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aBsTRaCT

Emerging evidence supports that cancer incidence is increased in patients with heart 
failure (HF). Recently, data is provided that a causal relationship exists between both 
diseases. Circulating factors due to HF have shown to promote tumor growth and 
development in murine models. Common pathophysiological mechanisms linking HF 
and cancer are inflammation, neuro-hormonal activation, oxidative stress and a dys-
functional immune system. These shared mechanisms and risk factors further support 
the hypothesis that patients with HF are prone to develop cancer. Clinical awareness is 
essential to optimize treatment strategies of patients having developed cancer with a 
history of HF. Investigating new insights that could link HF and malignancy is an exciting 
new field of research and will be discussed in this review.
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InTRoDUCTIon

Cardiovascular (CV) disease and cancer are the two major causes of death worldwide. 
In Europe, CV mortality accounts for nearly 4 million deaths (45%) among men and 
women.1 At the same time, more than one quarter of all people in Europe die of cancer, 
and cancer accounts for an even higher share (~30%) of deaths among men than among 
women (~25%).2

Thanks to better prevention, smoking ban, dietary measures but also improvement in 
treatment, with combinatorial medication and early percutaneous cardiac interven-
tion, CV mortality has declined in recent decades. But at the same time, cancer-related 
mortality appears to have risen.3 Historically, in epidemiological studies, mortality was 
often categorised as being either due to CV disease, cancer, or ‘other’. Yet, a sizeable 
proportion of patients will develop both CV disease and cancer. Indeed, the field of 
cardio-oncology has attracted increasing interest, as cancer survivors might develop CV 
disease as a result of chemotherapy, radiotherapy, and immunotherapy, often in combi-
nation.4,5 As a result, it is now advocated that in cancer patients, their CV risk factors must 
be assessed (preferably at baseline, i.e before cardio-toxic treatment), and also that such 
patients should be monitored long term for development of CV disease and be treated 
aggressively, if needed .6,7

In recent years, some epidemiological studies have reported that the reverse may also 
be true, i.e. that the incidence of cancer in some patients with heart failure (HF) is elevat-
ed.8–15 These data show that cancer development and related mortality are substantial in 
patients with CV disease, in particular HF. However, no attention or (CV disease related) 
guidelines or recommendations currently exist with regards how best to identify or treat 
cancer in patients with prevalent CV disease. Furthermore, these studies only point to an 
association between HF and cancer, but the pathophysiological mechanisms underlying 
this association, ie. the mechanisms involved, have remained unclear.

Recently our group has shown that in an animal model of HF, in mice that were prone to 
the develop colorectal cancer, the presence of HF was associated with increased tumor 
development and growth.16 In an accompanying editorial it was discussed that these 
results will stimulate further delineation of the connections between heart failure and 
cancer.17 In addition, in the same issue of the journal, this line of research was further 
emphasized by a review focused on possible underlying mechanisms like inflammation 
and neuro-hormonal activation by Bertero and colleagues.18 These new data provide 
some first evidence, that the condition of HF per se may lead to an environment of 
increased susceptibility to cancer development of growth. In the present review we will 
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discuss this possible relation between HF and in addition, we will try to dissect the po-
tential mechanisms to explain this phenomenon, including circulating factors but also 
other mechanisms such as inflammation, neuro-hormonal activation, oxidative stress, 
and the influence of CV risk factors and of common CV medication. We propose the 
term “Onco-Cardiology” for this novel field, and position current knowledge and discuss 
controversies and knowledge gaps. We will focus on heart failure (HF), as this is the most 
fatal form of CV disease and represents a final common pathway in CV disease. As such, 
it encapsulates all forms of CV disease at an advanced stage.

epidemiology of incident cancer in heart failure

Heart failure: a disease of co-morbidities
HF is the most deadly disease in the CV disease domain, characterised by abnormal car-
diac structure and/or function, with typical signs and symptoms and a negative impact 
on quality of life.19 The prognosis of patients with HF is poor, with a five-year and ten-
year survival rate of only ~50% and ~25%, respectively. This accounts for both patients 
with HF with reduced (HFrEF) and preserved (HFpEF) ejection fraction.20,21

The presentation of HF has evolved in recent decades. Classically, HF affected middle-
aged men following a significant myocardial infarction (MI), but today a large propor-
tion of incident HF occurs in the elderly (and especially women), with primary drivers 
including hypertension, ageing and diabetes. This “modern face” of HF appears to have 
a better prognosis, yet it is associated with an extreme burden of co-morbidities, such 
as hypertension, atrial fibrillation, kidney disease, diabetes, iron deficiency and chronic 
obstructive pulmonary disease.22,23

Historically, cardiologists assumed that most patients with HF will die either from HF 
itself or from other CV causes, especially in HFrEF.24 However, many patients with HF 
currently die from non-CV causes.25,26 In fact, depending on age and etiology, non-CV 
mortality rate ranges between 20 and 50%. Figure 1 displays the mode of non-CV deaths 
of three recent large randomized clinical trials (RCTs) in HFpEF and HFrEF, which reveal 
that 34-39% of all non-CV deaths were related to cancer. Of note, mortality was much 
more often due to cancer than for instance renal function, stroke, infection/sepsis or 
COPD,27 which all are co-morbidities that have been studied in detail, and are well ac-
cepted as relevant prognostic factors in the setting of HF.

As described, it has been acknowledged that HF and cancer may coincide. However, lit-
erature has almost exclusively focused on HF as a consequence of cancer and its related 
therapies, such as chemotherapy and radiation.
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Heart failure and cancer development
One of the first studies examining the association between HF and the development of 
cancer investigated 961 subjects with HF incidence and compared them to 961 matched 
controls. In order to explore the incidence of cancer among HF patients, all patients 
with a prior cancer diagnosis were excluded. During an average follow up of 7.7 +/- 6.4 
years, HF patients had 60% higher risk of developing cancer (HR 1.60 [CI 1.14-2.26]). This 
elevated risk was maintained following adjustments for body mass index (BMI), Charlson 
comorbidity index and smoking. No statistically significant difference in sex and age in-
teraction was observed. A time-dependent interaction was found, with an increased risk 
of cancer in a later time period, suggestive that cancer development had not yet begun 
at the time of HF diagnosis, but may be provoked by new onset HF. Cancer incidence 
in HF patients resulted in an elevated risk of death (HF 1.68 [CI 1.33-2.14]).8 A post-hoc 
study of the same cohort which only included those who developed HF following an 
MI revealed that post-MI HF was also associated with an increased risk for cancer. 12% 
of the individuals developed cancer compared to 8% who did not develop HF after MI 
during a follow-up period of 4.9 +/- 3.0 years (HR 2.16 [CI 1.39-3.35].9 In a large general 
cohort (>28.000 subjects) in which cancer incidence and MI was reported, increased 
cancer incidence was also observed in those who had a prior MI. This effect was more 
pronounced among women than men.10

A second study used data from the Danish National Register to evaluate the risk of HF 
with respect to new onset cancer among over 9,000 subjects with HF but without a 
prior cancer diagnosis. In comparison to the general population, the incidence rate of 
cancer increased in those with HF (HR 1.24 [CI 1.15-1.33]). Importantly, this observa-
tion persisted in the first year following the diagnosis of HF.11 This finding was recently 
confirmed in a non-Caucasian population: a large retrospective study of over 5,000 
Japanese HF patients concluded that cancer incidence occurred four times more often 
than in the controls.12

In order to shed further light on the interaction between CV disease and incidence of 
cancer, another study reported on abnormal wall motion during stress echocardiography 
(SE) as a proxy for CV disease. It was demonstrated that in addition to CV mortality (HR 
1.19 [CI1.03-1.35]), abnormal SE also predicted new onset cancer (HR 1.19 [CI 1.16-1.73]).13

In contrast, a recently published post-hoc analysis of the Physicians’ Health Study did 
not confirm the association between HF and all-cancer incidence or site-specific cancer 
incidence.14 This study differed in that it only included males, and more importantly, HF 
was primarily recorded through self-reporting instead of clinical or echocardiographic 
findings, as has been discussed previously.28
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Clearly, the presence of a second lethal disease in the setting of HF has strong prognostic 
implications. Indeed, in HF patients, an increasing number of non-cardiac comorbidi-
ties is associated with a higher risk for all-cause hospital admissions (p < 0.001). These 
comorbidities, including cancer, had similar impacts on mortality in patients with 
HFpEF compared with those with HFrEF.29 A recent position statement from the Heart 
Failure Association (HFA) called for greater attention to cancer incidence in patients with 
prevalent HF, and provides suggestions for monitoring and treatment.30 Recent evidence 
highlights a direct interaction between HF and cancer development

Circulating factors

In HF, numerous proteins are secreted by the heart and affected organs, which has 
sparked interest in their use as biomarkers to facilitate diagnosis, to risk-stratify patients 
or to target treatments. However, a substantial number of these circulating factors are 
in fact biologically active proteins that may exert effects on peripheral organs, including 
tumors.31,32 Examples of known pro-cancerous factors that are elevated in HF and are 
secreted are TNF-alpha, IL-6, IL-1 and VEGF.33 However, whether the heart itself behaves 
as a true endocrine organ remains unclear.

Recent work from our group has demonstrated direct and causal proof that these 
circulating factors may play a role, sharing new insights regarding the relationship be-
tween HF and cancer incidence in a translational study.16 The first level of evidence was 
provided by studying if HF in model susceptible to cancer would provoke tumor growth. 
It was demonstrated that post-MI HF in a murine model of genetic pre-cancerous colon 
adenomas (APCmin mice) resulted in enhanced tumor growth. Compared to sham-oper-
ated mice, mice with HF demonstrated an increased amount and size of tumors, which 
resulted in a 2 to 3-fold increase in tumor load in the intestine (Figure 2). Excess tumor 
progression was correlated with markers of cardiac remodeling, such as left ventricular 
ejection fraction (LVEF) and myocardial fibrosis. To further extend and validate these 
findings, a second model without hemodynamic impairment was investigated and 
again the presence of a failing heart accelerated tumor growth. It was postulated that 
cardiac-derived proteins might exert exocrine effects on tumor cells.

Using existing proteomic databases, several candidate proteins that are demonstrated 
as to be secreted by the failing heart into the blood stream, ánd that have proven effects 
on colon tissue, were identified and further investigated in vitro. One of the factors – al-
pha 1-antichymotrypsin (SERPINA3/ACT)– dose-dependently accelerated tumor growth 
via phosphorylation of Akt and rpS6 in vitro.
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Corroborating evidence was obtained by mapping new onset cancer in a community-
based cohort study with 8,592 subjects, and a mean follow-up of 12 years. During this 
period, 1132 subjects (13.1%) were diagnosed with cancer, 132 (11.7%) with colorectal 
cancer. At baseline, a large panel of biomarkers was measured. Strikingly, N-terminal pro 
B-type (NT-proBNP), known for its established diagnostic and prognostic performance 
in HF independently predicted new onset cancer.34 When patients were stratified based 
upon their NT-proBNP levels at baseline, patients with the highest tertile of NT-proBNP 
clearly demonstrated a higher incidence of all cause cancer (Figure 3) and also for colon 
cancer. These data suggest that cardiac production and the secretion of certain (bio)
markers not only signals myocardial damage, but also affects distant tumor growth, 
possibly via exocrine effects.

other pathophysiological mechanisms link heart failure and cancer

Besides the above mentioned direct link between HF and cancer, chronic activation of 
several systemic systems may - at least in part - explain the interplay between the heart 
and the function or dysfunction of peripheral organs, including cancer. In this paragraph 
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we discuss the role of inflammation, neuro-hormonal activation, oxidative stress and the 
immune system.

Inflammation
Inflammation is closely related to HF, although the degree of inflammation is generally 
regarded as low intensive.35 Numerous pro-inflammatory cytokines are elevated in HF, 
especially during the progression of the disease, supporting the hypothesis that inflam-
mation contributes to HF development.36 Enhanced inflammation in HF for example 
leads to bone marrow dysfunction.37 However, no direct proof exists that the release of 
pro-inflammatory cytokines or certain inflammatory cells from the heart affect tumor 
cells or tumors. Nevertheless, it is plausible that cardiac-derived inflammatory factors 
can exert downstream effects due to the well-described role they play in tumor growth.38 
Furthermore, the study of Meijers et al. also investigated inflammatory factors such as 
high sensitivity C-reactive protein (hs-CRP) and mid regional pro-adrenomedullin (MR-
proADM) and demonstrated that these were predictive of new onset cancer.

Supportive evidence that inflammation is at the crossroads of CV disease and cancer was 
provided by the recently published CANTOS trial. In this phase III trial, the interleukin-
1β blocker canakinumab was investigated in patients who had experienced MI, with 
the aim to test the hypothesis that IL-1β inhibition attenuated future coronary events. 
The treatment with canakinumab resulted in a 25% reduction in major adverse CV 
events in comparison to the placebo (HR 0.75 [CI 0.66-0.85]).39 Yet strikingly, the same 
intervention, significantly and dose-dependently, reduced lung cancer incidence and 
lung cancer mortality ((highest dose (300mg) HR 0.33 [CI 0.18–0.59]; p<0.0001 and HR 
0.23 [CI 0.10–0.54]; p=0.0002, respectively).40 Thus, this study links CV disease to cancer, 
positioning inflammation as a central player.

Neuro-hormonal
Activation of the renin-angiotensin-aldosterone system (RAAS) is one of the central 
compensatory homeostatic responses in HF. RAAS activation initially aims to uphold 
blood pressure and cardiac output by vasoconstriction and cardiac hypertrophy; 
however, chronic activation triggers detrimental effects to the heart, kidneys and blood 
vessels.41 Besides a systemic RAAS, most target organs are equipped with a local RAAS 
with a differential expression of RAAS hormones and receptors in the heart, blood ves-
sels and kidneys, as well as in different forms of cancer.42 For instance, the increased 
expression of AT1R in cancer biology is associated with more advanced tumors and a 
worse prognosis.43 On the other hand, the modulation of the RAAS may affect tumor 
growth, although data are inconsistent. Overall, the ANG II/AT1R axis is deemed to 
enhance tumor growth, whereas AngII/AT2R signaling exerts the opposite effect.42 The 
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measurement of RAAS hormones plays no role in daily HF care, but RAAS inhibition, e.g. 
by angiotensin converting enzyme inhibitors (ACEi) or angiotensin II receptor blockers 
(ARBs) is the cornerstone of treatment. These therapies will be discussed in the following 
paragraphs.

Oxidative stress
One of the major contributors of oxidative stress is the reactive oxygen species (ROS) 
family of molecules. ROS plays an important role in both HF and cancer.44,45 It is known 
that the heart is a high energy consumer that primarily relies on mitochondrial oxidative 
phosphorylation, which also plays an essential role in cancer progression.46 Experimen-
tal research provides evidence that dietary fibre supplementation has beneficial effects 
on oxidative stress in cardiac tissue47 and reduces the incidence of cancer.48 Further, 
increased glycolysis occurs in HF, and glucose oxidation is impaired, resulting in the 
production of lactate. One of the characteristics of cancer is altered mitochondrial oxida-
tive metabolism, resulting in increased glycolysis. This is associated with cells that rap-
idly proliferate, such as tumor cells. Key players and modulators in this process include 
pyruvate dehydrogenase (PDH) and PDH kinases (PDK). PDH limits the rate of glucose 
oxidation and is responsible for the mitochondrial decarboxylation of pyruvate to acetyl 
CoA.49 PDK can phosphorylate and inhibit PDH. In HF, PDK is up-regulated and PDH is 
phosphorylated and inhibited.49 A similar up-regulation of PDK and inhibition of PDH 
also occurs in tumor cells.50 Dichloro-acetate, a PDK inhibitor that results in enhanced 
PDH activity, has demonstrated in HF studies to lower ischemic injury and improved 
cardiac function,51 while also reducing cancer development.50 Although these observa-
tions are intriguing, there is no convincing proof for causation and additional research 
will be required to provide robust evidence if targeting this pathway might benefit both 
HF and cancer development.

Immune system
Dysfunction of the immune system is linked to the development of both cancer and 
heart failure.52,53 Proper function of the immune system is essential when acute injury 
occurs to the myocardium, such as MI. Influx of different immune cells is a necessity in 
the early response to injury, in an effort to limit and repair initial damage, but chronic 
activation seems to exert adverse effects.54 The immune system is extremely complex, 
and the nature, length and magnitude of injury will dictate the immune response. A 
complete overview of the immune system (dys)function and HF has recently been pub-
lished by the working group on myocardial function of the ESC.55

In cancer, an inadequate immune system is correlated with cancer development and the 
occurrence of metastases.56 Several aspects and elements of the immune system may 
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be viable targets for therapy. In fact, currently, the use of immune therapy in cancer is 
a booming business, and spectular results have been observed for immune checkpoint 
inhibitors.57 With the more wide use of these drugs however, it has emerged their use 
may be limited by life threatening cases of myocarditis, which furthermore suggest that 
interference with the tumor immune system may go at the expense of the well-regulated 
myocardial immune system.58 With the ever-expanding use of immunotherapy in cancer 
there is a clear need for data registries to monitor unexpected and rare myocardial 
complications of such therapies.59

Thus, essential systemic regulatory systems such as inflammation, neuro-hormonal, oxi-
dative stress and the immune system share pathophysiological mechanisms between 
HF and cancer. In line with this, several co-morbidities, particularly chronic inflammatory 
diseases, have been linked to both HF and cancer incidence.60,61 These will be discussed 
in the next paragraph.

shared risk factors between heart failure and cancer

Hypertension, obesity, smoking, diabetes and poor lifestyle are all associated with both 
CVD and cancer incidence.62–65 Table 1 summarises the meta-analysed hazard ratios of 
shared risk factors for HF and cancer incidence. The associations suggest that modifica-
tions of risk factors, usually with the aim of lowering the risk of CV disease, might help 
reduce susceptibility to cancer as well.

Hypertension
Hypertension is a silent yet extremely prevalent risk factor that represents a significant 
contributor to CV disease,66 especially for HF.67 In men, a 10mmHg increment was related 
to an increased risk of cancer incidence (HR 1.07 [CI 1.04-1.09]). Further, a 10 mmHg 
increment in blood pressure both in men and women was associated with cancer-
related mortality (HR 1.12 [CI 1.08-1.15]) and (HR 1.06 [CI 1.02-1.11]), respectively.68 

Table 1. Hazard ratio of different risk factors in association with either heart failure or cancer inci-
dence

Risk factor Incidence Heart failure – HR (CI)** Incidence Cancer – HR (CI)

BMI*, per kg/m2 1.03 (1.01-1.06) 1.08 (1.06-1.10)

smoking 1.84 (1.46-2.32) 1.68 (1.65-1.72)

Diabetes mellitus 1.41 (1.12-1.79) 1.10 (1.03-1.18)

Hypertension 1.65 (1.33-2.06) 1.03 (0.98-1.09)

Heart rate* 1.02 (1.01-1.03) 1.09 (1.01-1.18)***

*Hazard ratios are expressed per 1-unit increase in continuous risk factors
**Study Population (Health ABC, PREDICTOR, PROSPER)
*** per 10 beats increase
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Mechanistically, the interaction between hypertension and cancer do not appear very 
straightforward. Vascular endothelial growth factor (VEGF) might play a role due to the 
promotion of vascular formation, a key phenomenon in tumorigenesis.69,70 The effects 
of antihypertensive medication related to cancer incidence is discussed in further detail 
below.

Obesity
Obesity is also connected to both HF and cancer. Today it is estimated that one out of 
five types of cancer is related to obesity.71 It has been established that obesity is a state 
of chronic and low-level inflammation, which may lead to DNA damage and increase the 
likelihood of malignant mutations and cancer incidence.72

Furthermore, fatty tissue is thought to function as a large endocrine organ that produces 
large amounts of estrogen, rendering women more vulnerable to hormone-driven 
cancers including ovarian and breast cancer.73 In addition to hormones, numerous 
adipokines are secreted by adipose tissue, resulting in a very complex and deleterious 
secretome.74 Several studies are investigating the effects of epicardial fat.75 These fac-
tors can either stimulate or inhibit cell growth. One of the best studied adipokines is 
leptin, which has cell-proliferative effects.76 This effect contrasts with another adipokine, 
adiponectin, which is less abundant in obese people than in those of average weight, 
and is reported to have anti-proliferative effects.76

In addition, obese subjects have increased insulin levels and insulin-like growth fac-
tor-1 (IGF-1). This often precedes the development of type 2 diabetes. High levels of 
IGF-1 have been associated with the development of cancer.77 Subjects who have lower 
weight gain during adulthood experience a reduced risk of colon cancer.78

Evidence that weight loss might reduce cancer risk has also been derived from bariatric 
surgery cohorts: obese people who have bariatric surgery appear to have a lower risk 
of obesity-related cancers compared to obese people who did not have bariatric sur-
gery.79 Akin to cancer, the relationship between obesity and HF is complex. While the 
risk of developing HF has been shown to be higher in patients who are obese, a survival 
advantage exists for overweight/obese patients in comparison to average weight pa-
tients. This phenomenon is called the obesity paradox80 and is also being investigated 
in patients with cancer.81

Smoking-and-air-pollution
Smoking sets off multiple damaging mechanisms, one key component of which is 
nicotine, which has also been implicated in the pathogenesis of both CV disease and 
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cancer.82,83 It is associated with the development of atherosclerotic disease and acute 
MI.84 Given the overwhelming evidence that smoking causes cancer and CV disease, it is 
highly likely that smoking-related cancer is also prevalent in patients with CV disease.85 
Among post-MI patients, exposure to nitrogen oxides, a proxy measure for traffic-relat-
ed air pollution, was associated with increased cancer incidence (HR 1.06 [CI 0.96-1.18]) 
and cancer mortality (HR 1.08 [CI 0.93-1.26]).86 

Diabetes mellitus
Given the current availability of strict glycemic control and high-quality insulin therapy, 
diabetes mellitus (DM) rarely leads to severe cardiac dysfunction on its own.87 The insu-
lin-cancer hypothesis postulates a central role played by elevated levels of IGF, which 
promote cell proliferation.88 Meta-analyses have indicated an increased risk of colorectal 
cancer, prostate cancer and premenopausal breast cancer associated with high serum 
levels of IGF.89 A large Italian registry (over 400,000 subjects) compared those with and 
without DM. During a follow-up of 10 years, the cancer incidence rate ratio was 1.22 [CI 
1.15-1.29]. This risk already existed two years after the DM diagnosis.90

Healthy lifestyle
Lifestyle modification is a powerful tool in combatting CV disease, but reducing CV risk 
factors may also reduce cancer incidence. In a study including over 13,000 participants 
and 17-19 years of follow-up, healthy behaviours such as smoking cessation, increased 
physical activity, weight loss, healthy diet, reductions to total cholesterol and blood 
pressure and adequate blood sugar control were shown to facilitate a lower incidence 
of CV disease as well as a lower incidence of cancer.91 These findings supplement the 
growing literature that cancer may be amenable to improvements regarding CV risk 
factors and the treatment of CV disease.92 Indeed, participants who met their personal 
targets regarding six of these goals demonstrated a 51% lower risk of cancer incidence 
than controls who did not alter their lifestyle.

Another large, recent prospective cohort study of over 400,000 subjects showed that 
chronic disease burden was independently associated with incidence cancer. A chronic 
risk score was assembled, comprising CV disease, diabetes, chronic kidney disease, 
pulmonary disease and gouty arthritis, all of which were individually associated with 
incident cancer or cancer death risk.65 However, the accumulative score of chronic dis-
eases was most strongly associated (in a dose-response manner) with an increased risk 
of cancer incidence and cancer death. The same study reported that increased physical 
activity was associated with a 40% reduction in cancer incidence and cancer-related 
death. 93
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Cardiovascular drug; inducer or repressor of incidence cancer?

Causality is difficult to prove given the complexity of the intertwining pathways and the 
lack of targeted intervention trials. Nevertheless, a large number of HF trials exist, and 
in the event that specific drugs counteract risk factors associated with cancer develop-
ment, or when they attenuate LV remodeling, one could hypothesise that such treat-
ments should reduce cancer onset as well, assuming HF causes cancer. However, since 
CV drugs generally are aimed to reduce CV related mortality, one can also assume that 
cancer related mortality will increase due to competing risks. So, a priori hypothesizing 
that CV drugs would affect cancer, in either way, is troublesome.

To date, three large meta-analyses have been published that investigate the effects of 
anti-hypertensive drugs in light of new onset cancer. In a large meta-analysis in which 
all classes of anti-hypertensive drugs were studied, it was observed that a 5.0-10.0% 
relative increase in the risk of cancer or cancer-related death existed in those using ARBs, 
ACEi, β-blockers, diuretics and calcium channel blockers (CCBs).94 However, two other 
meta-analyses that were published subsequently did not confirm these data.95,96 Clearly, 
the data for antihypertensive agents are not straightforward and the importance of 
hypertension for cancer development has yet to be fully established.

Another established treatment in preventing adverse events in patients with CV disease 
is aspirin. The recent published ARRIVE trial, which investigated low-dose aspirin and 
vascular events in a low-medium risk population did not demonstrate a lower incidence 
of cancer. It has to be noted that this population also demonstrated less than expected 
CV endpoints.97 The mechanism behind the beneficial effects of aspirin in both diseases 
might be different. In CV disease it owes to antiplatelet effects, whereas in cancer it may 
be due to cyclooxygenase (COX)-dependent and COX-independent mechanisms.98 It has 
been demonstrated that using low-dose aspirin compared with no aspirin was associ-
ated with a markedly higher sensitivity for detecting advanced colorectal neoplasms.99

Lastly, statins, one of the most prescribed drugs in CV disease, reduce CV-related mor-
bidity and mortality. The use of a statin is not associated with reduced cancer incidence 
(short-term effect for cancer risk) but the evidence is inconclusive.100

Gaps of evidence and future suggestions

Awareness of the onco-cardiology and cardio-oncology field is growing, but several 
questions remain unanswered and additional pre-clinical and clinical studies are dearly 
needed.
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At present, few pre-clinical models of CV disease are studied in the setting of cancer 
development, which could help to unravel the emerging relationship in a scientific, 
systematic, and temporal manner. We lack data regarding specific circulating factors 
or pathophysiological mechanisms linked to specific forms of cancer. In clinical trials, 
both the cardiologist and oncologist, but especially the multimorbid patient, would be 
served with precise phenotyping of both CV as cancer history, risk factors, and treatment 
regimens, and to precisely define CV and cancer endpoints, to more effectively study the 
interplay between the diseases. We thus advocate to more systematically record cancer 
related end-points in CV trials, and CV end-points in oncology trials.

In addition to these research aspects, clinical awareness and expertise are essential in 
optimal treatment of patients having developed cancer with a history of CV disease, 
or who develop CV disease with a history of cancer. With the growing prevalence of 
CV disease in western society, the number of these patients will further increase. We 
advocate awareness of cancer detection in patients with HF (Table 2).

Conclusion

Cancer is a frequent co-morbidity in patients with HF, and the existing data suggest that 
a pathophysiological connection exists between the two. Circulating factors directly link 
both diseases, and shared pathophysiological mechanisms may explain the interactions, 

but the relation is very complex. Comprehensive and detailed studies will be needed 
to elucidate the connection between CV disease in general, HF and cancer. Clearly, the 
knowledge of CV disease and cancer (onco-cardiology) is not as progressed as in the 
field of cardio-oncology (Figure 4).

Table 2. factors that may explain (early) cancer detection in patients with heart failure

Heart failure management events Detection of cancer by

HF related hospital visits
(outpatient and/or admission)

Physical, biochemical and radiological examinations

Use of oral anticoagulants Blood loss from tumor prone to bleeding; more sensitive 
oncological testing

Cardiovascular risk factor Shared risk factors - Relevance for cancer detection
Regular visits to cardiologist and/or general practitioner

Shared pathophysiological mechanisms Knowledge exchange and research may improve cancer 
awareness in heart failure patients among cardiologists and 
oncologists; to date unclear if this is amenable

Trial inclusion and execution Cardiovascular and oncologic endpoints; end point 
adjudication
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A new research agenda will provide insights, proposals for surveillance strategies, and 
are eagerly awaited.

Onco-Cardiology
Circulating factors, shared mechanism and cardiac medication

Shared riskfactors 
Modifiable & Non-Modifiable

Shared pathways 
Inflammation, immunology, neuro-hormonal and oxidative stress

Cardio-Oncology 
Chemo-, radio- and immune therapy

figure 4. The counterplay between the fi elds of cardio-oncology and onco-cardiology
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