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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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