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Abstract 

 

The population of cancer survivors has tremendously increased over the past decades as a 

result of aging of the population and improvements in early cancer detection and treatment.  

Ongoing successes in cancer treatment are expected to result in a further increase of long-term 

survivors. However, cancer treatment can have detrimental cardiovascular side effects that 

impact morbidity and mortality, reducing quality of life in cancer survivors. The spectrum of 

radio- and chemotherapy-induced cardiovascular disease is broad, varying from subclinical 

valvular dysfunction to overt congestive heart failure and may not be apparent for more than 

twenty years after the initial cancer treatment. Awareness of these long-term side effects is of 

crucial value for the management of these patients, in order to reduce the impact of 

cardiovascular morbidity and mortality. This review provides a comprehensive overview of 

the long-term cardiovascular complications of cancer treatments (radiotherapy and 

chemotherapy) in adult cancer survivors. 
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1. Introduction 

Over the past decades, improvements in early cancer detection and treatment have 

significantly improved survival rates of many malignancies[1]. Furthermore, the incidence of 

cancer patients has increased (and will increase further) due to aging of the population[2]. As 

a result of these two trends, the population of cancer survivors is growing rapidly in the 

Western world. In 2012, nearly fourteen million cancer survivors were alive in the United 

States and it has been postulated that this will increase to eighteen million by 2022[2]. A 

similar trend is observed in Europe[3]. 

Within the population of cancer survivors, the awareness for health problems that can 

occur after cancer survival is increasing. Besides the risk of recurrent or secondary 

malignancies, functional disabilities and psychosocial distress, cancer survivors are prone to 

develop cardiovascular disease (CVD)[4,5]. Figure 1 provides an example on the 

characteristic survival pattern observed in survivors of Hodgkin’s disease.[6]  Compared to 

people without a cancer history, CVD risk is 30% higher in adult cancer survivors[7]. In 

addition, CVD is the most common cause of non-cancer death among cancer survivors and 

significantly reduces the eight-year overall survival from 81% to 60% compared to cancer 

survivors without CVD [8,9]. 

Traditionally, cancer and CVD were considered two different entities. However, there 

is growing evidence that there might be a common biological pathway, as cancer and CVD 

share common risk factors such as ageing, smoking and obesity[10]. Patients with these pre-

existing risk factors at baseline are also more likely to develop CVD during and after 

anticancer treatment[11]. Finally, preliminary evidence suggests that subclinical myocardial 

damage can occur prior to anticancer treatment, implicating an effect on cardiac function by 

the malignant process itself[12].  

 The spectrum of anticancer treatment-induced CVD is wide, varying from valvular 

heart disease (VHD) and constrictive pericarditis to ischaemic heart disease and overt 

congestive heart failure (CHF)[13]. The first clinical manifestations may appear more than 

twenty years after exposure[4]. Awareness of these long-term side effects is therefore of 

importance in the follow-up and management of these patients. This review provides a 

comprehensive overview of the long-term cardiovascular (CV) complications of anticancer 

treatments (radiotherapy, chemotherapy and targeted therapy) in adult cancer survivors. Acute 

CV complications of anticancer treatments in adults[14], as well as long-term side effects in 

childhood cancer survivors will be discussed elsewhere in this issue and are out of the scope 

of this review.  



2. Long-term radiotherapy-induced cardiovascular disease 

Radiotherapy (RT) is an integral component of anticancer treatment in nearly 50% of cancer 

patients[15]. Exposure of the heart to RT has been associated with severe long-term CV 

complications in cancer survivors. In the 1960’s, it was first recognised that thoracic RT 

might induce severe CV sequelae[16], which led to drastic refinements in RT techniques over 

the past decades. As a result, acute complications (i.e. acute pericarditis) have become rare 

and most RT-induced complications manifest ten to twenty years after exposure[17]. It is 

expected that the long term complications will be reduced by the implementation of more 

heart-sparing techniques. 

Histopathological, the hallmark of RT-induced damage is fibrosis[18]. The underlying 

pathophysiological mechanism inducing fibrosis formation is not fully elucidated. Current 

theories are based on results from animal studies and suggest a complex combination of 

micro- and macrovascular pathology[15,19]. RT induces microvascular injury which 

eventually lead to loss of endothelial cells and endothelial dysfunction. Macrovascular 

damage enhances the acceleration of atherosclerosis, leading to narrowing of the lumen of 

coronary arteries and further deterioration of the endothelial function and ischaemia [20].  

Even though RT can affect virtually every structural component of the CV system, the 

proximal aorta, coronary arteries, valves, pericardium, and conduction system are 

predominantly affected[17] (Figure 2). Small studies have also suggested regional functional 

myocardial dysfunction due to direct exposure to RT[21]. Risk factors for RT-induced CV 

complications are younger age at time of RT exposure, dose>30 Gray (Gy) or a fractional 

dose of >2Gy, the use of concomitant cardiotoxic systemic chemotherapy (i.e. anthracyclines) 

and the presence of CV risk factors or pre-existing CVD at baseline [13]. As a result, RT-

induced sequelae are predominantly seen in survivors of Hodgkin’s disease and, to a lesser 

degree, survivors of breast cancer. Additionally, RT-induced complications are increasingly 

reported in survivors of oesophageal and lung cancer, as the survival rates of these 

malignancies are increasing[22,23].  

In a large meta-analysis, pooling results of more than 45,000 survivors of Hodgkin’s 

disease, breast cancer, lung cancer and metastatic testicular cancer, the risk of long-term heart 

failure was 1.8-fold increased for patients treated with mediastinal RT (95% confidence 

interval (CI) 1.1-3.1)[24]. In survivors of Hodgkin’s disease, the 40-year cumulative 

incidence for any CVD was 25% (95% CI 17%-33%) for patients not treated with mediastinal 

RT or anthracyclines, which more than doubled to 55% (95% CI 41%-52%) for patients 

treated with mediastinal RT alone [25]. 



 

2.1 Coronary artery disease  

The association between RT and ischaemic heart disease was controversial for many years 

and first fully recognised after the publication of large epidemiologic studies in the 1990’s on 

survivors of Hodgkin’s disease and breast cancer[26,27]. In a retrospective Dutch cohort 

study of 2,524 survivors of Hodgkin’s disease who were treated with RT between 1965-1995, 

a 40-year cumulative incidence for coronary artery disease (CAD) as first cardiac diagnosis 

after treatment of 23% (95% CI 21%-25%) was reported[25]. Within this cohort, the majority 

of patients developed more than one cardiac event, of which CHF was the most prevalent 

secondary diagnosis [25]. Compared to the general population, the risk for angina pectoris 

and fatal myocardial infarction was 4.1 and 3.6-fold increased for survivors of Hodgkin’s 

disease [4]. With respect to survivors of breast cancer, a large population-based case-control 

study in 2,168 women who underwent RT between 1958 and 2001, reported that women 

receiving left-sided RT had significantly higher rates of ischaemic heart disease compared to 

those receiving right-sided RT (mean dose to the heart for left- versus right-sided of 6.6 Gy 

and 2.9 Gy)[28]. The risk of major cardiac events increased linearly with 7.4% per Gy 

inflicted to the heart, emphasizing the need for heart-sparing techniques[28].  

Although the mechanism of atherosclerotic plaque formation, -rupture and occlusion is 

similar as in non-radiated patients, RT-induced CAD seems to be slightly different from 

conventional CAD. Firstly, post-mortem examination of irradiated patients revealed that the 

plaques were more fibrous and contained less lipid components[18]. Secondly, plaques in 

irradiated patients are more often located in the ostium of arteries and tend be smoother, 

longer and more concentric than conventional atherosclerotic plaques[29]. Finally, the left 

descending coronary artery is most often affected[30] (Figure 3). As a result, percutaneous 

intervention in RT-induced CAD is more challenging. Importantly, irradiated cancer 

survivors can remain asymptomatic for a relatively long period of time, even in presence of 

severe CAD and sudden cardiac death may be the first clinical manifestation[31].  

Official guidelines on screening and follow-up of cancer survivors at risk for CAD are 

lacking. However, according to preliminary guidelines/expert consensus, it is advised to start 

screening for CAD in patients who received thoracic RT five to ten years after exposure and 

repeat imaging every five year[20]. Imaging modality of choice is depended local preferences 

and availability, although cardiac CT might be preferably in a pre-operative setting to rule out 

a porcelain aorta. For longitudinal follow-up, stress echocardiography and cardiac magnetic 

resonance are both feasible modalities, as they are free of ionising radiation [20]. 



 

2.2 Valvular heart disease 

RT-induced VHD is a common complication in cancers survivors irradiated with outdated 

RT-techniques, with incidences varying between 6-31%[32–34]. In a large case-control study 

among 1,852 survivors of Hodgkin’s disease irradiated between 1965-1995, the 30-year 

cumulative risk for any valvular involvement was 3.0% for a dose of 30 Gy, which 

exponentially increased to 12.4% at doses of more than 40 Gy[35]. A splenectomy, at that 

time routinely performed in all patients with Hodgkin’s disease for staging and treatment, 

more than doubled the risk for VHD (relative risk 2.3, 95% CI 1.3-4.3), suggesting a 

synergetic role for inflammatory factors and RT in the pathophysiology of RT-induced 

VHD[35]. In a more recent study among lymphoma survivors treated with an autologous 

haematopoietic stem-cell transplant, chemotherapy and mediastinal RT between 1988 and 

2008, mild valvular involvement was identified in almost 20% of the patients. Risk factors in 

this cohort for VHD were RT-dose>30 Gy, female gender, age>50 years at diagnosis and >3 

lines of chemotherapy prior to stem-cell transplant[36].  

Within one year after exposure, the first signs of RT-induced valvular damage can 

already be noted on echocardiography as valvular retractions and shortening of the mitral and 

aortic valve[37]. After ten to twenty years, the leaflets progressively become more fibrous 

leading to regurgitation and infrequently valvular stenosis. The combination of calcification 

of the aortic-mitral continuum and both the aortic and mitral valve, is the hallmark for RT-

induced VHD on echocardiography[38]. Typically, the commissures and tips of the leaflets 

are relatively spared by RT (Figure 4), in contrast to rheumatic disease induced valvular 

dysfunction[39].  

 

2.3 Pericardial disease 

Prior to the 1970’s, acute (pleuro)pericarditis was the most common CV complication after 

RT, which usually presented within four weeks after exposure[17]. Nowadays, with the 

implementation of more heart-sparing techniques, acute pericardial complications have 

become rare[13]. Nevertheless, chronic pericarditis is a relatively common side effect and 

may occur in 2.5% of cancer survivors after RT to the heart, typically manifesting as fibrous 

constrictive pericarditis[40].  

The majority of the patients are diagnosed with asymptomatic pericardial effusion 

which may resolve spontaneously, although tamponade with hemodynamic compromise can 

occur[40]. An onset of pericardial effusion more than two years after RT-exposure is 



uncommon and requires exclusion of other etiologic factors, such as infection, CHF and 

carcinomatous pericarditis[17]. Additionally, the presence of post-RT pericardial 

complications is a sign of severe mediastinal exposure and therefore almost never an entity on 

its own[41]. Hence, screening for other comorbidities (i.e. CAD) is of crucial value. 

 

2.4 Conduction abnormalities and arrhythmias 

A large spectrum of conduction abnormalities and arrhythmias has been reported in irradiated 

cancer survivors, including sinus node dysfunction, atrioventricular block, and 

(supra)ventricular arrhythmias[42]. Of the intraventricular conduction disorders, right bundle 

branch block is more frequently observed due to its proximity to the radiation field[17]. 

Furthermore, T-wave inversions were reported in 45% of breast cancer patients six months 

after left-sided RT[43]. However, electrocardiograms normalised in the majority after ten 

years. A long-term follow-up of 44,423 early-stage breast cancer patients irradiated between 

1982-2005 showed no significant increased risk for conduction abnormalities or severe 

ventricular arrhythmias in this cohort[44].  

 

3. Long-term systemic therapy-induced cardiovascular disease 

Exposure to systemic therapy (chemotherapy or targeted therapy) may pose a threat for CV 

health in cancer survivors in many ways. The most notorious long-term adverse effect is 

systemic therapy-related cardiac dysfunction. Table 1 provides an overview of current 

publications on long term cardiovascular complication in systemic therapy. We would like to 

emphasize that long-term follow-up data on CV complications are lacking in the majority of 

(modern) systemic therapy agents and that several of the correlations of CV complications 

after systemic therapy could be confounded by the concomitant use of antracyclines. 

Other CV complications have been reported including arrhythmias, thromboembolic disease, 

and peripheral and cerebrovascular disease[13]. As these complications typically occur during 

or shortly after cardiotoxic chemotherapy, this falls outside the scope of this review.  

 

3.1 Left ventricular dysfunction and congestive heart failure  

Systemic therapy-related cardiac dysfunction is a relatively common complication and 

associated with clinical relevant CV morbidity and mortality, as well as reduced quality of life 

in cancer survivors[14,45]. The incidence and extent of left ventricular (LV) dysfunction is 

highly depended on the type of agent used, and in most cases the cumulative dose.  



Traditionally, two types of cardiotoxicity (type I and II) of systemic therapeutic agents 

were described, based on the potential reversibility of the induced myocardial dysfunction. 

Type I agents (e.g. anthracyclines) induce irreversible, dose-dependent myocardial 

dysfunction due to the induction of myocardial cell loss by apoptosis. Type II agents (e.g. 

trastuzumab) on the other hand have been found to be dose independent and typically these 

patients show a reversible LV dysfunction upon cessation of chemotherapy[14]. However, 

this classification is nowadays considered arbitrary, as new evidence among cancer survivors 

points out that patients treated with type II agents can develop persistent LV dysfunction[46].  

 

Table 1. Systemic therapy agents associated with long-term LV dysfunction 

Chemotherapy agents  

Anthracyclines Daunorubicin[47] 

 Doxorubicin[47] 

 Epirubicin[47] 

 Idarubicin [48] 

 Mitoxantrone [48] 

Alkylating agents  Cyclophosphamide* [49] 

Antimicrotubule agents  Docetaxel* [49] 

 Paclitaxel* [50] 

Targeted therapy agents  

Monoclonal antibodies  Trastuzumab[51] 

 Pertuzumab [52] 

 Bevacizumab** [53] 

Tyrosine kinase inhibitors Sunitinib** [53] 

 Lapatinib  [52] 

 Pazopanib**[53] 

 Sorafenib ** [53] 

* = in combination with other anthracyclines, ** = potential long-term effects 

 
  
Anthracycline-induced cardiotoxicity 

Since their introduction in the 1970’s, anthracyclines constitute the cornerstone for the 

treatment of haematologic malignancies, breast cancer and many more[47]. In the first 

studies, incidence of anthracycline-induced cardiotoxicity (AIC) varied between 16-



23%[54,55]. Several refinements in the following decades (e.g. reduction of cumulative dose 

and infusion scheme) aimed to reduce the incidence of clinically relevant cardiotoxicity. A 

large meta-analysis, pooling results from almost 50,000 cancer patients in the current era of 

adjusted chemotherapy protocols, reported an incidence in patients treated with anthracyclines 

for clinical overt cardiotoxicity and subclinical cardiotoxicity of 6% (95%CI 3%-9%) and 

18% (95%CI 12%-24%) respectively[47].  

The main underlying pathophysiological mechanism for AIC is presumably based on 

an interaction between anthracyclines and topoisomerase-2, which results in DNA damage 

in the cardiomyocytes followed by irreversible cell loss[56]. This risk of irreversible 

myocardial injury increases exponentially with cumulative anthracycline dose[57], which 

consequently led to restrictions of administered cumulative dose. Other additional risk factors 

associated with an increased risk for AIC are concomitant (or previous) thoracic RT, African-

American ancestry, age( <15 or >65 years), other (cardiac) comorbidities, female gender and 

the use of other cardiotoxic chemotherapeutic agents[47].  

In the majority of patients receiving anthracyclines, AIC occurs within the first year 

after exposure[58]. However, clinical manifestation of AIC may appear years later, due to 

extensive compensatory mechanisms of the myocardium[59]. If AIC manifests as overt CHF, 

the response to treatment is poor and prognosis grim as the majority of patients die within two 

years[60,61]. On the other hand, if prompt heart failure treatment is initiated when the first 

sings of LV dysfunction are detected, LV function may show some reversibility[58].  

 

Non-anthracycline-induced cardiotoxicity 

Targeted therapy is also associated with the occurrence of treatment-related cardiac 

dysfunction. Trastuzumab, a monoclonal antibody against the human epidermal growth factor 

receptor-2 (HER-2), was introduced in the late 1990’s as adjuvant therapy for women with 

HER-2 positive breast cancer[52]. The first study reported an alarming high incidence for 

severe LV dysfunction of 27% in women treated with a combination of anthracyclines, 

cyclophosphamide and trastuzumab[62]. Based on the hypothesis of synergetic cardiotoxicity, 

trastuzumab was from that point on administered separately from anthracycline treatment and 

it was advised to monitor left ventricular ejection fraction (LVEF) periodically[63]. A recent 

meta-analysis of almost 30,000 women treated with trastuzumab reported an incidence for 

severe cardiotoxicity of 3% (95%CI 2.41-3.64) at three year follow-up[51]. Older age, a 

history of anthracycline administration, hypertension, obesity and diabetes are risk factors for 

trastuzumab-induced LV dysfunction[64,65]. 



 In a recent randomised clinical trial (RCT), patients who received anthracyclines, 

cyclophosphamide and paclitaxel (n=743) were compared with patients treated with the same 

chemotherapy regime, but with additional weekly trastuzumab (n=947). After seven years, 

cardiac events, defined as a LVEF decline of more than 10%, cardiac death or manifestations 

of CHF, occurred in 4% of the patients in the trastuzumab-arm versus 1.3% in the control 

arm[50]. The risk for cardiac events greatly increased in patients who had a LVEF of 50-55% 

after anthracyclines (HR 11.8, 95%CI 3.9-36.0), suggesting that sequential trastuzumab 

administration might aggravate underlying myocardial damage. From all patients with LVEF 

decline, the majority recovered to baseline within twelve months. Nevertheless, a persistent 

decline in LVEF was reported in 3.8% of the entire cohort, supporting the raising concern on 

the reversibility of trastuzumab-induced LV dysfunction on the long-term[50]. It is 

conceivable that trastuzumab might induce subclinical cardiotoxicity, which may go 

unrecognized by conventional LVEF measurements since novel cardiac imaging parameters 

are abnormal in an earlier stage[66]. The relevance of these observations, as well as the ‘true’ 

reversibility of these subclinical changes has to be explored in long-term follow-up studies.  

 Although long-term data on the cardiac outcome is lacking, it is worth mentioning the 

potential cardiotoxic effects of other newer targeted therapeutic agents. For pertuzumab and 

lapatinib, two more recent developed anti-HER2 agents, preliminary evidence suggest that 

cardiotoxicity might be similar or less than trastuzumab[52]. In a recent meta-analysis, 

antivascular endothelial growth factor (VEGF) agents, such as bevacizumab and sunitinib, are 

associated with increased cardiac dysfunction and cardiac ischaemia (OR 1.35 (95%CI 1.06-

1.70) and OR 2.83 (95%CI 1.72-4.65)) compared to other systemic agents[53]. For CHF or 

fatal CV events, no significant risk was identified.  

With respect to the long-term influence of adjuvant endocrine therapies on CVD in 

postmenopausal breast cancer survivors, the literature is conflicting. In a recent study 

aromatase inhibitors are associated with a higher risk of myocardial infarction compared with 

tamoxifen with a HR of 2.02 (95% CI 1.16-3.53)[67]. A large observational study including 

over 13.000 patients with over 72.00 person-years, on the other hand, showed that the risk of 

the most serious cardiovascular events (cardiac ischaemia or stroke) was not elevated in 

aromatase inhibitor users compared with tamoxifen users[68]. Prospective follow-up studies 

will be needed to evaluate the precise long-term risk and the identification of potential 

baseline risk factors in these patients. 

 Androgen-deprivation therapy through surgical castration is equally effective as 

medical castration in controlling prostate cancer. This treatment, in particular long-term 



treatment, has been associated with a higher risk of peripheral artery disease as well as cardiac 

complications[69], especially in men with a cardiovascular medical history[70] while short 

term treatment does not show this association at long-term follow-up[71]. It should be noted 

that these data come from observational studies and are therefore prone to bias. A recent 

systematic review pointed out the lack of published, reliable evidence (in other words, no 

RCTs) describing the effects of androgen-deprivation therapy on CVD risk factors[72]. 

 

3.2  Metabolic disorders   

The awareness for late metabolic disorders among cancer survivors is increasing. Compared 

to age and gender matched controls, cancer survivors have higher incidences of hypertension 

(65.9% vs 59.5%), diabetes mellitus (23.4% vs 21.5%), dyslipidaemia (57.9% vs 55.9%) and 

obesity (43.4% vs 35.4%, p<0.01 for all)[9]. These disorders can be clustered by the term 

‘metabolic syndrome’. Although no consensus is reached on its exact criteria, the metabolic 

syndrome comprises risk factors of metabolic origin that often occur simultaneously[73]. 

Metabolic syndrome increases the risk for atherosclerotic disease and might therefore 

attribute to the overall CV risk in cancer survivors[74].  

 

Hypertension 

The most extensively studied component of the metabolic syndrome in cancer survivors is 

hypertension. Although multiple systemic therapeutic agents may induce hypertension, anti 

VEGF agents are most often associated with the onset of hypertension[75]. Depending on the 

type of anti VEGF agent and patients’ characteristic, the incidence of hypertension induced by 

anti VEGF agents varies between 11-43%[75]. In pooled results of 77 phase III and IV RCTs, 

VEGF-based chemotherapy is associated with a higher risk for hypertension and malignant 

hypertension, defined as >180/110 mm Hg with ORs of 5.28 (95% CI 4.53–6.15) and 5.59 

(95% CI 4.67–6.69) respectively[53]. Although long-term outcomes of these patients are 

lacking, prompt antihypertensive therapy is recommended in order to minimize long-term 

complications[13].  

 Besides anti-VEGF agents, exposure to systemic treatment with cisplatin is associated 

with long-term hypertension, in particular in survivors of testicular cancer. In a twenty-year 

follow-up study of 990 survivors of testicular cancer, exposure to cisplatin-based 

chemotherapy or cisplatin-based chemotherapy combined with infradiaphragmatic RT 

significantly increased the use of antihypertensive drugs (OR 3.1 (95%CI 1.9-5.2) and OR 3.7 

(95%CI 1.6-8.9) respectively)[76]. Treatment with RT alone did not increase the risk for 



hypertension. Furthermore, exposure to systemic cisplatin increased the prevalence of 

diabetes from 4.0% in the surgery group to 15.6%. In addition, combination therapy with 

cisplatin and infradiaphragmatic RT also dramatically increased the risk for CAD (HR 5.3, 

96%CI 1.5-18.5) compared to patients treated with surgery alone suggesting a strong 

influence of metabolic disorders in the pathogenesis of CAD in these patients [76]. 

 

4. Future perspectives   

In the past decades, significant improvements have been made in early cancer detection and 

treatment leading to improved prognosis in cancer patients. However, cancer treatment has 

detrimental long-term effects on CV health and early recognition of unwanted side effects is 

needed to initiate preventive treatment at an early stage in high-risk patients. Figure 5 

provides a schematic overview of the available literature we set out in this overview article. 

 To answer the specific clinical problems cancer survivors nowadays face, prospective 

information is needed to fill the current gaps in knowledge. Of particular interest are the long-

term outcomes of patients treated with non-anthracyclines as well as the role of conventional 

CV risk factors in cancer survivors. To do so, harmonisation of clinical healthcare pathways 

combined with a large registry of CV follow-up are necessary to make warranted clinical 

decisions. Promising initiatives so far include specialized cardio-oncology units [77] and 

long-term prospective screening programs for multiple CV- and other complications 

(e.g. kidney disease, depression), as is current practice in the Netherlands.  It is anticipated 

that these and future multidisciplinary efforts will reduce the impact of anticancer treatment 

related side effects and thereby improve the long-term outcome of these patients considerably.  
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