis [7].
 5 Some antineoplastic drugs (as platinum, for instance) require the infusion of large 
amount of fluid to prevent nephrotoxicity. In patients with dilated cardiomyopathy, 
or with diastolic dysfunction, the volume overload may precipitate acute decom-
pensation and pulmonary edema.

 > In patients with left ventricular dysfunction, a careful balance of fluid loads is 
necessary.

 5 Some antineoplastic treatments may cause an electrolyte imbalance (even indirectly, 
because of emesis, or of bone or tumor lysis) or may prolong the QT interval. In 
patients with a clinical history of arrhythmias or with ischemic heart disease, this 
might be harmful.

 5 Baseline routine examinations in any neoplastic patient should include an ECG; 
cardiologic evaluation should be asked if it is abnormal.

 5 In patients at risk, the possibly precipitating factors (anemia, electrolyte 
changes…) should be prevented or promptly corrected.

 5 Following abdominal surgery or antineoplastic treatments inducing prolonged emesis, 
some patients may be unable to take regularly their prescribed cardiologic drugs.

 5 Oncologists and surgeons should ask a cardiologist’s consult before therapy in any 
case there is such a risk. Some treatments (lipid lowering drugs, acetylsalicylic acid, 
anticoagulants in patients with recurring atrial fibrillation but in sinus rhythm, 
drugs with very long blood half-life as amiodarione, for instance) may be tempo-
rarily discontinued; other treatments should be changed from oral to transdermal, 
intravenous route, or rectal (i.e., aspirin 300 mg). It is better to plan the change 
some days in advance, in order to assess its efficacy.

15.1.3  Pharmacological Interactions Between Cardiac 
and Antineoplastic Drugs

The pharmacological interactions may be due to both a metabolic interaction (drugs 
metabolized by inhibitors or substrates of Cytochrome p450 [CYP450]) or to a cumulative 
side effect.

 Metabolic Interactions
The association of a drug metabolized by the CYP 450 and a substrate, inhibitor,  
or inducer of the same cytochrome may be dangerous and require dose adjustments).

Treatments in Patients with Cancer and Cardiac Diseases
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 5 Almost all the tyrosine kinase inhibitors (TKI) are metabolized by the CYP450 3A4, 
as several cardiac drugs (amiodarone, apixaban, diltiazem, edoxaban, flecainide, 
losartan, prasugrel, ranolazine, rivaroxaban, most statins excluding pravastatin and 
rosuvastatin, verapamil).

 5 Verapamil, diltiazem, amiodarone, and imatinib are inhibitors of CYP 450 3A4
 5 Other oncologic drugs (docetaxel, paclitaxel, imatinib, irinotecan, ondansetron, siro-
limus, tamoxifen, paclitaxel, vincristine) and cardiac drugs (all the calcium channel 
blockers, atorvastatin, lovastatin, simvastatin) are substrates of CYP450 3A4.

 > In . Table 15.1, the major interaction between the most used oncologic and 
cardiovascular drugs are summarized. However, many other interactions—not 
considered in this text—may be possible. There are several regularly updated sites 
to check interactions, as: www.drugs.com/drug_interaction.php

 > In . Table 15.2 , are described antineoplastic drugs with low risk of cardiac toxicity

 Cumulative Effects
QT interval may be prolonged by drugs commonly used in oncology (TKI, arsenic triox-
ide, bortezomib, ondansetron, tamoxifen, tacrolimus) and by several cardiac drugs (amio-
darone, dronedarone, flecainide, furosemide, indapamide, nicardipine, ranolazine, 
quinidine, sotalol).

 5 The use of two or more drugs prolonging the QT interval may lead to severe, even life- 
threatening ventricular arrhythmias, as torsade de pointes and ventricular fibrillation.

 5 However, some drugs (as octreotide and the antiemetics dolasetron and granisetron) pro-
long the QT interval without inducing arrhythmias; with some other drugs the arrhythmic 
risk is limited to the higher doses or to the presence of a genetic predisposition.

 > A frequently updated, useful site to check drugs which may prolong the QT interval 
and related the arrhythmic risk is: www.qtdrugs.org

 5 Some TKI, as Sunitinib and thalidomide, may cause bradycardia, which may be 
severe and symptomatic in combination with cardiac drugs with the same effect, as 
beta- blockers and transdermal clonidine

 5 In case of severe bradycardia, consider reduction/changes of cardiovascular drugs. 
In extreme cases, a pacemaker implantation might be indicated in order to con-
tinue the therapy.

 5 Lenalidomide given together with statins may increase the risk of rhabdomyolisis.
 5 Clopidrogrel, commonly used in coronary artery disease, especially with drug-eluting 
stents, has hepatic metabolism but in cancer patients with liver failure the efficacy has 
not been well established.

 5 Prasugrel without the same problem has major risk of bleeding.

15.2  Practical Approach to the Patient with Cardiovascular 
Disease

Any cardiac disease may be adversely influenced by different antineoplastic treatment side 
effects (. Fig. 15.1). As a general rule, a patient with known heart disease, before starting 
an antineoplastic therapy, should have his cardiac problem reassessed, and his/her therapy 
optimized (. Table 15.3).

 I. Parrini et al.
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....... Table 15.2 Antineoplastic drugs with low risk of cardiac toxicity

Drug Use in oncology Cardiotoxicity Warnings

Citarabine AML and other 
lymphoproliferative 
diseases.

At the usual dosage, very 
rare cases of arrhythmias 
have been reported; 
cardiomyopathy with 
fatal consequences has 
been described only 
when cytarabine is used 
at high dosage, in 
autologous staminal cell 
transplant.

Hematological, 
pulmonary, CNS, 
gastrointestinal 
toxicities

Gemcitabine Bladder, lung, 
pancreatic, breast, 
and ovarian cancer

Cardiac toxicity is 
described as not 
common or rare. It can be 
used for all patients 
except for those with 
severe heart failure.

Pulmonary, 
hepatobiliary, 
gastrointestinal, and 
hematological toxicity

Vinorelbine NSCLC, breast cancer Only few cases of angina, 
myocardial infarction, 
and ECG abnormalities 
have been reported.
It may cause respiratory 
distress which can mimic 
heart failure.

Pulmonary, 
gastrointestinal, and 
hematological toxicity

Carboplatin NSCLC, breast, 
ovarian, endometrial 
cancer

Cardiovascular events, 
such as heart attack, have 
been seldom reported

Hematological toxicity, 
neurotoxicity. It should 
not be administered in 
case of kidney injury or 
immunosuppression

Chlorambucil CLL, follicular 
lymphoma.

Cardiac events never 
reported

Gastrointestinal and 
bone marrow toxicity

BCNU Brain cancer, multiple 
myeloma, Hodgkin 
disease, Non-Hodgkin 
lymphoma

Rare cases of cardiac 
events

Pulmonary, 
gastrointestinal,  
hematological, hepatic, 
kidney, testicular 
toxicity.

DTIC Melanoma, Hodgkin 
disease, sarcoma.

Cardiac events never 
reported

Hematological toxicity, 
hepatic veno-occlusive 
disease, and hepatic 
necrosis

Bleomycin Testicular cancer, 
Hodgkin disease.

Moderately increased MI 
risk at young ages has 
been described, probably 
because it is used with 
other drugs.

Lung fibrosis.

(continued)
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....... Table 15.2 (continued)

Drug Use in oncology Cardiotoxicity Warnings

Etoposide SCLC, testicular 
cancer, high grade 
neuroendocrine 
tumors

Arrhythmias and 
myocardial ischemia are 
not common. Congestive 
heart failure has been 
reported in high-dose 
therapies

Gastrointestinal and 
hematological toxicity

Fludarabine CLL, follicular 
lymphoma

Arrhythmias and heart 
failure rarely reported

Hematological and 
gastrointestinal toxicity

Methotrexate Breast cancer Pericarditis and 
pericardial effusion are 
very rare; hypotension is 
rarely reported.

Mitomycin C Different types of 
cancer such as breast 
cancer or colon 
cancer

Cardiac events not 
reported

Hematological and 
gastrointestinal 
adverse events

Oxaliplatin Colon and pancreatic 
cancer

Cardiac events not 
reported

Neurological and 
gastrointestinal toxicity

Topotecan Ovarian and cervical 
cancer, SCLC

Cardiac events not 
reported

Hematological toxicity

AML acute myeloblastic leukemia, CLL chronic lymphocytic leukemia, SCLC small cell lung carci-
noma
Very common ≥1/10
Common from ≥ 1/100 to <1/10
Not common from ≥ 1/1000 to <1/100
Rare from ≥1/10,000 to <1/1000

CARDIAC DISEASES AND POSSIBLE WORSENING 
ACCORDING TO THE TYPE OF TOXICITY OF 

ANTINEOPLASTIC DRUGS (red lines: direct effect; blu, dashed
lines, indirect effect)

HEART DISEASE

Cardiomyopathies

CAD

Arrhythmias

Hypertension

Valvular heart disease

TOXICITY

LV dysfunction

Ischemia, myocardial
infarction

QT  prolongation
Hypertension

Blood volume, 
electrolyte imbalance

.. Fig. 15.1 Cardiac diseases 
(left column) at risk to be wors-
ened/decompensated by some 
anticancer treatments’ side effects 
(right column). CAD coronary 
artery disease, LV left ventricle
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15.2.1  Dilated and/or Hypokinetic Cardiomyopathies (CMP)

Cardiac function or symptoms may be worsened:
 5 By treatments which may impair left ventricular function (as anthracyclines, trastu-
zumab, tyrosine kinase inhibitors)

 5 By treatments requiring a large volume overload (as platinum)
 5 By any treatment which cause an increase in heart rate (either directly or causing 
severe anemia)

The oncologist may prevent/reduce the risk, when prescribing some antineoplastic therapies:
 5 Anthracyclines: the cardiac damage may be reduced by the association of prolonged 
infusions, dexrazoxane, of refracted reducing dose or use of liposomal formulations.

 5 TKI should be used—if possible—at lower dosage
 5 Anemia should be treated with erythropoietin

The cardiologist should check a baseline left ventricular function and optimize the cardio-
logic therapy before starting and follow up the patient frequently during the antineoplastic 
treatment.

 5 Anthracyclines: if at baseline echocardiogram shows any systolic or diastolic dysfunc-
tion, follow the suggestions above (CMP).

 5 Anti-VEGF: have a baseline and regular follow-up echocardiograms.

 > After an acute coronary syndrome or revascularization, the risk/benefit ratio of 
starting immediately or postpone for some weeks a required anti-VEGF therapy 
should be evaluated in the single patient; in either case, a close symptomatic 
monitoring should be done at least for the first 3 months if possible.

 . Table 15.3 General rules to be followed by the cardiologist 
in evaluating a patient under going anticancer therapy

1. Basal assessment of cardiologic problem

   Severity (even second level tests)

   Clinical impact (symptoms, mandatory drugs…)

   Comorbidities (renal failure, diabetes, etc.)

   Stratify the risk of progression

2. Optimize pharmacological therapy

   Optimal blood pressure

   Correct electrolyte imbalances

   Check for drug interactions

   Prefer potentially cardioprotective drugs

3. Consider possible non-pharmacological interventions

   At short term

   At medium term

Treatments in Patients with Cancer and Cardiac Diseases
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 5 Fluoropyrimidines: have a stress test before starting CT and adjust medical therapy 
(or consider revascularization) if positive; start first course at 50–75 % of regular dose; 
check side effects with ECG, visit and possibly stress test the last day of first course 
(see also Chap. 11, “Cardiac ischemia”)

15.2.2  Hypertension

In patients with hypertension, a cardiologic evaluation and possibly some changes in 
chronic therapy should be planned before antineoplastic therapies, according to the pos-
sible side effects (. Table 15.4).

 5 Before starting therapies with anti-VEGFR, the blood pressure should be optimized.
 5 If the antineoplastic treatments may cause bradycardia (as sunitinib, sorafenib, 
5- fluorouracil) avoid verapamil, diltiazem (which may also interfere with the TKI), 
and strong beta-blockers.

 5 Have an echocardiogram before starting therapies with anthracyclines or trastu-
zumab: if hypertensive CMP is detected, follow the same rules above mentioned. 
Moreover, amongst the antihypertensive drugs, choose those with a protective effect 
on the myocardium (ACE-inhibitors, beta-blockers).

15.2.3  Coronary Artery Disease (CAD)

A baseline cardiologic evaluation should be planned before any possibly cardiotoxic anti-
neoplastic therapy. Further interventions will be planned according to the possible cardio-
toxicity of each antineoplastic agent.

....... Table 15.4 Drugs preferred in the hypertensive patient undergoing anticancer treatments 
according to the possible side effects

Antineoplastic drug Possible side effects Cardiac drugs of choice

Anthracyclines, 
trastuzumab

Left ventricular dysfunction ACE inhibitors or ARB, Beta-blockers

Fluoropyrimidines Ischemia Calcium channel blockers 
(amlodipine, nifedipine, diltiazem)

Bevacizumab Hypertension, endothelial 
dysfunction, reduced NO 
production

Nebivolol, ACE inhibitors or ARB, 
Beta-blockers, Diuretics

Anti-VEGF TKI Hypertension, Left ventricular 
dysfunction, CYP450 
interaction

ACE or ARB inhibitors (no Losartan), 
Beta-blockers (Nebivolol and 
Atenolol preferred), Diuretics

Taxanes Tachycardia, edema Beta-blockers, Diuretics

ACE angiotensin converting enzyme, ARB angiotensin receptor blockers, TKI tyrosine kinase inhibi-
tors, VEGF vascular endothelial growth factor
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 Treatment Options for Chronic CAD
Treatment options for chronic CAD are: medical treatment in patients with stable angina; 
revascularization in patients with severe CAD and unstable or severe angina. The choice 
depends on the severity of cancer status [8].

 5 Revascularization with surgical coronary artery by-pass grafting (CABG) may be 
 considered in patients with good cancer prognosis. Using of extracorporeal circula-
tion considers the possibility of spread of the tumor, bleeding, and infections

 5 Percutaneous angioplasty (PTCI) may be preferred in patients with aggressive cancer. 
It may be performed with different techniques:

 5 Dilatation without stenting (POBA). It is suitable in limited anatomic conditions 
only

 5 Dilatation with implant of bare metal stent (BMS). It requires dual antiplatelet 
treatment for 4 weeks

 5 Dilatation with implant of drug-eluting stent (DES). It requires dual antiplatelet 
treatment for one year. For the use of antiplatelets agents in cancer patients, see 
below the paragraph about acute coronary syndromes. Second and third genera-
tion DES appear to have comparable risk of stent thrombosis compared with bare 
metal stents with less restenosis and should be considered in the majority of the 
cancer patients.

 5 In case of neoplasms requiring surgery and CAD requiring revascularization, the 
timing of treatments should be planned on an individual basis, considering various 
options: staged approach (surgical treatment of neoplasm followed by revasculariza-
tion or vice versa) or combined approach (cardiac and cancer surgery at the same 
 session) [9].

 Treatment Options for CAD with Acute Coronary  
Syndrome (ACS)
Treatment options for CAD with ACS are: medical treatment, thrombolysis, and catheter- 
based revascularization.

 5 Often the more aggressive strategy is not given to cancer patients, either because 
a concern about the cancer prognosis, cancer-related or unrelated comorbidities, 
including thrombocytopenia. Each decision should be taken on a individual basis, 
and poor cancer prognosis, renal or hepatic failure, or other severe comorbidities 
(like sepsis or cachexia) will trigger a more conservative approach.

 5 A rather frequent condition which can be observed in cancer patients and should 
be discussed in detail is thrombocytopenia. It should be considered that:

 5 Thrombocytopenia does not protect from thrombosis, because platelets may be 
larger and more adhesive to the vascular surface.

 5 Actually AMI has been reported in patients who have thrombocytopenia that is 
associated with various conditions and occurs in up to 39 % of patients who have 
both thrombocytopenia and cancer.

 5 In a retrospective study of 2007, therapy with ASA was associated with a sig-
nificantly improved 7-day survival after ACS in cancer patients, with or without 
thrombocytopenia, and not associated with more severe bleeding [10].

 5 There are no large studies to assess the safety of antiplatelet or fibrinolytic agents 
in thrombocytopenic cancer patients, but several cases published in the literature 
report that their use may be relatively safe [11].

Treatments in Patients with Cancer and Cardiac Diseases
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 5 A retrospective study from MD Anderson Cancer Center published in 2012 
showed that the patients treated with catheter-based reperfusion had a signifi-
cantly better outcome; a significant advantage in survival was also given by beta-
blockers, aspirin, and statins [12].

 5 Approaches to the treatment of AMI in thrombocytopenic patients might be bet-
ter directed toward the evaluation of platelet function than toward platelet count, 
and the risk–benefit equation of invasive procedures and antithrombotic therapies 
may need to take this information into account [11].

 5 An operative flowchart for thrombocytopenic patients with ACS is reported  
in . Fig. 15.2.

 > Patients with acute coronary syndrome and a cancer with medium-long term good 
prognosis should be treated according to the current guidelines for non-cancer 
patients. Changes in the treatment strategy may be necessary in particular cases, 
but thoughtfully weigh the risk and benefit.

 > In case of urgent surgery after PCI, intravenous tirofiban can be administered and 
clopidogrel restarted with dose of 300 mg.

 5 Cancer patients with bare metal stents (BMS) appear to have a sevenfold increase in 
risk of stent thrombosis compared to general population with the majority of events 
in patients on dual antiplatelet therapy (DAPT) [13].

Medical Management
ASA (1OK), BB, Statins

follow by ischemic
evaluation

ACS & Platelet < 100,000
(no active bleeding or sepsis)

TIMI Risk Score*

Early Invasive
Therapy - Cardiac Cath

CAD
Onco Cardio Team

ASA if PLT>10K

Stress induced CMP
(Tako Tsubo)

Medical
Management

BMS vs DES
DAT if PLT >

30k

CABG
(if platelet

>50K)

Resume Cancer
Therapy in
2-4 weeks

< 3

> 3

                 TIMI Risk Score *
= TIM I Risk score for UA/NSTEMI
or STEMI + additional points for:
• h/o radiation to the chest (1 point)
• ongoing prothrombotic chemo or
Phase I drug (1 point)

.. Fig. 15.2 Suggested operative flowchart in presence of Acute Coronary Syndrome (ACS) in thrombo-
cytopenic patients. ASA acetylsalicylic acid, BB beta-blockers, BMS bare metal stent, CABG coronary artery 
by-pass graft, CAD coronary artery disease, CMP cardiomyopathy, DAT dual antiplatelet therapy, DES drug-
eluting stent, NSTEMI non-ST elevation myocardial infarction, STEMI ST elevation myocardial infarction, UA 
unstable angina. Reproduced with permission from Iliescu CA, Iliescu GD, Marmagkiolis K. Myocardial Isch-
emia and Acute Coronary Syndrome in Cancer Patients. In: OncoCardiology, 2015.
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 5 As cancer is a prothrombotic state, one might think that more potent antiplatelet 
therapies now available (Prasugrel, Ticagrelor) would be a better therapeutic option 
for this patient population. The advent of an oral reversible P2Y12 inhibitor (Ticagre-
lor), with rapid onset of action and offset of antiplatelet effect within 2–3 days, would 
allow better flexibility in the management of all types of patients with acute coronary 
syndromes.

 5 The TRITON-TIMI 38 was a head-to-head trial to assess the efficacy and safety of 
the experimental antiplatelet agent prasugrel vs. standard care with clopidogrel on 
top of aspirin. Besides ischemic protection at expense of bleeding disadvantage, 
prasugrel-treated patients experienced a three times higher rate of colonic 
neoplasms than with clopidogrel, and this difference was significant. The gas-
trointestinal bleeding preceded the diagnosis of colonic neoplasms only  
in half of the patients.

 5 More delicate platelet inhibition and shorter exposure to oral antiplatelet agents 
will prevail. We have used Ticagrelor in cancer patients with multivessel stenting, 
but larger clinical trials with different dual antiplatelet therapy combinations are 
needed to prove the superiority of one specific regimen [14].

15.2.4  Arrhythmias

 5 Atrial fibrillation: before starting therapies with drugs which could impair LV func-
tion, obtain a ventricular rate <80/m’ and check regularly heart rate during chemother-
apy; beta-blockers are the preferred drugs if anthracyclines are used. Thromboembolic 
prophylaxis and effective stroke prevention with oral anticoagulation should be pre-
scribed, but the balance between thromboembolic and bleeding risk and the possible 
drug interactions must be evaluated (See Chaps. 6 and 7)

 5 Bradycardia: be careful when using fluoropyrimidines (mostly with 5-FU), sunitinib, 
and sorafenib. Obtain ECGs and possibly Holter monitoring during at least the first 
course of therapy, to assess the tolerability.

 5 Ventricular arrhythmias: check blood K+ and Mg++ (and correct with supplements 
if low) before starting CT and during the treatment in case of prolonged emesis; have 
regular ECG and possibly Holter monitoring when using fluoropyrimidines, plati-
num, or drugs which can prolong the QT interval. Consider also the possibility of 
underlying cardiac ischemia.

15.2.5  Valvular Heart Disease

The approach differs in patients with native valve disease and patients with prosthetic valves.

 Native Valve Disease
Assess the entity of the dysfunction, the clinical impact, the possibility of progression.

 5 Mild dysfunction usually does not require any change in planned therapies
 5 Moderate dysfunction should be evaluated in prospect, considering the possible 
indication of cardiac surgery on the medium term, the planned time to be spent in 
antineoplastic treatments, and the prognosis of the tumor. The risk of an urgent car-
diac surgery in a patient under chemotherapy may be very high. If CT is not urgent, 
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anticipating cardiac surgery, with insertion of a biologic valve which will not require 
lifelong anticoagulation, might be the best choice, mostly in patients with low grade 
tumors.

 5 Severe dysfunction usually requires cardiac surgery, which should be planned pos-
sibly before the antineoplastic treatment. In case of patients with severe aortic stenosis 
requiring urgent major abdominal or gynecological surgery for cancer, balloon aortic 
valvuloplasty may be used as bridge therapy [15]. In patients with expected survival 
more than 2 years, Transcatheter Aortic Valve Replacement (TAVR) can be considered.

 > There is a concern about the risk that cardiac surgery with extracorporeal 
circulation might favor the metastatic spread in solid tumors or worsen the 
prognosis in hematologic tumors [16, 17]. This risk has not been confirmed in the 
most recent studies [18–20].

 > A joint evaluation by the oncologist and the cardiologist (including careful 
assessment of severity, prognosis, and treatment options of each disease) is 
necessary to plan the best therapeutic approach in the individual patient.

 Prosthetic Valves
 5 Biologic valves have no particular problem, beside the risk of bacterial endocarditis 
in case of severe depression of immunity defenses.

 5 Mechanical valves require chronic oral anticoagulation, which should be contin-
ued—if possible—even during chemotherapy. The oncologist should use—if pos-
sible—drugs less likely to induce thrombocytopenia, which do not interfere with oral 
anticoagulants and which do not cause emesis. If these drugs cannot be avoided, or if 
there is any risk of bleeding, LMWH may be used as an alternative.

 > LMWH must be prescribed at dose of 100 Units/kg twice a day. It should be taken 
in mind that the thrombosis of a mechanical prosthetic valve requires few days and 
is a life-threatening event. Proper and constant anticoagulation is mandatory. If 
blood platelets are reduced to <75,000/ml and there is a risk of bleeding, the dose 
of LMWH may be reduced but always given every 12 h.

15.2.6  Varicose Veins

Some antineoplastic treatments, as tamoxifen, fluoropirimidines, and anti-VEGFR, may 
increase the risk of deep vein thrombosis.

 5 Consider mechanical and/or pharmacological prophylaxis
 5 Suggest regular physical activity (walking, cycling)

15.2.7  Patients with Cardiac Implantable Electronic Devices 
(CIED) Who Need Radiotherapy

Radiotherapy may impair the function (signal interference, memory data loss or param-
eter reset) of these devices, even if they are not included in the radiation field, because of 
scatter radiation. The consequences may be asymptomatic or cause even severe symp-
toms:

 I. Parrini et al.
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 5 Pacemakers (PM) are generally implanted for advanced heart block and symptomatic 
bradycardia. If the patient is “pacemaker dependent,” the loss of PM function may 
cause severe symptoms.

 5 Internal Cardioverter Defibrillator (ICD) are implanted in patients with an increased 
risk of life-threatening ventricular arrhythmias. If it detects tachyarrhythmias, it deliv-
ers an electric shock to revert the rhythm. A dysfunction of an ICD may cause both 
inappropriate (i.e., in absence of dangerous arrhythmias) shock deliveries and failure 
of shock delivery in presence of life-threatening arrhythmias.

 > The risk of clinically relevant complications depends mostly on:

1. Cumulative dose of radiation received by the device
2. Pacing-dependency of the patient

 > In a recently published study, proximity of the radiation treatment field to the device 
did not predict for malfunction (actually, the malfunction rates were higher with 
treatments to the abdomen and pelvis region), and the use of neutron- producing 
radiation (>10 MV) was the principal risk factor for device malfunction [21].

15.3  Practical Approach to the Patient with Cardiac Implantable 
Electronic Devices [22, 23]

15.3.1  Before Starting Radiotherapy

 5 Inform the treating cardiologist and inform the patient
 5 Evaluate if patients is pacing-dependent. If so, evaluate if there are medical 
approaches which can reduce this condition (i.e., reduce digitalis, beta-blockers, or 
other drugs causing bradycardia)

 5 If ICD, check if anti-tachycardia therapy can be switched off by magnet
 5 Plan a device check-up if the last one was done > 3 months before starting radio-
therapy

15.3.2  During Radiotherapy

 5 If the dose is <2 Gy:
 5 PM in patient not pacing dependent: Monitor heart rate during radiotherapy

 5 ICD: program tachycardia therapy off or use magnet
 5 If the dose is 2 to 10 Gy and patients is pacing dependent:

 5 Crash cart present during RT
 5 Weekly check-up of the device
 5 Have an external pacing device (external defibrillator for patients with ICD) ready
 5 Alert the cardiologist to be able to intervene within 10 min

 5 If the dose is estimated to exceed 10 Gy consider device relocation and discuss the 
indications for radiation therapy device-related risks. If the treatment is necessary:

 5 Monitor ECG during each treatment session
 5 Crash cart present during RT

Treatments in Patients with Cancer and Cardiac Diseases
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 5 Have an external pacing device (external defibrillator for patients with ICD) ready
 5 Alert cardiology to be able to intervene within 10 min
 5 Check-up within 24 h of each treatment session by a pacemaker technician

15.3.3  After Radiotherapy

CIEDs need to be interrogated 1, 3, and 6 months after the last RT due to the risk of latent 
damage.
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16.1  Introduction

Hematopoietic stem cell transplantation (HCT) is now used worldwide in the treatment of 
many malignant and nonmalignant hematologic disorders and in the treatment of various 
solid tumors [1]. Every year, many thousands of patients receive an autologous or alloge-
neic transplant procedure. The diseases most often treated with autologous and/or alloge-
neic HCT are listed in . Table 16.1. Our current knowledge of HCT biology derives from 
a vast body of experimental and clinical applications extending back from more than 60 
years. The original context of using HCT to permit the use of myeloablative doses of anti-
cancer therapy is still relevant today in the treatment of malignant diseases. The biologic 
bases of autologous HCT are completely different as compared to those of allogeneic HCT.

Autologous HCT involves the infusion of a patient’s own hematopoietic stem cells to 
rescue the patient from bone marrow injury caused by high-dose chemotherapy and/or 
radiotherapy (total body irradiation) as part of a treatment for a malignant disorder. This 
preparative therapy is also called conditioning regimen. Usually, the patient’s hematopoi-
etic stem cells have been previously collected either from bone marrow or peripheral 
blood, cryopreserved and then thawed before reinfusion. In this setting, acute complica-
tions of conditioning regimen are very limited and include some well-known regimen- 
related organ toxicities, including cardiotoxicity, in addition to a very short (7–10 days) 
period of pancytopenia and associated infections.

Allogeneic HCT refers to any procedure where hemopoietic stem cells of any healthy 
donor type (related or unrelated) and any HLA compatibility (identical or partially identi-
cal) are given to a recipient with the intention of repopulating and replacing the hemopoi-
etic system in total or in part. Stem cells can be collected from bone marrow, peripheral 
blood, or cord blood. The objective of the conditioning regimen before allogeneic HCT is 
both to eradicate cancer and to induce the immunosuppression that permits engraftment 
of donor cells. The preparative regimen can also augment the antitumor immune response 
by causing a breakdown of tumor cells, which results in a flood of tumor antigens into 
antigen-presenting cells. This flooding can lead to the proliferation of T cells, which attack 
the surviving malignant cells (graft-versus-tumor effect) [2]. A better understanding of 
graft-versus-tumor biology led to the development of reduced-intensity regimens in the 
late 1990s. These regimens are usually applied in older patients (>50 years) and are pri-
marily immunosuppressive. In any case, the conditioning regimen carries substantial risks 
for toxic effects to other organs leaving the patients vulnerable to a succession of acute 
complications as shown in . Table 16.2. Graft-versus-host disease (GvHD) is the major 
complication following allogeneic HCT and is associated with considerable morbidity and 
mortality. In the human setting, we traditionally recognize two forms of GvHD, acute 
(aGvHD) and chronic (cGvHD). The major target organs of aGvHD are skin, liver, and 
intestinal tract, although other organs including the heart may be involved. The presenta-
tion in each organ is extremely variable ranging from a mild self-limiting condition to a 
serious and potentially fatal disorder. aGvHD occurs in approximately 40 % to 60 % of all 
recipients of allogeneic HCT. In the first classification scheme, the acute form was distin-
guished from a chronic form by the time of onset (less or more than 100 days from HCT). 
aGvHD remains, directly or indirectly, the major cause of short-term (day 100) mortality 
after allogeneic HCT. It is the result of an alloimmune attack of donor lymphocytes against 
host organ tissues [3]. Although the most important risk factor for the occurrence of 
aGvHD is the HLA disparity between donor and recipient, several risk factors have been 
recognized and include older patient age, the use of female donors for male recipients, 
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 . Table 16.1 Diseases commonly treated with hematopoi-
etic stem cell transplantation

Autologous transplantation

  Malignant disease

   Multiple myeloma

   Non-Hodgkin’s lymphoma

   Hodgkin’s lymphoma

   Acute myeloid leukemia

   Neuroblastoma

   Ovarian cancer

   Germ cell tumors

  Other diseases

   Autoimmune disorders

   Amyloidosis

Allogeneic transplantation

  Malignant disease

   Acute myeloid leukemia

   Acute lymphoblastic leukemia

   Chronic myeloid leukemia

   Myelodysplastic syndromes

   Myeloproliferative disorders

   Non-Hodgkin’s lymphoma

   Hodgkin’s disease

   Chronic lymphocytic leukemia

   Multiple myeloma

   Juvenile chronic myeloid leukemia

  Nonmalignant disease

   Aplastic anemia

   Thalassemia major

   Sickle cell anemia

   Paroxysmal nocturnal hemoglobinuria

   Fanconi’s anemia

   Blackfan–Diamond anemia

   Severe combined immunodeficiency

   Wiskott–Aldrich syndrome

   Inborn errors of metabolism

Hematopoietic Stem Cell Transplantation and Cardiotoxicity
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prior alloimmunization of the donor, and the nature of GvHD prophylaxis. cGvHD is an 
immunoregulatory disorder occurring after allogeneic HCT and shares features of auto-
immunity and immunodeficiency. Features of cGvHD resemble other autoimmune dis-
eases such as Sjogren’s syndrome, scleroderma, primary biliary cirrhosis, and 
immunocytopenias. Similarly to aGvHD, cGvHD is also thought to be induced by the 
immune cells of the donor, but the pathophysiology is even less well understood. 
Depending on a number of factors, cGvHD occurs in about half (ranging from 10 % to 
80 %) of 3-month survivors after allogeneic HCT. Another main concern following alloge-
neic HCT is the profound and long-lasting immunodeficiency which follows this proce-
dure. Many factors relating to the donor and/or to the recipient as well as the source of 
hemopoietic stem cells and their transplant manipulation can contribute to generate the 
posttransplant immunodeficiency and can affect the immune reconstitution. In the long-
term follow-up of these patients, severe posttransplant infections, relapse, secondary 
malignancies, and organ damage, including cardiac complications, may be directly related 
to persistent immune defects. The most important delayed complications following allo-
geneic HCT are listed in . Table 16.3.

Cardiac complications associated with HCT have been documented in several series, 
but the incidence of reported cardiotoxicity has varied largely among investigators, 
 ranging from 2 % to 28 % [5–11] probably reflecting patient selection, differences in HCT 
conditioning regimens, and lack of universal grading system for cardiotoxic events.  
A retrospective study evaluated 2821 patients transplanted at the University of Minnesota 
and reported only 26 patients (0.9 %) suffering life-threatening or lethal cardiac toxicity 
during the first 100 days posttransplant [6]. This low incidence is comparable to previously 

 . Table 16.2 Acute complications of allogeneic hematopoi-
etic stem cell transplantation

Pancytopenia

Oral mucositis

Nausea and emesis

Gastroenteritis and diarrhea

Acute graft-versus-host disease

Hemorrhagic cystitis

Renal toxicity

Hepatic damage including veno-occlusive disease of the liver

Cutaneous toxicity

Neurotoxicity

Bacterial, fungal, and viral infections

Cardiotoxicity

Fluid and electrolyte imbalance
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reported smaller studies. Hertenstein et al. evaluated prospectively three of 170 patients 
(1.8 %) with clinically significant major cardiotoxicity associated with HCT conditioning 
regimen [7]. In several other series [8–10], no serious or fatal acute cardiac toxicity was 
observed, while a higher frequency (6 % and 9 %) of major cardiac events was reported by 
Bearman et al. [11] and by Cazin et al. [5], respectively.

In our personal experience, cardiac complication was the first cause of death in 12 out 
of 876 (1.4 %) patients who received an allogenic HCT between 1982 and 2014 (unpub-
lished data). This complication included congestive heart failure (CHF) (n = 6), infarction 
(n = 3), myocardiopathy (n = 2), and endocarditis (n = 1). Cardiac complication was a seri-
ous contributing cause of death in other six patients (0.7 %), in all cases manifesting with 
congestive heart failure.

Clinical results following HCT vary according to the type and stage of disease, the age 
and functional level of the patient, the source of stem cells to be transplanted, and the 
degree of HLA compatibility. Many patients survive a lethal disease and reach the dream 
of a definitive cure of their disease due to the immense dedication knowing that a trans-
plant team is the results of many individuals including physicians from different special-
ties, scientists, nurses, laboratory technicians, radiotherapists, blood banks, data managers, 
and many volunteers with their obscure work.

This chapter will focus on the cardiac complications occurring either in the early 
period following HCT or in the long-term phase.

 . Table 16.3 Delayed complications following allogeneic 
hematopoietic stem cell transplantation

Chronic graft-versus-host disease

Marrow dysfunction

Immunodeficiency

Infection

Autoimmune disorders

Pulmonary disease

Neuroendocrine dysfunction

Impaired growth in children

Infertility

Cataracts

Aseptic necrosis

Secondary malignancies

Intellectual impairment

Psychological problems

Hematopoietic Stem Cell Transplantation and Cardiotoxicity
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16.2  Pretransplant Evaluation

16.2.1  Medical History

Risk factors for cardiac complications follow:
 5 Patient-related
1. Age (>70 years old).
2. Prior anthracycline therapy.
3. Prior history of hypertension: adequate blood pressure control is important as posttrans-

plant immunosuppressive therapy (cyclosporine, tacrolimus) can worsen hypertension.
4. Prior history of conduction or rhythm abnormalities: increased risk of supraven-

tricular tachyarrhythmias and less commonly ventricular arrhythmias.
5. Obesity.

16.2.2  Twelve-Lead Electrocardiogram (ECG)

Risk factors for developing acute heart failure posttransplantation are as follows:
 5 QT-interval prolongation (normal QTc is 390–450 ms for men and 390–460 ms for 
women)

 5 QT-interval dispersion (difference between the maximum and minimum QT inter-
vals, normal QT-interval dispersion is 40–50 ms)

16.2.3  Chest X-Ray

 5 Presence of cardiomegaly (increased cardiothoracic ratio) suggests cardiomyopathy.
 5 Pulmonary edema and pleural effusions suggest congestive heart failure (CHF).

16.2.4  Assessment of Left Ventricular Ejection Fraction (LVEF)

 5 LVEF ≥ 45–50 % is arbitrarily chosen as an eligibility criterion for HCT by most centers.
 5 Transthoracic echocardiography (TTE) is a commonly available and validated diag-
nostic modality, provides additional information such as valvular function, diastolic 
function, and global longitudinal strain (early indicator of myocardial dysfunction 
with the potential to predict future systolic dysfunction).

16.2.5  Noninvasive Stress Testing

 5 Routinely performed in some centers, even if conclusive data lacking to suggest improv-
ing ability to predict risk of posttransplant cardiac complications

 5 Should be performed only if pretransplant evaluation reveals abnormal findings sug-
gestive of ischemic heart disease (e.g., newly diagnosed cardiomyopathy, valvular 
heart disease, arrhythmias, significant risks for coronary artery disease)

 A. Natale et al.
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16.2.6  Cardiac Biomarkers

 5 Cardiac troponin (cTnT) reflects minimal myocyte damage or loss of cell membrane 
integrity, providing cardiac structural information. Natriuretic peptide (NT-proBNP) 
elevations reflect myocardial wall stress, providing cardiac functional information. 
Both these biomarkers were investigated as potential diagnostic tool to predict car-
diac complications during and after HCT.

 5 Persistent elevations in both cardiac biomarkers may reflect the presence of an under-
lying reduced functional myocardial reserve or reduced cardiac tolerance to cardiac 
stressor and predict cardiotoxicity before its clinical manifestation.

 5 No clear evidence from data published but persisting simultaneous elevations in NT- pro- 
BNP and TnT concentrations for a period exceeding 14 days might identify patients at 
risk of developing cardiotoxicity and requiring further cardiological follow-up [12, 13].

16.3  Clinical Manifestation of Cardiac Complication

16.3.1  Early Manifestations

The conditioning regimen with high-dose chemotherapy and/or radiotherapy precedes stem 
cell reinfusion and is a critical element in the HCT procedure. Conditioning is a possible 
cause of early mortality related to toxicity (cardiac, renal, hepatic, pulmonary, and gastroin-
testinal) but also has the potentiality of long-term disease control. In the autologous setting, 
the aim of conditioning is to give higher dose of chemotherapy/radiotherapy to eradicate the 
disease for which the transplant is being performed. In addition in the allogenic setting, 
another purpose of the preparative regimen is to provide adequate immunosuppression to 
prevent rejection of the transplanted graft. Management of cardiac complications requires a 
multidisciplinary approach for the peculiar setting of HCT patients (e.g., management of 
cardiac ischemia or acute coronary syndrome in patients with severe thrombocytopenia after 
HCT conditioning requiring antithrombotic and/or anticoagulant therapy).

 As a Consequence of High-Dose Chemotherapy
 z High-Dose Cyclophosphamide
 5 Incidence up to 43 % in studies from 1970s and 1980s reduced in recent years after 
the adoption of multifractionated schedule of administration.

 5 Dose and schedule dependent, not related to cumulative drug dose, dose-related risk 
(>150 mg/kg and 1.5 g/m2/day) [8, 10].

 5 Pathophysiology: toxic endothelial damage followed by extravasation of toxic metabolites 
with consequent myocyte damage, interstitial hemorrhage, and edema [4, 15].

 5 Clinical manifestation: acute or subacute congestive heart failure with pulmonary con-
gestion, weight gain, and oliguria; pericarditis; pericardial effusion; and sometimes car-
diac tamponade may be associated or may be the only clinical manifestation [14].

 5 Potentially reversible, but may be fatal within few weeks in patient who develop 
severe, progressive chronic heart failure.

 5 Occurs within 1–10 days after first dose administration.

Hematopoietic Stem Cell Transplantation and Cardiotoxicity
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 5 Associated risk factors: prior anthracycline therapy, total body and mediastinal irra-
diation, advanced age, obesity, underlying cardiac disease, and concomitant adminis-
tration of cytarabine or mitoxantrone [15].

 z High-Dose Melphalan
 5 Cardiotoxicity is dose limiting at higher dose (>280 mg/m2) [4].
 5 Most arrhythmogenic of all chemotherapeutic agents.
 5 Incidence from 6 % up to 20 % in the advanced age patients and/or concomitant car-
diovascular comorbidities [16, 17].

 5 Pathophysiology: not well established, direct or indirect chemotherapy-mediated car-
diac injury, and acting on an atrial substrate rendering more predisposed to develop 
atrial fibrillation. [17].

 z Etoposide
 5 Association with vasospastic angina and myocardial infarction.
 5 Association with atrial fibrillation [13].

 z High-Dose Corticosteroids
 5 Atrial fibrillation.
 5 Fluid retention [13].

 As a Consequence of Radiotherapy
 z Accelerated Development of Coronary Artery Disease
 5 Pathophysiology: endovascular proliferation and accelerated atherosclerosis.
 5 Ostial lesions are common, frequently involved left anterior descending artery due to 
its location.

 5 Management similar to conventional treatment for ischemic heart disease, coronary 
bypass surgery may be more difficult than general population because of prior irra-
diation in surgery field.

 z Valvular Heart Disease
 5 Pathophysiology: fibrotic changes of the heart valves
 5 More common regurgitant lesions than stenotic lesions
 5 More common in left-sided valves

 z Pericardium Toxicity
 5 Acute pericarditis, subacute and chronic pericardial effusion, constrictive pericarditis 
and, rarely, cardiac tamponade

 5 More common in the right side of the heart

 z Restrictive Cardiomyopathy
 5 Pathophysiology: myocardial fibrosis and small-vessel ischemic disease
 5 Decreased myocardial compliance→increased end-diastolic pressure →increased sys-
temic and pulmonary venous pressure

 5 Clinical signs: right-sided heart failure: peripheral edema, no significant dyspnea, and 
no significant clinical benefit from adequate diuresis
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16.3.2  Infectious Complications

Infections remain a significant cause of morbidity and mortality in patients undergoing 
HCT. The occurrence of infections varies according to the phase of the transplant process 
and reflects the type of immune defects, underlying disease, endogenous host flora, 
 previous exposure history, and past pretransplant infectious process. Mucosal damage 
after conditioning regimen, immunosuppressive therapy, use of corticosteroids, abnormal 
B- and T-lymphocyte function, hypogammaglobulinemia, and GvHD are some of the pre-
disposing factors. Involvement of the cardiac system during the occurrence of an infec-
tious process is quite rare but potentially fatal in transplanted patients.

 Endocarditis
 5 Rare incidence reported in literature, probably underestimated due to difficulty in mak-
ing the diagnosis in the antemortem period and the low reported autopsy rate. In one of 
the largest and more recent published series, Kuruvilla et al. reported 20 cases (1.3 %) in 
1547 patients receiving either an allogeneic or autologous HCT. Martino et al. reported 
an incidence of 5 % (7 out of 141 patients) [18].

 5 Risk Factors: central venous catheter, sepsis, mucositis, immunosuppressive therapy, 
graft-versus-host disease.

 5 Etiology: bacterial and fungal.
 5 Clinical signs: nonspecific (fever, chills, cough).
 5 Management: in addition to infectious work-up (cultures, biochemical analyses, 
imaging techniques), EKG (conduction or rhythm disturbance, myocardial ischemic 
changes), and echocardiogram (vegetation, decreased ventricular function of heart 
valves).

 Myocarditis and Pericarditis
 5 Incidence: mainly case reports described in literature, data from large series lacking 
[19, 20].

 5 Risk factors: infections, immunological, toxins, drugs, and physical agents such as 
radiation.

 5 Etiology: important in order to direct management strategies appropriately but in 
presence of multiple risk factors and comorbidities, definitive diagnosis is often dif-
ficult if not impossible. Viral infections are considered one of the important factors. 
In many cases it is not clear if these are associations or actual causations. The presence 
of virus either in peripheral blood or in cardiac myopericardium could be incidental, 
because of concomitant infection in other organs or from previous virus seeding from 
prior infection. Adenoviruses were the commonest viral pathogens identified from 
endomyocardial biopsy samples in patients with myocarditis and dilated cardiomy-
opathy. In immunocompromised patients where polymicrobial frequent infections 
are common, attributing etiology to a condition is not easy, and specific management 
decisions are more difficult because of lack of specific therapy or toxic side effects of 
therapeutic agents [19, 20].

Hematopoietic Stem Cell Transplantation and Cardiotoxicity
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16.3.3  As a Consequence of Hematopoietic Stem Cell Reinfusion

In the autologous transplant, the patient’s hematopoietic stem cells collected from bone 
marrow or peripheral blood are cryopreserved in addition to dimethyl sulfoxide (DMSO), 
essential for the preservation of liquid nitrogen-frozen stem cells.

 Dimethyl Sulfoxide (DMSO)
 5 Association with hypotension, bradycardia, hypertension, acute myocardial infarction, 
atrial fibrillation, and various cardiac arrhythmias including cardiac arrest [21, 22]

16.4  Cardiac Complications of GvHD

GvHD is a major cause of morbidity and mortality after HCT. aGvHD manifestations are 
predominantly limited to the skin, gastrointestinal tract, and liver. However, severe 
aGvHD is associated with a marked release of cytokines (cytokine storm) [23], that may 
result in more widespread organ involvement. Cardiac involvement during aGvHD or 
cGvHD has been reported to be infrequent, mild, and generally asymptomatic [24, 25].

The most accurate way to evaluate the cardiac effects of GvHD would be to obtain 
cardiac biopsy samples and subject them to histopathologic analysis. Unfortunately, it is 
not easy to perform cardiac biopsies because the invasive nature of the procedure could 
put patients at risk. In the majority of cases, the diagnosis of GvHD-linked cardiac com-
plication is driven from clinical manifestations and exclusion of other possible causes. 
There are few published data, mostly in pediatric patients, regarding cardiac damage 
directly due to GvHD mainly [26–29].

In addition to direct cardiac damage as a consequence of GvHD, most of cardiac com-
plications in association of GvHD are due to immunosuppressive drugs used both to pre-
vent or to treat GvHD.

16.4.1  Immunosuppressive Therapy

 Cyclosporine and Tacrolimus (Calcineurin Inhibitors)
 5 Inhibition of calcineurin results in a decreased production of interleukin-2 (IL-2), 
one of the major cytokines responsible for activation and proliferation of T cells.

 5 Cardiovascular side effects are as follows:
 5 Hypertension (common): calcium blocker therapy preferred, avoid angiotensin 
converting enzyme (ACE) inhibitors, and diuretics. They can exacerbate the already 
reduced renal blood flow due to afferent arteriole vasoconstriction. The aim is to 
maintain diastolic blood pressure <90 mm/Hg.

 5 Electrolyte abnormalities: hypomagnesemia and hyperkalemia.
 5 Diabetes.

 Mycophenolate Mofetil
 5 Inhibition of T- and B-lymphocyte proliferation via inhibition of inosine monophos-
phate dehydrogenase (IMPDH)

 A. Natale et al.
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 5 Cardiovascular side effects are as follows:
 5 Hypertension
 5 Edema

 Sirolimus
 5 Inhibition T- and B-lymphocyte proliferation by binding to FK-binding protein 12, 
resulting in a complex that directly affects the function of mammalian target of rapamy-
cin (mTOR), an enzyme responsible for growth of cells in the G phase.

 5 Cardiovascular side effects are as follows:
 5 Hypertension
 5 Edema
 5 Hypercholesterolemia/hypertriglyceridemia
 5 Electrolyte abnormalities: hypokalemia

16.5  Long-Term Complications

HCT survivors have a significantly increased risk for developing treatment-related com-
plications that affect the quantity and quality of survival, even 10–15 years after their 
transplant procedure.

The Bone Marrow Transplant Survivor Study (BMTSS) followed 1022 patients who 
survived at least 2 years post-HCT and showed that the survival probability at 15 years 
after allogeneic HCT was 80 %, with mortality rates twice that of the general population 
after 15 years. Two of three HCT survivors will develop a chronic health condition, and 
>33 % will develop a condition that is severe life-threatening or fatal [30].

For autologous HCT recipients, the mortality rate is also higher for the first 10 
years of survivorship before approaching that of the general population. The risk of 
death due to cardiac dysfunction is greater than 4-fold for female autologous HCT 
patients [31].

HCT survivors are twice as likely as the general population to die from cardiac condi-
tions. Cardiovascular complications are not only more common in HCT survivors but 
often occur earlier than would be expected for the general population [32, 33].

Careful health surveillance, healthy lifestyle choices, and prompt management of 
 medical conditions are essential to reduce non-relapse mortality and improve quality of life:

16.5.1  Risk Factors

 5 Previous anthracycline exposure
 5 Thoracic radiotherapy (heart in the radiation field), either before or after HCT
 5 Dyslipidemia
 5 Hypertension
 5 Diabetes:
1. Data from BMTSS documenting allogeneic HCT recipients were 3.7 times more 

likely to report a diagnosis of diabetes than their matched sibling cohort.
2. Risk factors: corticosteroid therapy, obesity, family history, and physical inactivity.
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3. Follow-up: annual fasting blood glucose and Hb A1c levels, hypoglycemic agents if 
needed, dietary modification, and physical exercise.

 5 Metabolic syndrome (defined as the presence of three of these conditions: hyperten-
sion, insulin resistance, abdominal obesity, elevated triglycerides, reduced high-den-
sity lipoprotein (HDL)):
1. Prevalence in HCT survivors is 2 –3 times that of the general population.
2. 2–3 times higher risk of developing cardiovascular disease.

 5 Iron overload (consequence of multiple transfusions)

16.5.2  Follow-Up

 5 Screening for hypertension and cardiovascular risk annually
 5 Fasting lipid panel annually
 5 Electrocardiogram and/or echocardiogram as clinically indicated

16.5.3  Interventions

 5 Early intervention for identified risk factors
 5 Promote healthy lifestyle: healthy diet, physical activity, and smoking cessation
 5 Cardiology referral and evaluation when indicated
 5 Endocarditis prophylaxis
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17.1  General Consideration of Cancer Survivorship

Survivorship represents a new season of cancer with an increasing number of patients [1]. 
In Italy, there are 2.8 million patients diagnosed with cancer, twice as many as 15 years ago 
as a result of improved screening programs, therapeutic advances, and an aging society.

It is estimated that in the next few years, the incidence will tend to further increase by 
a rate of 3 % annually. Identify survivors is relevant because it provides the opportunity to 
use a common language and to plan care-specific models [2]. It is necessary to emphasize 
that cancer disease definition refers to a biologically uncontrolled cell replication and, 
clinically, is revealed with different pathologies. This requires the identification of survi-
vors through the natural history of cancer.

If, therefore, we want to categorize the patients, we must evaluate the natural history of 
each cancer disease and the epidemiological data. We can distinguish:

 5 Cancer patients with early locoregional disease or distant metastasis with the same 
tendency over the years.

 5 Cancer patients with little tendency to relapse and often who do not fall over several 
years.

 5 Cancer patients with also advanced disease that can secure a remission with inte-
grated treatments.

 5 Cancer patients with disease that tends to recur early and infrequently.
 5 Cancer patients with metastatic disease and great impacting symptoms [1].

The first three groups could be defined as “chronic” cancer patients, the fourth group 
patients with “curable” disease, and finally, patients with “acute” disease.

More recently a proper categorization of patients with cancer has been suggested [3] 
(. Fig. 17.1). However, to date, all patients with a prior diagnosis of cancer are called can-
cer survivors [4], and survivorship refers to a distinct phase in the cancer course between 
primary treatment and cancer recurrence or end of life [5, 6].

Category Description

Acute

Chronic

Long term

Cured

Patients/survivors ar first diagnosis or relapse, who require
     acute intervention
Patients/surviors with cancer that slowly progresses or
     alternates between phases of remission and relapse, often
     accompanied by acceptable quality of life

Patients/surviors in clinical remission for long periods of time
     or for their entire life, who remain at risk for distant relapse or
     second tumors and who potentially can experience late
     treatment-related medical and psychosocial sequelae
Disease-free patients/survivors whose cancer-specific
     mortality and life expetancy years after years diagnosis
     equals that of sex-and age-matched members of the general
     population

¦¦¦¦¦¦¦¦ Fig. 17.1 Categories of patients with and survivors of cancer [3]
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By new diagnostic and therapeutic approaches, it is now possible to live long after 
cancer diagnosis; it could mean either living free from oncological disease or with 
“chronic” disease. Some patients, for example, are disease free after surgical resection of a 
small tumor, or after prolonged and integrated treatments (surgery, radiotherapy, chemo-
therapy, high-dose chemotherapy, bone marrow transplantation, endocrine or target 
treatments). However, the characteristics of these patients are different. After the diagno-
sis of lymphoma, breast cancer, or colon cancer, for example, the late side effects and the 
quality of life (QoL) are not comparable to those of a patient suffering from lung or kidney 
cancer [7]. Moreover, the disease and the patient characteristics (age, gender, ethnicity, 
culture, religion, education and social status) may contribute to the different experience 
during the treatment and follow-up.

Cancer disease is, therefore, a complex and evolving path. The patient in different stages 
should be always driven and educated on the variability, the disease, and the treatments.

As with other chronic diseases (diabetes, hypertensive heart disease, chronic renal fail-
ure), the patient should be monitored after treatment for related side effects, and exacerba-
tion of these effects that may require a different therapeutic approach depends on the 
severity of the same effect. However, we are met with a not indifferent cultural barrier, 
because despite the diagnostic and therapeutic innovations, even today cancer is consid-
ered an insurmountable obstacle and the term is only a synonym of an exclusively negative 
experience .

17.2  Cardiotoxicity and Cancer Treatment

The chemotherapy treatments are designed to induce rapid apoptosis and/or necrosis of 
proliferating cancer cells, with inhibition of cell growth, suppression of angiogenesis, or 
both. When these mechanisms are transferred to the heart muscle, the result may be a 
limitation of the proliferation and differentiation of the limited body, with cell death and 
organ dysfunction. The latter occurs when there is a cumulative myocardial damage and 
impairment in the formation of an endogenous capacity for cardiac repair, predisposing 
to heart failure induced by treatment. Many classes of chemotherapy drugs can alter the 
cardiovascular homeostasis and promote cardiovascular disorders. This is most evident in 
long-living patients: as survival increases, the greater is the probability that cardiovascular 
consequences of cancer treatments represent a serious health problem caused after heal-
ing of the tumor. The side effects most commonly encountered after a cancer treatment 
include vasospastic ischemia or thromboembolism, hypertension, arrhythmias, and car-
diac dysfunction to heart failure [8, 9]. This last long-term complication of chemotherapy 
is considered with particular fear, because it remains a condition which eventually can 
also lead to a heart transplant.

17.2.1  Definition

The Cardiac Review and Evaluation Committee (CROSS) established the following crite-
ria for the diagnosis of cardiac dysfunction related to chemotherapy (CRCD):
 1. Cardiomyopathy, characterized by a decrease in left ventricular ejection fraction 

(LVEF), either global or worse in the septum;
 2. Symptoms of heart failure (HF);
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 3. Signs associated with HF, including but not limited to, in S3 gallop, tachycardia, or 
both;

 4. Decline in LVEF between 10 % and 55 %, without accompanying signs or symptoms.

The presence of any of the four criteria is sufficient to confirm a diagnosis of CRCD [10].

17.2.2  Classification

The CRCD can be subclassified into two types.
 5 CRCD Type I exemplified by a cardiac dysfunction related to treatments with anthracy-
clines, with a mechanism of action not yet well understood. The damage to the myo-
cytes could be attributed to the production of free radicals with a consequent increase 
in oxidative stress [11]. The iron homeostasis could play a role in myocardial injury 
and anthracyclines could affect iron metabolism with its subsequent accumulation in 
cardiomyocytes [12]. The cumulative anthracycline dose [13] is strongly associated 
with cardiotoxicity; however, a different kind of response to different doses of anthra-
cyclines has been seen [14]. Even the mode of administration, the concomitant use of 
other cardiotoxic drugs, age, and female gender may contribute to the progression of 
cardiomyopathy [15]. Myocardial damage induced by anthracyclines and other che-
motherapeutic agents (alkylating agents, taxanes), specifically in relation to its patho-
genic mechanism, is irreversible and is maintained even after cessation of 
chemotherapy.

 5 CRCD Type II exemplified by trastuzumab-induced cardiomyopathy. The mechanism 
of cardiomyopathy related to trastuzumab is not well defined, but the signal path epi-
dermal growth (HER2) in cardiac muscle suggests that the related cardiotoxicity with 
trastuzumab is linked to the blocking of HER2 [16, 17]. Unlike the anthracycline- 
induced cardiotoxicity, heart damage induced by trastuzumab is not related to cumu-
lative dose and is often reversible after cessation of treatment [18]. The risk of 
developing a trastuzumab-induced cardiotoxicity in patients receiving concomitant 
therapy with anthracyclines occurs especially if the cumulative dose of doxorubicin 
is > 300 mg/m2. Other risk factors include age over 50 years, a preexisting cardiac dys-
function, and a high body mass index. Cardiotoxicity type II is usually asymptomatic 
and often occurs with a decrease in LVEF and less often with overt cardiac failure 
[18]. Within this subgroup also falls the cardiotoxicity induced by other biomolecular 
target drugs (anti- angiogenic, TKI) [19–21], of which frequency and pathogenesis 
will be exposed subsequently.

17.2.3  Pathogenesis

The most studied chemotherapeutic agents associated with adverse cardiac events are the 
anthracyclines (doxorubicin, epirubicin), used in adults for the treatment of various malig-
nancies such as breast cancer, sarcoma, lymphoma, or gynecological tumors, and also in a 
number of childhood tumors, which, in combination with other chemotherapy regimens, 
have contributed to achieving overall survival rates exceeding 75 % [22]. Other cytostatics 
most frequently correlated with cardiotoxic effects are taxanes (paclitaxel, docetaxel), 
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alkylating agents (carboplatin, cisplatin, cyclophosphamide), small molecule tyrosine 
kinase inhibitors (lapatinib, imatinib, sorafenib, sunitinib), the antibodies VEFG (Bevaci-
zumab, Aflibercept), and Herceptin, a monoclonal antibody directed against the receptor 
for human epidermal growth factor type 2 (HER2), used primarily in the treatment of 
breast cancer. The pathogenesis of cardiotoxicity Types I and II has been widely described 
in the Chap. 8 to which we refer.

17.2.4  Diagnosis

In Chap. 8 to which we refer, the diagnostic criteria of CRCD are widely exposed. It 
nevertheless reiterates the concept that the echocardiogram is the test for making a 
diagnosis of cardiomyopathy with impaired contractile induced by chemotherapy 
drugs. LVEF should be evaluated in cancer patients undergoing chemotherapy, 
although there is no consensus regarding frequency and mode. A baseline LVEF should 
always be carried out for comparison with subsequent echocardiographic controls. The 
cardiac biomarkers such as troponin I and atrial natriuretic peptide have been investi-
gated with promising results [23, 24]. Although the endomyocardial biopsy remains 
the gold standard for the diagnosis of type I cardiomyopathy induced by chemother-
apy, data on type II are still lacking. Unfortunately, the invasive nature of this proce-
dure limits its use.

17.3  Antineoplastic Drugs Associated With Chronic 
Cardiotoxicity

17.3.1  Anthracyclines and Other Agents Associated  
with Type 1 Cardiotoxicity

Anthracyclines are antibiotics belonging to the family of rodomicine, originally isolated 
from Streptomyces peucetius, with potent antineoplastic activity [25]. Doxorubicin and epi-
rubicin are currently the most widely used drugs in many cancers, including breast cancer, 
lymphomas, and sarcomas. It has been estimated that approximately 10 % of patients 
treated with doxorubicin or its derivatives will develop cardiac complications, even up to 
10 years after completion of chemotherapy [26]. In addition, early deterioration and sub-
clinical systolic function can be observed by Doppler ultrasound or echocardiographic 
monitoring in the majority of patients exposed to anthracyclines [27]. The delay between 
the cardiac injury and its clinical expression may be explained by the fact that the anthra-
cycline cardiotoxicity is temporarily compensated by the activation of routes of protection 
and the presence of a functional myocardial reserve [28]. The likelihood of developing 
anthracycline cardiomyopathy is mainly dose dependent [29]. Contributing factors are 
genetic predisposition, age, very young or very old age, female gender, intravenous bolus, 
hypertension, diabetes mellitus, preexisting heart disease, a previous or concomitant 
radiotherapy to the mediastinum, and the eventual combination with alkylating or micro-
tubule inhibitors [30, 31]. The mechanisms of type I cardiotoxicity induced by chemo-
therapy have been widely expressed in the Chaps. 8 and 13, to which reference is made for 
every detail.
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17.3.2  Cardiotoxicity of Type II Agents

The advent of monoclonal antibodies and of tyrosine kinase inhibitors has profoundly 
changed the survival of many malignancies, allowing them to become chronic, and in 
some cases even healing. The mechanisms by which these drugs can induce cardiotoxicity 
are a useful tool for the identification of long-term effects in survivors.

 5 Anti-ErbB2 Agents. The first and most common drug with type II cardiotoxicity is 
trastuzumab, a humanized monoclonal antibody directed against the extracellular 
domain of HER IV/ErbB2 [32]. ErbB2 is overexpressed in about 30 % of breast can-
cers, in which it spontaneously interacts with the other ErbBs independent of ligand 
stimulation and triggers a signaling cascade that promotes the growth and survival of 
tumor [33]. Herceptin is highly effective in the treatment of breast cancer and also in 
ErbB2- positive gastric cancer. However, it causes cardiac dysfunction in a substantial 
proportion of patients, up to 28 % when administered in combination with anthracy-
clines [34]. Cardiac dysfunction induced by trastuzumab seems to result from a fail-
ure of contractility rather than by the loss of myocytes, and the release of troponin 
shown in sequential treatment with anthracyclines + trastuzumab seems mainly due 
to previous chemotherapy [35]. The ejection fraction (EF) may, in fact, be recovered, 
and there is evidence that re-administering trastuzumab is relatively safe, after it has 
been previously stopped, when the contractile function returns to baseline levels [36].

Pertuzumab is another recent anti-HER2 antibody that binds to domain II of the 
receptor, but while trastuzumab inhibits only the signals HER2 ligand-independent, 
pertuzumab also interferes with the formation of HER2 heterodimers induced by the 
ligand. Data on the toxicity of pertuzumab are limited. A Phase II study designed to 
evaluate tumor response and cardiac safety when trastuzumab and pertuzumab are 
combined has been limited to 11 patients (37 planned) due to an excessive rate of car-
diotoxicity [37]. All patients have been previously treated with anthracyclines and 
trastuzumab, and 54 % of them reported a decrease in LVEF (one patient had symp-
tomatic HF) by combining pertuzumab- trastuzumab. Considering the survival results 
obtained with the CLEOPATRA study (median OS of 56.5 months compared to 
40.8 months with placebo, HR: 0.68) [38] and the successes seen in clinical practice, it 
is important to evaluate the induced cardiotoxicity in breast cancer patients when the 
disease has become chronic.

A third anti-HER2 agent is lapatinib, a small molecule inhibitor of the intracellular 
tyrosine kinase domain of HER2. The effect of lapatinib regards both the signals trig-
gered by ligand and the signals HER2 ligand-independent [32]. Interestingly lapatinib 
seems to be less cardiotoxic than trastuzumab [39]. The results of three Phase III studies 
evaluating the addition of lapatinib to chemotherapy or hormonal therapy have not 
shown any significant increase in adverse cardiac events [39–41]. The cardiotoxic action 
of anti-HER2 drugs has been shown in Chap. “8” to which reference is made for every 
detail.

 5 Anti-angiogenic Agents. Among the drugs that induce type II cardiotoxicity, the 
anti- angiogenic agents, in particular, bevacizumab, sorafenib, and sunitinib, are 
the most used in oncology. More recently, pazopanib and vandetanib have received 
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approval from the FDA [32, 42, 43]. All these drugs interfere with the signals of 
the vascular endothelial growth factor (VEGF). VEGF contributes to both the 
function of cardiomyocytes’ growth and expansion and the integrity of the coro-
nary and systemic circulation [44–46]; therefore, its antagonism may lead to car-
diovascular side effects, mainly hypertension, thrombo-embolism, left ventricular 
dysfunction, and HF [47, 48]. In fact, like cancer, the heart is highly dependent on 
adequate perfusion for its normal functions [43, 44, 46, 49]. The inhibition of 
HIF-1 by p53 causes cardiac dysfunction in case of chronic pressure overload [50], 
and the altered expression of VEGF causes rarefaction of micro-vessels and slow-
down infarction lasting for months even after turning off the signal receptor [51]. 
These data suggest that the heart is particularly sensitive to treatment with anti-
angiogenic, and the mode of pressure overload is related to hypertension.

Avastin is an antibody that specifically binds to the VEGF-A assets (which activates 
signals in endothelial cells) and is currently approved for the treatment of carcinoma 
of the lung, breast, colorectal, and advanced ovarian cancers [52–54]. Avastin is 
responsible for left ventricular dysfunction in 1 % of chemotherapy-naïve patients and 
in 3 % of patients who have previously received chemotherapy [55]. A recent meta-
analysis of five randomized trials with a total of 3784 patients with MBC has studied 
the incidence of HF when using chemotherapy with or without bevacizumab. The 
incidence of high-grade HF has been 1.6 % in patients treated with Avastin and 0.4 % 
in patients who have not received the drug. In addition, patients treated with bevaci-
zumab have shown a higher relative risk (4.74, p = 0.001) of developing HF than the 
control/placebo group [56].

Sunitinib and sorafenib, which are used in metastatic kidney cancer, HCC, and 
gastrointestinal stromal tumors resistant to imatinib [57, 58], belong to the class of 
small molecule inhibitors of tyrosine kinase. They are not very selective also blocking 
the signal cascades of different types of VEGF [59]. Several studies [60, 61] have 
shown the importance of these routes in cardiovascular homeostasis. The highest 
incidence of cardiotoxicity with sunitinib has also been explained by the inhibition of 
kinases such as the ribosomal S6 kinase (RSK), resulting in the activation of the 
intrinsic apoptotic pathway, and 5'AMP- activated kinase (AMPK important for the 
stress response of energy), with worsening of the exhaustion of ATP [62]. The altera-
tion of myocytes then determines left ventricular dysfunction. The rate of cardiotoxic-
ity associated with sorafenib is not yet clear [63]. Significant hypertension has been 
observed with all three main anti-angiogenic agents [64]. Surprisingly, it has been 
suggested that hypertension induced by these drugs may be a biomarker of antitumor 
efficacy and patients who developed hypertension survived longer than those who 
had not [65]. In the work of Scartozzi et al [66] in patients with metastatic colorectal 
cancer, 20 % of patients have developed grade 2–3 hypertension. Partial remission has 
been observed in 75 % of patients with hypertension related to bevacizumab and in 
only 32 % of those without hypertension. Moreover, in patients who developed hyper-
tension grade 2–3, PFS has been significantly longer than in patients without hyper-
tension [66]. . Figure 17.2 illustrates the cardiotoxic action of the main 
chemotherapeutic agents.

Cardiotoxicity in Long-Term Survivors
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17.4  Cardiac Toxicity in Cancer Survivors

Over the past 15 years, the cardiac complications resulting from cancer treatments have 
been increasingly recognized as a major cause of morbidity and ultimately mortality in 
cancer survivors [68–70]. In view of the successes achieved in the management of cancer 
and the complexity of treatment regimens that are increasingly used to control chronicity 
of the disease, patients may develop different heart conditions that must be taken in con-
sideration in cancer survivors. Although the term “cardiotoxicity” generally refers to heart 
damage as a result of treatment, this term is most commonly used to describe the systolic 
dysfunction of the left ventricle (LV) and heart failure (HF) related to certain types of 
chemotherapy [71, 72]. It is, however, important to recognize that other components of 
the cardiovascular system (e.g., valves, vasculature, and pericardium) may also suffer from 
the effects of radiotherapy, with consequent effects on cardiac function [73–76]. 
Recognizing the cardiological problems of long-living cancer patients and implementing 
the strategies for the prevention, diagnosis, and treatment of cardiac toxicity induced by 
anticancer drugs are innovative aspects widely discussed and debated among healthcare 
workers, both European and Americans. The goal of much research in this field is pre-
cisely to find common guidelines, capable of directing the scientific community toward a 
common program for the prevention and management of these aspects.

17.4.1  Definitions of “Cardiotoxicity” in Cancer Survivors

The Common Terminology Criteria for Adverse Events (CTCAE) formulated by the US 
National Cancer Institute for clinical research defines “cardiotoxicity” exclusively as 
symptomatic left ventricular systolic dysfunction that manifests itself with an ejection 

Anthracyclines Bevacizumab

VEGF

VEGFRs ErbB4 ErbB2

Neuregulin

Trastuzumab

Fibrosis
remodeling

ROS
SERCA2a

Myofilament proteins Nuclear transcription
factors

TKIs

¦¦¦¦¦¦¦¦ Fig. 17.2 Schematic representation of the main mechanisms by which cardiomyocytes are damaged 
by anticancer effect cardiotoxic agents [67]
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fraction (LVEF) <50 % or congestive HF [77]. In the major phase 3 studies, often only 
grade 3 cardiac toxicity (severe reduction in systolic symptomatic with an LVEF <20 %) 
is subject to disclosure, and, therefore, the cases of more moderate left ventricular dys-
function are not recorded. Furthermore, cancer survivors would be excluded from clin-
ical cardiological research, and those who have been enrolled in a study due to cardiac 
toxicity generally do not pursue a systematic follow-up. This means that no safe epide-
miological studies on the true incidence of cardiotoxicity in cancer survivors can be 
prepared. Given the  potential long range (up to 2 or 3 years in some cases) between 
exposure to cancer therapies (chemotherapy and/or radiotherapy) and demonstration of 
next measurable adverse event affecting heart’s health, these may represent the delayed 
effect affecting the prognosis of long-term cancer survivors [70, 72, 78, 79]. In addition, 
although the LVEF remains a major index commonly used to monitor the performance 
of myocardial systolic LV, a reduction in LVEF is often discovered very late [80]. 
Currently, cardiotoxicity is commonly defined as either LVEF decrease of more than 10 
percentage points with a final LVEF <50 % or a reduction in LVEF of more than 15 per-
centage points, with a final LVEF > 50 % [81]. It is clear that if there is a minimum reduc-
tion of 5 percentage points with accompanying symptoms of an HF, it is sufficient for a 
diagnosis of cardiotoxicity [82].

17.4.2  Risk Factors of Cardiotoxicity

The relationship between anthracyclines or radiation doses and consequent cardiotox-
icity has been extensively studied [79, 83, 84]. In a prospective study of European 
young cancer survivors, the most important predictor of worsening cardiac perfor-
mance was the total dose of anthracyclines [85]. Patients treated with anthracyclines 
continue to experience an increased risk of developing chronic diseases, usually dilated 
cardiomyopathy, which could not be detected until years or even decades after expo-
sure, especially in patients who received cumulative doses greater than 250 or 300 mg/
m2 [85, 86]. A retrospective Swedish study in young patients, including children, who 
had received chemotherapy and radiation therapy for Hodgkin lymphoma showed that 
the age at diagnosis (<40 years) and family history of HF are both predictive for subse-
quent development of HF and stroke at a median follow-up of 20 years [87]. If young 
age is a risk for childhood cancers, the same way, very old age may be a significant risk 
factor for older women with breast cancer who are receiving Herceptin in the adjuvant 
treatment [88] to a greater extent for all patients who had previously received anthra-
cyclines [89].

Similarly to chemotherapy, radiation therapy-related late effects can usually take years 
to manifest in the form of coronary syndrome or other vascular disease, such as valvular 
dysfunction, pericardial disease, and, at times, left ventricular dysfunction with restrictive 
cardiomyopathy [90–92]. Although there is also a clear dose–response relationship, espe-
cially in patients with breast cancer to the left side, some studies suggest that the risk may 
be increased with doses <5Gy [79]. For the deepening cardiotoxic action of radiation 
treatments, see Chap. 12.

Although cardiac complications associated with anthracyclines and radiotherapy have 
been mostly studied, other agents have been associated with cardiac toxicity, with different 
mechanisms, as previously described (anti-HER2, in particular trastuzumab, anti-VEGF, 
TKI, etc.), and therefore, prolonged exposure to these antitumor agents is a risk factor for 
the development of HF [93–95]. Finally, even if the exposure to cancer therapy is the most 
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important factor linked to cardiotoxic effect, many studies have shown that conventional 
risk factors, such as smoking, hypertension [96], and diabetes [97, 98], remain important 
independent risk factors.

17.4.3  Early Diagnosis of Cardiac Toxicity

Considering that the cardiotoxicity is a limit in the survival of patients with cancer, early 
detection of such event is a primary objective for both cardiologists and oncologists. 
Currently, the most used method to detect cardiotoxicity is the periodic measurement of LV 
systolic function by the two-dimensional echocardiography (2D ECHO) or the multiple 
gates acquisition scan (MUGA) [99]. At the moment, however, there are no common guide-
lines for evidence-based monitoring of cardiotoxicity during and after cancer treatments in 
adults [100, 101]. The recently published ESMO guidelines [102] recommend to evaluate 
cardiac function 4 years and 10 years after anthracycline therapy in patients who have been 
treated before the age of 15 years (level of evidence, III [with the level I considered to be more 
rigorous]; grade of recommendation, B [with A considered superior]) or even after the age of 
15 years, but with a cumulative dose of doxorubicin > 240 mg/m2 or epirubicin > 360 mg/m2 
(level of evidence III B). There are also recommendations for patients receiving trastuzumab 
who should undergo a serial evaluation of LVEF every 3 months [103, 104]. In fact, the mea-
surement of LVEF represents a relatively insensitive tool for the detection of cardiotoxicity in 
an initial phase, mostly because no considerable change in LVEF occurs until a critical 
amount of myocardial damage has occurred and this manifests only after all compensatory 
mechanisms are exhausted. Serial measurements of troponin can provide additional infor-
mation in this setting but are not regularly recommended [105, 106]. Therefore, evidence of 
a decrease in LVEF excludes any possibility of preventing the development of cardiotoxicity 
[107], while a normal value of the LVEF does not exclude the possibility of a subsequent 
cardiac deterioration. In addition, the measurement of LVEF is often operator dependent. 
New ultrasound imaging techniques, such as echocardiography with contrast, real-time, and 
three-dimensional echocardiography, have emerged allowing an improvement in the accu-
racy of calculation of LVEF [108]. Alternative methods of imaging and serum biomarkers 
may be necessary for early detection. Currently, the measurement of cardiac biomarkers (tro-
ponin 1 and troponin T, B-type natriuretic peptide [BNP] and N-terminal pro-BNP) is 
becoming more widely used to detect cardiac toxicity in patients receiving active treatment 
for cancer, as well as for the survivors in the short term [109]. MUGA or cardiac imaging with 
magnetic resonance imaging (MRI) has been used, especially in the USA, to detect the car-
diac toxicity. However, currently, there is no international consensus on recommendations 
regarding the expected range or for the tests required in adult patients, because data are more 
predominant in long-living children/young patients [110, 111].

17.4.4  Treatment of Cardiotoxicity in Cancer Patient Survivors

The treatment of cardiac toxicity is greatly influenced by comorbidities existing in a given 
patient and the context in which the damage is detected. For example, a patient with an 
acute stage of cancer may suffer from a transient left ventricular dysfunction related to 
several causes and, after a period of stabilization, the patient may resume the cardiotoxic 
chemotherapy if it is necessary for an optimal cancer. Alternatively, a patient with no 
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previous heart disease, who has received an anthracycline-based therapy 4 years previ-
ously developing a severe left ventricular dysfunction, may not currently be considered for 
a cardiotoxic chemotherapy even if it is necessary. The following general principles that 
apply to the treatment of left ventricular dysfunction in all patients are equally important 
in cancer survivors:
 1. Dietary adjustments, in particular sodium restriction (See Chap. 3)
 2. Careful monitoring of exercise and weight management restriction (See Chap. 3)
 3. Maximum tolerated dose of inhibitors of the renin-angiotensin system (ACE-Is, 

ARBs, and beta-blockers)
 4. Selective use of aldosterone antagonists
 5. Appropriate use of implantable cardiac defibrillators or bi-ventricular pacemakers
 6. Other therapies as preventive measures (aspirin, statins, abolition of alcohol/smoke) [112].

However, data supporting the efficacy of these interventions are limited, in particular 
among adult cancer survivors, and there are no effective recommendations for the treat-
ment of cancer patients who develop HF as a result of an anticancer treatment. One of 
problems of this form of cardiac dysfunction is that it usually remains asymptomatic for a 
very long time [113]. Many cancer patients who develop cardiac dysfunction do not seem 
to be receiving optimal treatment and are treated only if symptomatic [114], probably 
because they are considered fragile and unsuitable to aggressive therapies (ACE-Is, beta 
blockers, etc.). A prospective study recently published that included the largest population 
of patients with anthracycline-induced cardiomyopathy (N 5201, including many still in 
active cancer therapy) has shown that the time elapsed since the end of chemotherapy and 
the start of therapy for HF with ACE-I and / or beta-blockers is a crucial variable for the 
recovery of cardiac dysfunction [115]. In fact, the chances of getting a full recovery of 
LVEF are greater for patients who started treatment within 2 months after the end of che-
motherapy, then this percentage decreased gradually, and no full recovery in LVEF has 
been observed in patients who had begun therapy after 6 months. In particular, in this 
study, the clinical benefit was more evident in asymptomatic patients compared to those 
symptomatic. These results underline the crucial importance of early detection of cardio-
toxicity and suggest that an aggressive pharmacological approach, with ACE-Is, possibly 
in combination with beta-blockers, should always be considered in all cases of cardiomy-
opathy related to anthracyclines [116]. The duration of treatment of HF related to chemo-
therapy remains uncertain, even if some data suggest that it should be long term [117]. As 
regards the management of the cardiotoxicity of type II, the beginning of the standard 
treatment of heart failure as well as the suspension of the cardiotoxic agent will increase 
the probability of recovery of left ventricular function. These patients are likely to be 
treated again with cardiotoxic drugs (trastuzumab, bevacizumab, sunitinib), also with 
close cardiac monitoring [118].

17.4.5  Prevention of Chemotherapy-Related Cardiac  
Dysfunction (CRCD)

Effective prevention to delay cardiotoxicity in cancer patients begins even before the 
administration of chemotherapy: a cardiovascular basic evaluation and effective control 
of cardiovascular risk factors are necessary to avoid late cardiac toxicity. Aspirin, control 
of hypertension and dyslipidemia, and tobacco cessation are all actions that should be 
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pursued when necessary [119–121]. Improvements in the protocols of chemotherapy 
and radiotherapy have led to decreased rates of cardiovascular disease in cancer survi-
vors  followed over time [122]. The continuous improvements in technology (e.g., the 
advent of the intensity-modulated and the proton radiation therapy) have potentially 
reduced the dispersion of the radiation to critical organs [123]. As well as reducing the 
cumulative dose of anthracyclines, other approaches that can reduce the risk of develop-
ing Type I CRCD are the infusion of anthracycline rather than bolus administration 
[124], the structural change of doxorubicin [125], and the liposomal formulation of 
doxorubicin [126]. These are all measures that can help to reduce the degree of cardiac 
toxicity. Dexrazoxane, as an EDTA chelation, can reduce the risk of cardiac toxicity when 
administered in combination with doxorubicin or epirubicin [125]. However, its use has 
been limited to patients receiving a cumulative dose of doxorubicin > 300 mg/m2 because 
of its potential impact on the antitumor efficacy [127]. Carvedilol, a beta-blocker with 
antioxidant properties [128], may reduce the risk of anthracycline-induced cardiomy-
opathy, as well.

17.4.6  Follow-Up of Chemotherapy-Related Cardiac Dysfunction 
(CRCD) in Cancer Survivors

The prevention of cardiotoxicity induced by cancer therapy, already begun before the start 
of the same, must be continued even after the end of the specific care, through a joint effort 
of cancer specialist and cardiologist, by a careful evaluation of the patient, for both the 
treatment of cancer and cardiotoxicity prevention and the continuous monitoring of car-
diovascular parameters and cardiac function. Blood chemistry parameters, along with 
blood pressure, electrocardiogram, an echo-Doppler to assess the volume and thickness of 
the heart chambers, the LVEF, the ST interval, rhythm disturbances, and the presence of 
any valve dysfunction, must, therefore, be periodically evaluated. The long-term monitor-
ing in cancer survivors is thus indicated, although there are no true cardio-monitoring 
programs and guidelines shared on the follow-up. Some examples have, however, emerged 
for the prevention or treatment of cardiac damage and their management in childhood 
cancer survivors [129]. For example, a Swedish retrospective study on long-term risk of 
cardiovascular disease in young survivors of Hodgkin's lymphoma [130] has shown an 
increased risk of being hospitalized for cardiovascular disease extending even more than 
20 years after their diagnosis of lymphoma than the general Swedish population. It is, 
therefore, essential that the oncology community continue working to develop appropriate 
guidelines for early cardiac risk assessment, through a follow-up program that can identify 
and treat cardiotoxicity in cancer survivors. On the basis of the risk factors, several strate-
gies have been proposed for the early diagnosis of cardiomyopathy induced by chemo-
therapy. These include the endocardial biopsy, measuring levels of BNP or troponin, 
MUGA, exercise testing, and echocardiography [131, 132]. At this time, none of these 
strategies has become a standard and most of the published studies describe that the mon-
itoring of long-term survivors treated with cardiotoxic drugs is based on data deriving 
from studies with echocardiography and Doppler [133, 134]. The frequency with which 
these diagnostic procedures should be performed in cancer survivors remains unknown 
and is a cause for debate. Further clinical studies are, therefore, needed to define these 
approaches and their application.
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17.5  Conclusions

The chemotherapy-related cardiac dysfunction is a serious late complication related to the 
treatment of cancer, and the early identification of patients at high risk is the key to reduce 
this risk. An acceptable and unified definition of cardiomyopathy induced by chemother-
apy should be shared and adopted by both cardiologists and oncologists, who must work 
together according to shared guidelines for the health of cancer survivors. To facilitate this 
collaboration, new companies based in Europe and the United States, such as the Italian 
Association of Cardio-Oncology (AICO) (www.aicocardiologia.) and the International 
CardiOncology Society (ICOS) [135], have been formed gathering together researchers 
and clinicians from both fields. In conclusion, further research on adult cancer survivors 
should be developed separately from research in childhood cancer survivors.
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18.1  Symptoms

Most cardiac tumors are clinically silent and are diagnosed only postmortem. If present, 
symptoms that are nonspecific can be distinguished with difficulty from other causes of 
cardiovascular disease and are known to be “great mimickers” [1]. One of the most impor-
tant problems concerning to the diagnosis of cardiac tumors is the lack of specific signs 
and symptoms. The clinical manifestations of cardiac metastases mainly depend on the 
size and anatomical location of the tumor, rather than on its histological type. The symp-
toms of cardiac metastases can be grouped into the following major categories [2–7]:

 5 Mechanical (obstructive) cardiac symptoms:
 5 Large pericardial effusion with cardiac tamponade, or tumor encasement of the 
heart with cardiac constriction.

 5 Obstruction of veins (i.e., superior or inferior vena cava syndrome) or valves.
 5 A primary tumor of the pulmonary artery may mimic pulmonary embolism.

 5 Systemic embolization:
 5 Pulmonary embolism.
 5 Cerebral or peripheral embolism (stroke, transient ischemic attack, myocardial infarc-
tion, retinal artery embolism, embolism of the arteries of the lower or upper extremi-
ties) due to the embolism of tumor cells or thrombi formed on the tumor surface. 
Predisposition to embolic episodes depends mainly on the type of the tumor, its loca-
tion (intramural or intracardial), and the fragility of its surface.

 5 Infiltrative cardiac symptoms:
 5 Atrial or ventricular arrhythmias (atrial fibrillation, ventricular fibrillation)
 5 Atrioventricular blocks (including complete atrioventricular block) by infiltration 
of the myocardium and cardiac conduction system

 5 Symptoms mimicking acute coronary syndromes (even in the absence of coronary 
artery involvement): chest pain, elevated cardiac biomarkers, ST- and T-wave abnor-
malities. They may be secondary to myocardial or pericardial metastases [8].

 5 Congestive heart failure due to replacement of the myocardium by tumor cells 
(. Figs. 18.1 and 18.2) or to obstruction of valvular orifice (large intracavitary and 
prolapsing masses) (. Fig. 18.3).

........ Fig. 18.1 Patient presenting with signs of right heart failure (distended jugular veins, peripheral 
edema, liver enlargement). At transthoracic (left) and transesophageal (right) echocardiogram, the right 
chambers are occupied and infiltrated by a huge mass. Final diagnosis: pulmonary sarcoma
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The most frequent clinical symptoms leading the patient to the medical observation are:
 5 Dyspnea. Differential diagnosis includes other cardiac diseases (cardiomyopathies, 
valvular heart disease, etc.) and pleural and lung diseases [9]:

 5 In the presence of tachycardia and engorged jugular veins, without pulmonary 
rales a pericardial pathology, right heart disease, obstruction of superior vena 
cava, or pulmonary artery pathology should be considered.

 5 Chest X-ray usually can orient the diagnosis: look at the cardiac shadow (normal/
enlarged), pleural effusion, lung abnormalities, and mediastinum.

 5 Transthoracic echocardiography is the second diagnostic step.
 5 Tachycardia is a common finding in many clinical conditions, including fever and 
 anemia. In a patient with already diagnosed cancer, consider these options first. How-
ever, in the presence of engorged jugular veins, consider the possibility of a  superior 
vena cava obstruction.

 5 Dizziness and syncope may be the first symptoms of an intracavitary tumor, mostly 
of highly mobile masses.

........ Fig. 18.2 Patient with mediastinal lymphoma (yellow arrow) and infiltration of the myocardium (left) 
and the pericardium (right) (red arrows)

........ Fig. 18.3 Patient complain-
ing of dizziness and dyspnoea. 
In diastole a huge left atrial 
mass prolapses in the left ven-
tricle through the mitral valve 
orifice
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18.2  Physical Examination

The physical examination is often negative. However, there are some signs which should 
alert the physician:

 5 Engorged jugular veins are typical of large pericardial effusion, superior vena cava 
obstruction (by a thrombus, a tumor, or by a compressive mediastinal mass), right 
heart masses, and possibly pulmonary embolism [10].

 5 Pulsus paradoxus (an exaggerated reduction of the systolic blood pressure during 
quiet respiration) may be suggestive of cardiac tamponade:

 5 Pitfalls: also severe obstructive lung disease and the presence of a mediastinal 
mass may cause pulsus paradoxus. See Chap. 21 for further details.

18.3  ECG Abnormalities

Some ECG abnormalities may be observed in primary and secondary cardiac tumors:
 5 Atrial flutter/fibrillation may be the first sign of an atrial tumor in young people 
with low probability of arrhythmia. A careful evaluation of the atria is mandatory in 
patients with unexplained recurrent atrial arrhythmias (. Figs. 18.4 and 18.5).

 5 ECG signs of ischemia may be the sign of a myocardial infiltration by a primary or 
secondary tumor (. Fig. 18.6). The finding is much suspect if the patient is at low risk 
for a cardiac event and does not refer chest pain or other symptoms suggesting an 
acute coronary syndrome [10–13].

 5 Low voltages are common in large neoplastic pericardial effusion, mostly in the pres-
ence of cardiac tamponade. However, low voltages may be observed also in the pres-
ence of pleural effusion, large mediastinal masses, and diffuse edema. The association 
of electrical alternans and sinus tachycardia are also suggestive of cardiac tamponade; 
the presence of all three ECG abnormalities is highly suggestive of tamponade (100 % 
specificity) [14].

 > Even large primary or secondary cardiac tumors may be silent from the clinical and 
physical point of view. However, some signs and symptoms may rise the suspicion 
and should be considered together. See the . Table 18.1 for a summary.
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a b

c d

........ Fig. 18.4 Young patient with recurrent supraventricular tachyarrhythmias. a At transthoracic echo-
cardiography the standard apical four-chamber view seems almost normal, only with a thickened inter-
atrial septum. b, c Using different angulations of the transducer, a mass arising from the right atrial roof 
and posterior wall is evident. d At 3D echo a mass infiltrating the lateral wall is also evident
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........ Fig. 18.5 Same patient as in . Fig. 18.4. From the transesophageal approach, a huge, polilobated 
right atrial mass is evident. The mass infiltrates the interatrial septum, the posterior and lateral wall, and 
the tricuspid annulus
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........ Fig. 18.6 ECG abnormalities mimicking an acute ischemia in an asymptomatic patient with angiosar-
coma metastasis to the cardiac apex

(continued)

... Table 18.1 Frequency of signs and symptoms as regards he site of the mass

Pericardial 
tumors

Atrial 
tumors

Ventricular 
tumors

Venous 
obstruction

Differential 
diagnosis

Dyspnea Frequent Rare Rare Rare Pleural effusion, lung 
diseases, mediastinal 
syndrome, 
pulmonary 
embolism

Tachycardia Frequent Possible Possible Rare Anemia, fever, 
pulmonary 
embolism

Chest pain Possible Rare Possible Rare Bone metastases, 
pleural pathology, 
pulmonary 
embolism

Hypotension Frequent Rare Possible Frequent Severe anemia, 
fever, cachexia, 
mediastinal 
syndrome

Syncope, 
Dizziness

Unusual Possible Possible Unusual Severe anemia, 
fever, cachexia, 
mediastinal 
syndrome
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Pericardial 
tumors

Atrial 
tumors

Ventricular 
tumors

Venous 
obstruction

Differential 
diagnosis

Distended 
jugular veins

Frequent Possible Unusual Frequent Mediastinal 
syndrome

Peripheral 
edema

Frequent Unusual Unusual Frequent Lymph node 
enlargement, 
hypoproteinemia

Atrial flutter/
fibrillation

Rare Frequent Unusual Unusual Lung cancer, 
hypoxia, 
chemotherapy side 
effect

ECG signs of 
ischemia

Possible Unusual Unusual Unusual Coronary artery 
disease, 
chemotherapy side 
effect

Conduction 
defects

Unusual Possible Possible Unusual Coronary artery 
disease, age-related 
cardiac disease

... Table 18.1 (Continued)
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19.1  Introduction

 5 Secondary cardiac tumors are tumors originating in other organs/tissues that extend 
to the heart.

 5 The primary tumor may be localized within the thorax (lung and mediastinal 
tumors), below the diaphragm (renal carcinoma), or be extrathoracic (breast carci-
noma).

 5 In autopsy studies the prevalence of secondary cardiac tumors is about 10–15 % [1].
 5 The incidence of secondary cardiac tumors in living patients is unknown. In our 
experience, it is rare and varies according to the type of the primary cancer. For 
example, in a tertiary care hospital with many patients with lung cancer or lym-
phoma, about 5–10 cases/year involving the heart are diagnosed.

 5 The most common malignancies extending to the heart are lung carcinomas (35–
40 %), hematologic malignancies (10–20 %), and breast carcinomas (10 %) [2]. Other 
various types constitute about 30 %.

 5 The most common endocavitary metastases are due to renal, hepatic, or gynecologic 
carcinomas, which reach the heart through the inferior vena cava.

 5 These endocavitary metastases often have superimposed thrombus [3].
 5 Cardiac metastases may be diagnosed because of the appearance of nonspecific symp-
toms (mostly dyspnea) or incidentally detected during a routine imaging test [chest 
X-ray, electrocardiography (ECG), echocardiography, computed tomography (CT), or 
magnetic resonance imaging (MRI)].

19.2  Pathophysiology

 5 Cardiac metastases reach the heart through the inferior or superior vena cava, the 
 coronary arteries, and the lymphatic vessels or by continuity [4].

 5 The cardiac involvement may be either limited to the pericardium, myocardium, and 
endocardium or affect more than one structure:

 5 The parietal and/or visceral pericardium is the most commonly involved site 
(65–70 % of cases) and is usually secondary to a retrograde lymphatic spread from 
mediastinal lymph nodes, less commonly by direct infiltration of a thoracic tumor:

 Ȥ Among patients with pericardial involvement, the epicardium is the metastatic 
site in 30 % of cases, and it is involved through retrograde lymphatic spread and 
hematogenous spread or by extension from pericardial or myocardial metasta-
ses.

 5 Myocardial metastases (25–30 % of cases) are usually secondary to dissemination 
through the coronary vessels or through the lymphatic channels that run along the 
vessels from the epicardium into the myocardium, less commonly from extension 
from pericardial or intracavitary metastases.

 5 Endocardial and intracavitary metastases are rare (3.5 % of cases) and reach the 
heart through the bloodstream.

 C. Lestuzzi and C.A. Roldan
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19.3  Neoplastic Pericardial Disease

19.3.1  General Considerations

 5 A pericardial effusion is a rather frequent finding in patients with cancer and may 
be secondary to pericardial metastases, lymphatic obstruction, or cancer treatment 
(mostly radiation therapy) [5].

 > About 65–70 % of pericardial effusions in cancer patients are due to metastases.

 5 The most frequent tumors causing a pericardial effusion are lung and breast carcino-
mas and lymphomas:

 > Less frequent causes are renal or gastrointestinal carcinomas.

 5 In neoplastic pericarditis, the associated pericardial effusion is usually slowly progres-
sive, but infrequently may increase rapidly and lead to cardiac tamponade:

 > Large pericardial effusion and cardiac tamponade are more frequent in neoplastic 
pericardial disease than any other cause of pericarditis.

 5 Clinically manifested neoplastic pericardial disease can also be caused by solid 
masses, with only minimal pericardial effusion. The masses may be isolated, multiple, 
or in advanced cases, an encasing tumor of the heart.

19.3.2  Clinical Manifestations

 Typical Cardiac Tamponade
 5 It is characterized by distended jugular veins, pulsus paradoxus (a decrease in systolic 
blood pressure of >10 mmHg during quiet inspiration), tachycardia and-in severe 
cases-hypotension, oliguria, or shock.

 5 However, the clinical manifestations of cardiac tamponade are dependent of the size 
and rate of accumulation of the pericardial effusion, underlying intracardiac pressures 
and volume status. Therefore, the clinical manifestations of cardiac tamponade may 
be highly variable [6, 7].
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 Atypical Cardiac Tamponade
 5 This syndrome does not present with the characteristic manifestations of cardiac tam-
ponade (i.e., pulsus paradoxus).

 5 It is observed in patient with underlying high right or left ventricular end-diastolic 
pressures or in those patients with solid pericardial masses without or with minimal 
pericardial effusion causing isolated compression of a cardiac chamber (including the 
left heart chambers).

 5 Occurs more frequently in patients with neoplastic pericardial disease than in viral or 
idiopathic pericarditis.

 Constrictive or Effusive Constrictive Pericarditis
 5 Occurs in those cases of encasing pericardial tumors, infiltrative pericardial tumors, 
or postradiation therapy

 Asymptomatic Pericardial Effusions
 5 They are incidentally diagnosed during routine echocardiographic or radiologic 
investigations.

They are rather frequent, 5–10 % in our experience, and usually mild to moderate and in 
most cases do not require any therapeutic intervention. However, they do require close 
clinical and echocardiographic follow-up.

Pitfalls of the Clinical Diagnosis of Malignant Pericardial Disease
 5 Anemia and hypovolemia may exacerbate some signs and symptoms (tachycardia, 

dyspnea, hypotension) and masquerade others (absent jugular vein distension) of 
cardiac tamponade or constriction.

 5 Common pulmonary parenchymal, pleural, and/or mediastinal involvement leading 
to pulmonary hypertension and/or cor pulmonale in these patients can cause symp-
toms and signs mimicking (dyspnea, tachycardia, jugular venous distension) or mas-
querading (absent pulsus paradoxus) cardiac tamponade or constriction:

 5 Rarely, a large pleural effusion can cause cardiac compression and clinical manifesta-
tions of tamponade.

 5 Neoplastic pericarditis with tumor encasement of the heart may cause an effusive 
constrictive pattern which may also mimic clinically cardiac tamponade.

 > Caveat 

 In patients with malignant pericardial disease, the diagnosis of typical or atypical 
cardiac tamponade or constriction requires the integration of a thorough history 
and physical examination with Doppler echocardiography and commonly with CT 
or MRI and in few selected cases with invasive hemodynamic assessment with or 
without intravenous volume loading of 300–500 ml of saline.
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19.3.3  Diagnosis of Neoplastic Pericardial Diseases

 Echocardiography
 5 The most commonly used imaging modality
 5 The most commonly observed echocardiographic findings in neoplastic pericardial 
disease are [7, 8]:

 5 Moderate to large pericardial effusion (circumferential effusion with >10 mm 
separation between the pericardial layers) without evidence of tamponade

 5 Cardiac tamponade:
 Ȥ The most frequent and relevant echocardiographic findings in cardiac tampon-
ade are right atrial and right ventricular diastolic compression (. Table 19.1,  
. Fig. 19.1a–c).

 Ȥ Variability of the tricuspid and mitral inflow Doppler velocities during inspiration 
(increase in tricuspid inflow velocities >30 % with simultaneous >30 % decrease in 
mitral inflow velocities) is of complementary diagnostic value (. Fig. 19.1d).

 Ȥ In patients with atypical cardiac tamponade, right heart chamber compression 
may be absent, or compression of an isolated chamber (including the left heart 
chambers) may occur. Also, in these cases the respiratory variability of the tri-
cuspid and mitral inflows may be absent.

 5 Intrapericardial solid metastatic masses (. Figs. 19.1c and 19.2)
 5 The most relevant echocardiographic findings of these masses are:

 Ȥ Large dimensions
 Ȥ Moderate to high echogenicity
 Ȥ Echogenicity similar to other intrathoracic masses known to be neoplastic

........ Table 19.1 Right atrial and right ventricular diastolic compression in cardiac tamponade

Right atrium Right ventricle

Occurs with intrapericardial pressure 
>4 mmHg

Occurs with intrapericardial pressure >6–8 mmHg

Earliest finding (most common) Late finding (after right atrial collapse)

High sensitivity, but low specificity Lower sensitivity, but higher specificity

Low positive predictive value High positive predictive value

Occurs during late diastole/early systole, 
worsens during expiration or apnea

Occurs during early diastole, may be transient or 
last through early and mid-diastole and disappear 
after atrial contraction

More specific if lasting >one third of the 
cardiac cycle

Its degree and duration do not correlate with the 
severity of tamponade

Best noted on the midportion of the 
lateral or posterolateral walls

Best noted on the anterior and posterolateral wall

Best seen from apical and subcostal views Best seen from parasternal and subcostal views

Adapted with permission from Roldan CA. The Ultimate Echo Guide. Lippincott Williams & Wilkins, 
Philadelphia 2012
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 Ȥ Increased echogenicity after injection of contrast medium
 Ȥ Common infiltration of the underlying myocardium and associated with peri-
cardial effusion (. Fig. 19.1c).

 5 Encasing tumors causing pericardial constriction (. Table 19.2 and . Fig. 19.2):
 Ȥ Diffuse thickening (>2 cm) of the epicardium (with or without pericardial 
effusion)

 Ȥ Inspiratory leftward displacement of the interventricular septum
 Ȥ Mitral E peak velocity reduction of >30 % during inspiration and a reciprocal 
≥30 % increase in the tricuspid E peak velocity

 Ȥ Dilated inferior vena cava

a b

c d

........ Fig. 19.1 Metastatic breast cancer complicated with a large malignant pericardial effusion and car-
diac tamponade. a This two-dimensional (2D) guided parasternal long-axis M-mode echocardiogram 
demonstrates a large pericardial effusion causing diastolic compression of the right ventricle (RV) anterior 
(arrow) and posterior left ventricular (LV) (arrowhead) walls. b This 2D parasternal long-axis view demon-
strates a circumferential pericardial effusion with visceral pericardial thickening and diastolic compression 
of the RV anterior and LV inferolateral walls (arrows). c This 2D apical four-chamber view demonstrates a 
large and circumferential pericardial effusion (PE) associated with severe visceral pericardial thickening 
and a visceral pericardial mass at the cardiac apex (arrow) and fibrin strands (arrowhead). d Pulse wave 
Doppler echocardiogram of the mitral inflow demonstrates a significant (≥30 %) decrease during inspira-
tion (arrowhead) and increase during expiration (arrow) of early diastolic inflow velocities. Adapted with 
permission from Roldan CA. The Ultimate Echo Guide. Lippincott Williams & Wilkins, Philadelphia 2012
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a b c

d e

........ Fig. 19.2 Large mediastinal germ cell tumor causing cardiac tamponade or constriction-like echo-
cardiographic findings. a This two-dimensional (2D) guided parasternal short-axis M-mode echocar-
diogram demonstrates a large retrosternal germ cell tumor (mass) extending to the pericardium and 
compressing the entire heart, predominantly the right ventricle (RV). Limited systolic and diastolic excur-
sion of both ventricles with small cavities and the consequent abnormal double dip (posterior and then 
anterior) septal motion (arrowhead and arrow). b, c, d These 2D parasternal short- b and long-axis c views 
and apical four-chamber view d define better the large soft tissue echoreflectant mass with cystic trans-
formation extending to the anterolateral pericardium and compressing the entire heart with consequent 
compromised filling leading to small ventricles. e Pulse wave Doppler echocardiography of the tricuspid 
inflow demonstrates a significant increase (>30 %) from expiration (arrowheads) to inspiration (arrows) of 
early inflow velocities indicative of hemodynamically significant cardiac compression. Adapted with per-
mission from Roldan CA. The Ultimate Echo Guide. Lippincott Williams & Wilkins, Philadelphia 2012

Pitfalls of Echocardiography
 5 Loculated effusions (even those of hemodynamic significance) may be missed in 

technically difficult studies.
 5 In patients who had undergone pneumonectomy or thoracic irradiation, a complete 

visualization of the heart and pericardium may be limited.
 5 Epicardial fat (low echogenic and more commonly seen over the right ventricle epi-

cardium or right atrioventricular groove), intrapericardial fibrin strands, or clots in 
bloody effusion may mimic metastatic masses.
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 Computed Tomography
 5 Allows quantification and location of pericardial effusions
 5 Provides better imaging in cases of technically difficult echocardiograms (in patients 
with obesity, with emphysema, or with displaced heart by mediastinal masses or after 
pneumonectomy)

 5 Differentiates better than echocardiography intrapericardial masses as tumors from 
thrombi, fibrin, or fat

 5 May identify other causes of pericardial effusion (i.e., aortic dissection) or other asso-
ciated pathology (pulmonary or mediastinal masses, pleural effusions, pulmonary 
embolism)

........ Table 19.2 Echocardiographic findings in constrictive pericarditis in neoplastic pericarditis

Finding Frequency

Pericardial and/or epicardial thickening >95 %

Pericardial effusion (often effusive constrictive pericarditis) 50 %

Enlarged atria 75 %

Abnormal septal diastolic motion >70 %

Left atrial hypertension >90 %

Plethoric inferior vena cava >70 %

Constrictive or restrictive Doppler pattern of the mitral or tricuspid valve inflow 
(E/A ratio >1.5)

>90

Mitral annulus reversus by tissue Doppler (lateral E’ velocity < septal E’ velocity)

Adapted with permission from Roldan CA. The Ultimate Echo Guide. Lippincott Williams & Wilkins, 
Philadelphia 2012

 > Caveat
 Since echocardiography has some limitations and up to 30 % of pericardial effu-

sions or masses in cancer patients are not neoplastic, the diagnosis of neoplastic 
pericardial disease must be confirmed by more than one diagnostic method.

Pitfalls of Computed Tomography
 5 It is less helpful than echocardiography in defining the hemodynamic impact of peri-

cardial effusion, thickening, or masses.
 5 It is not available at all or not easily available.
 5 It is not possible to perform in an emergency room or at bedside.
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 Magnetic Resonance Imaging (MRI)
 5 Allows quantification and location of pericardial effusions.
 5 Provides better imaging as compared to technically limited echocardiography.
 5 With the use of gadolinium contrast, has high specificity in the differential diagnosis 
of intrapericardial masses.

 5 May identify other possible causes of pericardial effusion (i.e., aortic dissection) or 
other associated pathologies (pulmonary or mediastinal masses, pleural effusions, 
pulmonary embolism).

 5 With real-time cine MRI, it can provide hemodynamic information.

........ Fig. 19.3 Pericardial metas-
tasis by lymphoma detected by 
PET. This PET in a patient with 
lymphoma demonstrates a well-
defined mass with high FDG 
uptake (arrow) located at the 
right atrioventricular groove.

Pitfalls of PET
 5 High cost and high radiation burden.
 5 Its specificity may be compromised because the normal myocardium and inflamed 

pericardium can show FDG uptake.

Pitfalls of MRI
 5 Limited availability.
 5 As for CT scan, it cannot be performed in the emergency room.
 5 Requires long acquisition time and therefore it is not appropriate for unstable or very 

sick patients.

 Positron Emission Tomography (PET) with 18-Fluorodeoxiglucose 
(18FDG)

 5 Provides improved specificity for a malignant tumor when it detects a mass with high 
FDG uptake (. Fig. 19.3)

 5 Provides the possibility of scanning the whole body in one exam (useful if the pri-
mary tumor and other metastatic sites are still unknown)

Secondary Cardiac Tumors



328

19

 Cytology of the Pericardial Fluid [9]
 5 The gold standard is the finding of neoplastic cells in the pericardial fluid:

 5 Its sensitivity and specificity varies according to tumor type and pathology proce-
dures from 30 % to >90 %

 5 The diagnostic yield is highest (>90 % of diagnostic samples in our experience):
 5 When all drained fluid is sent immediately to the pathologist.
 5 When the pathologist centrifuges the fluid as soon as possible and performs vari-
ous analyses (morphologic exam, immunohistochemistry, cell block analysis).

If the pathologic analysis is delayed (in the case of emergency pericardiocentesis dur-
ing the weekend or in a hospital without pathology laboratory), the drained fluid is refrig-
erated at 4° and examined within 48 h.

Pitfalls of Neoplastic Markers in the Pericardial Fluid
 5 No single tumor marker is highly sensitive or specific.
 5 Mild to moderate elevations are nonspecific.

 Neoplastic Markers in the Pericardial Fluid
 5 The detection of Claudine4 is highly sensitive, but does not provide information 
about the histologic type of a tumor:

 5 It is most useful in patients with already known neoplasm.
 5 Has high sensitivity and specificity in distinguishing reactive mesothelium from 
metastatic carcinoma (85–99 % and 100 %, respectively).

 5 Other markers include the carcinoembryonic antigen (CEA) and serum cytokeratin 
19 fragments (CYFRA 21-1):

 5 The diagnosis may be considered very likely if these markers in the pericardial 
fluid are very high (CEA > 90 ng/ml, CYFRA 21-1 > 500 ng/ml).

 5 A CEA > 10 ng/ml and/or CYFRA 21-1 > 100 ng/ml are highly suggestive of neo-
plastic pericarditis.

 5 A high value of CYFRA 21-1 with low CEA in the pleural fluid can identify 
patients with mesothelioma.

Pitfalls of Cytology
 5 If the fluid sample is limited or not well preserved, the cytologic diagnosis may be dif-

ficult.
 5 The specificity of the pericardial fluid cytology for mesothelioma is limited because 

hyperplastic or reactive mesothelial cells may mimic malignant mesothelioma.
 5 Its sensitivity is very low in Hodgkin lymphoma.
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19.4  Practical Diagnostic Imaging Approach  
in Neoplastic Pericardial Disease

 5 Echocardiography is the routine initial imaging technique:
 5 Intrapericardial masses should be further evaluated with ultrasound contrast 
medium.

 5 If intrapericardial masses of possible neoplastic nature are observed on echocardiog-
raphy, CT and/or PET if available should be performed for further determination of 
the etiology of pericardial masses.

 5 If the diagnosis needs to be defined because of clinical relevance from the oncologic 
point of view (i.e., if it would change the prognosis or the therapeutic approach):

 5 Pericardial drainage should be performed if a moderate effusion is present and a 
drainage is safely feasible

 5 If pericardial drainage is not possible, MRI with gadolinium or high-speed CT 
could help in defining the diagnosis.

 5 PET is useful if a pericardial mass is >5 mm in size.

19.4.1  Treatment of Neoplastic Pericardial Disease

 Treatment of Cardiac Tamponade
 5 Percutaneous drainage:

 5 It is performed using the Seldinger technique and usually by an experienced cardi-
ologist [10].

 5 It is the preferred technique in hospitals without cardiac or thoracic surgery.
 5 Echocardiographic guidance is commonly used to choose the most feasible and 
safe approach (subcostal, apical, parasternal) according to the localization of the 
pericardial fluid and largest visceral and parietal pericardial separations (>1.5 cm) 
[7, 11, 12]:

The injection of a small amount of saline solution after pericardial puncture 
helps to verify the correct intrapericardial position of the catheter [7, 12].

 5 CT may also be used to guide pericardiocentesis when expert echocardiographic 
guidance is not available [13, 14].

 5 Surgical drainage:
 5 May be used if percutaneous drainage is not safely feasible or pericardial effusion 
is recurrent.

 5 It is a reasonable approach in centers with cardiac or thoracic surgery.

 Prevention of Recurring Tamponade
 5 Extended drainage:

 5 It is obtained by leaving the pericardial catheter open and draining in a sterile sac:
This approach is generally not recommended since it may be uncomfortable for 

the patient and increases the risk of catheter displacement, occlusion, and infection.
 5 Pericardial sclerosis:

 5 It is performed by instilling bleomycin and thiotepa (antineoplastic agents with 
sclerosing properties), into the pericardial space with lower rate of side effects as 
compared to tetracycline.
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 5 A risk of pericardial sclerosis is the evolution to adhesive pericarditis and to locu-
lated effusion requiring redo surgery in the case of relapse.

 5 Pericardial window:
 5 It may be done through a surgical approach or percutaneously with a balloon 
catheter [15, 16].

 5 In a study comparing cases treated by systemic chemotherapy alone versus com-
bining it with pericardiocentesis or pericardial window, patients treated with peri-
cardial window had better outcome [17].

 5 The surgical approach, however, has a higher rate of complications compared to 
percutaneous pericardial drainage [18].

 Treatment of Pericardial Metastases
 5 Intrapericardial chemotherapy:

 5 Alone or in combination with systemic chemotherapy seems to be effective mainly in 
tumors that spread through the retrograde lymphatic way, such as lung and breast 
carcinomas.

 5 In a study of 119 lung cancer patients, combined systemic and local chemotherapy 
as compared to intrapericardial therapy alone yielded the highest rate of long-term 
control of neoplastic pericarditis [19].

19.5  Myocardial Metastases

19.5.1  General Considerations

 5 The most common tumors causing myocardial metastasis are hematologic malignan-
cies, breast carcinoma, and sarcomas.

19.5.2  Clinical Manifestations

 5 Myocardial metastases are commonly asymptomatic and therefore commonly inci-
dentally diagnosed.

 5 However, they can manifest clinically with angina, heart failure, or ventricular 
arrhythmias.

19.5.3  Diagnostic Imaging (See Also 7 Chap. 24 for Further Details)

 Electrocardiography (ECG)
 5 The ECG is often abnormal and may show pseudo-ischemic changes [20].
 5 The most typical change is ST segment elevation in cases of large metastases or trans-
mural infiltration (. Fig. 19.4).

 5 When the infiltration is limited within the ventricular wall thickness, negative T 
waves may be evident.
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 Echocardiography (. Fig. 19.5)
 5 Myocardial metastases appear as noncontractile masses with different echogenicity 
from the surrounding normal myocardium (. Fig. 19.5a, b).

 5 When the myocardium is diffusely infiltrated, the ventricular walls appear thickened 
with irregular echogenicity and reduced contractile thickening.

After the injection of echocardiographic contrast medium, the echogenicity of the infil-
trated myocardium appears reduced or echolucent as compared to the surrounding nor-
mal myocardium—in the early phase—(. Fig. 19.5c, d), but after few minutes appears as 
an irregularly enhanced mass (. Fig. 19.5e, f).

a

b

........ Fig. 19.4 Myocardial metastasis from a breast carcinoma causing electrographic ischemic changes. 
a This two-dimensional apical close-up view of the left ventricle (LV) demonstrates an oval and soft tis-
sue echoreflectant mass (arrows) located at the LV apex. b This 12-lead ECG demonstrates ST elevation 
with T wave inversion in the precordial (V1–V6) and lateral (I, AVL) leads mimicking acute anterolateral 
myocardial injury ischemia.

Pitfalls of ECG
 5 It is nonspecific since ischemic-like ECG changes may be caused by ischemic heart 

disease, acute pericarditis, severe anemia, electrolyte imbalances, or chemotherapy-
related cardiotoxicity.

 5 Detection of new ST segment elevation in a cancer patient with no symptom or signs 
of cardiac ischemia or pericarditis should prompt echocardiography to define better 
the diagnosis.

Pitfalls of Echocardiography
 5 It may not differentiate tumor from other focal infiltrative diseases such as sarcoid.
 5 With poor acoustic windows or in particular sites (as near the mitral or tricuspid annu-

lus), the sensitivity of echocardiography is low.
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 Computed Tomography and Magnetic  
Resonance Imaging (. Fig. 19.6)

 5 These techniques are indicated for better definition of the size and number of metas-
tases. (See also Chap. 14 for further information.)

 5 Myocardial metastases appear as enhanced masses after several minutes of contrast 
injection.

 5 The advantage of CT and MRI is the possibility of obtaining a good quality image of 
the whole heart and to identify other intrathoracic tumors.

a

e f

b c d

........ Fig. 19.5 Myocardial metastasis assessed by contrast echocardiography. Technically difficult two-
dimensional (2D) long parasternal a and apical four-chamber b views demonstrating an ill defined oval 
and soft tissue echoreflectant mass (arrows) located within the apical anterior and apical lateral RV wall. 
c, d Corresponding close-up 2D views to a and b after echocardiographic contrast injection demonstrat-
ing early ventricular cavities and normal myocardial opacification leading to the demonstration of a 
well-defined, oval, and echolucent mass located within the RV wall (arrows). e, f Similar corresponding 
close-up 2D views after 5 min of echocardiographic contrast injection demonstrating increased contrast 
uptake and therefore enhanced echoreflectance of the well-defined RV wall mass (arrows).

Pitfalls of CT and MRI
 5 Limited ECG synchronization in patients with tachycardia or irregular rhythm signifi-

cantly compromises image quality.
 5 Small masses can be missed with CT.
 5 CT or routine MRI may not provide information on the hemodynamic impact of 

masses on ventricular systolic or diastolic function or the degree of intracardiac 
inflow or outflow obstruction.
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 PET
 5 A useful complementary diagnostic imaging technique when the diagnosis is still 
undefined by the combination of echocardiography and CT and/or MRI:

 5 To improve the diagnostic ability of PET, the patient should be fasting for at least 
10 h before the exam, and the last meal should be fat rich and carbohydrate poor 
(this will shift the myocardial metabolism toward the fatty acids and reduce FDG 
uptake of the normal myocardium).

a b

c d

........ Fig. 19.6 Myocardial metastasis assessed by computed tomography and magnetic resonance imag-
ing. These four-chamber computed tomographic views during diastole a and systole b demonstrate 
a well-defined and walled oval mass located within the RV apical lateral wall (arrows). These magnetic 
resonance images c, d confirm a well-defined and oval mass located within the apical anterior/apical 
lateral RV wall (arrows).
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 Biopsy
 5 For large masses protruding into the ventricular cavity or infiltrating the ventricular 
wall, a biopsy through a transvenous access for right-sided masses or through a mini-
thoracotomy for left-sided masses may be useful if technically feasible.

19.5.4  Treatment of Myocardial Metastases

 5 Treatment should be planned according to the histology of the primary tumor, the 
size of the metastases, and the degree of hemodynamic impairment.

 5 Systemic chemotherapy is usually effective, mostly in lymphomas.
 5 An alternative treatment is local radiation therapy.
 5 Surgery should be limited to patients with single metastases that interfere with car-
diac function, to those with contraindications to chemo- or radiotherapy, or to those 
with unknown primary tumor.
Any therapeutic decision should be made by the caring oncologist.

 > Caveat
 The role of the cardiologist is to suggest the most appropriate diagnostic imaging 

work-up, provide expert opinion on the hemodynamic impact of the tumor, and 
suggest available therapeutic interventions.

19.6  Endocavitary Metastases

19.6.1  General Considerations

 5 The most common endocavitary metastases are due to renal, hepatic, or gynecologic 
carcinomas.

 5 Endocavitary tumors reach the heart more commonly through the inferior vena cava:
 5 Often these metastases are a mix of tumor and thrombus.

 5 These metastases are more frequently localized in the right heart chambers and may 
appear both as solid masses and elongated and highly mobile masses (a typical aspect 
of tumor-associated thrombosis).

Pitfall of PET
 5 Less useful for the assessment of intramyocardial metastases, because of the highly 

variable uptake of 18FDG by the normal myocardium
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19.6.2  Clinical Manifestations

 5 They are frequently asymptomatic.
 5 The presence of symptoms is generally related to obstruction to inflow or outflow 
(shortness of breath, dyspnea, dizziness, near syncope, or syncope) caused by larger 
masses.

 5 Pulmonary or systemic embolism may also be their initial manifestation.

19.6.3  Cardiac Imaging (See Also 7 Chap. 24 for Further Details)

 5 Large masses are easily detected by conventional 2D transthoracic echocardiography 
(. Figs. 19.7a–d and 19.8a–b).

a b c

d e f

........ Fig. 19.7 Large B cell lymphoma complicated with endocavitary, myocardial, and pericardial metas-
tases. a This 2D parasternal long-axis view demonstrates a severely enlarged right ventricle (RV) with a 
large, multilobed, heterogeneously echoreflectant and with irregular border endocavitary mass (arrows) 
extending into the RV anterior wall, epicardium, and visceral pericardium (small arrows). b, c These 2D 
parasternal short-axis views at the mid-cavity b and basal level c demonstrate the large endocavitary 
mass (arrows) extending into the right atrium (upward pointing arrows in c), RV anterolateral wall and 
epicardium (small arrows), and visceral pericardium with a very small anteriorly located effusion (arrow-
heads). d This 2D four-chamber view demonstrates a severely enlarged RV with a large endocavitary 
mass extending into the RV lateral wall (arrows), tricuspid annulus, anterior tricuspid leaflet (arrowhead), 
and right atrium (small arrows). e This 2D four-chamber view with color Doppler demonstrates the large 
RV mass occupying nearly the entire RV cavity and extending into the tricuspid annulus and valve caus-
ing severe obstruction as noted by the narrow inflow color Doppler jet (arrows). f This 2D four-chamber 
view with color Doppler-guided continuous wave Doppler demonstrates severe tricuspid valve stenosis 
with an inflow peak velocity up to 2 m/s (arrow), which is equivalent to a diastolic peak gradient of 
16 mmHg.
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 5 Clinically relevant information on the presence and severity of cardiac inflow or out-
flow obstruction is accurately provided by color and continuous wave Doppler echo-
cardiography (. Figs. 19.7e, f and 19.8c, d).

 5 Ventricular masses are better identified using an echocardiographic contrast medium:
 5 Soon after injection they appear as an echolucent image within the opacified ven-
tricle.

 5 After a few minutes, their echogenicity may be enhanced as the contrast is taken 
by the tumor.

 5 Atrial masses may be missed or poorly defined on routine transthoracic echocardiog-
raphy:

a b

c d

........ Fig. 19.8 Endocavitary cardiac fibromyosarcoma. These two-dimensional (2D) parasternal long 
a and apical four-chamber b views demonstrate a large, multilobed, irregular, and soft tissue echoreflec-
tant mass nearly occupying the entire left atrial (LA) cavity and prolapsing into the mitral valve causing 
both severe mitral regurgitation c and mitral stenosis d with a peak and mean gradients of 41 mmHg 
and 19 mmHg, respectively. Associated severe pulmonary hypertension and right heart enlargement 
and dysfunction were present. The histopathologic diagnosis of this mass was of a fibromyosarcoma. 
Adapted with permission from Roldan CA. The Ultimate Echo Guide. Lippincott Williams & Wilkins, Phila-
delphia 2012
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 5 Transesophageal echocardiography may be indicated for better definition of the 
size, shape, mobility, and location of atrial metastases.

 5 Real-time 3D echocardiography is particularly useful in further characterizing the 
size, location, extent, and mobility of these masses.

 5 Abdominal echo is useful in right-sided masses for more complete evaluation of the 
inferior vena cava.

 5 CT with contrast and/or MRI are usually necessary to assess the extracardiac exten-
sion of masses originating in the systemic or pulmonary vein system:

 5 CT scan and MRI are also useful in defining the site and dimensions of the pri-
mary tumor

 5 MRI is particularly helpful in differentiating tumors from thrombi.
 5 PET is useful in differentiating between thrombi and malignant tumors: a high FDG 
uptake is highly suggestive of malignant tumor.

Pitfalls of Imaging of Endocavitary Masses
 5 The main limitation of echocardiography is the inability to differentiate between 

thrombi, benign tumors, or metastases.
 5 The diagnostic power of both CT scan and MRI is limited in small or highly mobile 

masses.
 5 The main limitation of PET is its spatial resolution since masses <5 mm in diameter 

can be missed.

 > Caveat
 CT, MRI, and/or PET are routinely used during the staging and follow-up of primary 

cancer and metastases. The information obtained by these imaging modalities 
(even if they were not primarily focused on the heart) must be integrated with a 
thorough history and physical examination and Doppler echocardiography.

19.6.4  Treatment of Endocavitary Metastases

 5 The most appropriate therapy depends on the primary tumor, the size of the masses, 
and the tumor embolic risk:

 5 Tumor thrombosis is better treated with the combination of systemic chemother-
apy and low molecular weight heparin.

 5 Large masses, with impending embolic risk, may require surgery if feasible [21].
 5 Surgery of metastases from the inferior vena cava usually requires a team  
including a cardiac and abdominal surgeon or urologist since they require a complex 
approach, require a long operating time, and pose a high risk of pulmonary embolism 
[22, 23].

 5 Surgery of metastases from the superior vena cava or pulmonary veins requires a 
 cardiothoracic surgeon or a team of a cardiac surgeon and a thoracic surgeon.
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20.1  Epidemiology

Primary tumors are uncommon in the heart and malignancies are even more uncommon 
and mostly metastatic. Therefore, before making a diagnosis of primary cardiac malignan-
cies, the metastasis from extracardiac origin must be excluded through extensive clinical 
and imaging investigations.

One must remember, however, that at the level of the heart, even benign cardiac 
tumors may lead to significant morbidity and mortality by affecting blood flow and caus-
ing arrhythmias and embolism (hemodynamic malignancy).

If in the past virtually all cardiac tumors were diagnosed after death, nowadays these 
tumors are detected frequently in vivo and have become often surgically curable thanks to 
recent advances in diagnostic imaging modalities and cardiac surgical techniques.

The exact incidence and prevalence of cardiac tumors are unknown. Knowledge of the 
prevalence of cardiac tumors is still based on postmortem studies. The prevalence of pri-
mary cardiac tumors is estimated on 0.001–0.3 % in autopsy reports [1–7]. In a 20-year 
study (1972–1991) of 12,485 autopsy cases, there was a 0.056 % incidence of primary 
tumors and a 1.23 % incidence of secondary tumors [8]. Based upon the data of 22 large 
autopsy series reported by McAllister et al., the frequency of primary cardiac tumors is 
approximately 0.02 % [9]. In a study carried out in the Institute of Pathology of the 
University of Padua in time year interval 1967–1976, among 7460 autopsies the cause of 
death was due to malignancies in 1181, in 74 of which cardiac metastases occurred (1 % of 
all the autopsies and 6 % of those with any malignancy). Thus, we can approximately say 
that autopsy prevalence of primary cardiac tumor is 1 out of 2000 and that of secondary 
cardiac tumors is 1 out of 100 autopsies, with a secondary/primary ratio of 20:1 [10]. A 
review of 3314 autopsies found a 2.9 % frequency of metastatic tumors involving the heart, 
arising by direct extension of adjacent organs or spreading via hematogenous, lymphatic, 
or intracavitary routes [11]. The most common primary sites are the lung, breast, and 
cutaneous melanoma [12, 13]. Available data from single-center studies vary with a 
reported prevalence between 3 and 28.7 % [14–16]. However these data may have a high 
referral bias and may not reflect population-based incidence rates. The rate of malignant 
cardiac tumors is frequently erroneously reported up to 30 % among all primary cardiac 
tumors, when based upon data derived from pathology tertiary centers, where the most 
difficult cases are sent for consultancy [17]. Surgical pathology data certainly underesti-
mate tumors that do not require surgery (e.g., rhabdomyomas and metastases), as well as 
tumors possibly revealed by sudden death.

In 2015, the World Health Organization (WHO) updated the classification of cardiac 
tumors as reported in . Table 20.1 [1]. The WHO classifies tumors of the heart into three 
types: benign tumors and tumorlike lesions, malignant tumors, and pericardial tumors. 
The major changes in malignant tumors of the heart have been: the removal of the term 
“malignant fibrous histiocytoma” as synonymous with undifferentiated pleomorphic sar-
coma, incorporation of epithelioid hemangioendothelioma as an angiosarcoma with low- 
grade malignance, remarkable expansion of the cytogenetic and molecular genetic 
characterization of many cardiac tumors, and reintroduction of the primary cardiac 
osteosarcoma and myxofibrosarcoma subtypes. Intimal sarcoma has been recently 
reported in the heart as the most frequent sarcoma histotype and, as in large vessels, is 
characterized by overexpression of MDM2 as well as alterations in genes like PDGFRA 
and EGFR that could be targets for novel therapeutic approaches [18]. However this 
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 . Table 20.1 WHO classification 2015 of cardiac tumors [1]

Benign tumors and tumorlike lesions

Histiocytoid cardiomyopathy

Hamartoma of mature cardiac myocytes

Rhabdomyoma 8900/0

Adult cellular rhabdomyoma 8904/0

Cardiac myxoma 8840/0

Papillary fibroelastoma

Hemangioma, NOS 9120/0

Capillary hemangioma 9131/0

Cavernous hemangioma 9121/0

Cardiac fibroma 8810/0

Lipoma 8850/0

Cystic tumor of the atrioventricular node 8454/0

Inflammatory myofibroblastic tumor 8825/1

Granular cell tumor 9580/0

Schwannoma 9560/0

Germ cell tumors

Mature teratoma 9080/0

Immature teratoma 9080/3

Yolk sac tumor 9071/3

Paraganglioma 8680/1

Malignant tumors

Angiosarcoma 9120/3

Undifferentiated pleomorphic sarcoma 8830/3

Osteosarcoma 9180/3

Myxofibrosarcoma 8811/3

Leiomyosarcoma 8890/3

Rhabdomyosarcoma 8900/3

Synovial sarcoma 9040/3

Miscellaneous sarcomas

Cardiac lymphomas

Metastatic tumors
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 clinical–pathological entity has been not included in the new WHO classification since it 
requires further investigation.

Up to 90 % of primary tumors are benign and 10 % malignant, with the majority of 
these being sarcomas (90 %) arising from the parenchymal or mesenchymal cells of the 
structural elements of the heart such as the blood vessels, muscle, connective tissue, fat, 
and even bone. Lymphoma and primary pericardial mesothelioma represent most of the 
remaining cases.

Concerning the epidemiology and prevalence of various histotypes, we refer to the 
experience of the University of Padua [6, 10]. In the time interval 1970–2010, 267 con-
secutive primary cardiac neoplasms were studied, 213 (89.5 %) of which were benign and 
26 (10.5 %) malignant. This is mostly a biopsy-based experience (89.5 % of cases), just to 
emphasize that nowadays cardiac tumors are rarely fatal, with exception of primary 
malignancies. Among the benign cardiac tumors, the majority (66 %) were myxomas, fol-
lowed by papillary fibroelastomas (9.5 %). There was a female predominance (88, 62.5 %), 
mean age 54 years. As far as malignant primary cardiac tumors, leiomyosarcoma and 
angiosarcoma ranked first (19 % each). There was a male predominance, mean age 50 
years. As far as metastatic cardiac tumors, lung carcinoma was by far the leading one in 
our experience (32.5 %), especially as pericardial carcinosis with effusion, followed by 
lymphoma and leukemia (16 %), breast carcinoma (5 %), hepatic carcinoma (5 %), and 
kidney carcinoma (4 %).

More important than the cell type is the proximity of the tumor to vital intracardiac 
structures. Two different types of growth are found:

 5 Intramural, producing conduction abnormalities and arrhythmias as well as heart 
failure due to systolic and diastolic dysfunction

 5 Intracavitary, with obstruction to blood flow or embolization of thrombi or tumor 
cells

Tumors of the pericardium

Solitary fibrous tumor 8815/1

  Malignant 8815/3

Angiosarcoma 9120/3

Synovial sarcoma 9040/3

Malignant mesothelioma 9050/3

Germ cell tumors

  Teratoma mature 9080/0

  Teratoma immature 9080/3

  Mixed germ cell tumor 9085/3

 . Table 20.1 (continued)
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20.2  Clinical Features

Patients with cardiac tumors may present with cardiovascular-related or constitutional 
symptoms, through any of the four mechanisms:

 5 Mass effect: they can obstruct intracardiac blood flow or interfere with valve function.
 5 Local invasion: leading to arrhythmias or pericardial effusions with tamponade.
 5 Embolization: parts of tumor or thrombi can embolize, causing systemic or pulmo-
nary infarctions (if on the left or right side of the heart respectively).

 5 The tumors may cause constitutional symptoms or hematologic abnormalities.

Moreover, cardiac malignant tumors may also present with problems related to metastatic 
disease. In rare cases, the first manifestation of a cardiac tumor is sudden cardiac death. 
Some tumors produce no symptoms and are incidental findings during an imaging inves-
tigation performed for an unrelated indication.

20.3  Surgical Pathology

Histopathology is mandatory in any resected cardiac mass, to establish the benign or 
malignant nature and the precise histotype. This information may be crucial in the case of 
malignancy for the choice of therapy and prognosis. Masses may be neoplastic, but even 
thrombotic, calcific, septic, and infective. The employment of traditional histological and 
histochemical stainings should be accompanied by immunohistochemistry with a large 
panel of antibodies, for establishing the histotype of tumor cell proliferations, particularly 
in the setting of malignant unresectable masses that require histological characterization 
before starting chemotherapy [1]. In rare cases of cardiac sarcoma, electron microscopy 
may also be of help. Consultancy in tertiary referral centers of cardiovascular or soft tissue 
tumor pathology is advisable. Before surgery, tissue diagnosis can be achieved through per-
cutaneous endomyocardial biopsy, particularly in the setting of right-sided cardiac masses. 
Moreover, endomyocardial biopsy can be useful for unresectable tumors requiring histo-
logical characterisation before chemotherapy.

20.4  Tumor Grading and Staging

Due to the low frequency of malignant cardiac tumors, as far as histologic grading of 
malignancy, there are no specific parameters, and we have to refer to soft tissue neo-
plasms [19]. A histologic grading system has been put forward by the French Federation 
Nationale des Centre de Lutte Contre le Cancer (FFNCLCC) [20], which is based 
upon a cumulative score deriving from three parameters, i.e., (a) tumor differentiation 
(score 1, sarcomas closely resembling normal adult mesenchymal tissue; score 2, sar-
comas for which histological typing is certain; score 3, undifferentiated sarcoma, 
angiosarcoma), (b) mitotic count (score 1, 0–9 mitoses per 10 high-power field, HPF, 
measuring 0.1734 mm2; score 2, 10–19 mitoses per 10 HPF; > or =20 mitoses per 10 
HPF), and (c) tumor necrosis (score 0, no necrosis; score 1, <50% tumor necrosis; 
score 2, > or = 50% tumor necrosis). Three grades of malignancy are thus recognize: 
G1, low grade (total score 2, 3); G2, intermediate grade (total score 4, 5); G3, high 
grade (total score 6, 7, 8),
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20.5  Treatment and Prognosis

The prognosis of patients with primary malignant cardiac tumors is very poor even if 
complete resection is attempted. Adjuvant chemotherapy and irradiation are usually 
also given, but these are not effective in most cases, with the exception of primary car-
diac lymphoma which shows a better survival compared with sarcomas. Favorable 
results of heart transplantation for primary malignant cardiac tumors have been 
reported. Cardiac autotransplantation (cardiac explantation, ex vivo tumor resection, 
reconstruction, and reimplantation) may represent an option in many primary malig-
nant cardiac tumors [21].

20.6  Key Points

 5 Cardiac tumors are rare with a frequency that varies in postmortem studies between 
0.0017 % and 0.33 %.

 5 Consist of both primary and secondary tumors.
 5 Secondary cardiac tumors (metastases) are 20 times more common than primary car-
diac tumors.

 5 The majority of primary cardiac tumors are benign, most being myxomas, accounting 
for up to 90 % of all cardiac tumors.

 5 The most common malignant primary cardiac tumor is sarcoma.
 5 Primary lymphoma of the heart is exceedingly rare, but with a better survival.
 5 Symptoms are nonspecific and can mimic many other heart diseases.
 5 The clinical presentation depends on the size, location of the cardiac tumor, and type 
of growth (intramural or intracavitary). 

 5 “Histological examination of any resected cardiac mass is mandatory to achieve a cer-
tain diagnosis and to plan the proper treatment”.

20.7  Cardiac Sarcomas

Sarcomas are mesenchymal tumors of various histologic morphologies and constitute 
most of primary malignant cardiac tumors [1, 6, 7, 10, 17, 22, 23]. By definition, they 
are confined to the heart or pericardium at the time of diagnosis without any evidence 
of extracardiac primary neoplasm. They occur in adults and have no predilection for 
either sex.

Primary cardiac sarcomas may occur in any chamber of the heart, although the right 
heart is the most frequent site of origin. Histologic type shows no consistent relation to the 
location within the heart, except for angiosarcoma, which has a predilection for the right 
atrium. Although arising from the endocardium or pericardium more often than from the 
myocardium, malignant tumors rapidly infiltrate all layers of the heart, invade adjacent 
mediastinal structures, and metastasize. Systemic metastases, particularly to the lungs and 
mediastinal lymph nodes, are present in 80 % of cases when first diagnosed. This growth 
pattern makes cardiac sarcomas often unresectable and thus the prognosis is poor. Survival 
is measured in weeks or months.
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20.7.1  Angiosarcoma

Definition
20.7.1.1 Angiosarcoma is a malignant tumor with endothelial differentiation. According 
to the new WHO classification [1], there are two types, with distinctive histological and 
genetic features: angiosarcoma (high-grade sarcomas) and epithelioid hemangioendothe-
lioma (low-grade sarcomas).

Epidemiology
20.7.1.2 Angiosarcomas are the most common primary malignant cardiac neoplasms, 
accounting for 40 % of primary cardiac malignancies. The peak incidence is in the fourth 
decade with slight male predilection.

Localization
It most often arises in the right atrium, close to the atrioventricular groove (80 %) [4, 24, 
25], but has been reported in the other heart three chambers as well as in the pericardium. 
Cardiac epithelioid hemangioendothelioma typically occurs in the atria and may present 
as an incidental mass or embolism.

 Clinical Features
Symptoms tend to develop late in the course of the disease and are often nonspecific. 
Clinical symptoms usually relate to cardiac tamponade or right heart failure secondary to 
intracavitary obstruction. Affecting the right heart, angiosarcoma often produces right- 
sided heart failure, superior vena cava obstruction, and pericardial effusion. Presentation 
with lung metastases is not uncommon. The predominant right-sided location allows for 
diagnosis by endomyocardial biopsy [26] (. Fig. 20.1).

 Pathology
Macroscopically, it is a large mural, lobulated, and brown-reddish mass with a necrotic or 
hemorrhagic appearance, that widely infiltrates  the wall and the pericardium and pro-
trudes in right cardiac cavities, with invasion of the inferior vena cava and the tricuspid 
orifice. Histologically, two thirds of angiosarcoma are moderately to well differentiated 
and are composed of irregular vascular spaces with papillary intraluminal tufting lined by 
pleomorphic and atypical cells. Mitoses are frequent. In one third of cases, the tumor is 
poorly differentiated, without discrete vascular structures, and consists of anaplastic 
 spindle cells within a hyaline stroma, containing focally extravascular red cells. No defi-
nite Weibel-Palade bodies are identified with electron microscopy. However, pynocytotic 
vesicles, abundant intermediate filaments, and a moderate amount of rough endoplasmic 
reticulum and Golgi apparatus may be found.

Epithelioid hemangioendothelioma is composed of epithelioid cells arranged in short 
strands or solid nests. The constituent endothelial cells are round or oval, contain small 
intracellular lumina, and frequently infiltrate the vessels.
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Immunohistochemistry
Angiosarcomas typically express endothelial markers, including von Willebrand factor, 
CD34, CD31, and VEGF.

 Differential Diagnosis
Differential diagnosis includes fibrosarcoma, undifferentiated pleomorphic sarcomas, and 
Kaposi sarcoma. The detection of endothelial vacuoles or papillary structures is helpful. 
Immunohistochemistry plays a crucial role in diagnosis, especially in undifferentiated 
forms. Kaposi sarcoma generally forms small nodules involving the pericardium with 
minimal invasion of the myocardium. Pericardial angiosarcomas can be mistaken for 
mesotheliomas. Stains for cytokeratin, calretinin, cytokeratin 5/6, and CD31 can help to 
differentiate the two populations of cells. The intracellular lumina of epithelioid heman-
gioendothelioma may mimic the vacuoles of adenocarcinoma, which should be initially 
considered in the microscopic differential diagnosis.

 Genetics
Molecular analyses on tumor tissues have focused on genetic alterations of TP53 and K-ras [27].

Prognosis
Prognosis is poor, usually because of delayed diagnosis and metastases, with a median survival 
of less than 1 year, even after surgical exeresis and adjuvant therapy.

a

b

c

........ Fig. 20.1 Angiosarcoma in a 36-year-old woman, suffering from dyspnea and fever (Modified from 
Poletti et al. [26]). a Two-dimensional echocardiogram, four-chamber view, showing an endocavitary and 
intramural large mass in the right atrium extending into the right ventricle, measuring 6 × 8 cm. b Photo-
micrograph of transvenous biopsied tumor: the myocardium was infiltrated by pleomorphic spindle cells 
with hyperchromatic nuclei forming vascular spaces. c Tumor cells arranged in vascular channels were 
positive for factor VIII
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20.7.2  Undifferentiated Pleomorphic Sarcomas

 Definition
High-grade malignant cardiac sarcomas showing fibroblastic or myofibroblastic differen-
tiation and areas of marked cellular pleomorphism, with no specific histologic and immu-
nohistochemical markers [1]. Malignant fibrous histiocytoma is a synonym.

 Epidemiology
Undifferentiated pleomorphic sarcoma is the second most common malignant cardiac 
sarcoma in adults with a reported prevalence of 24–37.5 %. There is no gender predilec-
tion and the mean age is around 45 years (range, 20–80 years).

 Localization
Undifferentiated pleomorphic sarcomas tend to be intracavitary, located in the left atrium 
of the heart, where they most often present like cardiac myxomas, but most commonly 
arise along the posterior wall in comparison to the septum.

 Clinical Features
Most occur on the left side of the heart and cause signs and symptoms related to pulmo-
nary congestion, mitral stenosis, and pulmonary vein obstruction. Constitutional signs 
and symptoms may precede symptoms referable to the heart. They may also present with 
metastases and the lungs, lymph nodes, kidney, and skin are common sites.

 Pathology
Undifferentiated pleomorphic sarcoma typically presents as a soft or firm polypoid 
endocardial- based tumor. It may be sessile or pedunculated, simulating myxoma, but 
unlike myxoma, may form multiple masses. The mass may distend the atrium and impinge 
upon the mitral valve. Extension into the pulmonary veins and lung parenchyma may be 

 Key Points: Angiosarcoma
 5 Angiosarcoma (high-grade sarcoma) is the most common primary cardiac malignant 

tumor.
 5 Epithelioid hemangioendothelioma is a subtype with low-grade malignancy.
 5 Male predominance and a peak incidence in the fourth decade.
 5 Right atrial free wall and atrioventrentricular groove are involved in 80 % of cases, 

allowing diagnosis by endomyocardial biopsy.
 5 Hemorrhagic mass composed by multiple, irregular vascular channels lined by pleo-

morphic and atypical cells, CD31, von Willebrand factor, and CD34 positive.
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present. They may be uniform whitish or variegated due to hemorrhage and necrosis, 
with hard consistency. Calcification is uncommon. The diagnosis of Undifferentiated 
pleomorphic sarcoma is achieved by exclusion, when the use of a large panel of immuno-
histochemical stains fails to give evidence of myogenic or other specific differentiations 
(endothelial, cardiomyocyte, smooth muscle cells, fibroblast, adipose, nerves, epithelial). 
Microscopically, the proliferation consists of bizarre, pleomorphic cells, frequently giant 
multinuclear, with high mitotic activity (. Fig. 20.2).

Prognosis
The prognosis of undifferentiated pleomorphic sarcoma is very poor, because surgical 
resection is often incomplete. Chemiotherapy and radiotherapy give only temporary 
improvement. Survival patients ranges from 5 to 18 months. Most patients die of metastasis 
or local recurrence.

a

b

c

d

........ Fig. 20.2 Left atrial undifferentiated pleomorphic sarcoma in a 68-year-old man, presenting with 
fever and increased serum level of flogistic markers. a Echocardiogram: endoluminal round mass in 
the left atrium, simulating a myxoma. b Grossly, the surgical resected mass showed a rough and irreg-
ular surface. c At histology, bizarre cells with pleomorphic nuclei admixed to giant cells and spindle-
shaped cells, with high mitotic rate, are seen. d At immunohistochemistry, tumor cells are positive for 
vimentin
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20.7.3  Osteosarcoma

 Definition
Primary cardiac osteosarcoma originates in the heart and produces the osteoid or bone, 
occasionally with chondroblastic differentiation. These have been grouped in the past 
WHO classification within malignant pleomorphic fibrous histiocytomas/undifferentiated 
pleomorphic sarcomas with osteosarcomatous differentiation, but nowadays they repre-
sent a distinct subtype [1]. Osteogenic sarcoma, osteoblastic osteosarcoma and extraskel-
etal osteosarcoma are synonyms.

 Epidemiology
Osteosarcomas are quite rare, making up approximately 10 % of primary cardiac sar-
comas. Cardiac osteosarcomas occur most commonly between the second and fifth 
decades of life, with a mean patient age of 40 years, and do not show any gender pre-
dominance.

 Localization
Primary osteosarcomas are more frequently left sided and may be mistaken for atrial myx-
omas. The second most common location is the right atrium, with extension into the vena 
cava.

 Clinical Features
Due to the left atrial location, initial symptoms are most frequently related to mitral valve 
obstruction. Dyspnea, chest pain, palpitations, dizziness, murmurs, and congestive heart 
failure have been reported.

 Key Points: Undifferentiated Pleomorphic Sarcomas
 5 Undifferentiated pleomorphic sarcomas are malignant neoplasms with fibroblastic or 

myofibroblastic differentiation and areas of marked cellular pleomorphism, with no 
specific histologic and immunohistochemical markers.

 5 The second most common primary malignant cardiac sarcoma in adults with a 
prevalence of 24–37.5 %.

 5 No gender predilection, mean age 45 years.
 5 The left atrium is frequently involved with an intracavitary growth.
 5 Proliferation of bizarre, pleomorphic cells, frequently giant multinuclear, with high 

mitotic activity.
 5 Diagnosis is achieved by exclusion, when immunohistochemical stains fail to give 

evidence of specific differentiation.
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 Pathology
Cardiac osteosarcomas usually present as nodular masses with infiltrative margins. The 
cut surface is heterogeneous, firm, and white, with areas of hemorrhage and necrosis. 
They may have osteo-, chondro-, or fibroblastic differentiation. The bone-forming areas 
range from well-differentiated trabeculated osteosarcoma to poorly differentiated sarco-
mas with stromal osteoid. Chondrosarcomatous areas are also present in about half of all 
cases.

Immunohistochemistry
Most tumors express smooth muscle actin; S100 protein is expressed in chondroid areas. 
Epithelial membrane antigen can be focally positive in epithelioid areas.

 Differential Diagnosis
Atrial myxomas, given the left-sided location and presence of calcification.

Prognosis
Prognosis of cardiac osteosarcoma is poor, with survival rarely beyond 1 year due to early 
metastases to lungs, skin, and skeleton. 

20.7.4  Myxofibrosarcoma

 Definition
Myxofibrosarcoma is a low-grade cardiac sarcoma composed of spindle cells in a myxoid 
matrix [1, 28] Myxoid malignant fibrous histiocytoma, fibromyxosarcoma and  myxoid 
fibrosarcoma are synonyms. It should be not considered a malignant variant of myxoma, 
the latter basically being a benign tumor.

 Epidemiology
Because of the various terms that have been used for this tumor, the precise incidence rate 
is uncertain, but myxofibrosarcoma probably accounts for about 10 % of cardiac sarcomas, 
making it the fourth most common cardiac sarcoma (after angiosarcoma, undifferentiated 
pleomorphic sarcoma, and osteosarcoma).

 Key Points: Osteosarcoma
 5 Malignant tumor that produces the osteoid or bone, occasionally with chondroblastic 

differentiation
 5 10 % of primary cardiac sarcomas
 5 No gender predominance, mean age 40 years
 5 Left-sided tumor with intracavitary growth
 5 Osteo-, chondro-, or fibroblastic differentiation
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Localization
The most common location for cardiac myxofibrosarcoma is in the atria (particularly the 
left), followed by the right ventricle, and the ventricular septum.

 Clinical Features
Cardiac myxofibrosarcomas have been described most frequently in the left atrium with 
both intracavitary and mural growth, typically causing obstruction and symptoms of mitral 
stenosis.

 Pathology
Myxofibrosarcoma is typically an endocardial-based tumor with little necrosis or hemor-
rhage, with intracavitary growth. Histologically, myxofibrosarcomas show spindle or 
rounded cells often within a myxoid matrix, without significant pleomorphism (. Fig. 20.3).

Immunohistochemistry
Immunohistochemical staining is not helpful in the diagnosis, except to exclude other 
tumors, being positive only vimentin.

a

b

c

d

........ Fig. 20.3 Fibrosarcoma of the right atrium in a 62-year-old woman, suffering from weakness and effort 
dyspnea. a CT showing a mass infiltrating right atrial free wall. b Transvenous endomyocardial biopsy: note 
the elevated number of bioptic specimens. c At higher magnification, note atypical spindle cells within 
fibrous stroma. d Tumor cells are immunoreactive to vimentin
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 Differential Diagnosis
Myxoma may be confused with myxofibrosarcoma because of the proteoglycan-rich 
matrix. Because myxofibrosarcoma may be histologically bland, the absence of pleomor-
phism is not a distinguishing feature between myxoma and myxofibrosarcoma.

Prognosis
In spite of surgery is often possible, survival is poor, but slightly better than angiosarcoma 
of the heart.

20.7.5  Leiomyosarcoma

 Definition
Leiomyosarcoma is a malignant tumor with smooth muscle cell differentiation [1, 29, 30].

 Epidemiology
Cardiac leiomyosarcoma is rare, representing less than 10 % of primary cardiac sarcomas. 
There is no sex predilection, and most occur in patients between 40 and 50 years of age.

 Localization
It has a predilection for the left atrium and pulmonary infundibulum.

 Clinical Features
The commonest manifestation is dyspnea and cardiac failure from mitral obstructive 
symptoms. Pulmonary embolism may occur in case of right-sided tumors.

 Pathology
The tumors appear firm, fleshy, gray, and sessile. They may present as multiple intracavi-
tary nodules. Leiomyosarcoma consists of compact bundles of spindle cells with blunt- 
ended nuclei, glycogen, and perinuclear vacuoles, often oriented at sharp angle or 90° to 
one another. Zones of necrosis and mitotic figures are frequent.

Immunohistochemistry
The spindle cells show reactivity for alpha smooth muscle actin and desmin (. Fig. 20.4).

 Key Points: Myxofibrosarcoma
 5 Low-grade cardiac sarcoma composed of spindle cells in a myxoid matrix.
 5 About 10 % of cardiac sarcomas.
 5 The left and right atrium are the main location with intracavitary and mural growth.
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Prognosis
Surgical resection is usually palliative in association with adjuvant chemotherapy and 
radiotherapy. The reported mean survival time is about 1 year.

a

b

c

d

........ Fig. 20.4 Leiomyosarcoma of the left atrium in a 21-year-old woman with acute pulmonary edema and 
preoperative diagnosis of left atrial myxoma. a Echocardiogram: endoluminal mass in the left atrium pro-
lapsing in the left ventricular cavity during diastole, simulating a myxoma. b Gross features of the cardiac 
mass resected at the surgery, showing rough and irregular surface. c Pleomorphic cells arranged in a stori-
form pattern within a myxoid background. d Immunohistochemical staining showing tumor cell positivity 
for desmin

 Key Points: Leiomyosarcoma
 5 Malignant tumor with smooth muscle cell differentiation
 5 No sex predilection, 40 and 50 years of age
 5 Predilection for the left atrium and pulmonary infundibulum
 5 Bundles of spindle cells with blunt-ended nuclei, often oriented at sharp angle or 90° 

to one another, and alpha smooth muscle actin and desmin positive
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20.7.6  Rhabdomyosarcoma

 Definition
Rhabdomyosarcoma is a malignant tumor with striated muscle differentiation [1]. 
Rhabdomyosarcomas arise de novo, not from malignant degeneration of a rhabdomyoma.

 Epidemiology
Rhabdomyosarcoma is a rare subtype of cardiac sarcoma (less than 5 %) [31], but remains the 
most common pediatric cardiac malignancy. In the past, before immunohistochemical anal-
ysis, a large proportion of cardiac sarcomas were wrongly considered rhabdomyosarcomas.

 Localization
Rhabdomyosarcomas may arise from any location in the heart, but ventricular involve-
ment is greater than other cardiac sarcomas. They are usually mural tumors.

Clinical Features
The clinical presentation, as with other cardiac tumors, depends on the cardiac location. 
Pericardial effusion, dyspnea, conduction disturbances and extracardiac metastases are 
the usual presentation.

 Pa thology
Cardiac rhabdomyosarcomas are large, bulky, infiltrative tumors that may be grossly 
mucoid or gelatinous, similar to cardiac myxoma, or soft and necrotic, highly heteroge-
neous. In the heart there are two distinct histologic types: embryonal, which occur mainly 
in children and adults, and a pleomorphic, which are much less frequent and occur in 
adults. Embryonal rhabdomyosarcoma is a small-cell neoplasm with variable numbers of 
PAS-positive rhabdomyoblasts (tadpole or strap cells). Alveolar rhabdomyosarcoma has 
been described in the heart as a metastatic lesion. Sarcoma botryoides, with characteristic 
grape-like structures, has also been described in the heart [32] At electron microscopy, the 
diagnostic features are thick and thin filaments and Z-bands.

Immunohistochemistry
Immunohistochemical staining shows positivity for desmin and myogenin.

 Differential Diagnosis
The differential diagnosis includes other cardiac sarcomas, especially undifferentiated 
lesions and metastatic small round cell tumors in children and young adults. 
Immunohistochemical stains are vital in identifying rhabdomyoblasts.
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 Somatic Genetics
Cytogenetic analysis shows mutation at exon 1 of K-ras.

Prognosis
Surgical rection is palliative due to local and distant metastases. Response to adjuvant che-
motherapy and radiation is poor. In selected cases, cardiac transplantation is considered.

20.7.7  Synovial Sarcoma

 Definition
Synovial sarcoma is a biphasic tumor composed of spindle and epithelioid cells, character-
ized by X;18 chromosomal translocations.

 Epidemiology
Synovial sarcomas account for approximately 5 % of all primary cardiac sarcomas. The 
male-to-female ratio is 3:1. The mean patient age at diagnosis is 37 years, ranging from 13 
to 70 years.

 Localization
Most common site for synovial sarcoma is the lower limb. Synovial sarcoma of the heart is 
extremely rare. There is a predilection for the atria and pericardial surfaces. Right side 
synovial sarcoma is twice more common than the left side [33, 34].

 Clinical Features
The clinical presentation is nonspecific, so the diagnosis is almost always at advanced 
stage in most of the cases. Left-sided tumor manifests earlier than right-sided tumor due 
to their mass effect and obstruction to pulmonary veins.

 Pathology
On macroscopic examination synovial sarcomas are firm, whitish, infiltrative tumors with 
areas of necrosis and hemorrhage. The size of tumor varies from 2.9 to 15 cm. Left-sided 
tumors are comparatively small. Cardiac synovial sarcoma may be biphasic or monophasic. 

 Key Points: Rhabdomyosarcoma
 5 Malignant tumor with striated muscle differentiation that involves the myocardium.
 5 The most common cardiac malignancy in pediatric population.
 5 Embryonal rhabdomyosarcoma is the most frequent variant in the heart, 

characterized by small cells and variable numbers of PAS-positive rhabdomyoblasts 
(tadpole or strap cells), with positivity for desmin and myogenin.
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The latter is the most common form in the heart. The classical biphasic synovial sarcoma 
has epithelial and spindle cell components in varying proportion. The classical monopha-
sic variant contains only spindle cell component.

Immunohistochemistry
Immunohistochemically, cytokeratin and epithelial membrane antigen are strongly 
expressed in the epithelioid cells. Spindle cells express vimentin and focally smooth mus-
cle actin. The cells do not express CD34.

 Differential Diagnosis
Differential diagnosis includes sarcomatoid mesothelioma, solitary fibrous tumor, and 
fibrosarcoma. Distinction of synovial sarcoma from mesothelioma, another biphasic 
tumor, can usually be made on the basis of tumor location (mesotheliomas do not occur 
within the atria) and growth pattern (synovial sarcoma is usually a solitary mass, while 
mesothelioma tends to grow diffusely over the pericardium). Additionally, the spindle cell 
component of synovial sarcoma tends to be relatively uniform. The SS18/SSX transcripts 
are specific markers of synovial sarcoma and can be detected by the reverse transcriptase–
polymerase chain reaction (RT-PCR) [35].

 Genetics
Cytogenetically the reciprocal translocation t(X;18) (p11.2;q11.2) between SYT gene on 
chromosome 18 and SSX1 or SSX2 gene on chromosome X is seen in more than 90 % of 
soft tissue synovial sarcomas.

 Prognosis
Primary cardiac synovial sarcoma is an extremely rare malignancy, with a very poor prog-
nosis due to high local recurrence and metastasis rate. Chemotherapy with or without 
radiotherapy seems to improve survival.

 Key Points: Synovial Sarcoma
 5 Synovial sarcoma is an extremely rare and highly aggressive tumor composed of 

epithelial and spindle cells.
 5 Male-to-female ratio is 3:1, mean age 37 years.
 5 Right side synovial sarcoma is twice more common than the left side.
 5 Cardiac synovial sarcoma may be biphasic (epithelial and spindle cell components) or 

monophasic (only spindle cell component), the latter being the most common form 
in the heart. The epithelioid cells express cytokeratin and epithelial membrane 
antigen, while spindle cells vimentin and smooth muscle actin.

 5 X;18 chromosomal translocations is seen in more than 90 % of soft tissue synovial 
sarcomas.
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20.7.8  Miscellaneous Sarcomas

 Definition
Miscellaneous sarcomas include rare primary cardiac sarcomas: malignant peripheral 
nerve sheath tumor (MPNST), liposarcoma, extraskeletal Ewing sarcoma/primitive neu-
roectodermal tumor/the Ewing family of tumors (EFTs), carcinosarcoma, desmoplastic 
small round cell tumor (DSRCT), extrarenal rhabdoid tumor/malignant extrarenal rhab-
doid tumor (MERT), and chondrosarcoma [1].

20.8  Primary Cardiac Lymphoma

20.8.1  Definition

Primary cardiac lymphoma is defined as an extranodal non-Hodgkin lymphoma that 
involves only the heart and/or the pericardium.

20.8.2  Epidemiology

Primary cardiac lymphomas represent about 1 % of all primary cardiac tumors. The 
median age is 60 years, with male/female ratio approximately 3:1, and it occurs not neces-
sarily in immune-deficient people [36].

20.8.3 Location

Primary cardiac lymphomas may arise in any cardiac chamber, but in two thirds of 
cases, the right atrium is the site of involvement with an intramural, whitish infiltrating 
mass extended to the pericardium with massive effusion.

20.8.4  Clinical Features

The clinical presentation has usually an acute onset, with chest pain, pericardial effusion, 
congestive heart failure, arrhythmias, syncope, and even complete AV block.

20.8.5  Pathology

Usually the tumor is large, infiltrating myocardium and forming multiple intracavitary 
polypoid nodules, which may eventually obliterate the cavities. The pericardium is usually 
thickened by white–grayish tumor infiltration with massive pericardial effusion.
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20.8.6 Immunohistochemistry

Histopathologically, the subtype most frequently observed (80 % of cases) is diffuse 
large B-cell lymphoma with CD20-positive cells, whereas the remaining 20 % are CD3-
positive T-cell lymphomas. Immunocytochemical staining, cytogenetic studies, and poly-
merase chain reaction are necessary to differentiate B- and T-cell lymphomas from reactive 
lymphocyte hyperplasia, detecting the presence of a monoclonal population.

20.8.7  Differential Diagnoses

The differential diagnoses include secondary cardiac involvement by a primary mediasti-
nal large B-cell lymphoma and primary cardiac sarcomas.

20.8.8  Prognosis

The prognosis is poor, with a mean survival of 7 months. Chemotherapy can often improve 
the patient’s survival (. Fig. 20.5).

20.8.9  Key Points: Primary Cardiac Lymphoma

 5 Defined as an extranodal non-Hodgkin lymphoma involving primarily and only the 
heart and pericardium.

 5 Secondary cardiac involvement by lymphoma is more common than primary cardiac 
lymphoma.

 5 Primary cardiac lymphoma typically involves the right heart and more than one car-
diac chamber.

 5 Diffuse large B-cell lymphoma with CD20-positive cells is the most frequent subtype.
 5 Chemotherapy is the main treatment.

a b

........ Fig. 20.5 Magnetic resonance imaging in a case of primary cardiac non-Hodgkin lymphoma. a At 
diagnosis the mass occupied both atria, extending to pulmonary veins. b After R-CHOP chemotherapy 
there was complete remission
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20.9  Tumors of the Pericardium

Pericardial tumors in WHO classification [1] include solitary fibrous tumor, malignant 
mesotheliomas, germ cell tumors, sarcomas (angiosarcomas and synovial sarcoma), and 
metastatic pericardial tumors.

Pericardial tumors are most likely to be metastatic in nature or an extension of pri-
mary tumors from the surrounding structures, in most cases from lung and breast tumors, 
melanoma, or hematologic malignancies.

Pericardial teratomas and malignant mesotheliomas are the most common primary 
pericardial tumors.

Pericardial tumors often cause symptoms related to pericardial effusion.
The combination of cytologic fluid analysis and histologic pericardial biopsy is neces-

sary to making the final diagnosis.

20.9.1  Solitary Fibrous Tumor

 Definition
A spindle cell tumor with a hemangiopericytoma-like vascular pattern. Localized fibrous 
tumor and haemangiopericytoma are synonyms.

 Localization
Solitary fibrous tumors usually arise from the pleura, but also in various sites. Rare exam-
ples have been reported in the pericardium and within the heart [37].

 Clinical Features
Clinical features are related to pericardial mass effect, including pericarditis and pericar-
dial effusion.

 Pathology
Macroscopically, solitary fibrous tumor is firm and well circumscribed. Histopathologic 
examination shows spindle cell proliferation with often a hemangiopericytoma-like vas-
cular pattern. Areas of hypercellularity typically alternate with myxoid or fibrous areas.

 Immunohistochemistry
Solitary fibrous tumors are CD34 positive. STAT6 nuclear expression is a specific and 
sensitive marker for solitary fibrous tumor.

 Differential Diagnosis
Malignant mesotheliomas of the pericardium show diffuse growth pattern and keratin and 
calretinin reactivity. Fibrosarcoma tends to be more monomorphic and negative for CD34. 
Monophasic synovial sarcoma has higher-grade cytology and focal keratin reactivity.
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 Prognosis
The prognosis is good, although recurrences after surgical resection and local spread have 
been reported.

20.9.2  Malignant Mesothelioma

 Definition
A malignant tumor derived from mesenchymal tissue showing a mesothelial differentia-
tion. The definition of primary pericardial mesothelioma requires that there is no tumor 
present outside the pericardium, with the exception of lymph node metastases.

 Epidemiology
Pericardial mesotheliomas represent less than 1 % of all malignant mesotheliomas, but they are 
the most common primary pericardial tumor, with a higher incidence among men than 
women and a mean age of 45 years. Risk factors for malignant mesothelioma include asbestos 
exposure, therapeutic radiation, and pericardial dusting as a treatment for angina pectoris.

 Clinical Features
Symptoms usually result from constriction of the heart and diastolic impairment or com-
pression of surrounding structures either from hemorrhagic pericardial effusion or direct 
infiltration. Cytological examination is a poor method for detection of mesothelioma. 
Although clinical data and imaging are very helpful for the diagnosis of pericardial mesothe-
lioma, a definite diagnosis still relies on pericardial biopsy or postmortem examination [38].

Pathology
Macroscopically, malignant mesotheliomas of the pericardium may present as localized 
nodules that fill the pericardial cavity or may spread diffusely over the pericardial surface 
encasing the heart and the great vessels. At histology, the majority are of the epithelioid 
type, forming tubules and papillary structures. The sarcomatous variant is also common. 
Ultrastructurally, mesothelioma cells contain microvilli.

 Immunohistochemistry
Expressions of mesothelial antigens, such as calretinin and cytokeratins 5/6, are helpful in 
the diagnosis. Negative are the reactions for adenocarcinoma markers, such as carcinoem-
bryonic antigen.

 Key Points: Solitary Fibrous Tumor
 5 Spindle cell tumor showing alternating hypercellular and hypocellular areas, with 

hemangiopericytoma-like patterns.
 5 Diffuse positivity for CD34 and STAT6.
 5 Prognosis is good.
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 Differential Diagnosis
The distinction between mesothelioma and metastatic adenocarcinoma can be difficult 
and is generally based on immunohistochemical findings. Distinction from reactive 
mesothelial cell proliferations may also be difficult. Malignancies that may be confused 
with mesothelioma include pericardial angiosarcoma, which may elicit a prominent 
mesothelial response, malignant solitary fibrous tumor, and synovial sarcoma. 
Mesothelioma lacks the X;18 translocation of synovial sarcoma.

 Prognosis
The median survival of patients with pericardial mesothelioma is approximately 6 months [39].

20.9.3  Germ Cell Tumors

 Definition
Tumors of germ cell origin arising within the myocardium or pericardial cavity.

 Epidemiology
The great majority of germ cell tumors are benign teratomas and the remainders are yolk 
sac tumors. Teratomas typically affect infants and children. Its occurrence in adults is very 
rare, <1 % [40, 41], with a peak incidence in the second and third decades of life and a 
male predominance.

 Localization
Approximately 90 % of the cardiac teratomas involve the pericardium [1].

 Clinical Features
The main clinical findings relate to pericardial effusion. Intramyocardial teratoma often 
manifests with congestive heart failure or arrhythmias.

 Pathology
Macroscopically they have a multicystic and lobulated appearance, with intervening solid 
areas. The size goes from a few millimeters up to 15 cm.

 Key Points: Malignant Mesothelioma
 5 Primary malignant pericardial mesothelioma is extremely rare; however, it is the most 

common primary malignancy of the pericardium.
 5 No constant relationship between the asbestos exposure and the development of 

pericardial mesothelioma.
 5 Male-to-female ratio of 3:1, mean age 45 years.
 5 Progressive encasement of the heart causing breathlessness and chest pain, often 

with clinical signs of pericardial constriction and/or tamponade.
 5 Prognosis is poor.
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Histologically, teratomas contain elements derived from the three embryonic layers 
(endodermal, ectodermal, and mesodermal) in varying degrees. If more than 50 % of the 
tumor is comprised of well-differentiated elements, then the tumor is referred to as a 
mature teratoma. The immature teratoma is less well differentiated, with components 
resembling fetal-type tissues. Malignant areas may be observed within a benign teratoma, 
with features of yolk sac tumor.

Immunohistochemistry
Immunohistochemical staining positive for alpha-fetoprotein suggests the diagnosis of a 
germ cell tumor.

 Differential Diagnosis
The differential diagnosis of intra cardiac teratomas is cystic tumor of the atrioventricular 
node; however, the latter does not contain mesodermal or ectodermal structures.

 Prognosis
Recurrence or malignant degeneration is rare. The prognosis depends upon the extension 
of malignant areas. Yolk sac tumors metastasize at an early stage and invade the surround-
ing structures and organs.
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21.1  Echocardiography

21.1.1  Transthoracic Echocardiography

Cardiac malignancies are often detected at transthoracic echocardiography, either done 
for the presence of symptoms or during a routine screening [1–5]. Echocardiography for 
its spatial and temporal resolution can define precise anatomic details and pathology: 
location, morphologic appearance (size, shape), mobility, and relation to adjacent cardiac 
structures so that the embolic potential and hemodynamic consequences of the tumors 
are well determined [6, 7].

 5 In most cases the cardiac tumor appears as an abnormal intracardiac mass. The sensi-
tivity of echocardiography is greatest for endocavitary lesions, where the contrast 
between the tumor and the blood of cardiac chamber is greatest, permitting detection 
of the mass. Intramyocardial lesions and pericardial tumors without pericardial effu-
sion are less well appreciated because of the lack of contrast between the mass and 
cardiac structures.

 5 When an intracardiac mass is observed at echocardiography, a systematic approach is 
essential, and the differential diagnosis includes artifacts and normal structures or 
variants, thrombi, vegetations, benign, and metastatic tumors [8]. The clinical context 
may suggest the diagnosis of a thrombus (for instance, in patients with atrial fibrilla-
tion, enlarged atrium, ventricular aneurysm) or of a vegetation (in patients with 
fever): it is important to interpret echo findings in light of the clinical setting.

 5 Echocardiography provides limited information about tissue characterization, and 
identification of the nature of the mass at echocardiography might be challenging 
even for the most experienced examiners. A diagnostic approach has been proposed 
to determine etiology of the mass with a consideration of four factors [9]:
 1. The histology-based likelihood (after surgery, only about 10 % of primary cardiac 

tumors are diagnosed as malignant; among them, the great majority are sarcomas, 
only 10 % are lymphomas)

 2. The age of the patient at time of presentation (rhabdomyomas and fibromas are the 
most common tumors in children)

 3. The tumor location (see below and . Box 1)
 4. Noninvasive tissue characterization might be based on the echogenicity and calci-

fication of the mass or on its vascularity, assessed with color Doppler and echocar-
diographic contrast agents

 5 Some tumors are usually observed in specific sites (. Box 1):
 5 Angiosarcomas grow usually in the right chambers and the pericardium is often 
involved.

Box 1 Presumptive Diagnosis of Malignant Cardiac Tumors According to MASS SITE
 5 Right Atrium: Angiosarcoma; Liposarcoma; Lymphoma
 5 Left Atrium: Hystiocitoma, leiomyosarcoma, osteosarcoma
 5 Ventricles: Rabdomyosarcoma, lymphoma
 5 Pumonary artery: Leiomyosarcoma
 5 Pericardium: Angiosarcoma; mesothelioma.
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 5 Pleomorphic sarcomas are most often observed in the left atrium (usually arising 
from the roof or from the lateral wall).

 5 Leiomyosarcomas are usually found in the pulmonary artery and in the left 
atrium.

 5 Lymphomas are more common in the right chambers with the aspect of an intra-
cavitary mass or of masses infiltrating the cardiac walls.

 5 Echocardiographic characteristics of primary malignant tumors are not specific and 
do not permit a reliable “noninvasive histologic diagnosis.” Nevertheless, some 
 echocardiographic characteristics can suggest a malignant nature of the mass 
(. Box 2, . Figs. 21.1, 21.2, and 21.3).

 5 The mass is large and broad-based, without a stalk, extending beyond anatomic 
 boundaries: for instance, right atrium sarcoma extends through the tricuspid valve 
into the right ventricle.

 5 Direct infiltration of cardiac walls, extension within cardiac chambers, and pericar-
dium or outside the heart are often detected.

........ Fig. 21.1 Right atrial mass. 
Transthoracic echocardiogra-
phy: apical four chambers in sys-
tole. A large mass with irregular 
texture is seen infiltrating the 
right atrium lateral wall. The 
mass invades the right atrium 
cavity and pericardium (pericar-
dial effusion). These echocardio-
graphic characteristics suggest 
a malignant nature of the mass. 
A pathological exam showed 
high-grade sarcoma, consistent 
with angiosarcoma

Box 2 Echocardiographic characteristics suggesting malignant nature of the mass
 5 The mass is large and broad-based
 5 A stalk is often non present
 5 Extension beyond anatomic boundaries
 5 Infiltration of cardiac walls and extension within cardiac chambers or pericardium
 5 Morphology: masses are multiple, with irregular shape and irregular texture
 5 Motion: infiltrating and broad-based masses exhibit a slowdowned motion
 5 Pericardial effusion with intrapericardial masses.
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........ Fig. 21.3 Left atrial mass (sarcoma). Transthoracic echocardiography: long axis and color Doppler 
four chamber in diastole. A large mass invades the left atrium protruding in the left ventricle cavity 
through mitral valve. Color and spectral echocardiography suggest an obstructive lesion mimicking 
mitral stenosis (mean gradient 12 mmHg)

........ Fig. 21.2 Left atrial mass. Transthoracic echocardiography: apical four chambers in systole (left). Trans-
esophageal echocardiography: mid-esophageal four chambers in systole (right). A large mass is seen on the 
interatrial septum; the fossa ovalis is free and the mass is close to the mitral valve. The mass is broad-based 
and no stalk is recognizable. These echocardiographic characteristics suggest a malignant nature of the 
mass. A pathological exam showed a myxoma
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 5 Masses are multiple with irregular shape and irregular texture characterized by mixed 
echogenicity, predominantly cystic with fluid consistent with a vascular tumor.

 5 Their slowdowned motion in real-time imaging suggests stiffness, clue of malignant 
nature of the masses.

 5 If the venae cavae and pulmonary veins are free from mass, the probability of a pri-
mary tumor of the atria is very high.

 5 Pericardial involvement with pericardial effusion is a common manifestation of 
malignant tumors.

 > Unexplained pericardial effusion should raise a high index of suspicion of malig-
nancy [10].

21.2  Echocardiographic Contrast Agents

Echocardiographic contrast agents that traverse the pulmonary circulation are enhancing 
the vascularized masses and may be used to enhance the echogenicity of neoplastic masses 
(. Figs. 21.4, 21.5, 21.6, and 21.7).

The quantification of echocardiographic perfusion imaging of cardiac masses with 
gray-scale power modulation improves the chances of echocardiography in recognizing 
the cardiac masses.

a b

c d

........ Fig. 21.4 Cardiac mass (angiosarcoma) with intracardiac and pericardial extension. a From the sub-
costal approach, the mass is low echogenic. b After injection of SonoVue®, the echogenicity of the mass 
is increased. c The vessels of the mass are opacified by SonoVue®. d Color Doppler signal of the tumor 
vessels is enhanced by SonoVue® (reproduced, with permission, from Lestuzzi C, in Ecocardiografia cli-
nica, Piccin, Padova 2014)

Diagnosis of Primary Cardiac Malignancies: Echocardiography



372

21 a b

c d

........ Fig. 21.5 Same case of . Fig. 21.1. a Transthoracic long axis view. The intracardiac mass (arrow) is 
not clearly distinguishable from the pericardial mass. b–d Transesophageal approach: b the extensive 
infiltration of the right atrial wall is evident; c the point where the pericardial mass continues through 
the atrial wall prolapsing into the right ventricle is shown by the curved arrow; d from the right atrium, 
the mass extends to the left atrium (thin, red arrow) (reproduced, with permission, from Lestuzzi et al. 
Future Cardiology 2015, Volume 11, Issue 4, pp. 485–500)

........ Fig. 21.6 Transesophageal visualization of a right atrial mass (low-grade angiosarcoma) extending 
to the inferior vena, which is sub-occluded and infiltrated (left) and of a left atrial mass (leiomyosarcoma) 
infiltrating a left pulmonary vein (right) (reproduced, with permission, from Lestuzzi et al. Future Cardiol-
ogy 2015, Volume 11, Issue 4, pp. 485–500)
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 5 Malignant and highly vascular tumors become hyper-enhanced and when analyzed 
quantitatively demonstrate more perfusion than the adjacent myocardium.

 5 Stromal tumors show a lesser enhancement compared to the adjacent myocardium.
 5 Thrombi show no enhancement.
 5 Contrast agents can be used both in the diagnostic phase and in the follow-up after 
antineoplastic treatments, mostly when anti-neoangiogenis or angiotoxic therapies 
have been used [11–20].

 5 Only a few case reports about the use of this agents applied to the study of cardiac 
tumors have been published so far; in our personal experience, its use may be helpful 
to better identify low echogenic masses in the atria and to enhance the Doppler signal 
in highly vascularized lesions.

 5 The use of contrast media in the study of cardiac tumors is slightly different from the 
method commonly used in cardiology to detect thrombi or to evaluate the myocardial 
perfusion.

 5 A small quantity (0.5 ml) of contrast medium should be injected intravenously, 
followed by a rapid bolus of 5 ml of saline.

 5 After a few seconds, the right cardiac chambers are opacified, and within a couple 
of minutes the left chambers are opacified as well; at this stage, the intracardiac 
mass appears as a minus (dark) image.

 5 After 3 min or more, the contrast medium in the cardiac chambers is less visible, 
and the neoplastic mass becomes more echogenic. The enhancement depends 
both on the number of vessels and on the presence of necrotic areas within the 
tumor.

 5 The washout of contrast medium from the mass is usually slow, so the enhance-
ment of the mass can be examined for several minutes.

 5 Should the mass echogenicity decrease, a new bolus can be injected.
 5 The most relevant use of contrast is to better visualize an atrial tumor at transtho-
racic echocardiography and to help the differential diagnosis between a thrombus 
and tumor. However, both benign and malignant tumor may have the same 
aspects even using a contrast medium.

........ Fig. 21.7 Right atrial mass. Transesophageal echocardiography. Quantitative analysis of time-inten-
sity curve obtained by quantification software with estimation of myocardial blood volume in two regions 
of interest (red and green) during contrast enhancement. The increase of decibel depends on rich vascu-
larization of the mass (myxoma)
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 5 Cardiac masses can be qualitatively analyzed by visual assessment of mass contrast or 
quantitatively by analysis of time-intensity curve obtained by quantification software 
with estimation of myocardial blood volume during optimal cavity contrast enhance-
ment [20].

21.3  Transesophageal Echocardiography (TEE)

Transthoracic imaging in patients with poor echocardiographic window has improved 
with the advent of tissue harmonic imaging. However, small tumors can still be missed.

 5 TEE is more sensitive than transthoracic echocardiography in detecting abnormalities 
that involve the posterior cardiac structures, particularly the atria, interatrial septum, 
and pulmonary veins.

 5 It allows a more precise assessment of the size, the shape, the mobility of the mass, 
and its relationship with other cardiac structures.

 5 This is mandatory to evaluate the feasibility of surgery and to plan the possible 
intervention in solid tumors.

 5 Satellite masses within the heart can also be detected [21].
 5 In the presence of atrial masses, TEE allows to assess if the tumor extends to the 
venae cave or to pulmonary veins.

 5 TEE is commonly used to plan and monitor a transvenous biopsy.
 5 After antineoplastic treatments of atrial tumors, TEE should be used in the follow-up, 
for the evaluation of size changes, and for early detection in case of a local relapse.

21.4  Three-Dimensional Echocardiography (3D-ECHO)

In recent years, 3D transthoracic and transesophageal echocardiography that uses 3DE 
matrix-array transducers, composed of nearly 3000 piezoelectric elements, has evolved 
into a new clinical diagnostic tool in cardiac imaging.

 5 Currently, with the use of this technique, morphologic, volume, and spatial assessment 
of masses can be appreciated without having to perform “mental reconstruction.”

 5 Cropping permits noninvasive “sectioning” of the mass to better evaluate its morpho-
logic characteristics as necrotic areas within the mass and relationship with cardiac 
structures.

 5 Although 3D reconstruction can be obtained from both transthoracic and trans-
esophageal studies, transthoracic imaging yields poor quality images in patients with 
poor acoustic windows, thus three-dimensional transesophageal echocardiography is 
preferred [21–28].

 5 However, currently transthoracic 3D image resolution and quality are suboptimal for 
the detection of small tumors and of intramyocardial mass.

 > Therefore, standard 2D imaging techniques, both transthoracic and transesopha-
geal, should still be used to identify cardiac tumors.
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21.5  Pitfall

Many normal variants (usually defined as pseudo-masses) can be misinterpreted as 
pathologic abnormalities.

A lot of normal intracardiac structures can be difficult to distinguish from cardiac 
tumors: the eustachian valve, the Chiari network, the crista terminalis, the ridge of tissue 
between the upper pulmonary vein and left atrial appendage (so-called Coumadin ridge), 
and the fatty infiltrate of the atrial septum, known as lipomatous atrial septal hypertrophy.

The crista terminalis is a fibromuscular ridge extending along the posterolateral right 
atrial wall. A prominent and thickened crista terminalis mimicking a right atrial mass can be 
correctly interpreted using transesophageal or three-dimensional echocardiography [29–31].

The transverse sinus consists of a pericardial reflection at the base of the heart that 
echocardiographically appears as a small, echo-free space between the pulmonary artery, 
the ascending aorta, and the left atrium. Infiltration of pericardial fat is detected as mass.

The most common misdiagnosis is between malignant and benign tumors (. Figs. 21.8 
and 21.9).

 5 The most common benign tumors (myxomas) in the majority of cases are peduncu-
lated and are attached to the interatrial septum within the left atrium. Thus, any mass 
which appears to be broad-based and/or is localized on a different site (right cham-
bers, left atrial roof, or lateral wall) should be considered likely to be malignant, even 
though this is not always true [1–5, 32, 33].

 5 Additional imaging techniques as computed tomography, magnetic resonance imag-
ing, and positron emission tomography are usually required to define the differential 
diagnosis (benign versus malignant masses) and the extension of malignant tumors. 
Unlike echocardiography, computed tomography and magnetic resonance can 
 differentiate tissue composition, for better identification of solid, liquid, hemorrhagic, 
and fatty space-occupying tumors [8, 34–36].

AO

M
M

........ Fig. 21.8 Left atrial mass. Transesophageal echocardiography. Upper esophageal position of the 
probe (left). Three-dimensional reconstruction (right). A large mass (M) is seen on the left atrium lateral 
wall. The mass is broad-based and no stalk is recognizable. These echocardiographic characteristics sug-
gest a malignant nature of the mass. A pathological exam showed a myxosarcoma
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 5 In malignant tumors, obtaining a pathologic diagnosis is of paramount importance in 
planning the therapeutic strategy.

 5 In tumors which appears to be unresectable because of their extension, a biopsy 
should be obtained as soon as possible, in order to choose the most appropriate 
antineoplastic therapy.

 5 Transesophageal echocardiography and intracardiac echocardiography have an 
important role in invasive procedures related to diagnostic biopsy of cardiac masses, 
guiding percutaneous biopsy [37–40].

 5 Real-time visualization of the procedure enhances safety, minimizing risk of damage 
to surrounding structures and increasing diagnostic yield by directing the bioptome 
to the tumor (tumoral tissue and not overimposed thrombus). Clot related to biop-
tome damage is promptly detected and treated (. Fig. 21.10).

 5 A diagnosis of lymphoma may be obtained through a transvenous biopsy or analyz-
ing the cytology of pericardial or pleural effusion; bone marrow biopsy is usually 
 negative [2].

 5 Histopathology analysis requires a period of some days (usually 7 to 10) to fixation 
and tissue preparation. Sarcomas are rather rare tumors: thus, the identification of the 
specific tumor histology and malignancy grading requires special expertise, and the 
revision by a referral center may be useful [41].

In the presence of large masses with significant obstruction to the cardiovascular circula-
tion, surgery may be needed urgently. In such a case, a radical excision should be attempted. 

IVC

IVC
SVC

........ Fig. 21.9 Right atrial mass. Transthoracic (upper panels) and transesophageal (lower panels) echocar-
diography of a mass (M) with irregular shape and texture infiltrating the right lateral wall (well seen in 
the dual-plane imaging, lower panel, left). Inferior vena cava (IVC) and superior vena cava (SVC) are free 
(bicaval section, lower panel right)
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If it is not feasible, almost all the mass should be resected, obtaining a large sample for 
pathology analysis.

In the presence of small masses, a biopsy is usually impossible and complete resection 
easy. In this case, the surgeon should resect en bloc the mass, leaving a margin of normal 
tissue around, and apply some markers to allow the orientation of the mass by the pathol-
ogist. The pathologist should examine not only the mass but also its margins, in order to 
assess if they are infiltrated by the tumor.
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........ Fig. 22.1 Calcific necrosis or “caseous” calcification of posterior leaflet of mitral valve. The solid mass 
is hypointense in T1- and T2-weighted images indicating calcification. After gadolinium injection, on LGE 
image, the mass is hypointense with a hyperintense margin

22.1  Introduction

 5 Magnetic resonance (MRI) is a multiparametric imaging technique permitting to 
evaluate the signal properties, morphological characteristics (location, size, infiltrative 
nature, presence of pleural/pericardial effusions), and contrast enhancement of car-
diac tumors [1].

 5 MRI is considered the gold-standard imaging technique for the characterization of  
soft tissue by the assessment of signal properties on T1-weighted, T2-weighted, and 
proton density (PD) images and after the injection of gadolinium-based contrast 
agents [2].

 5 The main features of MRI are:
 5 The ability to distinguish between mass and pseudomass
 5 High accuracy to predict the likely malignancy of a cardiac mass
 5 Follow-up after therapy

 5 The main limitations of MRI are:
 5 Contraindications to strong magnetic fields
 5 Arrhythmias limiting imaging quality
 5 Severe chronic kidney disease

 > MRI may not provide valid tissue characterization in high mobile mass smaller than 
5 mm.

22.2  MRI Technique and Protocol

MRI protocols for mass evaluation should include functional and morphological evalua-
tion with cine-imaging and static black-blood sequence and tissue characterization with 
T1- and T2-weighted pulse sequence and post-contrast imaging [3]. Example of the MRI 
protocol is shown in . Fig. 22.1. A summary of MRI diagnostic algorithm is reported in  
. Table 22.1.
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22.2.1  Morphological and Functional Evaluation

 5 The morphological evaluation of cardiac mass by MRI includes [2]:
 5 Identification and localization of the mass
 5 Dimensions
 5 Anatomical relation with normal myocardium, epicardial fat, pericardium, and 
paracardiac structures

 5 Assessment of local invasivity
 5 Effect of mass on valvular and myocardial function, obstruction of cardiac cham-
bers, flow turbulences

 5 For the morphological assessment, cine-SSFP (steady-state free precession) images 
are now preferred to the traditional static black-blood pulse sequences [4].

 5 Cine-SSFPs are bright-blood images, characterized by high contrast between myocar-
dium and blood, with high temporal resolution, providing accurate morphological 
details of cardiac mass [5].

 5 Cine images are used to confirm the location and morphology of a cardiac mass and 
allow an assessment of the mobility of a mass and any functional consequences such 
as contractile impairment or obstruction to flow [3].

 5 To localize the mass and to ascertain multiple localization, cine images should be 
acquired covering the entire heart in long axis view (from diaphragm to the great ves-
sels) and in short axis views covering both the atria and ventricles.

 5 After the localization, the anatomical relations of the mass are evaluated by the acqui-
sition of other planes centered on the mass (at least three orthogonal planes).

22.2.2  Tissue Characterization

 5 In MRI the relative signal intensity from a particular tissue depends principally on its 
proton density (PD) and the T1 and T2 relaxation times [6].

 5 MRI exploits these tissue differences of PD, T1, and T2 to help differentiate normal 
from abnormal and benign from malignant lesions.

 > Normal myocardium has intermediate intensity in all weighting, while calcifications 
and gas are hypo-/anintense in all pulse sequences.

 5 Neoplastic cells tend to be larger than normal cells, contain more free intracellular 
water, and are usually associated with an inflammatory reaction and increased inter-
stitial fluid (edema). Then, malignant cells usually have longer T2 and shorter T1 
relaxation times compared with benign pathology.

 5 Malignant tissue is also associated with a greater degree of neo-angiogenesis and 
hence first pass contrast enhancement. Necrotic tumor tissue is associated with slow 
wash-in during first pass of gadolinium (perfusion defect) and with a delayed wash-
out of gadolinium-based contrast agents.

22.2.3  MRI Pulse Sequences

 T1-Weighted Pulse Sequence
Black-blood T1-weighted fast spin echo (FSE) pulse sequence are used to help localize a 
suspected cardiac or paracardiac mass and to characterize its tissue composition [7].
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 5 The T1 weighting is obtained using a short repetition time (TR < 1000) and echo time 
(TE < 10 msec).

 5 In T1-weighted FSE images, fluids filled mass as pericardial cysts with poor protein 
concentration are markedly hypointense, while bronchogenic cysts, due to higher 
concentration of proteins, have higher signal [8].

 5 Thrombus and hemorrhagic lesions are hyperintense in acute phase and afterwards 
become hypointense.

 5 Fat is hyperintense in both PD and T1-weighted FSE. The suspicion may be con-
firmed using a fat-saturation or a short-tau inversion recovery (STIR) pulse which 
nulls selectively signal from fat. This feature permits to make diagnosis of lipoma, 
while liposarcoma is generally undifferentiated and usually lose the signal characteris-
tics of fat [7].

 5 The other cardiac masses are generally isointense to myocardium in T1-weighted FSE 
images.

 > Heterogeneous signal may be found in malignancies, myxoma, and hemangioma 
due to the presence of hemorrhage, calcifications, or vascular lacunae.

 > Metastasis and high vascularized mass may have lower signal intensity than normal 
myocardium.

 > Melanoma metastasis is hyperintense by the paramagnetic effect of melanin.

 T2-Weighted Pulse Sequence
T2-weighted images are acquired using a FSE or a STIR FSE pulse sequence [9].

 5 The STIR FSE pulse sequence has the advantage of fat nulling and is generally preferred.
 5 The T2 weighting is obtained using a long repetition time (TR > 1800) and echo time 
(TE 60–70 msec).

 5 On T2-weighted images, slow flow is hyperintense and then all fluids-containing 
mass, as cysts, are hyperintense regardless of protein concentration.

 > Myocardial edema is hyperintense as well as high vascularized and myxomatous masses.

 > The presence of hemorrhage, old necrosis, and calcifications produces heteroge-
neous, generally low, signal in T2-weighted images.

 > Fibroma is characteristically hypointense in T2-weighted images with a hyperin-
tense peripheral margin.

 T2*-Weighted Pulse Sequence
Gradient echo (GRE) T2* images are used to evaluate the presence of iron overload, hem-
orrhage, and calcifications.

 SSFP Images
In cine-SSFP images, both slow and fast moving fluids are hyperintense:

 5 With SSFP sequences, tissue contrast is dependent on the T2/T1 ratio of the tissue [10].
 5 Intracavitary tumors with similar T2/T1 ratios to blood can be poorly visualized with 
this technique [5].

 5 Fat is hyperintense and surrounded by a black boundary, called “India Ink” artifact [11].

 > Myxoma with no calcifications or hemorragy rarely may be undetected by cine-
SSFP or identified only indirectly by the flow turbulence.
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 > The interruption of the black boundary of epicardial fat may be a direct sign of local 
invasion, suggesting the infiltrative nature of the mass.

 First Pass Perfusion
In cardiac applications of magnetic resonance, perfusion is obtained by the acquisition of 
a set of cardiac images repeated for 60 consecutive beats, starting from the injection of 
gadolinium-based contrast agents.

 5 The signal of high vascularized mass as malignancies, myxoma, and hemangioma 
increased during the first pass of gadolinium (with perfusion defects for necrosis, 
hemorrhage, or calcifications) [2].

 5 Less-vascularized mass as fibroma and rhabdomyoma usually don’t exhibit a first pass 
perfusion but may uptake gadolinium after few minutes following the injection [6].

 Early Enhancement
The acquisition of T1-weighted images are generally repeated early (at 1–3  min) after 
 gadolinium injection.

 Late Gadolinium Enhancement (LGE)
A progressive washout of gadolinium is found in normal myocardium, while fibrosis and 
tumors present a persistent enhancement for 20 min after gadolinium (late gadolinium 
enhancement) [12]. Intracavitary thrombi are not perfused during the first pass of gado-
linium and exhibit neither early nor late enhancement.

22.3  Benign Tumors and Pseudomass

One of the main features of MRI is to distinguish between mass and pseudomass. MRI 
ability of soft tissue characterization and cine-imaging allows to make this diagnosis in 
almost all the cases.

MRI characteristics of cardiac masses are summarized in . Table 22.1.

22.3.1  Pseudomass

 5 Chiari network and other embryological remnants are easily diagnosed by the identi-
fication of morphological features by MRI. However, MRI may be not able to identify 
and characterize small and highly mobile masses [2].

 5 Pericardial and bronchogenic cysts are easily identified by MRI for the specific local-
ization and for the signal characteristics of fluids (hyperintense in SSFP and T2-STIR) 
and variable signal on T1 (markedly hypointense for pericardial cysts, iso-high inten-
sity for bronchogenic cysts) and for the absence of contrast uptake [13].

 5 Intracavitary thrombi are usually located in the left ventricle overlying an ischemic 
scar or in the left atrial appendage. T1 and T2 signal is related to the age of thrombi, 
but the more specific feature is the absence of signal enhancement during the first 
pass perfusion, early post-contrast images, and LGE [14].

 5 “Caseous calcification” or “calcific necrosis” of the mitral valve is predominantly 
found in older women presenting as a mass-like calcification located between the 
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ventricular side posterior mitral leaflet and the inferolateral wall [15]. It has the signal 
characteristics of calcification, with hypointensity in T1, T2, and SSFP images. In LGE 
images, calcific necrosis is hypointense; hyperenhancement is usually limited to the 
peripheral margin (. Fig. 22.1). However, in early stage, the entire mass may appear 
hyperintense in LGE images [16].

 5 Giant aneurysm of coronary artery is a rare pseudomass, characterized by extreme 
dilatation of coronary artery, filled by thrombotic stratification. The diagnosis is per-
formed by the localization along the course of one coronary artery and thanks to the 
identification of coronary lumen.

22.3.2  Lipoma

Lipomas are well-defined, homogeneous, encapsulated tumors. Diagnosis by MRI is often 
straightforward because fat is hyperintense in T1-weighted FSE and nulled using a STIR 
or a fat-saturation pre-pulse [17]. On SSFP cine images lipoma is hyperintense and sur-
rounded by the black boundary of India ink artifact [11]. Lipoma is avascular and doesn’t 
enhance after gadolinium injection.

22.3.3  Myxoma

Myxomas are the most common primary cardiac tumors. They are generally well defined, 
smooth, lobular, oval or pedunculated, mobile mass, within the left atrium (and less fre-
quently in the right atrium), often flopping through the mitral valve orifice in diastole 
[1–3]. They usually appear slightly hypointense to the blood pool on cine-SSFP sequences, 
even if they may remain undetected in these sequences showing similar signal of water. 
They appear isointense on T1-weighted images and have higher signal intensity on 
T2-weighted images owing to the high extracellular water content. In the majority of case, 
the mass is heterogeneous because of the presence of necrotic elements, hemorrhage, and 
calcification (. Fig. 22.2). At first, pass perfusion myxoma presents usually a good 
enhancement and in LGE images, the enhancement is often multifocal and patchy 
although may sometimes be homogeneous [13].

........ Fig. 22.2 A large left atrial myxoma. On SSFP and T2-STIR images, the well-defined, round mass is 
hyperintense with some regions of hypointensity due to necrosis or calcifications. At LGE image, a diffuse 
enhancement of the mass is shown with areas of hypointensity
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22.3.4  Cardiac Hemangioma

Cardiac hemangiomas are vascular tumors that may involve the epicardium, myocardium, 
and pericardial space, originating from a coronary vessel. They are detected by MRI as a 
solid mass with heterogeneous isointense signal in T1-weighted pulse sequence and 
hyperintense in T2-STIR and SSFP images. It is frequent to detect vascular structures 
inside the solid mass [18]. During the first pass of gadolinium, the hemangioma usually 
manifests a significant enhancement which persists in LGE images (. Fig. 22.3) [19].

 > Large hemangioma may exhibit only partial enhancement due to extensive necro-
sis and fibrosis. In these cases, the differential diagnosis between hemangioma and 
malignancies may be difficult and achieved only through morphological features.

22.3.5  Fibroma

Fibromas are most often located intramurally in the ventricles, involving the interventricu-
lar septum, and sometimes requiring differential diagnosis with hypertrophic cardiomy-
opathy. Fibromas are usually isointense to myocardium in T1 and SSFP images, and, unlike 

........ Fig. 22.3 A well-defined, round-shaped right ventricular mass characterized by hyperintensity on 
SSFP and T2-STIR images, a partial enhancement during first pass perfusion, and a homogeneous hyper-
intensity on LGE. These features suggested the diagnosis of hemangioma
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other masses, they are characteristically hypointense on T2-weighted images (often with a 
hyperintense peripheral margin) [20]. They are avascular tumors presenting with absent 
enhancement during the first pass of gadolinium (. Fig. 22.4). However, fibromas are 
hyperintense in LGE image due to the interstitial collagen deposit and poor cellularity [13].

22.3.6  Rhabdomyoma

Rhabdomyomas are the most common primary cardiac tumors in infants and  
children. With cardiac MR imaging, they appear isointense to normal myocardium on 
T1-weighted images and hyperintense on T2-weighted images [21]. Rhabdomyomas may show 
absent or mild enhancement on first pass images and heterogeneous enhancement in LGE.

 > Rhabdomyoma with absent enhancement of fist pass may have similar MRI presen-
tation to fibroma. In this case, it is indicated to repeat MRI over time because, differ-
ently from fibroma, rhabdomyomas disappear with age.

 > Yet, rhabdomyomas are multiple in 90 % of cases, and accurate imaging of the 
whole heart is mandatory.

22.3.7  Fibroelastoma

Fibroelastomas on cine-SSFP MR fibroelastomas are small, hypointense, highly mobile 
valvular mass with associated turbulent flow (which may be the unique finding). When 
mass dimensions allow tissue characterization, fibroelastomas appear isointense in T1 and 
hyperintense T2-weighted images [20].

 > Pitfalls: Fibroelastomas are characterized by small size and high mobility and may be 
missed by MRI. For this reason, they are usually best diagnosed by echocardiography.

22.3.8  Cystic Tumor of the Atrioventricular Node

It is one of the rarest cardiac tumor but is associated to sudden cardiac death due to lethal 
arrhythmias. On MRI this tumor is characterized by a well-defined nodule in the 

........ Fig. 22.4 Interventricular septal fibroma with the characteristic hypointensity on T2-STIR with 
peripheral hyperintensity. Diffuse enhancement on LGE image suggests fibrotic tissue
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atrioventricular nodal region of basal septum. Signal is hyperintense in T1- and 
T2-weighted pulse sequence and with homogeneous hyperintensity in LGE images [20].

22.3.9  Paraganglioma

It originates from neuroendocrine ganglia cells within the atrioventricular grooves and at 
the root of the great vessel origins. Histologically benign, but it may produce symptoms 
due to catecholamine secretion. Resection is often difficult due to extensive vascularity 
and complex relationship with the adjacent coronary arteries. On MRI these lesions are 
isointense to myocardium on T1 and of intensely high signal on T2-weighted images 
(“lightbulb bright”). On first pass and LGE images, paraganglioma shows usually intense 
and uniform signal [13].

22.4  Malignant Tumors

 5 The most important MRI feature is the ability to predict the likely malignancy of a 
cardiac mass. Hoffman and colleagues found a diagnostic accuracy of 0.92 of MRI to 
distinguish between benign and malign masses [6].

 5 The suspicion of malignancy by MRI is given by different criteria, summarized in  
. Table 22.2. Briefly, a malignancy should be suspected for broad mass (often >5 cm) 
with ill- defined margins and infiltrative aspect (loss of continuity of tissue interfaces 
as for loss of India ink boundary of epicardial fat in SSFP images). Pericardial effu-

........ Table 22.2 MRI criteria of malignancy

Criterion

Location Masses in the right heart are more frequently malign as well as when involve 
multiple cardiac chamber

Number Multiple masses are more likely to be malign

Margins Malignancies usually are irregular masses with ill-defined margins

Attachment Broad-based attachment is typical of malignancies

Invasion Direct invasion of different cardiac structures as myocardium, valve, epicardial fat, 
and pericardial layers

Effusion The presence of unexplained pericardial effusion in the presence of a  
cardiac mass is associated to malignancy. High T1 signal suggests hemorrhagic 
effusion

Signal Heterogeneousa signal on T1- and T2-weighted images but with a predominantly 
hyperintensity in T2

Perfusion Malignant mass are generally well perfused during first pass of 
gadolinium-chelates, with heterogeneousa signal

LGE Heterogeneousa late gadolinium enhancement

aHeterogeneous signal due to hemorrhage, necrosis and calcifications
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sion, particularly with hemorrhagic signal (high T1 signal), is often associated to 
malign tumors. For tissue characteristics, malignant tumors are hyperintense in 
T2-weighted pulse sequence and have signal enhancement during first pass perfu-
sion and a positive LGE [2, 22].

 5 However, the heterogeneity of pre- and post-contrast signal, for hemorrhage, calcifica-
tions, and necrosis, is one of the most important features of malignancies [23].

 > Because of the loss of specific tissue characteristics, undifferentiated malign tumors 
may be hard to be characterized by MRI. A liposarcoma, for example, may present 
hyperintense in STIR or fat-saturated pulse sequence because of loss of characteris-
tics of fat. Then, in majority of case, the identification of malignancy is the final goal 
of MRI.

 5 The most frequent malign cardiac tumors are metastasis. Sarcomas account for 95 % 
of primary cardiac malign tumors, and the remainder are prevalently lymphomas and 
primary pericardial mesotheliomas [22].

22.4.1  Sarcoma

Among the primary cardiac sarcomas, the most prevalent are angiosarcomas in adults and 
rhabdomyosarcomas in pediatric patients. Undifferentiated sarcomas account for a third 
of cases, while sarcomas with myofibroblastic differentiation as liposarcoma, leiomyosar-
coma, osteosarcoma, and fibrosarcoma are extremely rare [24].

 5 Angiosarcoma, unlike the other sarcomas, is usually located in the right atrium 
(75 %) presenting often with obstruction of this chamber and infiltration of adjacent 
structures as tricuspidal valve, right coronary artery, pericardium, and right ventricle 
[25]. Hemorrhagic pericardial effusion is very frequent, and cardiac tamponade as 
well as signs of right heart failure may be the initial manifestations. MRI angiosar-
coma appears as a large heterogeneous right atrial mass with or without pericardial 
involvement and with signs of infiltration of cardiac structures [2]. On T1-weighted 
images, angiosarcoma is predominantly isointense to myocardium with areas of high 
T1 signal change, reflecting intratumoral hemorrhage and areas of signal void reflect-
ing blood flow within vascular lacunae. On T2-weighted images, angiosarcomas are 
predominantly hyperintense (. Fig. 22.5). Because of the vascular origin, angiosarco-
mas have a good first pass perfusion and a positive LGE with hypointense region due 
to necrosis and hemorragy [13].

 5 Rhabdomyosarcomas have usually multiple sites of origin, may involve all the cardiac 
chambers, and, unlikely to the other sarcomas, may originate from the cardiac valve [26]. 
Signal characteristics of MRI are similar to other malignancies but with less inhomogeneity 
of signal in pre- and post-contrast images than other tumors. On first pass perfusion rhab-
domyosarcomas have homogeneous enhancement, sometimes with central necrosis.

 5 Other sarcomas, as undifferentiated sarcomas and those with myofibroblastic differ-
entiation, have no specific features but origin generally from the left chambers 
(. Fig. 22.6) [2].

 > Sarcomas originating from the left atrium may present pre- and post-contrast tissue 
characteristics similar to atrial myxoma. In this case, local infiltration, broad attach-
ment, and a poor mobility may be the only features permitting differential diagnosis.
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........ Fig. 22.6 A left ventricular liposarcoma infiltrating epicardial fat and pericardium and compressing 
the right ventricle. Noteworthy, the signal of the mass is not nulled in T2-STIR image, demonstrating the 
poor differentiation of the mass

........ Fig. 22.5 The right atrial angiosarcoma infiltrating the atrioventricular groove, right ventricle, epicar-
dial fat, and pericardium. Heterogeneous signal is shown on T1- and T2-weighted images. On T2-STIR the 
signal is prevalently hyperintense
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22.4.2  Lymphoma

 5 Primary cardiac lymphoma may involve all the cardiac chambers, despite a slight 
prevalence of right heart involvement, with frequent invasion of pericardium [27]. 
Two different patterns of lymphoma were reported by MRI:

 5 The first is of multiple solid masses, mostly originated from the right ventricular 
myocardium, isointense on T1, and mildly hyperintense on T2-weighted images 
(. Fig. 22.7).

 5 The second is manifest as a diffuse pericardial soft tissue infiltration with a hemor-
rhagic effusion [22].

 5 Unlike sarcomas, lymphoma generally lacks regions of central necrosis and often 
displays heterogeneous LGE.

22.4.3  Cardiac Metastasis

 5 Cardiac metastases are 40–500 times more frequent than primary cardiac tumors.
 5 Pericardial invasion is the most frequent structure involved through lymphatic 
and hematogenous diffusion. The right chambers are mostly involved through cava 
veins [28].

 5 The left ventricular involvement may be present in case of direct invasion of pulmo-
nary vein by a bronchogenic cancer (. Fig. 22.8).

 5 With the exception of melanoma metastasis, signal characteristics of MRI are similar 
to other malignancies: low signal on T1- and high signal on T2-weighted images and 
variable amount of signal heterogeneity due to necrosis, hemorrhage, and calcifica-
tions [29].

 5 After gadolinium, metastasis usually shows a significant enhancement on first pass 
images and LGE.

 > Melanoma metastasis has a specific MRI presentation because of the melanin that 
owns some paramagnetic effect. Melanoma is hyperintense in T1-weighted images 
and hypointense in T2.

........ Fig. 22.7 A cardiac lymphoma involving all the left ventricular walls and causing pseudo-hypertro-
phy in a 40-year-old female presenting with fever and chest pain. In this case, the initial clinical suspicion 
was myocarditis and endomyocardial biopsy was necessary to make differential diagnosis

Diagnosis of Primary Cardiac Malignancies: Magnetic Resonance



394

22

22.5  Future Perspectives

Cardiac MRI is an imaging technique in continued development, and new pulse sequence 
that are currently under investigations for other cardiac disease may have a role for the 
characterization of cardiac tumor in the next future.

 5 The direct measurement of tissue T1 and T2 by the new T1 and T2 mapping tech-
nique might strengthen the ability of tissue characterization by MRI.

 5 The combination of pre- and post-contrast T1 mapping allows the measurement of 
the extracellular and cellular volumes that might furnish important information for 
tumor characterizations.

 5 The additive role of combined machine as PET/MRI for the diagnosis of cardiac 
tumors has to be investigated in the near future.
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23.1  Introduction

The most used methods to study cardiac tumors are echocardiography (preferred  first- step 
imaging technique: the cheapest, safest, and most widely available) and magnetic reso-
nance (MR) imaging (preferred second-step imaging technique: the most sensitive and 
specific). However, both computed tomography and positron emission tomography may 
be useful in selected cases [1].

23.2  Computed Tomography

 5 Cardiac CT is routinely used in oncology to detect intrathoracic (mediastinal, lung) 
tumors

 5 As regards the cardiac masses, it is used as an alternative imaging modality in patients 
who cannot undergo MR because it is contraindicated or in patients already exam-
ined with other noninvasive methods without obtaining adequate images [2, 3].

 5 Compared to echocardiography, CT:
 5 May better assess the size of huge masses and the infiltration or compression of 
the mediastinal and of the thoracic structures

 5 Provides a more accurate tissue characterization, mostly useful for the evaluation 
of calcified masses

 5 May exclude an obstructive coronary artery disease
 5 May detect other intrathoracic masses

 5 Compared to MRI, CT:
 5 Is more widely available and cheaper.
 5 May be used with patients with pacemakers, obese, and very claustrophobic 
patients who cannot be examined by MRI.

 5 In patients with severe renal insufficiency, gadolinium is contraindicated; on the 
other hand, iodinated contrast material may be used in patients treated by dialysis.

 5 May be used to guide transthoracic biopsy of large masses.
 5 High-speed equipments with electrocardiographic (ECG) gating (in order to reduce 
motion artifacts) can provide images with resolution <1 mm; multiplanar and tridi-
mensional reconstructions are also possible [4, 5].

 5 Retrospective ECG gating allows a dynamic reconstruction and to assess the mass 
mobility, but carries a high radiation burden. It is preferred to evaluate mobile 
masses (for instance, pedunculated or prolapsing masses, masses attached to a 
cardiac valve).

 5 Prospective ECG gating (data acquired at a single cardiac cycle point) exposes to a 
much lower radiation burden. It may be preferred when the mobility of the mass is 
minimal or not relevant (which is the case in most malignant tumors).

 5 Larger masses may be visualized by CT scan, even without ECG gating.

23.2.1  Limits

 5 It uses ionizing radiations.
 5 The information obtained without the use of a contrast medium is limited.

 M. Urbani et al.
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 5 ECG gating is not available in all the equipments.
 5 Specific CT protocols (different from those commonly utilized for coronary imaging) 
should be used in cardiac tumors imaging, and a special expertise is necessary.

 5 CT scan is not the preferred diagnostic tool, in the study of cardiac tumors; it may 
be considered as a complement to echocardiography in selected cases.

23.3  Positron Emission Tomography (PET)

This technique is based on the detection of metabolic activity after injection of radionu-
clides. The most commonly used tracing in oncology is fluorodeoxyglucose (18F-FDG), 
which concentrates in tissue with high glucose metabolism and high lactic acid produc-
tion (the so-called Warburg effect), such as malignant neoplasms. PET is usually per-
formed together to computed tomography (PET/CT) or, less frequently, with MRI (PET/
MRI) to improve the diagnostic power of the technique. The advantage of PET is the abil-
ity to detect also distant metastases [6] (. Figs. 23.1, 23.2, and 23.3).

 5 To quantify the glucose metabolism, the maximum standardized uptake value (SUV) 
is used. Malignant tumors have usually a high SUV, which may increase with the pro-
liferative index [7].

 5 A maximum SUV <3.5 is more probably due to a benignant lesion. On the other 
hand, a value >10 is highly suggestive of malignancy (lymphoma or poorly differ-
entiated sarcoma). The SUV cutoff of 3.5 showed a sensitivity of 100 %, specificity 
of 86 %, and negative predictive value of 100 % [8, 9] (. Fig. 23.4).

........ Fig. 23.1 Huge left atrial 
sarcoma. High uptake at FDG-
PET (image left). There are no 
distant metastases at the whole 
body image (right). The bladder 
uptake is physiological

Other Imaging Techniques: Computed Tomography and Positron Emission Tomography



400

23

 5 18FDG PET has high sensitivity and specificity in assessing the differential diagno-
sis between neurofibroma and the malignant peripheral sheath nerve tumor.

 5 Normally, within the pericardium, no FDG activity is detectable. Diffuse pericar-
dial FDG activity is rare, but may be observed in the presence of inflammation 
(. Fig. 23.5).

 5 Among primary cardiac sarcomas, maximum SUV seems to be proportional  
to the grade of malignancy, while this is not always true for metastatic  
tumors.

 5 PET studies are very useful in detecting other malignant masses in the whole body 
at one time.

 5 18FDG PET may also be used in the follow-up, to assess the response to therapy.

........ Fig. 23.2 PET in a patient with relapsing cardiac sarcoma. There are metastases of the ribs (left) and 
bone (right). Cardiac surgery is NOT indicated in this case

........ Fig. 23.3 PET/CT of patients with cardiac angiosarcoma. There are multiple pulmonary nodules 
(metastases) at CT (left); some of them (the largest ones) have uptake of FDG (right). There is an area of 
increased uptake at sternal level (red arrow) due to flogosis after sternotomy
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23.3.1  Pitfalls [10]

 5 Some organs have a physiologically high glucose uptake: the brain, bladder, kidneys.
 5 Some other organs, such as the liver and heart, may have variable uptake accord-
ing with different metabolic conditions

 5 Inflammation causes an increased FDG uptake (. Fig. 23.3).
 5 Uptake time, blood glucose levels, insulin medication, and equipment affect SUV 
measurements. Thus, results may be different in different institutions and in different 
patients.

 5 The follow-up studies should be made always in the same institution.
 5 The resolution power of PET is limited to 0.5 cm: smaller masses are not visualized  
(. Fig. 23.6).

 5 The myocardial 18FDG uptake may vary widely between different patients and – in 
the same patient – between different exams. In fact, sex, age, body weight, fasting 
state, and blood glucose, fat, and insulin levels may influence the myocardial uptake, 
which may be low or (diffusely or locally) increased [11].

........ Fig. 23.4 Patient with lymphoma. Left: echocardiogram showing a pericardial effusion with intra-
pericardial masses (red arrows: Fat? Fibrin? Tumor?) and a solid mass in the right atrium and superior vena 
cava (SVC; bottom, from the supraclavicular approach) (yellow arrows). Right: The same masses show an 
evident uptake at PET and can be classified as neoplastic
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 5 Myocardial FDG metabolism is insulin-dependent (this is a main  
difference compared with tumors), and in the fasting state, the heart metabolism  
is shifted toward fats rather than glucose. Administration of insulin or ingestion  
of food close to the time of FDG injection will cause a diffuse increase in muscle 
FDG activity.

 5 In order to improve the accuracy of 18FDG-PET in cardiac tumor imaging, a car-
bohydrate- poor and fat-rich meal followed by a fasting period of 12–18 h is sug-
gested before the exam [12, 13]. The administration of unfractioned heparin (50 
units/Kg of body weight in intravenous infusion) shortly before the injection of 
18FDG further reduces the physiological myocardial uptake, increasing the speci-
ficity of the exam; the uptake due to inflammation, however, is not affected [14, 
15] (. Figs. 23.7a, b).

 5 Several cardiac diseases, such as systemic and pulmonary hypertension, valvular 
heart disease, and cardiomyopathies, may show an enlargement of the left and 
right ventricles with a diffuse increase in FDG myocardial activity and should not 
be misinterpreted as a malignancy.

CT Transaxials CT Transaxials

........ Fig. 23.5 PET/CT of a patient with pleural mesothelioma and pericardial effusion. There is a signifi-
cant uptake at the right internal chest wall (yellow arrow), scattered uptake within the heart (without 
masses: physiological uptake), and no uptake within the pericardium. This finding rules out pericardial 
metastases
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 5 Cardiac FDG uptake is nonuniform and variable; regional FDG activity in normal 
fasted subjects showed a significant decrease in activity in the septum and anterior 
walls of the left ventricle (20 %) compared with the lateral and posterior walls. A pos-
terolateral increase in cardiac FDG activity is a common normal physiologic pattern.

 5 Focally increased atrial uptake may be observed in subjects with atrial fibrillation.
 5 Lipomas do not show any FDG activity, but focal-increased FDG activity may be seen 
in lipomatous hypertrophy of the interatrial septum.

 5 Myocardial ischemia shifts cardiac metabolism from fatty acid to glucose  
utilization. Thus, patients with chronic myocardial ischemia may show an  
increased left ventricular FDG even when fasting. If the FDG activity follows a typi-
cal coronary artery distribution, the possibility of ischemia or hibernation should be 
considered.

 5 The combined PET/CT is useful in the differential diagnosis between benignant and 
malignant masses. A promising technique is PET/MRI, but there is still very limited 
experience in the field of cardiac tumors [16, 17]. This allows to assess the presence 
or absence of metastases in cardiac sarcomas and of other masses where a diagnostic 
biopsy may be easier than in the heart.

a b

........ Fig. 23.6 False-negative and false-positive imaging at PET: a patient with a small left atrial malignant 
tumor (arrow in RM imaging, left) not evident at PET/CT (right; the left atrium is marked by a green circle), 
because of the small dimension of the mass. On the other hand, there is a strong FDG uptake by the left 
ventricular myocardium (bottom right)
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24.1  Background

Primary tumors of the heart and pericardium are very uncommon, and most of them are 
benignant. Excluding large referral centers, only a few cases of primary malignant tumors 
are observed in single hospitals over years, challenging clinicians’ diagnostic ability and 
surgical skills [1–4]:

 5 Literature data consists mostly of case reports, small series or larger series collected in 
multicenter studies or reviewing cases over decades.

 5 There are no established rules to approach a malignant tumor, and the surgical 
approach must be tailored on the single patient.

The first step when a cardiac tumor is identified is to assess if it is benignant or malig-
nant and if surgery may represent a therapeutic option:

 5 Nowadays the vast majority of benign cardiac tumors are effectively treated by surgical 
resection.

 5 On the other hand, primary malignant tumors continue to represent a challenge 
because of the often delayed diagnosis and the technical difficulties involved in pro-
viding an extensive resection.

 5 The role and actual efficacy of chemo- and radiotherapy remain to be clarified.
 5 Malignant cardiac tumors should be treated by a multidisciplinary team. It is impor-
tant for cardiologists, oncologists, radiotherapists, and heart surgeons to cooperate 
closely.

24.2  Clinical Scenarios

24.2.1  Background

Primary cardiac tumors are rare; the autopsy incidence is 0.0001–0.0003 % or, in practical 
terms, about 1 in every 500 surgical cardiac cases. Seventy-five percent of these primary 
cardiac tumors are benign and 25 % are malignant [5].

24.2.2  Clinical Features

 5 The majority of primary malignant cardiac tumors remain long asymptomatic.
 5 Symptoms usually appear when the tumor mass is large, possibly involving neighbor-
ing structures.

 5 They may evolve rapidly to heart failure or become abruptly life-threatening [6]:

 > An urgent surgical approach may be necessary in some cases.

24.2.3  Malignant Tumor Types and Cardiac Chamber  
Involvement: Surgeon’s Tips

 Cardiac Sarcomas
 5 Sarcoma accounts for 75 % of primary malignancies of the heart [5, 7] and occurs mostly 
within the fifth decade of life (range, 15–87 years) [5] and with no gender  prevalence.

 F. Santini et al.



409 24

 5 Many patients present with high-grade tumors and distant metastases, especially in 
the lungs (35.7 %), lymph nodes (14.2 %), and liver (7.14 %) [8].

 5 Tumor spread to the bone is very rare and has a poor prognosis.
 5 Without treatment, patients have a life expectancy of few months.
 5 Histologically, sarcomas are classified into subgroups: angiosarcoma, sarcomas of 
various lines of differentiation, and rhabdomyosarcoma.

 Angiosarcoma
 5 Angiosarcomas represent approximately 30–45 % of the malignant sarcomas.
 5 This is an aggressive primary malignancy that usually occurs over a wide age range 
with peak incidence at middle age.

 5 They originate from vascular endothelium and are more often found in the right side 
of the heart (80 % in the right atrium). They often replace the atrial wall and fill the 
entire atrium.

 5 Angiosarcomas may rapidly invade adjacent structures, such as the tricuspid valve, 
right ventricular free wall, ventricular septum, venae cavae, and, in some cases, even 
the right coronary artery. In rare instances, angiosarcomas may develop within the 
wall of the pulmonary artery or the vena cava. They may also arise from the epicardial 
surface of the heart and penetrate into the pericardial space.

 5 The majority are associated with signs of right-sided heart failure and/or pericardial 
disease with pericardial effusion and occasionally cardiac tamponade.

 5 By the time of diagnosis, most patients have metastases (47–89 %), most commonly to 
the lung, liver, brain, and bone.

 Sarcomas of Various Lines of Differentiation
 5 This subgroup includes undifferentiated sarcoma, leiomyosarcoma, fibrosarcoma, 
liposarcoma, osteosarcoma, and cardiac Ewing sarcoma. These usually originate along 
the posterior wall and tend to exhibit slow, infiltrative growth.

 5 Undifferentiated sarcoma accounts for about 24 % of primary heart malignancies [9]. 
Most are found in the left atrium and have poor prognosis.

 5 Osteosarcoma of the heart has an incidence of 3–9 % and is approximately twice as 
common in men [10]. Predominantly it is attached to the wall of the left atrium, caus-
ing respiratory symptoms and left-sided heart failure.

 5 Leiomyosarcomas are very rare (8 % of cardiac sarcomas) but highly aggressive inva-
sive tumors, most often diagnosed in adults within the fourth decade [10]. They are 
often located in the posterior wall of the left atrium and tend to invade the pulmonary 
veins and/or the mitral valve. Rarely, a right atrial location has been reported [11]. 
Patients usually present with signs and symptoms of right-sided heart failure or, alter-
natively, rhythm disturbance, hemopericardium, and sudden death.

 5 Fibrosarcomas and pleomorphic undifferentiated sarcoma (histiocytomas) constitute 
about 5 % of primary malignant cardiac tumors in surgical series [9].

 5 Primary liposarcomas are extremely rare, accounting for <1 % of cardiac sarcomas, 
and may occur in any cardiac chamber [9].

 Rhabdomyosarcoma
 5 Rhabdomyosarcomas are malignant tumors that present striated muscle differentiation 
and account for about 5 % of all adult cardiac tumors. The patients range in age from 3 
months to 80 years. It can arise in any cardiac chambers without specific predilection. 
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The pericardium is usually involved by direct extension from the myocardium. These 
bulky (>10 cm in diameter) tumors can also extend to valve leaflets [3].

 Lymphoma
 5 Lymphoma accounts for 1–2 % of primary malignant cardiac tumors. The patients 
range in age from 18 to 77 years, with no specific differences in incidence among 
males and females. Incidence of lymphomas is increasing.

 5 Up to 20 % of patients with non-Hodgkin lymphoma will have evidence of cardiac 
lymphoma at autopsy [12].

 5 There has been an increased connection to acquired immune deficiency syndrome 
(AIDS) and transplant patients (i.e., cardiac transplantation).

 5 The elective therapy for lymphomas is based on steroids and on chemotherapy. Sur-
gery is not indicated.

 > It is of utmost importance to exclude a lymphoma before planning cardiac surgery.

 Primary Malignancy of the Pericardium
 5 Malignant mesothelioma is a neoplasm that can arise from the pericardial mesothelial 
cell layer and accounts for 50 % of primary pericardial tumors.

 5 Patients range in age from 2 to 78 years with a mean age of 46 years and a male-to- 
female ratio of 2:1.

 5 Most of the pericardial mesotheliomas are diffuse, cover visceral and parietal surfaces, 
and grow by direct extension into surrounding surfaces.

 5 Combined pleural and pericardial surgery is often necessary.
 5 Epicardial myocardium may be focally involved, but the tumor does not extend to the 
endocardial surface.

 5 Distant metastases are extremely unusual.
 5 Prognosis is poor, with few patients surviving beyond 12 months from the time of 
diagnosis.

 5 An association with asbestos exposure is assumed but not yet confirmed because of 
the rarity of this tumor.

 5 Pericardial synovial sarcomas are very aggressive tumors.

24.3  Surgery

Cardiac tumors present a particular challenge for heart surgeons, and great versatility is 
required. The treating cardiac center must have experience over the whole spectrum of 
heart surgery, including adult, pediatric, and rhythm surgery as well as transplantation 
and artificial heart implantation.

A surgical algorithm to help in the decision-making process when dealing with pri-
mary malignant cardiac tumors is reported in . Fig. 24.1.

 F. Santini et al.
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........ Fig. 24.1 Surgical algorithm to help in the decision-making process when dealing with primary 
malignant cardiac tumors

24.3.1  Resectability

The decision to resect a primary malignant cardiac tumor is based on several variables, 
including:

 5 Histology
 5 The absence of metastatic spread
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 5 Tumor size
 5 Location
 5 Grade of myocardial infiltration
 5 Relationship with the cardiac valves and the fibrous skeleton of the heart
 5 The potential for a radical excision

Other more general variables will also need to be considered to finalize the surgical 
strategy:

 5 Age
 5 Overall clinical conditions
 5 Frailty
 5 Comorbidities

If malignancy is suspected and confirmed by endomyocardial biopsy (EMB) and the 
lesion appears anatomically resectable and proved the absence of a metastatic diffusion, 
mass excision should be considered.

If complete resection is technically possible, preserving the functional integrity of the 
heart, surgery may provide a better palliation and potentially improve survival vs medical 
therapy alone [13, 14].

Indeed, according to the R classification which denotes the absence or presence of 
residual tumor after treatment, R0 resection provides a better prognosis when compared 
to R1 (microscopic residual tumor) or R2 (macroscopic residual tumor).

24.3.2  What Does the Surgeon Need to Know from the Available 
Diagnostic Tools to Judge About Tumor Resectability?  
(. Fig. 24.1)

 Chest X-Ray
 5 Alteration in cardiac profile.
 5 Changes in overall cardiac size or specific cardiac chamber enlargement.
 5 Density within the cardiac silhouette due to calcification within the tumor.
 5 Mediastinal widening, caused by hilar and paramediastinal adenopathy, suggesting 
the spread of a malignant cardiac tumor.

 5 Exclude hostile chest and/or porcelain aorta.

 2-D and 3-D Echocardiography (TTE)
 5 Tumor localization and size
 5 Site of attachment and modality (sessile or pedunculated)
 5 Mobility
 5 Valvular obstruction and/or incompetence and inflow/outflow impairment caused by 
the cardiac tumor (continuous-mode Doppler)

Transesophageal echocardiography (TEE) provides an unimpeded view of the cardiac 
chambers and atrioventricular septa and may prove superior in many patients. Its poten-
tial advantages include:

 5 Better resolution of the tumor and its attachment
 5 Ability to detect small masses not visualized by TEE (<3 mm)

 F. Santini et al.
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TEE is also routinely used to guide percutaneous biopsy of right-sided cardiac masses 
favoring successful sampling of the target tissue for preliminary histologic evaluation.

 Computed Tomography (CT)
 5 Excellent spatial resolution
 5 Ability to characterize fatty content and calcifications
 5 Tumor vascularity (intravenous contrast)
 5 May exclude an obstructive coronary artery disease (ECG gated/CT)
 5 May detect other intrathoracic masses
 5 May exclude hostile chest and/or porcelain or severely atherosclerotic aorta

 Gated Cardiac Magnetic Resonance Imaging (MRI)
 5 Large field of view
 5 Superior tissue contrast
 5 Versatility in image planes
 5 Discrimination of different tissue characteristics (water and fat content, vascularity, 
and fibrosis [contrast material–enhanced MR])

 5 Mass relationship to other cardiac and extracardiac structures (tumor infiltration) [15]

 Positron Emission Tomography (PET)/CT
 5 Molecular imaging methods with 18F-fluorodeoxyglucose (18F-FDG) can visual-
ize tumor metabolism and thereby assess metabolic activity (there is a correlation 
between the glucose accumulation in tumor tissue and the presence of malignancy).

 5 Quantification of 18F-FDG uptake can support the noninvasive, pretreatment differ-
entiation between benign and malignant cardiac tumors.

 5 It may be helpful in detecting metastases of malignant cardiac tumors.

 Cardiac Catheterization
This is seldom required for diagnosis of cardiac tumors, but may be performed in adults 
to exclude coronary artery disease. Moreover, a tumor blush with arterial supply from a 
right atrial branch is often consistent with an angiosarcoma.

Selective coronary angiography is especially important in right atrial sarcomas because 
the right coronary artery is often involved and will need to be resected and reconstructed and 
may be helpful when planning surgical resection of an intramyocardial tumor.

The major risk of angiography is peripheral embolization due to dislodgment of tumor 
fragments.

24.3.3  Surgical Considerations

 5 Patients with malignant left-heart cardiac tumors have a dismal prognosis if 
untreated, due to local extension and metastatic disease. Many patients with left-heart 
malignant tumors die of hypotension, congestive heart failure, stroke, heart block, 
and tumor embolization. These tumors present a surgical challenge, because incom-
plete resection is followed by rapid local tumor recurrence [14].

 5 The primary goal of surgery is to achieve a complete and possibly en bloc resection of 
the tumor, encompassing the mass and about 1 cm of the surrounding healthy cardiac 
tissue.

 5 Cardiopulmonary bypass (CPB) and good surgical exposure are mandatory.
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 5 A median sternotomy approach with aortic and bi-caval cannulation (the direct can-
nulation of the superior vena cava allows it to be transected, if necessary, to improve 
exposure) is almost always utilized.

 5 Deep hypothermia and occasionally circulatory arrest may be employed to improve 
exposure. Myocardial protection throughout the procedure is crucial.

 5 At the beginning of the operation, cardiac manipulation should be minimized in 
order to prevent the possible fragmentation of the tumor and its potential  
embolization.

 5 Whether blood removed from the surgical field during tumor manipulation should 
be discarded, in an attempt to minimize the systemic microemboli load, or returned 
to the pump circuit is controversial. Usually, the cardiotomy suction is used during 
the initial operation, but the wall suction is preferred by the time the tumor is actually 
excised. The routine use of leukocyte filter in the bypass circuit with the purpose to 
entrap tumor microemboli to minimize their load is still debated.

 5 Large complex left atrial tumors may present a considerable impediment to complete 
resection due to the posterior location of the left atrium and difficult accessibility.

 5 Intraoperative transesophageal echocardiography can be very helpful during the pro-
cedure to:

 5 Reconfirm the anatomical location of the mass and reevaluate any associated 
valvular dysfunction.

 5 Monitor the integrity of the tumor through the initial surgical maneuvers.
 5 After weaning from CPB, it can provide useful information on:
Radical exeresis
Adequacy of an associated valve procedure
Residual shunt after any intracardiac septal reconstruction

 Surgical Approaches
The surgical approach varies according to the location of the tumor and is therefore based 
on a correct preoperative diagnostic evaluation:

 5 Left atrial tumors can be approached by:
 5 A single right atrial incision allows easy removal of tumor attached to the fossa 
ovalis with full-thickness excision at the site of attachment and easy patch closure 
of the atrial septum if necessary.

 5 Single incision of the interatrial groove through the anterior wall of the left 
atrium, anterior to the right pulmonary veins, that can be extended behind both 
venae cavae for greater exposure. This approach is also adequate for most benign 
left atrial tumors but is usually inadequate for malignant left atrial tumors, due 
to the posterior and inaccessible location of the chamber and to the proximity of 
vital cardiac structures.

 5 Biatrial incision allows easy removal of huge tumors attached to the fossa ovalis, 
improving exposure and allowing full-thickness excision at the site of attachment 
and easy patch closure of the atrial septum if necessary.

 5 Ventricular tumors are usually approached through the atrioventricular (AV) valve 
(occasionally by detaching the valve to improve exposure and resection). Semilunar 
valve approach is also contemplated for resection of a ventricular outflow tract mass, 
but might be insufficient for larger malignant tumors. Ventriculotomy, although pos-
sible, is not attractive in an attempt to preserve chamber integrity and function.
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 Complex Tumor Resection
 5 Complex tumor resection is possible provided the mass is confined to the heart and, if 
malignant, is limited to a portion of the atrial wall, interatrial septum, and heart valve 
or to a limited region of the interventricular septum. In any case cardiac anatomic 
and functional integrity must be restored, even with the use of prosthetic material 
and/or biological substitution.

 5 Indeed, radical surgery may be technical demanding, and the necessity of securing 
negative margins may entail further interventions such as coronary artery bypass, 
valve replacement, reconstructive procedures, pacemaker implantation, pericardial 
repairs, and VAD support [17].

 5 Additional procedures may contribute to an increased risk of postoperative complica-
tion and overall mortality.

 5 To overcome the technical challenges of complete resection with accurate cardiac 
reconstruction, particularly of left-sided tumors with posterior extension, a technique 
of cardiac explantation, ex vivo tumor resection with cardiac reconstruction, and car-
diac reimplantation—cardiac autotransplantation—has been utilized.

 5 Surgical outcomes with cardiac autotransplantation are excellent in patients who 
do not require concurrent pneumonectomy.

 5 More in detail, a 15 % 30-day mortality after cardiac autotransplantation has been 
recently reported.

 5 Thirty-day mortality of patients who had concomitant pneumonectomy was 43 % 
compared with 11 % for those who had isolated cardiac autotransplantation [14, 
16, 17].

Orthotopic cardiac transplantation in the management of locally advanced nonmetastatic 
cardiac tumors appears to have a limited role:

 5 It has been shown that more than 60 % of the treated patients die of local recurrence 
or distant metastases within a year.

 5 The overall poor availability of organ donors represents another important limitation.
 5 Nevertheless, about 25 % of the patients managed by orthotopic cardiac transplantation 
have a mean survival of more than 2 years without recurrent disease [18].

24.3.4  Survival Outcome

 5 For malignant tumors of the heart, the prognosis is very poor. The stated duration of 
survival from the time of diagnosis varies from 7 months to a maximum of 2 years.

 5 At follow-up, the majority of patients die of underlying disease or its complications or 
both [20].

 5 Patients rejected to surgery had a lower survival compared with operation receivers [19].
 5 In some studies, there were no significant differences in survival in patients rejected 
to surgery than in the patients who had positive surgical margins [19].

 5 In the study of French Sarcoma Group, surgery resulted as a major prognostic fac-
tor for survival, regardless of the quality of resection and metastatic status. This may 
indicate a particular paradigm as even incomplete resection appears worthwhile 
for immediate vital reasons and tumor control. Noteworthy, however, safe margins 
yielded better survival [13].

Surgical Treatment of Primary Cardiac Malignancies
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 5 The median survival was significantly longer when a complete surgical resection was 
possible (R0 vs R1/R2).

 5 The 1-year and 2-year survival of patients with primary sarcoma treated with cardiac 
autotransplantation was 46 % and 28 %, respectively (median survival 302 days). The 
2-year survival of patients with and without pneumonectomy was 14 % and 32 %, 
respectively. The 2-year survival of sarcoma patients with positive and negative surgi-
cal margins was similar (40 % and 38 %, respectively) [14].

 5 The poor results with surgical resection have led to occasional attempts to treat 
patients with cardiac transplantation, if extracardiac disease is not present. In the 
largest series, results of cardiac transplantation in patients with malignant tumors 
(most of which were sarcomas) were evaluated in a review of 21 cases. Although 
mean survival was only 12 months, seven patients were free of recurrent malignancy 
at a mean follow-up of 27 months [21].
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25.1  Primary Cardiac Lymphomas

Primary cardiac lymphomas are usually treated with chemotherapy (CT), with a good rate 
of success at least at short-medium term, even if survival is worse than in noncardiac lym-
phomas [1–4]. Surgery may be indicated in selected cases in the presence of life- threatening 
hemodynamic impairment [5]. Medical therapy is based on chemotherapy, steroids, and – 
in HIV-related lymphomas – antiretroviral therapy [6]. Radiation therapy may be consid-
ered for palliation in nonresponsive or progressive disease after CT:

 5 The cyclophosphamide, doxorubicin, vincristine, and prednisone with the monoclo-
nal antibody rituximab (R-CHOP) regimen are the commonly used first-line therapy 
even in elderly patients [7].

 5 Chemotherapy, however, must be planned according to the histological diagnosis, 
which may be obtained through a tumor biopsy or a biopsy of other masses if mul-
tiple localizations are detected.

 5 Aggressive lymphomas may show a significant improvement even with steroids alone [6].

 > Since pathologic diagnosis may require some days to be defined, in the presence 
of large cardiac masses, steroid therapy should be started immediately. However, 
a prompt collaboration with an experienced oncologist/hematologist is necessary 
to plan further diagnostic examinations and prevent dangerous side effects as the 
tumor lysis syndrome [8, 9].

25.2  Primary Cardiac Sarcomas

The mainstay of treatment is surgery, but CT and radiotherapy (RT) may play a relevant 
role, since in most cases it is difficult to achieve a radical resection with negative margins 
(R0) [10]:

 5 In the case of tumors with metastases at the time of diagnosis, surgery is not indi-
cated. The first approach is CT.

 5 Neoadjuvant (preoperative) CT should be considered [11]:
 5 In large, unresectable tumors in order to assess tumor response and thus modulate 
treatment

 5 In borderline resectable tumors, to increase the probability of a wide resection 
with negative margins

 5 Postoperative CT should be considered [12]:
 5 After resection with infiltrated margin or macroscopic residual disease [13]. How-
ever chemotherapy should never be intended to rescue inadequate surgery.

 5 As adjuvant treatment in tumors at high risk of local and distant relapse (angiosar-
coma and other high-grade, deep, >5 cm sarcomas).

 5 Postoperative RT may be considered as integrated approach after CT in resected tumors 
and right heart locations, with positive margins or macroscopic residual disease.

 5 Combined CT and RT may be considered, mainly in right heart sarcomas, to reduce 
the tumor burden and prolong the progression-free survival in unresectable or in 
relapsing tumors.

 5 The first-line CT is based on:
 5 Anthracyclines and ifosfamide [14]. However there is no formal demonstration 
that multiagent chemotherapy is superior in terms of overall survival to single-
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agent chemotherapy with doxorubicin alone although a longer response rate can 
be expected.

 5 Taxanes may be considered an alternative option in angiosarcomas [15, 16].
 5 Second-line CT (for relapse or progression) includes several drugs, to be used alone 
or – more often – in combination: high-dose ifosfamide, gemcitabine, trabectedin, 
dacarbazine, and a number of tyrosine kinase inhibitors. Since there is a wide vari-
ety of sarcoma histotypes and – among each histotype – different aberrant pathways 
in tumor cells, the choice of the most appropriate chemotherapy should take into 
account the characteristics of the single tumor, to achieve a targeted therapy [17, 18].

 > Chemotherapy must be planned by a medical oncologist with experience in the 
management of sarcomas, which are rare tumors.

25.2.1  Radiotherapy

Radiotherapy of cardiac sarcomas is challenging:
 5 The target lesion is close to structures (ventricular myocardium, coronary arteries, 
cardiac valves) that can be irreversibly damaged by radiation [19, 20].

 5 Due to the heart movements, a treatment planning which includes the tumor with 
adequate margins but excludes the adjacent structures is nearly impossible to make if 
the tumor involves the ventricles or the atrioventricular junction [21].

 5 To optimize the curative effect of radiotherapy minimizing the cardiac risk, the fol-
lowing strategies should be used [22]:

 5 Careful assessment of anatomic and dynamic aspects of the target lesion using 
several imaging techniques (MRI, high-definition CT, transesophageal echocar-
diography). In addition, echocardiography is particularly useful in evaluating the 
movement of the tumor mass during cardiac cycle to define the planned treatment 
volume (a close collaboration between the cardiologist and radiation oncologist 
for treatment planning is essential).

 5 Three-dimensional CRT (3D-CRT) technique, to deliver radiation dose  
tightly limited to the tumor while sparing critical structures,  
is recommended.

 5 Image-guided RT (IGRT) to localize the tumor at the time of treatment, to evaluate 
organ motion, and to improve knowledge of the partial volume tolerance of the 
hearth to radiation.

 5 Intensity-modulated RT (IMRT) is another technological advancement  
that facilitates the delivery of highly conformal RT [23]. With IMRT,  
radiation is delivered with multiple small fields (“segments”) within each  
beam, producing a modulated fluence pattern for each beam angle. Computer-
aided, automated optimization of segment’s weights (or “inverse planning”) is 
conducted to obtain the best target coverage and sparing of dose  
to normal tissues.

 > Radiation therapy must be planned by a radiation oncologist with experience in 
the management of sarcomas, operating in a center with modern equipment, in 
collaboration of an experienced cardiologist. A regular cardiologic monitoring 
during the treatment should be planned.
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25.3  Follow-Up and Prognosis

 5 The patients with unresectable sarcomas undergoing neoadjuvant CT should be 
 reevaluated to assess the response after two or three courses:

 5 Usually the response to a given therapy is based on the changes of tumor dimen-
sions, according to the RECIST criteria [24]. However, large sarcomas may 
undergo necrosis or hemorrhages in response to therapy, without significant 
reduction or increase in global dimensions, leading to a false diagnosis of failure 
of therapy [25, 26].

 5 New response criteria, based on density at computed tomography and on metabolic 
activity, have been proposed for gastrointestinal stromal tumors first and have been 
be applied also to other soft tissue sarcomas and to other tumors [27–29].

 5 At computed tomography, a change in tumor density, as determined by measuring 
CT attenuation coefficient (Hounsfield unit [HU]), together with minor changes 
in tumor size that were insufficient for response by RECIST, may provide a consis-
tent quantitative means to evaluate the tumor response.

 5 At [18F]fluoro-2-deoxy-D-glucose (18F-FDG), positron emission tomography 
(PET) imaging has been used to identify histopathologic treatment responders as 
early as after one cycle of neoadjuvant therapy [30, 31] An early and late decreases 
in maximum standardized 18FDG uptake (SUVpeak), respectively, were significant 
predictors of survival in a study on soft tissue sarcoma [32].

 5 Even with the best surgical treatment, soft tissue sarcomas may relapse, usually within 
the first years. Due to the objective difficulties in obtaining a radical surgery, cardiac 
sarcomas have even a more severe prognosis, with only a minority of patients sur-
viving more than 3 years [33–35]. The risk of relapse is higher in the first years after 
treatment.

 > After treatment, patients should undergo a strict follow-up:
Every 3 months in the first 2 years
Every 6 month in the following 2 years
Yearly thereafter

 5 There are no blood neoplastic markers for sarcomas: the follow-up is based on imag-
ing techniques:

 > Echocardiography is the cheapest and most easily available method for follow-up, 
but the transesophageal approach is necessary for the atrial masses.

 > The best imaging technique is magnetic resonance imaging (MRI); its use is 
limited – however – by the availability of the equipments.

 > Computed tomography and positron emission tomography are more widely 
available; their use is limited by the radiation exposure risk.

 > The choice of the imaging technique(s) most frequently used should be tailored 
according to the primary site of the tumor, the technique with the best definition of 
the tumor at the time of diagnosis, and the possibility of comparing the imaging.

 > Each kind of imaging (echocardiography, computed tomography, MRI, PET) should 
be obtained always in the same hospital, in order to reduce the variability of the 
results and to facilitate the comparison of the follow-up exams.
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A rather frequent problem in cardio-oncology is the imperfect comprehension between 
cardiologists and oncologist. In the daily clinical practice, the use of acronyms is common, 
but the acronyms used in a particular field of medicine are easily understood by the spe-
cialists of that particular field only; they may be less obvious for specialists of other fields. 
This chapter will help in understanding the most common oncologic and cardiologic terms.

In . Table  26.1, the acronyms most used in cardiology are explained. The principal 
classes of drugs are highlighted in yellow; arrhythmias in blue. In . Table 26.1, the coronary 
artery tree is depicted in summary. The oncologists use many acronyms to define various 

       . Table 26.1 List of Acronyms and terms currently used by cardiologists

ACE Angiolensin-converting 
enzyme

Drugs used for hypertension, to prevent cardiac 
remoleding, cardioprotective

ACS Acute coronary 
syndrome

Acute cardiac ischemia (may evolve to a myocardial 
infarction)

AF Atrial Fibrillation Atrial arrhythmia with desyncronized electric activity

AMI Acute myocardial 
infarction

Acute myocardial ischemia with evidence of myocardial 
necrosis

ARB Angiotensin receptor 
blocker

Drugs used for hypertension, to prevent cardiac 
remoleding. cardioprotective

ASA Acetylsalicilic acide

AVB Atrio-ventricular block A delay/block of the conduction of the electrical 
impulse from the atria to the ventricles, it is classified 
as 1st degree (all the impulse are conducted, with 
temporal delay). 2nd degree (some impulse only are 
conducted), 3rd degree or complete AVB (all the 
impulse are blocked: a ventricular rhythm emerges)

BAV Balloon aortic 
valvuloplasty

Dilatation of a stenotic aortic valve with a balloon 
catheter

BB Beta blockers Drugs used for arrhythmias, hypertension, to prevent 
cardiac remoleding.

BBB Bundle branch block A delay in the conduction of the electrical impulse 
within die ventricles. it may involve the right (RBBB) or 
left (LBBB) branch. May me complete or incomplete.

BMS Bare metal stent

BNP Brain natriuretic 
peptide

CABG Coronary artery bypass 
grafting

Surgical coronary revasculatization with venous or 
arterial by-pass

CAD Coronary artery disease

CCS Classification of the 
Canadian 
Cardiovascular Society

Classification of angina symptoms. Ranges from 1 to 4
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CHD Cardiovascular heart 
disease

Congenital heart 
disease

CHF Congestive heart failure

CIEDs cardiovascular 
implantable electronic 
devices

CK-MB MB isoenzymc of 
Creatine kinase

A marker of myocardial necrosis. CK is released by any 
muscular necrosis: the MB isoenzyme is released from 
the myocardium

CRT Cardiac 
resynchronization 
therapy

CVD Cardiovascular disease

DAPT Dual antiplatelet 
therapy

Assocition of two different antiplatelet drugs (usually 
USA and dopidogrel or prasugrel). It is indicated after 
acute coronary syndromes and after stent implantation.

DES Drug eluting stent

EF Ejection fraction Percentage of change of ventricular volume from 
end-diastole to end-systole

ICD Implantable 
cardioverter-
defibrillator

IMA Internal mammary 
artery

A vessel used for CABG

LAD Left anterior 
descending artery

LMWH Low Molecular Weight 
Heparin

LV Left ventricle (left 
ventricular)

IE (or BE) Infective endocarditis 
(or Bacterial 
Endocarditis)

A bacterial infection of the cardiac valves, of the 
endocardium (in congenital heart diseases) or of a 
cardiac device (pacemaker leads for instance)

INR International 
Normalized Ratio

To assess the efficacy of classic oral anticoaugulants, as 
warfarin

NOA New Oral Anticoagulants New generation anticoagulants (as dabigatran, 
rivaroxaban.apixaban)

NSTEMI Non-ST elevation 
myocardial infarction

Acute myocardial infarction without elevation of ST 
segment at ECG.

........ Table 26.1 (continued)

(continued)
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NYMA 
class

New York Heart 
Associationclass

Classification of symptoms of congestive heart failure. 
Ranges from 1 (no symptoms) to IV (severe symptoms 
at rest)

PCI Percutaneous coronary) 
intervention

PM Pacemaker

PVE Prosthetic valve 
endocarditis

A bacterial infection of a prosthetic cardiac valve. It 
may involve both biological and mechanical valves

QRS Electrocardiographic complex corresponding to the 
electrical activation of the ventricles

QT The interval between the onset of ventricular 
depolarization and the end of repolarization

RCA Right coronaty artery

SSS Sick sinus syndrome Arrhythmia due to a dysfunction of the sinoatrial node. 
May require PM

STEMI ST elevation myocardial 
infarction

Acute myocardial infarction with elevation of ST 
segment at ECG.

Takotsubo Takotsubo syndrome Acute reversible heart failure syndrome -usually 
following a stressful trigger- which may mimick an 
acute coronary syndrome

TAVI Transcatheter aortic 
valve implanation

TdP Torsade de pointe Ventricular arrhythmia with changing electric axes. It 
usually leads to syncope and may be transient or may 
evolve to ventricular fibrillation

Tn Troponin: I. T, High 
sensitivity (HS) I or T

A highly specific marker of myocardial necrosis.

TEE Transesophageal 
echocardiography

TTE Transthoracic 
echocardiography

VEB Ventricular ectopic 
beats

VF Ventricular fibrillation

VT Ventricular tachycardia ≥.3 consecutive VEB

Highlighted: in bold: arrhythmias, in italic: drugs

........ Table 26.1 (continued)

kinds of tumors (. Table 26.2). Any cardiac adverse effect due to an oncologic treatment 
raises the problem of interrupting the treatment. The decision is based on several variables: 
prognosis of the tumor, availability of alternative treatments, intent of therapy. The following 
paragraphs will help the cardiologist to better understand the clinical scenario.
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       . Table 26.2 List of Acronyms and terms currently used by oncologists

Notes

ADK Adenocarcinoma Refers to various tumor sites

AML Acute myeloid leukemia

BC Breast carcinoma

BCC Basal cell carcinoma

BM Brain metastases From any type of tumors

BT Brain tumors

CLL Chronic lymphatic leukemia

CML Chronic myeloid leukemia

CR Carcinoma

CRC Colo-rectal carcinoma

GCT Germ cell tumor Refers both to gonadal and 
extragonadal tumors

GIST Gastrointestinal stromal tumor Pertains to sarcomas family

HCC Hepatocellular carcinoma

HD (HL) Hodgkin’s disease, Hodgkin lymphoma

H&Nscc Head and Neck squamous cell 
carcinoma

MDS Myelodisplastic syndrome(s)

MM Malignant melanoma

MO Multiple myeloma

NHL Non-Hodgkin lymphoma

NSCLC Non-small cell lung carcinoma

OC esophageal carcinoma

PC Pancreatic carcinoma

PEL Primary effusion lymphoma A rare type of NHL, localized in the 
serous cavities

PMM Pleural malignant mesothelioma

PNET Primitive neuroectodermal tumor Pertains to sarcomas family (similar to 
Ewing sarcoma)

RCC Renal cell carcinoma

SCLC Small cell lung carcinoma

SCC Squamous cell carcinoma Refers to various tumor sites

(continued)
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26.1  Intents of Chemotherapy

 5 Adjuvant: Chemotherapy given to destroy microscopic cells that may be present after 
the tumor is removed by surgery with the aim to prevent a disease recurrence.

 5 Neoadjuvant chemotherapy: Chemotherapy given prior to the surgical procedure 
with the aim to shrink the tumor before surgery.

 5 Induction chemotherapy: Chemotherapy given to induce a remission.
 5 Consolidation chemotherapy: Chemotherapy given once a remission is achieved.
 5 First-line chemotherapy: Chemotherapy that has the best probability of treating a 
given cancer. This may also be called standard therapy.

 5 Second-line chemotherapy: Chemotherapy that is given if a disease has not 
responded or reoccurred after first-line chemotherapy. In some cases, this may also be 
referred to as salvage therapy.

 5 Palliative chemotherapy: Palliative chemotherapy is a type of chemotherapy that is 
given specifically with the aim to improve quality of life and to prolong (when pos-
sible) survival.

After chemotherapy, a clinical instrumental restaging is usually done to the patient in 
order to assess the treatment response:

 5 Complete remission (CR): Disappearance of all target lesions
 5 Partial remission (PR): At least a 30 % decrease in the sum of the longest diameter 
(LD) of target lesions, taking as reference the baseline sum LD

 5 Stable Disease (SD): Neither sufficient shrinkage to qualify for PR nor sufficient 
increase to qualify for PD, taking as reference the smallest sum LD since the treat-
ment started

 5 Progressive Disease (PD): At least a 20 % increase in the sum of the LD of target 
lesions, taking as reference the smallest sum LD recorded since the treatment started 
or the appearance of one or more new lesions

Notes

STS Soft Tissue Sarcoma

TCC Transitional cell carcinoma Refers both to vesical and extravesical 
tumors

Descriptive indices after instrumental evaluation of disease

CR Complete remission Complete disappearing of disease 
after treatment

PR Partial remission Partial regression of disease after 
treatment

SD Stable disease No modification of disease after 
treatment

PD Progressive disease Diametric increase and/or new lesions 
of disease

........ Table 26.2 (continued)
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26.2  Antineoplastic Drugs

Chemotherapeutic drugs may be administered alone or in combination using several dif-
ferent treatment schedules. In a chemotherapeutic regimen, these medications may be 
given at the same time or one after another for a time default. A specific regimen may be 
identified by an acronym, which is formed using the first letter (s) of the drug name, 
chemical abbreviation of the agents used in the regimen. However, it is important to know 
that selection, dosing, and administration of anti-cancer agents are complex, and both 
drugs’ dose or schedule modifications are often necessary in the clinical practice because 
of expected toxicities and patient intrinsic variability.

In . Table  26.3, the most used acronyms and short terms for cytotoxic anticancer 
treatments are summarized, together with the most common indications. Those more fre-
quently involved in cardiac toxicity are highlighted in yellow.

       . Table 26.3 Most used acronyms and short names for oncologic drugs.

SHORT 
NAMES

EXPLANATION and dosage for each 
course

INDICATION; NOTES

AC Adriamcin + Cyclophosphmide Breast cancer

ABV Adriamicin + Bleomycin + Vinblastine Lymphomas

ABVD Adriamicin + Bleomycin + Vinblastine + 
Dacarbazine

Lymphomas; administered 2 times in 
each course (day 1 and 15)

ADM Adriamicin (Doxorubicin)

BEACOPP Adriamicin + Bleomycin + Etoposide Lymphomas

BLM Bleomycin Lymphomas

CAF Adriamcin + Cyclophosphmide + 
Fluorouracil

breast cancer

CBDCA Carboplatin (same of JM8) Lung cancer

CDDP Cisplatin (same of DDP) Lung cancer

CEOP Epi-adriamicin + Cyclophosphamide + 
vincristine + Prednisone

Lymphomas

CHOPP Adriamicin + Cyclophosphamide + 
vincristine + Prednisone

Lymphomas

CMF Cyclophosphamide + Methothrexate + 
Fluorouracil

Breast cancer

COMP Myocet (nonpegilated liposomal 
doxorubicin) + Bleomycin + Vincristine

Lymphomas

CV Capecitabine + Vinorelbine Breast cancer

DHAP Dexamethasone + Cisplatin + 
Cytarabine

Lymphomas, high-dose chemotherapy

(continued)
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SHORT 
NAMES

EXPLANATION and dosage for each 
course

INDICATION; NOTES

DCF Docetaxel + Cisplatin + Fluorouracil  
over 5 day

Gastric cancer

EC Epi-adriamicin + Cyclophosphamide Breast cancer

ECF Epirubicin + Cisplatin + Fluorauracil via 
21 day Continuous infusion

Gastric cancer

EPI Epiadriamicin

ESHAP Etoposide + Prednisolone + hioh-dose 
Cytarabine + Cisplatin

Lymphomas, high-dose chemotherapy

DDP Cisplatin (same of CDDP)

FOLFIRI Fluorauracil (bolus + continuous 
Infusion for 48 hours) + Leucovorin + 
Irinotecan

Colorectal carcinoma

FOLFOX Fluorouracil (bolus + continuous 
infusion for 48 hours) + Leucovorin + 
Oxaliplatin

Colorectal carcinoma

5-FU Fluorouracil Head/neck, gastrointestinal, liver, breast 
cancers

GDP Dexamethasone + Cisplatin + 
Gemcitabine

Lymphomas

GP Gemcitabine + Cisplatin Lung Cancer, Biliary cancer, Transitional 
cell cancer

HER Herceptin (trade name of 
Trastuzumab)

Breast cancer, Gastric cancer

ICE ifosfamide + Carboplatin + Etoposide Lymphomas, high-dose chemotherapy

IFO ifosfamide Sarcomas, high dose chemotherapy

JM8 Carboplatin (same of CBDCA)

MOPP Mechloretamine + Vincristine + 
Procarbazine + Prednisone

Hodgkin lymphoma

MVAC Methotrexate + Vinblastine + Adriamkin 
+ Cisplatin

Transitional cell carsinoma

Stanford V Doxorubicin + Vinblastine + 
Mechloretamine + Vincristine + 
Etoposide + Prednisone

Hodgkin lymphoma. Widely used in the 
past, less Frequently nowadays

TAX Taxal (Pacitaxel) Breast cancer, Ovarian cancer, 
Angiosarcomas

TAC Docetaxel + Adriamicin + 
Cyclophospbamlde

Breast cancer

TC Docetaxel + Cyclophosphamide Breast cancer

........ Table 26.3 (continued)
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SHORT 
NAMES

EXPLANATION and dosage for each 
course

INDICATION; NOTES

TCF Docetaxel + Cisplatin + Fluorouracil Head & neck carcinomas

TCH Docetaxel + Cyclophosphamide + 
Trastuzumab

Breast cancer

T-DM1 Ado-Trastuzumab emtansine 
(Trastuzumab conjugated to 
anticancer DM-1)

Breast cancer

TICE Ifosfamide + Carboplatin + Etoposide 
+ Taxel

Lymphomas, high-dose chemotherapy

TIP Taxol + Ifosfamide + Cisplatin Cervical carcinoma

TKI Tyrosine kinase inhibitors (a class of 
drugs used in target therapy)

TXT Taxotere (Docetaxel) breast cancer, ovarian cancer

VAC/IE vincristine + doxorubicin + 
cyclophosphamide alternating with 
ifosfamide + etoposide

Sarcomas, Bone cancer

VAI vincristine + ifosfamide + dactinomycin 
+ doxarubicin

Bone cancer

VCR Vincristine

VEPEB Epi-adriamicin + Cyclophosphamide + 
Bleomycin + Vinorelbine

Lymphomas

VIDE Vincristine + Ifosfamide +  
Doxorubicin + Etoposide

VP16 Etoposide Lung cancer

XL Capecitabine + Lapatinib Breast cancer

Highlighted in italic, those which may be more frequently involved in cardiotoxicity
Adriamicin= doxorubicin= adriblastin; epi-adriamicin= epidoxorubicin= epirubicin

........ Table 26.3 (continued)

In . Table 26.4, the commercial names are reported.
Targeted therapy is a newer type of cancer treatment that uses drugs or other sub-

stances to more precisely identify and attack specific receptors expressed by cancer cells. 
These treatments are aimed to limit the damage to normal cells. However, they may have 
several side effects, which may be caused by their therapeutic mechanism (on-target) or 
by the action on other organs or by immune reactions or toxic metabolites (off-target).

In . Table 26.5, a list of the most used target therapies (including mechanism of action, 
indications, and possible side effects) is reported.
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........ Table 26.4 Commercial names of the most common antineoplastic drugs

Drug Commercial name

Actinomycin D Cosmegen

Bleomycin Bleomycin

Capecitabine Xeloda

Carboplatin Paraplatin

Cyclophosphamide Endoxan

Cisplatin Cisplatin (generic)

Cytarabine Aracytin

Dacarbazine Deticene

Docetaxel Taxotere

Doxorubicin Adriamycin, Adriblastina

Doxorubicin liposomal non-pegylated Myocet

Doxorubicin liposomal pegylated Caelyx

Epirubicin Epirubicin

Etoposide Vepesid

Fluorouracil Fluorouracil (generic)

Gemcitabine Gemzar

Ifosfamide Holoxan

Irinotecan Campto

Lapatinib Tyverb

Methotrexate Methotrexate

Paclitaxel Taxol

Pertuzumab Perjeta

Procarbazine Natulan

Rituximab Mabthera

Temozolomide Temodal

Trabectedin Yondelis

Trastuzumab Herceptin (both ev and sc)

Trastuzumab emtansine Kadcycla

Vinblastine Velbe

Vincristine Vincristine

Vinorelbine Navelbine (both ev and oral)

 D. Santeufemia et al.
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26.3  Common Chemotherapeutic Regimen Adopted 
in the Clinical Practice According to Tumor Type

 5 Anal Cancer
 5 5-FU + mitomycin + radiotherapy (5-Fluorouracil + mitomycin + radiotherapy)
 5 5-FU+ cisplatin (5-Fluorouracil + cisplatin)

 5 Bone Cancer
 5 VAC/IE (vincristine + doxorubicin + cyclophosphamide alternating with ifos-
famide + etoposide)

 5 VAI (vincristine + ifosfamide + dactinomycin + doxorubicin)
 5 VIDE (vincristine + ifosfamide + doxorubicin + etoposide)
 5 Docetaxel + gemcitabine (docetaxel + gemcitabine)

 5 Brain Tumors
 5 Temozolomide (temozolamide)
 5 Bevacizumab + irinotecan (Bevacizumab + irinotecan)
 5 Combination PCV (lomustine + procarbazine + vincristine)

 5 Breast Cancer
 5 CMF (cyclophosphamide + methotrexate + 5-Fluorouracil)
 5 Dose dense AC followed by paclitaxel (doxorubicin + cyclophosphamide followed 
by paclitaxel)

 5 EC (epirubicin + cyclophosphamide)
 5 TC (docetaxel + cyclophosphamide)
 5 TAC (docetaxel + doxorubicin + cyclophosphamide)
 5 FEC followed by docetaxel (5-Fluorouracil + epirubicin + cyclophosphamide fol-
lowed by docetaxel)

 5 AC followed by paclitaxel with trastuzumab (doxorubicin + cyclophosphamide fol-
lowed by paclitaxel with trastuzumab)

 5 Pertuzumab Trastuzumab and docetaxel (pertuzumab + trastuzumab + docetaxel)
 5 T-DM 1 (ado-Trastuzumab emtansine )
 5 TCH (docetaxel + cyclophosphamide + trastuzumab)
 5 Herceptin (trastuzumab)
 5 Capecitabine (alone or together with lapatinib) 14 days/21 (2 weeks of therapy, 1 
week off)

 5 Bladder Cancer
 5 Gemcitabine + cisplatin (Gemcitabine + cisplatin)
 5 MVAC (methotrexate + vinblastine + doxorubicin + cisplatin)
 5 Cisplatin + paclitaxel (cisplatin + paclitaxel)
 5 Gemcitabine + paclitaxel (gemcitabine + paclitaxel

 5 Gallbladder and Cholangiocarcinoma
 5 Cisplatin + Gemcitabine (cisplatin + gemcitabine)
 5 Capecitabine (capecitabine)

 5 Esophageal and Esophagogastric Junction Cancer
 5 Cisplatin + 5-FU (cisplatin + 5-Fluorouracil)
 5 Paclitaxel + carboplatin (paclitaxel + carboplatin)
 5 ECF (epirubicin + cisplatin + 5-Fluorouracil)

 5 Gastric Cancer
 5 ECF (epirubicin + cisplatin + 5-Fluorouracil)
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 5 DCF (docetaxel + cisplatin + 5-Fluorouracil)
 5 Cisplatin + 5-FU + trastuzumab (cisplatin + 5-Fluorouracil + trastuzumab)
 5 Xelox (capecitabine + oxaliplatin)
 5 Folfox (5-Fluorouracil + Leucovorin + Oxaliplatin)
 5 Folfiri (5-Fluorouracil + Oxaliplatin + Leucovorin + Irinotecan)
 5 Ramucirumab + paclitaxel (ramucirumab + paclitaxel)

 5 Colorectal Cancer
 5 Folfiri (5-Fluorouracil + Leucovorin + Irinotecan)
 5 Folfiri + cetuximab (5-Fluorouracil + Leucovorin + Irinotecan + cetuximab)
 5 Folfiri + bevacizumab (5-Fluorouracil + Leucovorin + Irinotecan + bevacizumab)
 5 Folfox (5-Fluorouracil + Leucovorin + Oxaliplatin)
 5 Folfiri + cetuximab (5-Fluorouracil + Leucovorin + Irinotecan + cetuximab)
 5 Folfiri + bevacizumab (5-Fluorouracil + Leucovorin + Irinotecan + bevacizumab)
 5 Folfoxiri + bevacizumab (5-Fluorouracil + Oxaliplatin + Leucovorin + Irinote-
can + bevacizumab) Folfoxiri + cetuximab (5-Fluorouracil + Oxaliplatin + Leucovo-
rin + Irinotecan + cetuximab)

 5 Xelox (capecitabine + oxaliplatin)
 5 Folfiri + aflibercept (5-Fluorouracil + Leucovorin + Irinotecan + aflibercept)
 5 Cape Beva (capecitabine + bevacizumab)
 5 5-Fu/LVF (5-Fluorouracil + Leucovorin)

 5 Pancreatic Cancer
 5 Folfirinox (5-Fluorouracil + Oxaliplatin + Leucovorin + Irinotecan+)
 5 Albumin-bound paclitaxel + Gemcitabine (Nabpaclitaxel- Gemcitabine)
 5 Gemox (Gemcitabine + oxaliplatin)

 5 Prostate Cancer
 5 Docetaxel (Docetaxel)
 5 Cabazitaxel (Cabazitaxel)

 5 Testicular cancer
 5 PEB (Cisplatin + etoposide + Bleomicin)
 5 PEI (Cisplatin + etoposide + Ifosfamide + mesna)
 5 Carboplatin (carboplatin)
 5 Gemox (Gemcitabine + oxaliplatin)

 5 Gynecologic Cancer
 5 Carboplatin-paclitaxel (Carboplatin-Paclitaxel)
 5 Carboplatin-paclitaxel + bevacizumab (Carboplatin-Paclitaxel + bevacizumab)
 5 Caelyx-trabectedin (liposomial anthracycline-trabectedin)
 5 Topotecan (topotecan)
 5 Gemcitabine (gemcitabine)
 5 TIP (Paclitaxel Cisplatin + Ifosfamide + mesna)
 5 TAP (Paclitaxel + doxorubicin + Ifosfamide + mesna)
 5 Cisplatin + doxorubicin (Cisplatin + doxorubicin)

 5 Head and Neck Cancer
 5 All Sarraf (Cisplatin + 5-Fluorouracil)
 5 Cisplatin + 5-Fluorouracil + cetuximab (Cisplatin + 5-Fluorouracil + cetuximab)
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 5 Lung Cancer
 5 PE (Cisplatin + Etoposide)
 5 Cisplatin + gemcitabine (Cisplatin + Gemcitabine)
 5 Cisplatin + docetaxel (Cisplatin + docetaxel)
 5 Cisplatin + pemetrexed (Cisplatin + pemetrexed)
 5 Carboplatin + paclitaxel (Carboplatin + paclitaxel)
 5 Vinorelbine (vinorelbine)
 5 Topotecan (topotecan)
 5 Pemetrexed (pemetrexed)

 5 Sarcomas
 5 Doxorubicin 90 mg/m2 + Ifosfamide
 5 Epirubicin + ifosfamide
 5 Trabectedin (®Yondelis)
 5 Gemcitabine
 5 Taxol or Taxotere

 5 Lymphomas
 5 CHOPP (Adriamycin 50 mg/m2 + cyclophosphamide + vincristine + prednisone)
 5 R-CHOPP: same as CHOPP + Rituximab
 5 MOPP: Mustargen, vincristine, procarbazine, prednisone
 5 ABVD: (Adriamycin 25 mg/m2 + bleomycin + vinblastine + dacarbazine) given day 
1 and day 15 of each course

 5 Stanford V: Doxorubicin 25 mg/m2 (days 1 and 15) + Vinblastine + Mechloretha-
mine + Vincristine + Etoposide + prednisone

Suggested readings and sites to visit; Fournier L, Ammari S, Thiam R, Cuénod CA. Imag-
ing criteria for assessing tumour response: RECIST, mRECIST, Cheson. Diagn Interv 
Imaging. 2014;95:689–703. NCCN Clinical Practice Guidelines in Oncology at 7 www.
nccn.org/professionals/…gls/f_guidelines.asp 7 https://www.cancer.gov/about-cancer/
treatment/drugs 7 http://chemocare.com/chemotherapy/acronyms/default.aspx
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Oncologists require the intervention of a cardiologist to prevent, identify, and treat the 
cardiovascular complication related to cancer and cancer treatment. In the near future, 
the need for a cardiologic consultation for cancer patients might increase. This could be 
related to epidemiological consideration:

 5 Thanks to the lifesaving anticancer treatment, long-term cancer survivor (either cancer- 
free or with cancer as a chronic disease) is an increasing population to take care of [1].

 5 Patients treated for malignancies are subject to an increased risk of comorbidities and 
complications, including the cardiovascular ones.

 5 Cardiotoxicity may worsen the health of cancer patients both during and after the 
treatment.

 5 Apart from cardiotoxicity, patients undergoing treatment for malignancies may exhibit 
a concomitant cardiovascular disease too. Risk factors overlap in cardiovascular and 
neoplastic diseases. Both relate to diabetes, smoking, overweight, and aging.

Before looking at what the cardiologist needs to know and how to transmit it, let us con-
sider when a cardio-oncologic consultation is indicated and, especially, why.

27.1  When and Why to Ask for a Cardiologic Consultation

27.1.1  Timing of the Consultation

 5 Before initiating the anticancer treatment
 5 After the initiation

 5 During the treatment
 5 Treatment end
 5 Later after treatment (possible late cardiotoxicity, additional treatment)

27.1.2  Different Situations for a Consultation

 5 Cardiovascular screening in patients with unknown CV disease (prevention, early 
diagnosis).

 5 Actual status evaluation (clinical, instrumental, therapy) of a previously known CV 
disease.

 5 Evaluate if a sign, symptom, or an instrumental abnormality may indicate a cardio-
vascular disease.

 5 Follow-up.

27.1.3  Asking a Consultation Before Initiating  
Anticancer Treatment

No definite recommendation establishes which patients require a first cardio-oncologic 
evaluation before undergoing anticancer therapy. The actual general trend is to ask for a 
consultation only for patients with high cardiovascular risk, concomitant cardiovascular 
disease, or undergoing significantly cardiotoxic treatments, but this limitation is question-
able. In this matter, it is important to consider what is the key question.
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27.1.4  What Is the Key Question?

If the question is whether to exclude contraindication to anticancer therapy, a cardiologic 
visit could be unnecessary for many patients. It is a fact that only a minority of pretreat-
ment consultations end with a contraindication to anticancer therapies.

 5 Many patients are “low risk,” and in the short to midterm only a minority of them will 
develop significant cardiovascular disease.

 5 In high-risk patients, a safety concern about the treatment very rarely overcomes the 
expected benefit: oncologic treatments are often lifesaving.

Otherwise, if the question is more comprehensive, pointing out the current cardiovascular 
status and the risk of complications over the entire pretreatment period and providing infor-
mation for risk management, a cardiologic consultation may be useful for most patients.

 5 Even if the risk of cardiovascular adverse event is low, or not so high, compared to the 
treatment benefit, it may be reduced.

 5 Previous cardiovascular disease, even if stable, may require treatment modification 
optimized for cardiotoxicity prevention and side effect reduction.

 5 The consultation has a screening value. Any unknown preexisting cardiovascular 
disease discovered when anticancer treatment is already ongoing may raise concern 
and anxiety even if the diagnosis has mild clinical impact. Any cardiac complication 
occurring during cancer treatment may be harder to manage if a cardiologist has not 
previously forecast it.

 > A cardiologic consultation before initiating anticancer therapy is useful for most 
patients, including those with low risk of cardiotoxicity or predominating indication 
of anticancer treatment.

27.2  How to Ask the First Cardio-oncologic Consult:  
What the Cardiologist Needs to Know in Evaluating 
the Patient for the First Time

The consultation should be tailored on the clinical circumstances. Thus, the oncologist 
should provide some oncologic information.

 5 Malignancy and its prognosis. A general description of the cancer should be pro-
vided, but more important is the interpretation of its severity. A cardiologist may find 
difficult to consider the prognostic implications of many details like stage, clinical 
presentation, histology, and molecular phenotype. The aim should be to let the cardi-
ologist know the oncologic prognosis and impact of the treatment on it.

 5 Antineoplastic treatment regimen, including drugs combination, and radiotherapy. 
Different treatments have different risks, like heart failure, myocardial ischemia, 
thrombosis, arrhythmia, pericarditis, and hypertension [2]; moreover, the risk may be 
higher for specific combinations.

 5 Previous anticancer treatment exposure. The patient may underreport it. Whoever 
received a treatment with potentially cardiotoxic drugs is “HF class A” according to 
the AHA/ACC guidelines on heart failure. Chest radiation therapy increases the risk 
of valve degeneration and coronary disease many years after exposure.

 P. Spallarossa and M. Sarocchi
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 5 Forecast if the treatment could induce any non-cardiovascular complication. Dehydra-
tion, immune depression, pancytopenia, anemia, and ion imbalance must be consid-
ered as critical factors in exacerbating cardiovascular disease.

 5 Patient enrolled in clinical trials. Some of them withstand to strict rules about con-
comitant medications and clinical events monitoring. In addition, experimental anti-
cancer treatments may bring unknown risk.

 > What the cardiologist needs to know is an exhaustive description of the 
malignancy, its past, actual and revised management, and the oncologic prognosis.

Obviously, in clinical practice there are some limitations. Some data are not always avail-
able or computable. Sometimes it is difficult to quantify the prognosis and to explain it. 
Not only clinicians will read the request but also the patient himself.

When requesting the consultation, the oncologist does not need to describe all the 
cardiovascular anamnesis, even if a brief anamnestic summary may be useful. It is more 
important to highlight if any new cardiologic fact or suspect were found. The cardiologist 
will collect an exhaustive cardiovascular anamnesis by himself, but he requires examining 
any documentation available.

 > The oncologist must request the patient to bring all the results of previous exams, 
visits, and discharge letters, with particular interest for ECG traces and imaging 
supports like coronary angiography, echocardiography, cardiac TC, and MRI.

Echocardiography is useful in many cases: it should be required on the basis of symptoms, 
signs (like cardiac murmur), or personal history or when a specific cardiotoxicity risk 
requires programmed screening, for example, for trastuzumab treatment [3].

27.3  Consultation for a Suspected Cardiovascular Problem

During or after anticancer treatment, the occurrence of a cardiovascular problem very 
often requires a consultation. With the term “cardiovascular problem,” the oncologist may 
refer not only to “cardiotoxicity” but to a widespread of signs, symptoms, and lab abnor-
malities (including atypical) that may rise even mild suspect of a cardiovascular issue.

27.3.1  When Reporting a Suspected Cardiovascular Problem 
the Oncologist Has to Focus on

 5 New symptoms: chest pain, dyspnea, dizziness, palpitation, fatigue, and syncope
 5 Objective signs: cardiac murmur, edema, pulmonary rales, pleural effusion, blood 
pressure, heart rate and rhythm, etc.

 5 Instrumental abnormalities: chest radiography images, CT scan pericardial effusion, 
and aortic dilation, raised cardiac biomarkers and D-dimer, anemia, reduced glomer-
ular filtration, and ion imbalance

No long description of the cardiovascular anamnesis is required, but only few words to 
report the main previous cardiovascular diagnosis and procedures.
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27.3.2  The Oncologist Should Also Report to the Cardiologist 
in Order to Help the Differential Diagnosis

 5 The chronologic relationship with treatments.
 5 Other noncardiac abnormalities. The oncologist could be aware of alterations that 
may simulate even typical cardiac symptoms that may reduce the “pretest” probability 
of a cardiovascular disease.

 > The oncologist should underline if the sign, symptom, or lab abnormality may have 
an alternative non-cardiovascular explanation for the specific patient.

It is useful to report whether the clinician took any clinical action (and the response to it): 
treatment interruption, medication, laboratory or imaging tests, and hospitalization.

27.4  Asking a Cardiovascular Follow-Up

A second visit may be made in asymptomatic, well-being patients, aimed at identifying 
preclinical alteration and allowing secondary prevention. Some groups of high-risk 
patients, as anthracycline-trastuzumab exposed, require prespecified strategies. Instead, 
for the single patient the course may be personalized. For specific groups of patients like 
those exposed to anthracycline, chest irradiation, and bone marrow transplant, the risk of 
late cardiotoxicity suggests a long-term cardiologic reevaluation, years after exposure.

 > Follow-up programs could be previously discussed in a multidisciplinary meeting.

Screening and prevention are “first-line” practices, and their practical application greatly 
depends on the physician who primarily takes care of the patient. Thus, oncologists should 
be actively involved in any cardiovascular prevention strategy for their patients, by asking 
for a consultation and providing some useful information:

 5 The time since last treatment
 5 The oncologic situation
 5 Any supportive therapy, even if not specifically “chemotherapy,” including indication 
of cumulative blood-cell transfusion, if performed

The oncologist should be aware that for some patients (high risk or previous evidence of 
cardiotoxicity), the need of follow-up lasts for many years. Remember that losing a patient 
at follow-up is potentially harmful. When a patient is already on follow-up for malig-
nancy, the oncologist should keep the link between the patient and the cardiologist [4].

 > The cardiologist needs to know when the patient is nearing to the end of oncologic 
course or diluting it. Thus, he will take care of the cardiovascular follow-up program.

27.5  How to Help the Cardiologist to Implement  
Cardiovascular Treatment

The risk of side effects of medications increases in such frail patients as those with 
malignancy. In addition, in patients with ongoing anticancer treatment, the impact of 
adverse event doubles, considering that an adverse event may lead to unwanted sus-
pension of anticancer treatment. It is evident that a great effort is required to achieve 
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an optimal safety when introducing a cardiovascular drug, with potentially harmful 
hemodynamic effects, bleeding risk, pro-arrhythmic potential, and liver or kidney 
injury.

The oncologist who starts any anticancer treatment or encounters any cancer and can-
cer treatment complication may develop concerns about other therapies including the 
cardiovascular ones. He could raise a fundamental question: “can I withdraw a cardiovas-
cular drug or substitute it?”

27.6  Helping the Management of Cardiovascular Treatment: 
What the Cardiologist Has to Know?

 5 Explain if any concern with the cardiovascular drugs is actual or potential; reduced 
platelet count in anti-aggregated patient may serve as example: if the reduction is 
chronic and mild, the risk of bleeding could be managed with strict monitoring of 
the count if aspirin is mandatory. Conversely, a rapid reduction of the platelet may 
require preventive suspension of antiplatelet drug.

 5 If the problem is actually suspected for being related with any cardiovascular med-
ication, it is important to underline if an alternative explanation  
coexists.

 5 If the problem is only a potential risk of adverse event, point out how high is the 
risk and related to what and whether any acceptable alternative exists or not to 
avoid the change in cardiovascular medication.

 5 Underline if the oncologic situation raising the concern could be reversible; thus, the 
cardiologist will consider a subsequent rechallenge of the cardiovascular medication.

That seen, oncologists may help greatly the decisional process leading to cardiovascular 
treatment. They can contribute to foresee and reduce the risk of side effects, providing 
information in the request.

27.7  Some Practical Considerations

Oncologist should consider to whom the request is addressed and write it consequently.

 > Ideally, the addressee of the request for cardio-oncologic consultation is “the 
cardio-oncologist,” a cardiologist experienced in caring of patients with malignancy.

This skill goes far beyond the knowledge of cardiotoxicity: it includes an expanded 
sensibility for any issue complicating the patient’s wellness. Concepts like prognosis, 
adverse events, and treatment goal may be differently experienced by Oncologist and Car-
diologist.

In this era, many cardiologists are in the first period of their oncologic collaboration. 
On the other side, some patients may require their personal cardiologist. These figures are 
not expected to have the aforementioned practice of cardio-oncology. Talking about can-
cer patients, a cardiologist needs more details than a “cardio-oncologist.” Even in the fortu-
nate condition of writing to a dedicated physician, the oncologist should keep in mind a 
long learning curve. Only when speaking to a known cardio-oncologist, the oncologist will 
be allowed to save a couple of words.
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 > The information included in any request gains an “educational” value beyond the 
single clinical case, contributing to formation of a future cardio-oncologist.

To facilitate comprehension, especially speaking to physicians with different  professional 
background like cardiologists, the oncologist should be:

 5 Exhaustive. Incomplete information could be more dangerous than none (the absence 
induces research).

 5 Explicit. Tacit consideration from the oncologist may be unperceived from the 
 cardiologist.

 5 Clear. We recommend avoiding abbreviations and acronyms.

To grant a minimal standard for data transfer, the development of an ultra-brief 
request form is advisable. This might also keep some data (like “technical” prognostic 
consideration) apart from the oncologic visit result.

 > Discussion on critical prognosis raises particular difficulties and requires direct 
multidisciplinary discussion, and the oncologist may favor to do it apart from the 
presence of the patient (even for ethical reasons). This wish should be specified 
when making the request.

This is not the only situation for such a request. Obviously the cardiologist wishes to 
visit the patient directly, and this should sound a little pleonastic. However, the patient’s 
presence is unnecessary in some cases, for example, when discussing instrumental results. 
Avoiding a visit reduces discomfort to patients (and caregivers): some of them are not 
autonomous to reach the clinic or hospital or make long transfers.

Afterwards, the result of the consultation will be registered and communicated to the 
patient.

In conclusion, the request for a cardio-oncologic consultation should fit to the needs 
of cardiologist, oncologist, and patient too. How to write it clearly depends on when it is 
requested and why, to whom, and even where. A well-done request is the first step for a 
good consultation.
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The oncologist may require the help of the cardiologist for different reasons.  Sometimes he 
suspects a cardiovascular problem, in general he wants to reduce complications of a car-
dio-toxic treatment, and, in most cases, he will find useful to have a “portrait” of the 
patient’s actual cardiovascular status.

 > The cardiologist has to deal with a variety of cardiovascular issues, related or not to 
cancer and cancer treatment.

The cardiologist’s opinion may be required even with no evidence of specific  cardiovascular 
problem in the patient. He will be able to better exclude any cardiac disease and prevent 
cardio-toxicity.

The answer of the cardiologist should consider two points of view: the pure cardio-
logical one and the relative perspective deriving from the oncologic treatments and the 
malignancy itself. It is very important to find each evaluation in the consultation report, 
integrated without strong dichotomy.

Apart from specific content, the cardio-oncologic visit is still similar in its framework 
to any cardiological one. We can summarise it in some key points:

 5 Reason for the consultation
 5 Non-cardiological anamnesis, with special attention for the oncologic one
 5 Cardiological anamnesis

 5 Derived from documentation
 5 Directly acquired from the patient

 5 Pharmacological anamnesis
 5 Symptoms
 5 Signs (physical examination during the visit)
 5 Actual instrumental results
 5 Conclusions: Cardiological interpretation

 5 Presence/absence of cardiovascular disease
 5 Severity of the disease
 5 Eventual prognosis

 5 Conclusions: Cardio-oncologic considerations
 5 Suspect of cardio-toxicity
 5 Safety of purposed antineoplastic treatment
 5 Prevention of cardio-toxicity

 5 Suggestions for management
 5 Cardiovascular treatment
 5 Consider antineoplastic treatment variation
 5 Additional exams and invasive cardiological procedures

28.1  Background: Clinical Facts Acquired in the Visit

The first part of the report should include a summary of the clinical facts collected and 
evaluated, including both the cardiovascular and oncologic ones. The cardiologist should 
describe all the data he has worked on and that have allowed him/her to come to the conclu-
sions. It is very important to make an adequate description of the oncologic anamnesis, even 
if the oncologist is supposed to know it optimally. A good reason to spend a little more time 
for this task is that possible misunderstandings may have occurred when the cardiologist 
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has evaluated non-cardiological data, leading to inappropriate conclusions. If the oncolo-
gist, reading the consultation, finds that it has been based on wrong or  inconsistent data, or 
that important oncologic facts have been missed, then he will require a re- evaluation.

 > Not only the cardiological data but also the oncologic ones should be adequately 
described, even if the oncologist, obviously, knows it. This practice ensures that the 
cardiological evaluation is coherent with the oncologic situation.

The main oncologic facts to report are:
 5 Oncologic or haematological diagnosis and indications about its severity, like stage 
and prognostic markers

 5 Antineoplastic treatments, including past, actual and expected ones
 5 Pharmacological treatment
 5 Radiotherapy
 5 Therapeutic procedures and supportive cares (stem cell transplant, blood transfu-
sion)

 5 Collateral facts
 5 Side effects and their treatment
 5 Procedures (biopsies, permanent catheter implantation)

After that, the cardiologist will proceed in collecting the cardiovascular anamnesis and 
symptoms, performing the physical examination and evaluating the recent instrumental 
exams. He will have to point out any news, for example, if the ECG or the physical exami-
nation is changed or the patient reports any symptom or anamnestic data that the oncolo-
gist could have missed. He will underline any suspicion that some relevant cardiovascular 
documentation is unavailable.

 > The availability of clinical documentation is very important, especially during the 
first cardio-oncologic visit. It helps the correct clinical evaluation and may reduce 
additional exams.

28.2  Conclusions: Cardiological Interpretation

The second part of the report is dedicated to the interpretation of the clinical data. Here 
any suspected or definite cardiovascular diagnosis should stand out and, in the absence of 
those, the cardiovascular risk. When the cardiologist describes the cardiovascular status of 
the patient, he should remember to inform the oncologist about:

 5 Actual severity of the cardiovascular disease or risk
 5 Possible future evolution and worsening (at first, independently from cancer and 
 cancer treatment)

 5 Theoretical approach to the disease, as in a cancer-free patient

 > An initial “pure” cardiological description of the clinical status is propaedeutic to 
subsequent cardio-oncologic evaluation.

The oncologist needs an adequate description of the cardiovascular disease, enhanced by 
an expert interpretation. Any alteration in heart structure, ECG, biomarkers or the clinical 
presentation may have a broad spectrum of severity. Atrial fibrillation, for example, has 
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different implications based on the coexistence of structural heart disease, heart failure, 
stroke or uncontrolled heart rate. Oncologist may be drawn to consider low  ejection frac-
tion as the main contraindication for cardio-toxic drugs, but the cardiologist will help him 
not to underestimate a minor reduction, in the presence of ventricular hypertrophy or any 
significant haemodynamic overload like valve regurgitation or stenosis [1].

In addition, the oncologist needs to know the probability that the clinical situation of 
the patient will require an invasive procedure or intervention, sooner or later.

28.3  Cardiological Suggestions in the Cancer Patient

In this paragraph we will discuss some of the typical situations that may require particular 
collaboration between the cardiologist and the oncologist:

 5 Prescription of cardiovascular drugs
 5 Requirement of additional exams
 5 Cardiological invasive procedures
 5 Variation of oncologic treatment

The cardiologist should submit any nonurgent decision to the oncologist, before translat-
ing it into actions, allowing a second evaluation of its compatibility with the oncologic 
needs. At the same time, in order to be effective, the cardiologist should point out the 
importance of the cardiovascular intervention, explaining the reason and the strength of 
the indication. A similar approach should guide the relations with the patient, who may 
have a reduced compliance to additional medical treatments, for understandable reasons 
related to physical and psychological effects of malignancy. The clinician should be will-
ing to consider the patient’s wishes. The informed consent is the prerequisite for any deci-
sion; the patient should receive adequate information on the risk related to some 
cardiovascular exams, medications and procedures and the risk of not pursuing them. 
This last information is mandatory when the patient refuses a cardiological exam or 
treatment.

28.3.1  Drug Prescription

Cardiovascular drugs are not free from side effects. When prescribing new medications, 
the cardiologist must be aware that cancer patients are prone to develop side effects, for 
various reasons:

 5 The pain and anxiety related to malignancy amplifies symptoms.
 5 Renal and hepatic impairment may be a problem during cancer treatment. Some car-
diovascular drugs may worsen it.

 5 Anaemia and cancer-related fatigue may reduce beta-blockers tolerability.
 5 Normotensive cancer patients are more susceptible to side effects from 
 haemodynamically active drugs like RAAS-inhibitors and beta-blockers, prescribed 
for primary or secondary prevention of left ventricular dysfunction.

 5 Patients often receive multiple drugs, to treat cancer and to control symptoms and 
side effects of chemotherapy. Polypharmacotherapy is prone to an exponentially 
higher incidence of side effects, due to interactions.
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The containment of side effects is mandatory in cancer patients in order to avoid a loss of 
compliance and possible oncologic treatment discontinuation. Although some 
 cardiovascular medications have a proven cardioprotective effect, their extensive use is 
still controversial in literature [2]. Prescribing drugs to cancer patients, the cardiologist 
will follow some basic principles:

 5 Start the cardiovascular treatment (in particular the haemodynamically active ones) 
at the lowest dose if a strong intervention is not mandatory.

 5 Titrate the drug gradually when necessary. Make the target of the treatment explicit, 
fitting for the specific patients (BP, HR, LDL) and suggest how to reach it. Plan a mid-
term strategy of intervention whenever possible, for example, a step-by-step introduc-
tion of antihypertensive medications. This will help the oncologist and may save 
unnecessary visits to the patient.

 5 Forecast the typical side effects of the introduced drug, and suggest strategy to con-
tain them.

28.3.2  Cardiovascular Exams and Invasive Procedures

A risk-benefit evaluation is the basis of a good clinical practice. A valid rule is to require 
exams when the result may have significant clinical consequences and to avoid those that 
probably will not lead to changes in the cardiological or oncologic management.

However, patients undergoing some high risk oncological procedures like stem cell 
transplant, may require cardiovascular exams or treatments that usually are not performed 
in non-cancer patient with the same cardiovascular situation. The “watchful-waiting” 
strategy is not always the best choice in patients that may develop other complications in 
a near future, thus reducing the possibility of a cardiovascular intervention.

 > The safety of the oncologic treatment itself may justify insisted diagnostics or 
anticipated intervention in order to avoid cardiovascular complications afterwards.

When taking care of cancer patients, the cardiologist should be even more careful to pro-
pose any diagnostic or interventional procedure.

Biomarkers and echocardiography are easily performed by a well-organised team, 
with minimal or no impact on the oncologic programme and virtually no risk to the 
patient. They provide important additional information for a cardiovascular diagnosis 
and risk stratification [3, 4].

Other useful low risk exams like cardiac TC or NMR may cause a postponement of 
oncologic treatment, especially where these exams are poorly available. Such a delay may 
be detrimental for the patient health.

Provocative tests and, especially, invasive procedures bring an intrinsic risk of compli-
cations for the patient. This may be even greater for cancer patients. The clinician will also 
consider the unfavourable effect of hospitalisation required for some procedures. In some 
cases, the cardiologist will consider the TC-scan as a good alternative to coronary angiog-
raphy, especially if he/she needs to exclude a significant disease that may worsen with the 
anticancer treatment, while the opportunity of a coronary intervention is lowered by the 
oncologic situation. Obviously, in the case of unstable or high-risk cardiovascular disease, 
the oncologist should be made aware of the importance of the cardiovascular interven-
tion, even if it induces a delay in oncologic programmes.
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A good practice is to inform the oncologist about:
 5 The reason for the proposed exam, including the risk of not performing it.
 5 The implication of exam result. The cardiologist may forecast what he will consider as 
“good” or “not good”. This helps the oncologist to understand the importance of the 
exam, to interpret the result and possibly to save time for re-evaluation. A brief tele-
phonic consult is still advisable when the result is received, for confirmation.

 5 Advice about the best and fastest way to achieve the result. The aim is to reduce the 
impact on both patient life and oncologic needs.

 5 Whenever hospitalisation is required, clinical objectives and programmes should be 
specified. This will also help other colleagues implicated in the cardiological manage-
ment, for example, interventional cardiologists.

28.3.3  Anticancer Treatment Discontinuation for Cardio-toxicity

The cardiologist should rarely put absolute contraindications to the optimal anticancer 
treatment. It is advisable to allow the oncologist to make a second evaluation about the 
risk-benefit of a life-saving treatment, being aware of the cardiovascular situation. When 
the suspension or variation of the treatment regimen is strongly advisable, it is a good 
practice to programme a short-term re-evaluation, leaving the possibility of a re- 
challenge, if feasible. The severity of the possible cardiovascular complications should be 
underlined, but avoiding demonization of anticancer medications, especially with the 
patient.

Sometimes it is possible to continue the oncologic treatment, with the caveat of an 
increased risk. The cardiologist should carefully inform the patient and the oncologist 
about the risk and how to minimise it.

 5 Propose a strategy for early identification of cardiological worsening.
 5 Forecast if signs or symptoms are expected to be a warning, in order to speed up a 
clinical re-evaluation.

 5 Plan a cardiological follow-up including physical examination, biomarkers and 
echocardiography.

 5 Suggest the introduction of cardioprotective agent (like carvedilol) or the use of a dif-
ferent formulation of the anticancer drug (like liposomal anthracycline) may be 
strongly recommended for a reasonably safe continuation of the treatment, but in 
severe conditions a suspension of the cardio-toxic drug is almost mandatory. A 
second- time re-challenge of a life-saving anticancer treatment should be contem-
plated, with explicit indication of a high cardiovascular risk.

28.4  The Equilibrium Between Cardiological  
and Oncologic Needs

The consultation will integrate the cardiovascular status with oncologic conditions.  
A definite cardiological opinion should fairly emerge in the result, with conclusive indica-
tions if possible. At the same time, the cardiologist should write these indications to the 
oncologist in the form of suggestions, not constrictions, always leaving him the possibility 
of challenging them for oncologic needs.
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 > Since anticancer drugs are life-saving, the target is to find the best compromise in 
managing cardiovascular side effects without limiting the optimal anticancer 
treatment, thus granting most benefits to the patient. The aim of the cardiological 
consultation is not to avoid cardio-toxicity at any cost.

This is probably the most difficult role of the cardiologist in this setting: to be able to vari-
ate from typical cardiological behaviour, accepting the responsibilities of an increased car-
diovascular risk at the service of the more comprehensive patient health [5].

28.5  Messages to the Patient

The cardiological consultation is not only part of a talk between the cardiologist and the 
oncologist. It is an important moment in the relation with the patient. Ethically, the cardi-
ologist should explain any diagnosis and discuss any decision with the patient. This prac-
tice will reduce misunderstandings, fear and anxiety when the patient reads the 
consultation result. In addition, the oncologist’s work will be easier in explaining the rea-
son of any clinical intervention related to the cardiovascular status.

Some clinical suggestions imply the patient collaboration in monitoring blood pres-
sure, symptoms and signs (e.g. oedema, nocturia, weight gain, haemorrhages). The cardi-
ologist should explain how to perform those checks directly to the patient and write it 
understandably.

References

 1. Spallarossa P, Maurea N, Cadeddu C, Madonna R, Mele D, Monte I, Novo G, Pagliaro P, Pepe A, Tocchetti 
CG, Zito C, Mercuro G. A recommended practical approach to the management of anthracycline-
based chemotherapy cardiotoxicity: an opinion paper of the working group on drug cardiotoxicity 
and cardioprotection, Italian Society of Cardiology. J Cardiovasc Med (Hagerstown). 2016 May;17 
Suppl 1:S84–92.

 2. Plana JC, Galderisi M, Barac A, Ewer MS, Ky B, Scherrer-Crosbie M, Ganame J, Sebag IA, Agler DA, 
Badano LP, Banchs J, Cardinale D, Carver J, Cerqueira M, DeCara JM, Edvardsen T, Flamm SD, Force T, 
Griffin BP, Jerusalem G, Liu JE, Magalh„es A, Marwick T, Sanchez LY, Sicari R, Villarraga HR, Lancellotti P. 
Expert consensus for multimodality imaging evaluation of adult patients during and after cancer 
therapy: a report from the American Society of Echocardiography and the European Association of 
Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging. 2014 Oct;15(10):1063–93.

 3. Curigliano G, Cardinale D, Suter T, Plataniotis G, de Azambuja E, Sandri MT, Criscitiello C, Goldhirsch A, 
Cipolla C, Roila F; ESMO Guidelines Working Group. Cardiovascular toxicity induced by chemotherapy, 
targeted agents and radiotherapy: ESMO Clinical Practice Guidelines. Ann Oncol. 2012 Oct;23 Suppl 
7:vii155–66.

 4. Colombo A, Sandri MT, Salvatici M, Cipolla CM, Cardinale D. Cardiac complications of chemotherapy: 
role of biomarkers. Curr Treat Options Cardiovasc Med. 2014 Jun;16(6):313.

 5. Suter TM, Ewer MS. Cancer drugs and the heart: importance and management. Eur Heart J. 2013 
Apr;34(15):1102–11.

What the Cardiologist Needs to Know: How to Write the Consultation



459

© Springer International Publishing Switzerland 2017
C. Lestuzzi et al. (eds.), Manual of Cardio-oncology, DOI 10.1007/978-3-319-40236-9_29

29

What the General 
Practitioner Needs to Know: 
When to Consult 
the Cardiologist and/or 
the Oncologist
Chiara Lestuzzi, Olivia Maria Thomas, Maria Agnese Caggegi, 
and Francesco Ferraù

29.1 Introduction – 461
29.1.1  What the General Practitioner Can Do to Solve  

These Problems – 461

29.2 Deep-Vein Thrombosis (DVT) – 462
29.2.1 Diagnosis – 462
29.2.2 Treatment – 463
29.2.3 Recurrent DVTs in Cancer Patients – 463
29.2.4 DVT Prevention – 463
29.2.5 Central Venous Catheters (CVCs) – 464

29.3 Long-Term Side Effects – 464

29.4 Drug Interactions – 465

29.5  Most Frequent Cardiac Problems in Cancer  
Patients – 465

29.6 Dyspnoea – 465
29.6.1 Causes of Dyspnoea – 465
29.6.2 Assessment of Dyspnoea – 466
29.6.3  Investigations (Personalised for Each Individual Patient) – 466
29.6.4 Management of Dyspnoea – 466



29.7 Peripheral Oedema – 469
29.7.1 Treatment – 469

29.8 Superficial Thrombophlebitis – 470
29.8.1 Superficial Thrombophlebitis in a Healthy Vein – 470
29.8.2 Superficial Thrombophlebitis in a Varicose Vein – 471
29.8.3  Superficial Thrombophlebitis of the Great Saphenous Vein 

Progressing into the Deep Femoral Vein – 471
29.8.4  Superficial Thrombophlebitis of the Small and Great  

Saphenous Veins not Extending to the Deep  
Venous System – 472

29.8.5  Superficial Thrombophlebitis Affecting Other  
Parts of the Body – 472

 References – 472



461 29

29.1  Introduction

 5 Most patients undergoing antineoplastic treatments with anthracyclines and trastu-
zumab—well known to be potentially cardiotoxic—have a cardiology follow-up 
planned by the oncologists. Any obvious side effects occurring during treatments 
administered in hospital or in the day hospital unit will be referred to the local cardi-
ologist.

 5 In an ideal world, every hospital with an oncology department has one or more car-
diologists to whom they can refer patients, and routine cardiology exams may be 
planned to coincide with the patient’s stay in the oncology ward. However, this is not 
possible in many hospitals.

 5 In large hospitals with a crowded emergency department, a coronary intensive 
care unit and where cardiac surgery is performed, there are often limited resources 
for planning and performing a large number of routine 3–6-month echocardio-
grams, which are required in order to monitor the cardiac function of patients 
undergoing antineoplastic treatment.

 5 In oncological referral centres with patients coming from far away, it may be dif-
ficult to plan all the check-up tests and investigations in 1 day. Patients undergoing 
chemotherapy usually go to the referring hospital every 3 or 6 weeks, and it may 
be difficult for these patients to come back for an additional visit in the event of 
new problems emerging before the planned follow-up.

The general practitioner might have to cope with cardiac problems related to the antineo-
plastic treatments or to the cancer itself in the following cases:
 1. Patients followed by oncology departments with limited access to cardiology facilities
 2. Outpatient treatments

a. Oral treatments
b. Long-lasting infusions with portable pumps

 3. Thromboembolic events or other unpredicted side effects occurring at home
 4. Delayed effects of treatments in patients who have been cured from cancer and are no 

longer in the care of the oncology department:
a. Radiotherapy
b. Hormonal treatments
c. Platinum-based therapy for testicular cancer

 5. Prescription of drugs which could interfere with the oncological treatments
 6. Other acute problems common in cancer patients

29.1.1  What the General Practitioner Can Do to Solve  
These Problems

 5 The general practitioner should be aware of the antineoplastic treatments which 
require cardiologic screening/follow-up: drugs which can cause left ventricular dys-
function, cardiac ischaemia and thromboembolic diseases (see chapters 6–14 for 
more detailed information). If the follow-up has not already been done in the hospital 
where the oncological treatments are given, the patient should be referred to a local 
cardiologist.
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 5 If the patient is receiving treatment as an outpatient, the adverse effects are usually 
referred to his/her general practitioner. The GP should be aware of the risk of:

 5 Cardiac ischaemia during treatments with fluoropyrimidines (fluorouracil and 
capecitabine) and vascular endothelial growth factor inhibitors (VEGFI) (bevaci-
zumab, sunitinib, sorafenib and other drugs mostly used in the treatment of renal 
cell or gastrointestinal carcinomas (see chapter…). Any new symptom potentially 
related to angina should be carefully assessed, and the patient should be referred 
as soon as possible to the cardiologist.

 5 Severe hypertension during treatments with VEGFI. Blood pressure should be 
monitored regularly and promptly treated.

 5 Some antineoplastic drugs may induce atrial fibrillation or ventricular arrhythmia. 
Any change in heart rhythm, or any complaint of palpitations, is worth investigat-
ing with an electrocardiogram. In case of ventricular arrhythmias, check for any 
electrolyte imbalance, and ask for a cardiologist’s review.

 5 In patients at high risk of thromboembolic disorders, see also 7 Chap. 5.
 5 The appearance of leg oedema (with/without pain or local signs of inflammation) 
should raise suspicion of a deep-vein thrombosis (DVT).

 5 The appearance of jugular vein distension and/or face oedema should raise suspi-
cion of a superior vena cava thrombosis (more likely in presence of intrathoracic 
masses or central vein infusion catheters).

 5 If the patient has a rapidly worsening dyspnoea, or new symptoms of dyspnoea 
and unexplained tachycardia, a pulmonary embolism should be suspected.

 5 It is not always easy to diagnose a DVT, particularly in patients in the termi-
nal phase of their illness, nor is the decision to treat such patients with a DVT 
straightforward.

29.2  Deep-Vein Thrombosis (DVT)

29.2.1  Diagnosis

 > There is little use in continuing with diagnostic procedures if a patient, due to the 
stage of their disease, is not a suitable candidate to commence anticoagulant therapy. 
Anticoagulant therapy is associated with risks as well as benefits; therefore, these 
must be weighed up in each individual case on the basis of prognosis, haemorrhagic 
risk, possibility of controlling symptoms and offering a good quality of life even with-
out anticoagulants and patient compliance [1].

 > Colour Doppler Ultrasound:
High accuracy for proximal and distal DVT (questionable for an isolated distal DVT)
Requires sending the patient to a vascular ultrasound clinic

 > Compression Ultrasound:
Noninvasive, no exposure to ionising radiation, easily reproducible
Can be performed at the bedside of the patient and/or at the patient’s home if a 
portable ultrasound machine is available and a trained member of the palliative 
care team or trained GP is available
High accuracy for a first presentation of a proximal DVT in symptomatic patients 
(patients with a history of ipsilateral DVTs retain a proximal residual incompressible vein)
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 > D-dimer:
Its use is limited in oncological patients due to the elevated number of false positives 
encountered in neoplastic disease.

29.2.2  Treatment

Palliative care patients have additional risk factors:
 1. Disseminated intravascular coagulation (DIC)
 2. Coagulation factor deficiency
 3. Platelet dysfunction/thrombocytopenia
 4. Vascular tumours
 5. Hepatic metastases

 5 Useful General Measures
 5 Elevation of the lower limbs
 5 Analgesics (NSAIDs can increase haemorrhagic risk)
 5 Compression stockings (if tolerated)

29.2.3  Recurrent DVTs in Cancer Patients

Patients that develop recurring DVTs despite an adequate anticoagulant therapy must be 
investigated to exclude disease progression.

Cancer patients have triple the risk of developing recurring DVTs and of bleeding 
whilst on anticoagulant therapy with vitamin K antagonists compared to non-cancer 
patients [2]. Patients on long-term vitamin K antagonist anticoagulant therapy who 
develop a DVT with a subtherapeutic INR can be treated with low molecular weight hep-
arin (LMWH) or unfractionated heparin (UFH) until a stable INR between 2.0 and 3.0 is 
achieved with vitamin K antagonists. If the DVT recurs with an INR within the therapeu-
tic range, there are two options available:
 1. Switch to an alternative anticoagulation method, such as subcutaneous (sc) UFH 

maintaining a therapeutic range (aPTT ratio 1.5–2.5) or with a weight-adjusted dose 
of LMWH.

2. Increase the INR (target 3.5). This option can be dangerous due to the elevated bleed-
ing risk in cancer patients.

Full-dose LMWH (200 U/kg once daily) can be reinstated in patients with a recurrent 
DVT, whilst they also receive long-term low-dose LMWH or a vitamin K antagonist. A 
second episode of DVT occurs in 9 % of these patients in whom this treatment strategy is 
well tolerated with few haemorrhagic complications [3].

In palliative care, long-term LMWH should represent the first line of treatment.

29.2.4  DVT Prevention

 5 Medical bedridden patients: Prophylaxis with UFH, LMWH or fondaparinux is  
advised in bedridden oncological patients and/or patients with an acute medical 
 complication [4].
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 5 Patients undergoing palliative chemotherapy for locally advanced or metastatic dis-
ease as outpatients:

 5 Routine prophylaxis is not recommended in patients with advanced-stage disease 
who are undergoing chemotherapy as outpatients, but may be discussed and con-
sidered in patients deemed to be at high risk [5].

 5 Consider LMWH or warfarin (INR ≈ 1.5) in patients affected by multiple myeloma 
who receive thalidomide and dexamethasone or thalidomide and chemotherapy [6].

 5 Prophylaxis in oncological patients treated with adjuvant chemotherapy and/or 
hormonal therapy is not recommended.

29.2.5  Central Venous Catheters (CVCs)

In the 1990s, two open-label randomised clinical trials suggested using warfarin or 
LMWH prophylaxis in patients with CVCs [7, 8]. More recent studies assessed the inci-
dence of CVC-related DVTs and found that the incidence is generally low, approximately 
3–4 %, and that there was no statistically significant difference between patients who 
underwent prophylaxis and those that did not [9–12]. The risk of thrombosis depends on 
the size and type of the catheter and on the site of insertion (peripheral vein, femoral, 
subclavian or jugular) [13]. Long-term skin-tunnelled catheters have a lower incidence of 
thrombosis compared to peripheral catheters [14].

 > Routine prophylaxis in order to avoid CVC-related DVTs is therefore not recom-
mended [15].

29.3  Long-Term Side Effects

A patient with a past history of neoplasm may be at risk of delayed side effects (sometimes 
occurring many years later). Therefore, the GP should plan regular check-ups and screen-
ing tests for these patients:

 5 Patients treated with mediastinal and/or chest wall radiotherapy (RT) (see chapter):
 5 Coronary artery disease
 5 Valvular heart disease
 5 Arrhythmias
 5 Pericardial disease
 5 Lung dysfunction
 5 Carotid artery disease and thyroid function if RT involved the upper mediastinum 
and/or the neck

 5 Radio-induced tumours: skin cancer, sarcomas in the irradiated area and breast 
cancer [16–18]

 5 People treated for cancer in childhood are at high risk of second tumour due to either 
chemo- and/or radiotherapy [19].

 5 Hormonal treatments. Check:
 5 Metabolic function (diabetes, dyslipidemia)
 5 Screen for ischaemic heart disease

 5 Testicular cancer:
 5 Check blood lipids regularly.
 5 Screen for ischaemic heart disease in patients treated with platinum
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29.4  Drug Interactions

Remember that several oncological drugs (in particular the tyrosine kinase inhibitors) 
may interfere with some cardiovascular drugs. If the oncological and cardiac treatments 
are prescribed independently by specialists who do not consult each other, the risk of 
interaction may be undervalued. The GP is the only physician who is fully aware of all the 
patient’s ongoing treatments.

 5 Check for interactions (see sites as 7 http://www.drugs.com/drug_interactions.html).
 5 Ask for a cardiology check-up or advice to potentially change the therapy if the 
patient is taking or has been given a prescription of:

 5 Verapamil, diltiazem, other calcium channel blockers
 5 Amiodarone, dronedarone, propafenone, flecainide
 5 Statins
 5 Digoxin
 5 Ranolazine
 5 Warfarin, dabigatran, rivaroxaban, apixaban
 5 Sotalol and any other drug which could prolong the QT interval

29.5  Most Frequent Cardiac Problems in Cancer Patients

Some cardiac problems are more frequent in cancer patients in comparison to the general 
population:

 5 Pericardial effusion at risk of cardiac tamponade. It should be considered as a possi-
bility if the patient has a worsening, dyspnoea, tachycardia, low blood pressure, pulsus 
paradoxus and engorged jugular veins (see chapter…).

 5 Atrial fibrillation and ventricular arrhythmias may significantly worsen the patient’s 
clinical condition and should be promptly treated. Ask for an electrocardiogram if an 
irregular heart rate is detected by the patient or observed during a routine visit.

 5 Dyspnoea, peripheral oedema and superficial thrombophlebitis are common prob-
lems which are worth to be analysed in details.

29.6  Dyspnoea

Dyspnoea is one of the most common symptoms in cancer patients.
 5 Breathlessness, ‘an uncomfortably awareness of breathing’, is a common symptom in 
cancer patients and particularly in palliative care patients (40–80 % prevalence)  
[20, 21].

 5 Breathlessness is a complicated symptom that involves physiological, psychological 
and environmental factors.

29.6.1  Causes of Dyspnoea [22]

 5 Primary lung cancer
 5 Mesothelioma
 5 Superior vena cava obstruction
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 5 Lung metastases
 5 Lymphoadenopathy
 5 Pleural effusion
 5 Pulmonary embolism/lung collapse/pneumonia
 5 Fibrosis
 5 Respiratory muscle weakness
 5 Carcinomatous lymphangitis
 5 COPD/asthma
 5 Heart failure/arrhythmias/pericardial effusion
 5 Diaphragmatic weakness or pressure by ascites
 5 Anaemia
 5 Uraemia
 5 Anxiety

29.6.2  Assessment of Dyspnoea

 5 A detailed history and examination of the patient is essential:
 5 Ask about timing and speed of onset of breathlessness.
 5 Ask about exacerbating and relieving factors.
 5 Identify co-morbidities and ask about the patient’s past medical history.

 ! Attention
Dyspnoea may not be directly caused by cancer.

29.6.3  Investigations (Personalised for Each Individual Patient)

 5 Full blood count (for anaemia)
 5 Chest X-ray (for consolidation/pleural effusion/lung collapse/heart failure)
 5 CT scan of the chest (for pulmonary embolus)
 5 ECG for arrhythmias

29.6.4  Management of Dyspnoea

 General Measures
 5 Communication with the patient is essential: allowing the patient to talk freely about 
their concerns, about symptoms that they are experiencing and how these are affect-
ing their quality of life.

 5 Explaining potential factors, which may be contributing to the patient’s breathless-
ness, as well as discussing the management plan of the symptoms, helps to gain both 
the patient’s and their carer’s trust. Using a calm approach and reassuring the patient 
that there are different drugs that can help reduce the symptoms can go some way to 
alleviate the distress of the patient and their carers.
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 Treatment of Reversible Causes and Disease-Specific Measures [22]

 Symptomatic Measures: Drugs
 z Bronchodilators

A trial of bronchodilators can be useful if there are signs of bronchoconstriction (even 
without an obvious ‘wheeze’):

 5 Beta-adrenoceptor agonists, e.g. salbutamol 2.5–5 mg via nebuliser or two puffs with 
an inhaler every 6 h. NB: can give anxiety, tremors or tachycardia if used frequently.

 5 Anticholinergic bronchodilators, e.g. ipratropium bromide 250–500 mcg via nebuliser 
or two puffs with an inhaler every 6 h.

 5 Saline chloride (0.9 %) 5 ml via nebuliser may reduce dense secretions and aid expec-
toration (. Table 29.1).

 z Corticosteroids
Steroids can reduce tumour-associated oedema and can improve dyspnoea in lung metas-
tases, tracheal obstruction/SVCO or lymphangitis carcinomatosa:

 5 Dexamethasone 4–8 mg daily (one should see an improvement within 1 week)

 z Opioids
Morphine reduces an excessive respiratory drive and significantly reduces the respiratory 
response to hypoxia and hypercapnia. By reducing the rate of respiration, each breath 
becomes deeper and more efficient; anxiety and the sense of dyspnoea are reduced.

¦¦¦¦¦¦¦¦ Table 29.1 Dyspnoea: causes and disease-specific management options

Cause Management options

Lung cancer Chemotherapy/radiotherapy

Bronchospasm Bronchodilators/corticosteroids

Infection Antibiotics +/− corticosteroids if COPD

Pleural effusion Pleural aspiration/drainage/pleurodesis

Pulmonary embolism Anticoagulation (LMWH)

Heart failure Diuretics/nitrates/antiarrhythmics

Anaemia Blood transfusion/iron/erythropoietin

Lymphangitis 
carcinomatosa

Corticosteroids/diuretics/bronchodilators

Large airway obstruction Radiotherapy/stenting if extrinsic compression/laser treatment/
brachytherapy/corticosteroids

SVC obstruction Radiotherapy/chemotherapy/stent/corticosteroids
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Evidence has shown that morphine is useful in treating breathlessness related to 
 cancer, heart failure, COPD and pulmonary fibrosis [23]:

 5 Oral morphine 2.5–5 mg as required or at regular 4 h intervals if dyspnoea is   
continuous

 z Benzodiazepines
These can be useful in patients who experience symptoms of panic and hyperventilation 
or at night when breathlessness disturbs sleep:

 5 Diazepam 2–5 mg at night, twice daily or as required
 5 Lorazepam 0.5–2 mg as required
 5 Midazolam 5 mg (SC) at night

 z Oxygen [24]
Oxygen may help patients who are breathless and hypoxic at rest or on exertion. It may 
help relieve dyspnoea in patients (even with a normal PaO2) due to the effect of facial cool-
ing by the oxygen or as a placebo effect. Many cancer patients feel breathless in the absence 
of hypoxia; therefore, it is difficult to know which patients may benefit from additional 
oxygen. Intermittent or continuous domiciliary oxygen can be prescribed for the pallia-
tion of breathlessness in patients with cancer.

 z Terminal Stage of Disease
Dyspnoea can be difficult to manage despite the use of all available measures and medica-
tion, particularly in the end stages of disease. If this is the case, sedation may be required 
to alleviate the patient’s distress.

Medications used to manage dyspnoea can include morphine and midazolam deliv-
ered in a syringe driver as a continuous subcutaneous/intravenous infusion.

 Symptomatic, Non-pharmacological Measures [22]
These measures can be used in conjunction with pharmacological measures:

 5 A draught of air from a fan or open window
 5 Massaging the back of the neck during an episode of respiratory distress
 5 Positioning the patient appropriately:

 5 Upright position to improve lung expansion and to reduce pressure from the 
abdomen.

 5 Lying high on one side can help if the patient has copious secretions and avoids 
aspiration.

 5 Sitting forward with arms resting on thighs helps relax the upper chest muscles 
and aids expansion of the diaphragm.

 5 Physiotherapy for breathing exercises
 5 Teaching relaxation techniques
 5 Cognitive behaviour therapy to help manage negative thoughts

Complementary therapies such as acupuncture
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29.7  Peripheral Oedema

Peripheral oedema is rather common in cancer patients, mostly in those with 
 advanced- stage disease and/or limited physical activity. It raises the problem of differen-
tial diagnosis between:

 5 Cellulitis
 5 Lymphoedema

 (pelvic tumours, lymph node dissection, tumour infiltration or damage secondary to 
radiotherapy to regional lymph nodes)

 5 Severe hypoalbuminaemia
 (malnutrition, metabolic effects of cancer, hepatic insufficiency, third spacing, e.g. 
ascites)

 5 Rupture of a Baker’s cyst
 5 Salt and water retention

 (NSAIDs; corticosteroids; cardiac, hepatic or renal failure; increased intra-abdominal 
pressure, e.g. ascites)

 5 Deep-vein thrombosis (DVT)

If unilateral or predominantly affecting one limb, the first step is to exclude a diagnosis of 
DVT (see above).

If a DVT has been excluded, it is important to distinguish between simple oedema and 
lymphoedema (. Table 29.2).

 5 Blood tests: serum electrolytes, urea, creatinine, liver enzymes, serum albumin

29.7.1  Treatment

 1. Furosemide 25–40 mg PO OD (am). If, after 3–4 days, there is no response to the 
treatment, the morning dose can be doubled, and/or a second dose can be added (half 
the morning dose can be given at midday).

 2. Spironolactone 100 mg PO OD (am).
3. Dexamethasone 8 mg PO OD (dose to be gradually reduced).

¦¦¦¦¦¦¦¦ Table 29.2 Differential approach for simple oedema vs. lymphoedema

Simple oedema Lymphoedema

Pitting oedema Present Usually absent

Elevation of the affected limb Useful Not useful

Diuretics Useful Not useful

Skin Taught, smooth Hyperkeratotic, secretory

Affected limbs Bilateral, lower limbs Unilateral, can affect upper limbs

Cortisone No Yes, high dose
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 > Note:
If serum albumin levels are low (<2.5 g/dl), there are neither pathophysiological 
explanations nor are there trials or observational studies to justify the use of exog-
enous albumin in order to re-establish normal albumin levels in malnourished 
patients.
Albumin should not be used in patients that require a nutritional intervention as 
its composition is unbalanced and lacking in particular amino acids; it can interfere 
both with protein synthesis and with endogenous albumin itself [25]. For these rea-
sons as well as its capability to accelerate the breakdown of endogenous albumin, 
hypoalbuminaemia can rapidly be accentuated by exogenous albumin.
For nutritional purposes, albumin must be substituted with enteral or parenteral 
nutrition.
Rigid salt and water restriction has little sense in palliative care as such restrictions 
only go to reduce the patient’s quality of life. However, limiting the foods with a 
high sodium content (e.g. sausages, jam, cheese, foods containing preservatives, 
canned foods) and promoting an adequate potassium intake are useful to prevent 
excessive water retention [26, 27].

Tip

Accurate skin care to avoid infections (in case of impetigo, start oral treatment with 
AM-CL, azithromycin, clarithromycin or mupirocin 2 % cream or fusidic acid 2 % 
cream TDS for 5–7 days)
Protection against trauma
Lymphatic drainage
Compression stockings
Exercises at the patient’s bedside

29.8  Superficial Thrombophlebitis

Superficial thrombophlebitis should be suspected in presence of striae or a hot painful 
palpable subcutaneous cord along the course of a healthy vein, in the presence of a trau-
matised varicose vein and/or which has been used for an infusion, sclerotherapy or CVC 
insertion or in a patient with a source of infection.

29.8.1  Superficial Thrombophlebitis in a Healthy Vein

Request colour Doppler ultrasound:
 5 To assess its size, location and embolisation risk
 5 To follow its evolution and establish length of treatment
 5 To search for possible DVTs
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 Management
Objectives:

 5 To prevent its progression and possible embolisation
 5 To address the inflammation and clinical problem

 Treatment
 5 Low- or medium-dose LMWH or UFH for a variable duration based on the degree of 
the clinical problem (on average 4 weeks) (Grade A)

 5 Low-dose fondaparinux (2.5 mg/die) for 45 days (Grade A)
 5 Alternative treatment: warfarin (target INR 2–3) for 4 weeks (Grade B)
 5 Graduated compression stockings (Grade B)

 > Note: If the superficial thrombophlebitis progresses into the deep venous system or 
2–3 cm from it = treat at a DVT. Assess PE risk (if suspicious → send to A&E).

 Follow-up
 5 Check full blood count and coagulation profile after 7 days.
 5 Check-up after 20 days + colour Doppler ultrasound if required.
 5 The decision on the LMWH or UFH dose is related to the presence of risk factors, its 
size, location and the severity of the clinical presentation.

29.8.2  Superficial Thrombophlebitis in a Varicose Vein

Request occasionally colour Doppler ultrasound (based on clinical opinion).

 Management
Objectives:

 5 To address the inflammation and clinical problem

 Treatment
 5 Remove the cause
 5 Topical of systemic NSAIDs
 5 Antibiotics if signs of infection
 5 Graduated compression stockings
 5 LMWH or fondaparinux in selected cases (see below)

29.8.3  Superficial Thrombophlebitis of the Great Saphenous  
Vein Progressing into the Deep Femoral Vein

This should be considered to all intents and purposes a DVT and therefore treated as such 
with anticoagulant therapy [28].
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29.8.4  Superficial Thrombophlebitis of the Small and Great 
Saphenous Veins not Extending to the Deep Venous System

First-line therapy is LMWH (based on the patient’s weight, at therapeutic doses) contin-
ued for 2–4 weeks or fondaparinux (2.5 mg in a single daily dose) for 45 days or heparin 
calcium (25,000 U/daily in two subcutaneous daily doses) maintaining an aPTT ratio of 
1.5–2.5 [29].

29.8.5  Superficial Thrombophlebitis Affecting Other  
Parts of the Body

Low-dose heparin calcium or LMWH is recommended for 2 weeks in association with 
NSAIDs. Compression bandaging is extremely important, using bandages that have a 
medium–high elasticity with a low-pressure gradient between pressure during activity 
and pressure at rest.
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