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Abstract

:

Cancer and cardiovascular diseases are globally the leading causes of mortality and morbidity. These conditions are closely related, beyond that of sharing many risk factors. The term bidirectional relationship indicates that cardiovascular diseases increase the likelihood of getting cancer and vice versa. The biological and biochemical pathways underlying this close relationship will be analyzed. In this new overlapping scenario, physical activity and exercise are proven protective behaviors against both cardiovascular diseases and cancer. Many observational studies link an increase in physical activity to a reduction in either the development or progression of cancer, as well as to a reduction in risk in cardiovascular diseases, a non-negligible cause of death for long-term cancer survivors. Exercise is an effective tool for improving cardio-respiratory fitness, quality of life, psychological wellbeing, reducing fatigue, anxiety and depression. Finally, it can counteract the toxic effects of cancer therapy. The protection obtained from physical activity and exercise will be discussed in the various stages of the cancer continuum, from diagnosis, to adjuvant therapy, and from the metastatic phase to long-term effects. Particular attention will be paid to the shelter against chemotherapy, radiotherapy, cardiovascular risk factors or new onset cardiovascular diseases. Cardio-Oncology Rehabilitation is an exercise-based multi-component intervention, starting from the model of Cardiac Rehabilitation, with few modifications, to improve care and the prognosis of a patient’s cancer. The network of professionals dedicated to Cardiac Rehabilitation is a ready-to-use resource, for implementing Cardio-Oncology Rehabilitation.
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1. Introduction


Cancer and cardiovascular diseases (CVD) represent the leading causes of mortality and morbidity globally [1]. Even the recent epidemiological trend seems to overlap between cancer and CVD: in the U.S., mortality rates from cancer in middle-aged adults decreased by 19% between 1999 and 2017, and death rates from CVD decreased by 22% from 1999 to 2011 before increasing by 4% from 2011 to 2017 [2].



Furthermore, cancer and CVD share many risk factors, and justify a common prevention strategy, both in the population and at individual levels. A healthy lifestyle can reduce mortality from both cancer and CVD. In a Nurses’ health study (77,782 women between 34 and 59 years old, free of CVD and cancer in 1980, with a 24-year follow-up), mortality in relation to the presence of five lifestyle factors was analyzed: smoking, being overweight (body mass index (BMI) ≥ 25 Kg/m2), lack of physical activity, i.e., <30 min/day moderate to vigorous activity, low-quality diet and alcohol consumption [3]. The relative risks (for five vs. zero lifestyle risk factors) were 3.26 for cancer and 8.17 for CVD mortality. A total of 28% of deaths during follow-up could be attributed to smoking, and 55% to the combination of smoking, being overweight, lack of physical activity, and poor quality of diet.



Beyond sharing risk factors (diabetes, obesity, smoking), a common biology is emerging from the close relationship between CVD and cancer. Therefore, Cardiac Rehabilitation (CR) programs may be extended to cancer patients representing a valid therapeutic strategy aimed at improving the survival and quality of life (QoL) in patients with malignancy.



Cancer and Cardiovascular Diseases: A Bidirectional Relationship


The state of chronic inflammation promoted by viral or bacterial infections, radiation, alcohol consumption, smoking or exposure to chemicals, but also due to dyslipidemia, obesity and diabetes, could be the basis of the atherosclerosis and carcinogenesis [4]. Physical activity reduces adipose tissue and decreases the production of sex and metabolic hormones, insulin, leptin, and inflammatory markers, several of which are potentially carcinogenic. Chronic exercise is associated with decreased levels of oxidative stress markers and increased enzymatic and non-enzymatic antioxidant capacity in the young, middle-aged, and elderly [5].



In a cohort study of 2839 patients with colon–rectal cancer, visceral adiposity and muscle radiodensity (i.e., muscle fat content) were associated with CV events [6]. Equally, but in the opposite direction, in postmenopausal women, higher levels of body fat are associated with an increased risk of breast cancer and altered circulating metabolic and inflammatory factors (higher levels of insulin, C-reactive protein, IL-6, leptin and triglycerides, and lower C-HDL and sex hormone-binding globulin) [7].



This common pathophysiology justifies, not only the increased CV risk of patients with cancer, but also the raised risk of cancer in patients with CVD. In 1081 subjects with heart failure (HF), after myocardial infarction at an average follow-up of five years, there was an increased risk of malignancy (Hazard Ratio (HR) = 2.16 adjusted for age, sex, and Charlson index) [8]. In the Mayo Clinic register [9], the HF/cancer relationship emerges, especially in recent years, characterized by a longer survival in conjunction with the greater efficacy of HF therapy. The higher cancer risk in subjects with a low ejection fraction suggests a relationship with impaired immunity and chronic inflammatory status, besides the shared risk and more intense medical surveillance. This association was confirmed in a Danish registry [10]. In a HF Japanese registry, the risk of developing cancer was present in those who had a baseline C-reactive protein (CRP) value > 2.0 mg/dL (HR 1.87) and remained high after one year [11].



The bidirectional relationship of cancer/CVD is also supported by epidemiological studies on atrial fibrillation, with important prognostic and therapeutic implications (evolution towards HF, increased thromboembolic and hemorrhagic risks) [12]. In the Outcomes Registry for Better Informed Treatment of Atrial Fibrillation (ORBIT-AF) registry [13], among 9749 patients, about 25% had a history of cancer (57% solid malignancy, 1.3% leukemia, 3.3% lymphoma, 40% other, and 2.2% metastatic cancer). Patients with history of malignancy were older, with a greater probability of having CVD, CV risk factors, and previous gastrointestinal bleeding. Once again, especially in women, a new onset of atrial fibrillation [13] is associated with an elevated risk of cancer (HR 3.54) in the first 3 months, which remains significant beyond 1 year (HR 1.42).



In some cases, a common genetic basis can be assumed: several forms of non-chromosomal congenital heart disease are at increased risk for hepatoblastoma and neuroblastoma [14]. The so-called clonal hematopoiesis of indeterminate potential (CHIP) is a mutation of hematopoietic stem cells in bone marrow, related to cancer formation (hematological malignancies) and also the development of CVD, especially HF [15].



Regarding CV drugs, there are concerns for thiazide diuretics and angiotensin-converting enzyme (ACE) inhibitors: the former could have a photosensitizing action, which increases the risk of skin tumors, the latter, through the rise of bradykinin, could increase the endothelial growth factor, thereby promoting angiogenesis [15]. However, there is no clear evidence so far of the carcinogenic effect of these widely used drugs. Other cardio-metabolic drugs have a neutral or protective action (aspirin, colchicine and metformin).



The efficacy of therapies and anticancer screening has increased, survival exposing patients to the risk of developing CVD, also as an effect of chemotherapy and radiotherapy. In the U.S., in 2016, more than 15.5 million patients with a history of cancer were estimated, and this number is expected to increase to 20.3 million in 2026 [16].



Left-sided chest radiotherapy and anthracyclines can cause heart damage during treatment, and even long after exposure. The CV risk profile can be compounded by any cancer therapy: irradiation of the skull or the neck may induce obesity secondary to hypopituitarism or hypothyroidism, prolonged hormone therapy in sensitive tumors can modify the metabolic profile of patients, some treatments can promote persistent endothelial dysfunction, determining the appearance of insulin resistance [17].



In more than 36,000 patients with cancer [18], the prevalence of CV risk factors was significantly higher than in subjects with no history of malignancy; eight-year survival was significantly worse among cancer survivors who developed CVD (60%), compared with cancer survivors without CVD (81%).



The competitive risk of CV death is relevant and may exceed that of cancer progression or recurrence in postmenopausal women with breast cancer [19,20] and in men with prostate cancer [21]. The risk is conditioned by the presence of modifiable factors: cigarette smoking, obesity, metabolic syndrome and diabetes, high blood pressure, and a sedentary lifestyle. Of 66,000 women with breast cancer (mean age at diagnosis of 66 years), half survived after 12 years follow-up [22]; around the ninth year, the probability of CV death was equal to that of cancer, but, later, the main cause of death was CV (Figure 1). Therefore, reducing CVD risk should be a priority for the long-term care of patients after cancer diagnosis.



CV events are the leading cause of death among children and adolescent cancer survivors; they were significantly more likely than siblings to suffer from HF (HR 5.9, p < 0.001), acute myocardial infarction (AMI) (HR 5.0, p < 0.001), pericardial disease (HR = 6.3, p < 0.001), or valve abnormalities (HR = 4.8, p < 0.001). An anthracycline dose greater than 250 mg/m2 and a radiation dose higher than 1500 centigray significantly increased the risk of CVD [23]. Recently, reductions in exposure to cardiac radiation have been associated with a lower risk of coronary artery disease among adult cancer survivors [24].



Recently, the attention has focused on how the cardiac extracellular matrix in HF and tumor stroma can have a paracrine and endocrine crosstalk, mediated by fibroblasts (accentuated in diabetes and hypertension), able to stimulate the growth of latent cancer [15].



The bidirectional cancer/CVD relationship has recently been confirmed in a large observational study conducted in the US [25]. Among 3,234,256 cancer survivors (1973–2012), 38.0% died of cancer and 11.3% (365,689) of CVD. Analyses were adjusted by age, race, and sex. Most CV deaths (76.3% due to heart disease) occur in breast, prostate, or bladder cancer, with endometrial cancer presenting a very high risk of CV death the first year after diagnosis. CVD mortality, highest during the first year (especially in survivors diagnosed <35 years of age), remains high in the follow-up compared to the general population; cancer patients have an average two- to six-fold higher risk of CV mortality than the general population.



The early peak in the risk of CVD is followed by a chronic phase (survival period). There is a “sweet spot” where the risk of mortality remains stable for years; then, it seems to increase again as a consequence of the late toxicities of chemotherapy, or of the accelerated or natural progression of pre-existing diseases (both cancer and CVD). The chance to die from CVD overtakes the chance of cancer-related mortality when cancer survival time lasts longer. However, since both conditions share risk factors, biologically common substrates and harmful effects of some cancer therapy, it might be intuitive that cancer and CVD benefit from a healthy lifestyle.



The bidirectional relationship has the consequence that cardio-oncology must acquire a new look beyond the narrow confines of its birth, that is, the diagnosis and treatment of toxic effects induced by chemotherapy. Oncologists have to familiarize themselves with instruments with proven effectiveness in preventing and treating CVD: pharmacological therapies, such as beta-blockers and ACE-I (beyond protection against the cardiotoxic effect), drugs effective in CV prevention (statins, omega-3, antiplatelets anticoagulants), but also a healthy diet and lifestyle. Finally, it is mandatory to use a tool of proven efficacy, such as increasing physical activity through structured exercise programs, the core business of cardiac rehabilitation (CR).



The core component of CR and secondary prevention programs can be shared, being multi-factorial interventions, with cancer patients: health education, CV risk reduction, stress management, increased physical activity and exercise, healthy diet, optimization of drug therapy. The CR reduces mortality, morbidity and hospitalization, as well as improving exercise capacity, psychological wellbeing and QoL in patients with CVD [26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47].



It is time to extend the benefits of CR to cancer patients, at least in terms of improving functional capacity and QoL, and possibly becoming an integral part of cancer treatment.





2. Physical Activity and Exercise after the Diagnosis of Cancer


A meta-analysis on approximately 50,000 breast and colon cancer patients emphasizes how performing 150 min/week of moderate physical activity (PA) is associated with a reduction in all-cause mortality: −24% for breast and −28% for colon. In subjects who increased the level of PA after diagnosis, there was a reduction in mortality (RR = 0.62) compared to those who did not change it or who were already inactive before diagnosis [48]. Lahart et al. [49] reported similar data in a meta-analysis comprising 22 studies and 123,574 women with breast cancer: vigorous PA, as suggested by the guidelines (≥8 metabolic equivalents (MET)-hour/week), exerted a significant reduction in all-cause mortality (HR = 0.54) and in cancer–related death (HR = 0.67). Furthermore, PA before and after diagnosis is associated with fewer cancer-related events, such as recurrence (HR = 0.79) and tumor progression (HR = 0.72).



A recent meta-analysis evaluated the adherence rates to the aerobic physical activity guidelines among people with chronic conditions (CVD, diabetes and cancer) (n = 3721), as physical activity is an effective form of treatment and prevention of chronic disease [50]. Authors reported an average adherence rate of 77% (95% Confidence Internal (CI) = 0.68–0.84) of their prescribed physical activity treatment, regardless of underlying conditions. The pooled adherence rates for clinic-based and home-based programs did not differ (74% (95% CI, 0.65–0.82) and 80% (95% CI, 0.65–0.91), respectively). This data supports the hypothesis that people with chronic conditions are capable of sustaining aerobic physical activity for three or more months, as a form of treatment.



Moreover, exercise (E) programs, especially if supervised, improve QoL and physical function in cancer patients with different demographic and clinical characteristics (including C-type), during and after treatment [51]. An individual patient data meta-analysis confirms the data, underlining how the benefit is greater for subjects with high fatigue and low physical function [52]; moreover, in childhood cancer, E training improves functional mobility [53].



The evaluation of cardiopulmonary function may have prognostic relevance in cancer patients. The VO2peak measurement in a group of approximately 250 women with malignancy (during adjuvant or metastasized therapy) shows an average value 27% lower than that of women of the same age and comparable to that of healthy women of approximately 20–30 years older, with lower values in women with metastases. The VO2peak is a predictor of survival in metastatic disease [54].



Ventricular function is usually normal, indicating how other factors involved in oxygen transport (pulmonary, vascular, and skeletal muscle function) play an important role in determining the deterioration in the physical state. Exercise training can become a strategy to improve the prognosis in these patients. In 571 subjects with various types of cancer (breast, prostate and lymphoma), a program of supervised physical training with prescription of E three times/week, from moderate to intense (40–80% of peak frequency or VO2peak), lasting 15–45′, can induce a significant increase in maximum oxygen consumption (2.91 mL/kg/min) vs. a decline in the usual care group [55]. The training was similar to that usually practiced in CR, with the exception of the duration of the sessions and the higher incidence of adverse events.



Growing interest is focused on endothelial dysfunction since it shares common pathways in both cardiovascular and cancer diseases. In fact, playing a crucial role in neoangiogenesis and in regulating local blood flow, endothelial dysfunction and the disarray of newly formed vessels within the neoplastic mass massively influence the abnormal intra-tumoral perfusion, leading to local hypoxia, impaired permeability, extracellular matrix degradation and the efflux of cancer cells, determining a higher risk of metastatic diffusion [56]. A recent study showed that micro-vascular endothelial dysfunction, as defined by reactive hyperemia peripheral arterial tonometry index ≤ 2.0, was associated with a greater than two-fold increased risk of solid-tumor cancer [57]. Interestingly, in a small cohort of patients with breast cancer from the Mediterranean diet-based diet and androgens (DIANA)-5 Trial, a 12-month exercise training program improved both VO2peak (from 12.4 ± 2.9 to 14.3 ± 3.3 mL/kg/min, p < 0.001) and vascular endothelial function (Reactive Hyperemia Index from 2.1 ± 0.7 to 2.5 ± 0.8, p < 0.001) [58]. In addition, in women with breast cancer from the DIANA-5 study, an exercise-induced improvement in autonomic function (as measured by heart rate recovery), significantly correlated with the improvement in VO2peak (r = 0.58, p = 0.002), was also reported [59]. There is a relationship between training intensity and the increase in functional capacity. A program of medium to high intensity endurance training (two supervised sessions of 30 min, Borg scale 12–16/20; and a third session of 30 min of home aerobic training) is more effective than a low-intensity home program (five sessions of 30 min, Borg 12–14/20) to antagonize the decrease in functional capacity during adjuvant therapy for breast cancer; both are better than usual care. At the 6-month follow-up, all three groups returned to their baseline level of fitness [60]. Moreover, medium to high intensity exercise increased muscle strength, reduced fatigue, and required minor adjustments in chemotherapy; both types of T were associated with less nausea, vomiting, and pain and a faster return to work, alongside an improvement in QoL.



Moreover, in operable breast cancer, stage IIb–IIIC, treated with neoadjuvant chemotherapy (doxorubicin, cyclophosphamide), participation in an aerobic training program (with resistance exercises three times a week for 12 weeks) can increase functional capacity (2.6 mL/Kg/min on average, +13.3%), which declined in the chemotherapy-only group [61]; furthermore, an aerobic training program can increase lean mass, muscle strength and fitness level, as well as reducing adiposity, blood pressure, blood lipids and improving glycemic control, effects particularly useful (reduced fatigue, vitality increased) in prostate cancer, especially in the case of androgen deprivation therapy [62,63]. A significant reduction in BMI and body fat, an increase in lean mass, respiratory fitness and reduced fatigue, were also proven in breast cancer and lymphoma, both in chemotherapy [64,65]. Therefore, exercise can mitigate the adverse metabolic effects of chemotherapy and radiotherapy.



A training program, coordinated by a nurse, in the form of tele-rehabilitation [66] can have a positive effect in patients with solid or hematological cancer, even in late stage (IIIC or IV). There was an improvement in fitness and QoL, and a reduction in the length of hospitalization and the use of post-hospital care.



The exercise proved to be useful and feasible even in patients with advanced cancer and reduced ventricular function. In 65 women [67] with metastatic breast cancer (stage IV, 57% in CT and 40% with ≥2 previous lines of therapy and 34% with CV comorbidity), the group treated with an anaerobic training program (12 weeks, three sessions a week of 15–45 min at 55–80% of VO2peak) showed a significant increase in functional capacity; however, exercise was tolerated only in 63% of the participants. In breast cancer, where a reduction in anthracycline-induced ejection fraction (EF) was observed in both the supervised training group and normal care; exercise, however, attenuated the decrease in VO2peak [68] and also the cardiotoxicity of anthracycline, as evaluated by global longitudinal strain [69].



Exercise should be considered as a drug and, consequently, adherence to the program is crucial. In the Heart Failure: A Controlled Trial Investigating Outcomes of Exercise Training (HF-ACTION) study in the subgroup of patients with cancer and heart failure, aerobic training improved outcomes (all-cause mortality and hospitalization) only in adherent (≥90 min E per week) compared to non-adherent patients [70]. Predictive factor adherence is brief chemotherapy, lack of endocrine symptoms, lower functional limitation, higher VO2peak, earlier stage of the disease and, finally, an aerobic training protocol [71].



Exercise during chemotherapy is also a strategy to minimize long-term treatment-related side effects. In breast or colon cancer patients, the higher the level of exercise (moderate-to-vigorous), the lower the fatigue at 4 years post-baseline [72]. In a large prospective observational study involving 992 patients (stage III colon cancer underwent adjuvant CT) followed for a median of 7 years, a healthy body weight (BMI between 25 and 29), a diet rich in vegetables, fruits, and whole grains, and a moderate level of PA (8.75 MET-hour/week, approximately 150′ of brisk walking) were conditions associated with a 42% reduction in the risk of death [73]. The number of patients who would need to adopt a lifestyle consistent with guidelines to prevent one death at 5 years (NNT) was 12.




3. Protective Effect of Exercise on Cancer Progression


Several studies have proposed the possible biological mechanisms underlying the protective effect of exercise on cancer progression. An anti-inflammatory effect of exercise has been suggested by the reduction in the circulating levels of the nuclear protein HMGB1 (high-mobility group Box-1) [74], which binds to DNA by promoting the transcription of specific proteins; HMGB1 also functions as an extracellular signaling molecule during inflammation, cell differentiation, cell migration, and tumor metastasis. Once again, reduced HMGB1 levels are proportional to exercise adherence [74].



In breast cancer patients undergoing adjuvant chemotherapy, exercise has been demonstrated as promoting a reduction in markers of inflammation. A structured training program reduces protein oxidation and the level of 8-hydroxyguanosine, a biomarker for oxidative damage [75]. The increase in antioxidant capacity correlates with a reduction in cancer-associated fatigue [76]. It is not yet clear whether the systemic antioxidant action of the exercise is a result of a change in the microenvironment of the tumor, or an alteration in systemic levels of oxidative stress [77].



Moreover, exercise increases vascular endothelial growth factor levels [78,79] and vascular density, while promoting better tumor perfusion [80]. The increment of shear stress induced by exercise has a positive vascular remodeling effect too [81]; the final result is a reduction in cancer tissue hypoxia.



Hypoxia is a protective factor for neoplastic growth, since it makes the tumor less sensitive to chemotherapy and to radiotherapy, also reducing chemotherapy-induced apoptosis [77]. The consequence is an increase in the effectiveness of chemotherapy combined with exercise, as demonstrated in the experimental model for cyclophosphamide, gemcitabine and doxorubicin [78,81]. The exercise-induced improvement in endothelial function (evaluated with flow mediated dilation of the brachial artery) is likely due to increase NO synthesis and the mobilization of endothelial progenitor cells. The end result is a better tumor vasculature, with a higher sensitivity to chemotherapy, which could result in a favorable alteration in the gene expression, with a change towards a less aggressive cancer phenotype [82,83]. A trial is currently underway to evaluate the effects of a high-intensity interval training program associated with hyperoxia or hypoxia in patients during chemotherapy [84]. Therefore, synergistic action with chemotherapy can be hypothesized.



The better vascularization also reduces interstitial pressure and increases vascular permeability [85], favoring an easier, interleukin-6 mediated, infiltration of T lymphocytes in the tumor by the up-regulation of endothelial adhesion molecules. Furthermore, an interval training protocol in women with breast cancer, stage I-III, undergoing chemotherapy was able to induce a significant increase in natural killer cells immediately after exercise; the raised cardiac output is likely to act synergistically with the increased adrenergic tone by altering the endothelial adhesion capacity of lymphocytes, thereby recruiting natural killer cells from the periphery and deposits [86]. A systematic review [87] confirms the immuno-stimulatory function of exercise by an increase in the number and cytotoxicity of monocytes, natural killer cells and cytokines.



Finally, exercise can change the metabolism of the tumor. Neoplastic cells preferentially use glycolysis compared to aerobic metabolism for hypoxia and the high cell growth associated with oxidative stress [88]. The training can reduce glucose consumption and lactate production and increase fatty acids oxidation [77]. The final result is a shift towards aerobic metabolism with a greater sensitivity to cancer therapy [89]; besides the reduction in lactate, raising the pH could improve the response to immunotherapy and increase the number natural killer cells [77,88].




4. Protective Effect of Exercise on Cardiovascular Risk Factors and Cardiovascular Events in Cancer Patients


Pre-cancer diagnosis levels of physical activity also reduce subsequent CV events [90]. A cohort of 4015 women with primary breast cancer were enrolled in the Women’s Health Initiative and completed a questionnaire on leisure time physical activity assessed by METs/h/week. The data was collected prospectively, and age and multivariable adjusted. Median follow-up was 12.7 years and 8.2 years for CV mortality and CV events. The incidence of CVD decreased with the increase in total METs categories (p = 0.016). Compared to <2.5 METs/h/week, the HR was 0.80 for 2.5 to <8.6 METs/h/week; HR 0.9 for 8.6 at <18 METs/h/week and HR 0.63 for >18 METs/h/week. Clearly, patients performing higher levels of pre-diagnosis exercise will probably have a more favorable CV risk profile; however, data underline the beneficial effect on CV risks of the physical activity. Moreover, the study shows that only a third of patients meet the recommendations of 150 min of moderate to vigorous PA per week, and very few perform 18 METs/h/week.



In patients with Hodgkin lymphoma, physical activity was assessed with a questionnaire [91]. The primary end point was the incidence of any CV event with a median follow-up of 11.9 years. Adherence to the guidelines, for vigorous intensity exercise (i.e., ≥9 h METs/week) was associated with a 51% reduction in the risk of any CV event compared to non-adherence to the guidelines (p = 0.002). Exercise was associated with a lower risk of CV events in a dose-dependent manner, regardless of CV risk profile and treatment.



Similar findings were observed in a study carried out in 2973 women with non-metastatic breast cancer, (average age 57 years), and a follow-up of more than 8 years, where patients following the guidelines (≥9 METs/h/week) translated into a 23% reduction in the risk of CV events [92]. The protective effect is independent of other factors such as age, menopause, antineoplastic therapy and, above all, the previous CV risk.



Metabolic syndrome, defined as a cluster of CV risk factors in cancer survivors, could be the late consequence of hormone therapy, chemotherapy, radiotherapy and surgery [17]. Exercise is one of the intervention strategies. Patients initiating radiotherapy with or without androgen deprivation therapy were randomly assigned to usual care, resistance, or aerobic exercise for 24 weeks. Resistance training in addition to improving fatigue, functional capacity, QoL, and strength in the extremities reduced serum triglycerides, and decreased body fat [62,63].



In a Canadian study,63 survivors of testicular cancer with history of CVD [93] were enrolled. The exercise program lasted for 12 weeks, three times a week, and was aerobic interval training, with periods of 4 min up to 95% of the VO2peak, followed by recovery intervals below the ventilatory threshold. In addition to increasing cardio-respiratory fitness, and also improving some surrogate parameters of CV risk, the program succeeded in reducing C-LDL, CRP, arterial stiffness, intimal thickness and increasing parasympathetic tone. The result was a 20% reduction in CV risk factors.



Exercise is an effective tool to oppose CV risk factors and CVD and also alterations induced by chemotherapy and radiotherapy, which are a model of accelerated atherosclerosis.



Recently, a prospective randomized single-center clinical study involving 100 women with breast cancer (stage I–III), who were sedentary, overweight or obese (BMI ≥ 25.0 or body fat ≥ 30%) with chemotherapy completed within the previous 6 months was published [94]. CV risk was assessed with the Framingham Risk Score for each participant, using a preset point for each of the 6 Framingham Risk Score categories: age, systolic blood pressure, C-HDL, C-LDL, diabetes and smoking. The exercise group underwent supervised aerobic and resistance training sessions three times/week for 16 weeks, reducing the predicted 10-year Framingham Risk Score by 11%.



The assessment of CV risk factors is mandatory, not only at the moment of cancer diagnosis, but also later. In breast cancer patients, treated with anthracyclines and/or trastuzumab, the women who developed late cardiac toxicity showed CV risk factors at the time of toxicity that were not reported at the diagnosis, which is why their control should be part of the survivorship program [95].



In conclusion, the effects of exercise treatment in oncology can be defined as bimodal. In the early stages of the disease, they enable an increase functional capacity, reduce disabilities and improve QoL and psychological wellbeing; moreover, they can antagonize the negative effects of chemotherapy and radiotherapy (and perhaps improve their effectiveness). Later, exercise, in a dose-dependent manner, can prevent morbidity and mortality and cancer recurrence; moreover, it clearly reduces CV events, which, at a distance from diagnosis, especially for some types of cancer, represent the main cause of death.




5. Exercise-Induced Protective Effects on Anthracycline Damage


Exercise increases the availability of calcium transporters in the sarcoplasmic reticulum, improves inotropism, and has positive effects on endothelial and mitochondrial function in animal models [96]. Of these beneficial effects, only the reduction in the natriuretic peptide has been confirmed in humans, after an endurance training program in women with breast cancer [58,59,97].



Exercise increases survival in anthracycline-treated animals. The main protective mechanism of aerobic training is mediated by protection from reactive oxygen species (ROS) damage, both through reduced production of superoxide anions, and through increased expression of antioxidant enzymes (catalase, glutathione peroxidase, and manganese superoxide dismutase). The final result is the prevention of the denaturation of intracellular proteins, and the acceleration of their repair [98]. Exercise not only prevents the doxorubicin-induced increase in apoptosis mediators, but a short training program (21 days) reduces the apoptotic index by about five times [99,100].



In addition to cell death reduction, exercise can significantly increase the proliferation of cardiac progenitor cells. The training increases GATA 4, a protein involved in myocyte differentiation and stimulated by α-1 adrenergic activity, which induces the negative regulation of inhibitory factors and an increase in those involved in the proliferation and hypertrophy of myocardial cells [101]. Moreover, it seems to reduce the calcium overload, optimizing the function of the sarcoplasmic reticulum, stimulating the deterioration in the calpain, a protein that promotes the degradation of proteins binding calcium [102].



An unproven mechanism of the exercise-induced prevention of anthracycline damage is the increased activity of adenosine monophosphate (AMP)-activated protein kinase [103], which has a crucial role in the homeostasis of myocardial energy, through of the activation of catabolic pathways for the production of ATP (such as the oxidation of fatty acids).




6. Protective Effect of Exercise on Molecularly Targeted Therapy Damage


Tyrosine kinase receptor inhibitors represent the most important class among molecularly targeted therapies. The receptors found in the cell membrane are involved, not only in the regulation of many cellular processes, but also in malignant transformation and tumor proliferation if their activity is amplified by a genetic abnormality or mutation [104]. The excessive expression of the HER2 receptor (also known as ErbB2) is present in approximately 20% of breast cancer, in 10% of lung adenocarcinomas, and in 5% of gastric cancer [105].



Receptor blocking through complex metabolic pathways increases the expression of CCAAT-enhancer-binding proteins (C/EBPs) a family of transcription factors involved in inhibiting cell proliferation, blocking the GATA synthesis. The result is a deterioration in the ejection fraction, leading to HF. In animal models, exercise induces the increased expression of neuregoline [106], an endothelial protein that binds to the ERb receptor with a final cardio protective effect [107]. It also reduces angiotensin, which, like adrenergic agonists, inhibits neuregoline [106].



Exercise increases phosphoinositide-3-kinase (PI3K), which has a fundamental role in inducing the hypertrophic response [107]. The rise in PI3K increases the activity of AKT protein kinase B (PKB), a cytosolic protein that activates biochemical pathways, with the end result being cell growth and a resistance to apoptosis. Exercise increases adenosine monophosphate kinase (AMPK), which stimulates fatty acid oxidation, glucose uptake and, in turn, activates the protein peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC-1α), which activates mitochondrial function. The aforementioned increase in the activity of GATA4, induced by exercise, modulating the degradation of proteins and elevating their synthesis, promotes the hypertrophic response.



These protective mechanisms are speculative and are based on biochemical pathways demonstrated only in the experimental model. To our knowledge there is only one clinical study in women with breast cancer, treated with trastuzumab, in which 16-week exercise training did not reduce ventricular dilation, probably due to a low adherence to the protocol [108].



Drugs with antiangiogenic action block vascular endothelial growth factor (VEGF). Its stimulation is associated with the activation of the NO pathway and the mobilization of myocardial progenitor cells. Therefore, antagonizing VEGF led to the blocking of the migration, proliferation, growth and formation of new vessels and a new capillary network, which is essential for neoplastic diffusion [109]. At a CV level, it also reduces availability of NO, induces vasoconstriction, increases peripheral resistance, and blood pressure. In addition, it also counteracts myocardial cell differentiation by limiting progenitor cells [105].



E increases PGC-1α protein transcription, which, in turn, raises the expression of VEGF. In addition, PGC-1α increments the number of mitochondria and the fibers of oxidative metabolism (slow contraction fibers type I) in the skeletal muscle, increasing resistance to fatigue [110]. Finally, exercise can increase cardiac progenitor cell production and mobilization through an NO-mediated increase in VEGF, the release of IL-6, and the increase in signal transducer and activator of transcription 3 (STAT3) activated by cytokine and growth factors.



The final result is the stimulation of hypertrophy and cell differentiation with protection against ischemia and pharmacological damage [111].




7. Exercise-Induced Protective Effect on Radiotherapy Damage


Radiotherapy (RT) exerts negative effects on CVD, accelerating coronary artery disease, and determining conduction system damage, constrictive pericarditis, and vascular and valvular damage. These might explain the early onset of CV events, and the consequent increase in mortality and morbidity [23,24].



An additional negative effect of radiotherapy has also been described: autonomic dysfunction (AD) identifies the loss of the normal autonomic regulation of the CV system, associated with the excessive activation of the sympathetic nervous system, not counteracted by adequate parasympathetic activity [112]. Increased heart rate is the main manifestation, but also faster atrio-ventricular node conduction, contractility, and oxygen consumption. Besides, is well known that a high heart rate per se is able to promote atherosclerosis.



The basal heart rate of women treated with adjuvant chemotherapy for breast cancer is, on average, seven to 16 beats faster compared to age-matched controls [113]. A sample of 4876 women with breast cancer (stage I–III) were followed for an average of 5 years [114]; an increase of 10 beats/min entails an incremental risk of all-cause (15%), cancer specific mortality (22%) and cancer recurrence (6%). In patients with colon cancer, a heart rate > 80/min, after adjustment for various risk factors, is associated with an increased risk of recurrence (HR = 6.18) compared to heart rate < 66/min. This association is stronger in sedentary people with a higher percentage of body fat [115].



Another tool for to valuating the AD is heart rate recovery, which is the reduction in heart rate after 1 min following the peak of exercise stress testing (if <12 beats per minute is an index of reduced parasympathetic tone reactivation, a surrogate marker of autonomic dysfunction).



The exposure of the neck to irradiation and damage to the vagus nerve and carotid sinus during radiotherapy, strategies more widely used in the past, explain the temporal trend of autonomic dysfunction, with a higher prevalence in subjects treated in the past, especially for Hodgkin lymphoma. In 263 subjects [112] with previous radiotherapy for Hodgkin undergoing exercise testing, the occurrence of radiotherapy, after correction for age, therapy, sex, CV risk factors, and stress test indications, correlates with an increased risk of autonomic dysfunction, with an odds ratio (OR) of 3.96 for elevated baseline heart rate, and OR 5.32 for an abnormal heart rate recovery. Autonomic dysfunction is also related to a reduced functional capacity. Abnormal heart rate recovery, but not a high heart rate at rest, increases all-cause mortality (OR=4.60).



In addition to radiotherapy, chemotherapy can also induce autonomic dysfunction: anthracyclines, trastuzumab, taxanes and cyclophosphamide are able to induce an increase in basal heart rate. The raised level of circulating catecholamine levels was demonstrated before a detectable reduction of EF [116]; obviously, the onset of overt HF can accentuate it. Additional conditions modulating the autonomic dysfunction are psychosocial stress, alterations in sleep patterns, weight gain (sarcopenic obesity) and low fitness. This multi-factorial origin justifies a disproportionate autonomic dysfunction, compared to the lower reduction in the ejection fraction, comparing cancer patients with those with HF [117].



In 1070 consecutive patients undergoing a 12-week supervised phase II CR program, an abnormal heart rate recovery led to a risk of all-cause death (HR 2.15), but in those in which it was normalized, the mortality was comparable to subjects with absent autonomic dysfunction [118]. Similar data are lacking in the field of cardio-oncology. However, a moderate 16-week Nordic Walking exercise program can improve the sympatho-vagal balance in patients with malignancy [119]. In women with operable breast cancer receiving neo-adjuvant chemotherapy, an aerobic exercise program has a mitigating effect on the basal heart rate [58,59]. The autonomic dysfunction is able to predict a reduction in functional capacity, mortality and cancer recurrence. All therapeutic tools, pharmacological and not, must be implemented to reduce it. Among these, exercise appears to be effective and promising, but, unfortunately, is underused.




8. Cardiac Rehabilitation as a Model of Cardio-Oncology Rehabilitation (CORE)


The beneficial effect of training, especially supervised, should extend from the field of CR to that of patients with cancer [120]. The positive effects on QoL, functional capacity, psychological state and mood were demonstrated; however, above all, a positive impact on morbidity, mortality and cancer recurrence is an intriguing hypothesis. We are also beginning to understand the biochemical pathways underlying the protective action against chemotherapy and radiotherapy. Lastly, but by no means unimportantly, exercise has an important protective effect on CVD, which represents a major cause of death in cancer survivors.



Therefore, it seems fully justified to introduce the term Cardio-Oncology Rehabilitation (CORE), since, surely, a rehabilitation program based on supervised exercise could be useful in cancer patients also undergoing on chemotherapy and radiotherapy, especially if they have ventricular dysfunction. In addition, training may also be useful in some types of cancer (such as breast, colon, lung, prostate, lymphomas and hematological diseases) where the associated CV risk it is not negligible, to fully exploit the therapeutic action of CR. Finally, increasing cardio-respiratory fitness could be a tool to achieve benefits in relation to symptoms, mortality and recurrence in all types of cancer.



Rehabilitation in oncology still means, for many health professionals, a way to minimize the effects of surgery (retractions, lymphedema, correct posture) and improve autonomy in everyday life.



It is time to extend the benefits of CR to cancer patients. Local experiences have existed for some time, but, recently, the American Heart Association, with the endorsement of the American Cancer Society, has published an important statement on CORE [121].



The availability of a network of professionals dedicated to CR is a ready-to-use resource. CR units are distributed throughout the country, albeit non-uniformly, and represent a place for CORE in the treatment of cancer.



Dittus et al. [122] were the first to propose the CR model, with few changes, also for oncology. The overlap between the core components of the CR and the CORE is surprising (Figure 2). Exercise programs (aerobic or resistance) to increase functional capacity are the same, as are psychological supports to reduce stress and quit smoking and advise patients to avoid unhealthy food and to check dietary changes. A dietitian support for evaluating nutritional status is essential, especially when sarcopenia and cachexia are concomitant conditions, or in the case of cancer-specific recommendations. A lipid control and weight management program with the evaluation of lean and fat mass is essential, especially when cancer is associated with metabolic syndrome, which is induced by chemotherapy [17].



There are numerous reports on the correlation between the inflammatory power of the diet and tumors [123,124,125,126]. Therefore, chronic inflammation is the key factor to be countered to reduce the incidence of chronic diseases including CV diseases and cancer. Meat-poor food patterns such as the Mediterranean diet have a low inflammatory index. A “non-Western” low-calorie food pattern, Mediterranean or lacto-ovo vegetarian diet reduces, within 3 months, oxidative stress and inflammatory cytokines in a similar way, except for interleukin-17, which improved more only with the Mediterranean diet [127]. In the Prevención con Dieta Mediterránea (PREDIMED) study, a reduction in CV events and a lower incidence of breast cancer in diabetic or high-risk CV women was observed when randomized with the Mediterranean diet, especially if accompanied by the regular use of extra virgin olive oil [128]. The beneficial effects of the Mediterranean diet are generally attributed to the action of nutrients within food, but is also able to influence the system of endogenous defenses through two mechanisms which involve areas of intense research: the intestinal flora (microbiota) and some compounds taken with the diet (i.e., bio-flavonoids) [129].



This is why the American Cancer Society Guidelines for cancer survivors recommend a dietary plan rich in vegetables, fruit, and whole grains, in order to limit the consumption of processed meat, red meat and alcohol (no more than one drink per day for women or two drinks per day for men) [130]. Unfortunately, the adherence to recommendations is globally low and inadequate among cancer patients, especially in long-term survivors: it is higher for non-smoking and low alcohol intake advice, but lowest for fiber intake [131]. Therefore, the effort to stimulate behavioral and dietary changes must be mandatory in the care of cancer survivors, but, above all, CORE is the right phase of the cancer continuum in which to apply them.



The combined intervention of nutrition therapy and exercise has been shown to have greater efficacy in relation to cancer fatigue in men with prostate cancer [132]. In addition, it has proven effective in reducing morbidity and mortality. In the Life After Cancer Epidemiology study, involving women diagnosed with early-stage breast cancer, a diet that followed the American Cancer Society guidelines was associated with a significant decrease in the risk of all-cause mortality, but not a reduced risk of specific breast cancer mortality or recurrences [133]. This might depend on the specificity of the cancer. In the Women’s Intervention Nutrition Study on 2437 women between the ages of 48 and 79 years with early-stage breast cancer, with a follow-up of 20 years, the benefit of a low fat dietary intake was shown only in women with negative estrogen receptor cancer [134]. In the Iowa Women’s Health Study of 938 breast cancer survivors, an intervention comprising exercise, weight loss and dietary advice reduced all-cause (HR 0.67), and CV mortality by 40% [135].



A multimodal intervention in cancer survivors (exercise, diet and other components of CR), may be critical to reduce mortality, morbidity and to reduce CV risk. In a subset of patients who are overweight or obese, the magnitude of the effect seems greater. CORE is the right time and the right way to apply these interventions.



Cancer treatment negatively impacts the cardiovascular system by determining hormone deficiencies, changes in insulin sensitivity, lipid metabolism, and inflammatory status. These changes can worsen the cardio-metabolic risk by promoting the development of metabolic syndrome [17,136]. There is a “common soil” between cancer, CVD and metabolic syndrome: obesity, insulin resistance, chronic subclinical inflammation dyslipidemia and hypertension. An unhealthy diet is the link that often binds these conditions, to which specific mechanisms are added for each type of cancer [137]. These are often in crosstalk.



Firstly, patients’ hormonal disorders, secondary to local therapies (e.g., orchiectomy or thyroid irradiation) or general therapies such as chemotherapy or hormone therapy, increase the risk of metabolic syndrome. Some examples are the blocking of the hypothalamic–pituitary axis caused by radiotherapy in survivors of childhood brain tumors [138], hypothyroidism induced by neck irradiation in Hodgkin lymphoma, the sarcopenic obesity induced by low testosterone levels in prostate cancer patients treated with deprivation androgen therapy and in breast cancer survivors in anti-estrogen therapy [136].



Hormonal disorders are also amplified by chemotherapy, possibly due to a greater sensitivity of the endocrine cells to the toxic action of certain drugs [17]; moreover, the chemotherapy can interact with the receptors and induce the dysfunction of the hormonal axis [139]. In patients with seminoma, the hypogonadism is more frequent in subjects treated with orchiectomy associated with cisplatin [140] or in survivors of acute childhood lymphatic leukemia [141]. Chemotherapy can induce insulin resistance and metabolic syndrome, with direct action even in the long-term period and through multiple potential mechanisms, especially if it is carried out at the pediatric age, a crucial period of development of the organs involved in metabolic homeostasis, such as the bone marrow, the muscles, the liver, the gastro-intestinal system, the adipose tissue and the endothelium [142].



Alkylating agents, anthracyclines, platinum derivatives and bleomycin produce reactive oxygen species, which mediate the anticancer effects and also lead to mitochondrial dysfunction in the healthy cells of numerous organs [136]. Other agents such as capecitabine promote the hepatic steatosis associated with decreased insulin sensitivity [143]. The vinca alkaloids and taxanes interfere with the microtubule system by blocking cellular replication, but also disrupt the important metabolic functions involved in glucose metabolism and muscle metabolism, liver production of lipoproteins, caloric intake and the composition of the microbiota, slowing down bowel motility. Endothelial dysfunction, induced by many chemotherapy agents, particularly by VEGF inhibitors, causes reduced vasodilation, inflammation, apoptosis and the impaired synthesis of nitric oxide [136]. The cytotoxic damage, apoptosis and anemia induced by chemotherapy lead to the release of cytokines and the activation of macrophages, alongside the development of obesity, insulin resistance, and dyslipidemia prodromal to metabolic syndrome [144].



There is also an “indirect” mechanism that can favor the development of metabolic syndrome. Muscle atrophy is frequent during chemotherapy and is associated with reduced insulin-mediated uptake [142]; maintaining an adequate level of physical activity can be a valuable tool to counteract the reduction in muscle mass.



A structured exercise program can reduce the prevalence of metabolic syndrome. In adults aged 50 to 65 years, increased moderate-to-vigorous activity is associated with its reduction (OR 0.33) [145]. An inverse relationship between fitness and metabolic syndrome probably also exists in cancer survivors: when BMI and waist circumference increase, fitness decreases, at least in survivors of breast and endometrial cancer [136].



Some types of cancer such as breast, colon, prostate and lymphomas seem to benefit more from CORE. In any case, the competence of the cardiologist and oncologist are often essential for the referral of the patient to CORE on the basis of age, comorbidities, CV risk factors and medical history, especially with regard to the time of exposure to cancer therapy.



However, the American Heart Association statement [121] underscores the fact that CORE is mandatory in the presence of high-dose chemotherapy and radiotherapy (high-dose anthracycline or radiotherapy ≥ 30 Gy), but also in the case of lower doses, if associated with ≥2 risk factors, older age, valvular disease, myocardial infarction or reduced ejection fraction. Finally, chemotherapy with low doses of anthracycline associated with trastuzumab is also a criterion for CORE.



Regarding CORE timing, there are two possibilities: CORE can be implemented at the time of diagnosis and during therapy or based on exposure to therapy and the onset of symptoms [121].



Although the first approach is pathophysiologic, exploiting the synergistic action of exercise with chemotherapy, deconditioning, fatigue, depression and side effects can make adherence to the CORE program more difficult.



The CORE team (doctor, physiotherapist, nurse) must have the skills not only to deliver a tailored exercise program, but also to evaluate the risks associated with the type of cancer and its therapy (HF and hypertension induced by chemotherapy, myocarditis and pericardial effusion from immunotherapy [146] or radiotherapy). In close collaboration with the oncologist, the patient’s CV risk profile must be evaluated, both basal and after cancer therapy, as well as the anatomical and functional limitations derived from cancer (deconditioning, fatigue, lymphedema, surgical direct injury).



A careful analysis of the patient’s unhealthy habits (smoking, obesity, level of physical activity), as well as any non-cancer-related therapy will be mandatory. The blood pressure should be measured twice in both arms, considering particular situations such as lymphedema or the subclavian steal in patients treated with mediastinal or neck irradiation [121]. It is essential to rule out orthostatic hypotension, which could increase the risk of traumatic injury during the training. The definition of good blood pressure control must take into account previous drug therapy, CV risk level, the hypertensive effect of chemotherapy and the beneficial hypotensive effect of exercise.



The control of diabetes mellitus must be one of the main objectives, as well as determining the presence of complications, stimulating self-management and underlining how diet and exercise can improve its control, especially in the case of chemotherapy (corticosteroids, androgen deprivation therapy), which can worsen glycemic control [121]. All strategies, not only to quit smoking, but also to avoid exposure to environmental smoke, must be adopted.



During CORE, fasting total cholesterol, C-HDL, C-LDL and triglyceride levels should be determined in subjects with CV disease history, with the goal of a C-LDL level below 70 mg/dL [121]. It is reasonable to also obtain this information in patients with ≥2 CV risk factors or metabolic syndrome. Although CVD risk score is useful [94], cancer-related factors, such as chest and mediastinal irradiation, must be considered to customize the definition of individual CV risk [23,24].



The definition of the body composition to determine fat and lean body mass and weight loss is crucial. Psychological intervention is a cornerstone for supporting cancer patients, increasing adherence to therapy QoL and reducing anxiety and depression.



Only starting from this complete basal analysis will the CORE team be able to set up a tailored aerobic and resistance training program to achieve the objectives. The functional assessment can begin even after a 6-min walk test, but periodic re-evaluations will be necessary to evaluate the achievement of objectives and to reshape the workload in the gym, based on the improvement in fitness.



A stress test or, better still, a cardiopulmonary exercise test, is essential as soon as possible; the target for moderated aerobic training is 70–85% of the maximum heart rate, with perceived exertion on the Borg scale of 10–12 (ranging from zero to 20). The program should be customized, including resistance exercises, on the level of conditioning. Resistance exercises are based on repetitions, starting at 30% of maximum load up to 60–70% for eight to 10 repetitions, until muscle fatigue of the major muscle groups (usually lower limbs) [121]. Usually, the program starts supervised and then can continue at home; telemedicine tools (tele-surveillance and tele-rehabilitation) could be useful.



After cancer therapy, poor conditioning, fatigue, and mobility deficits, sometimes due to surgery, may require specific interventions, as in the case of lymphedema in women treated with mastectomy. However, breast cancer survivors may find aerobic exercise more useful than home lymphedema care in order to improve symptoms [147].



Moreover, given the relevance of CVD as a comorbidity, but also as a risk factor for the toxicity of chemotherapy and, in long-term survivors, as a cause of death, it is mandatory to provide educational sessions on the management of CV risk factors, including stress reduction and smoking cessation. Oncologists will have to participate in the educational intervention, not only to explain the effectiveness of the therapy, including the usefulness of the training, but also the negative effects (cardiovascular and otherwise) of cancer therapies.



Therefore, through CORE, the old peripheral rehabilitation intervention must be integrated with central intervention (CR-derived intervention) based on physical training in order to achieve all the benefits of CR (cardio-respiratory fitness, QoL, risk factor control, etc.), and possibly also a reduction in total CV, oncology-related mortality and cancer recurrence.



The widespread adoption of the CORE model can also stimulate research in order to fill some knowledge gaps, including being able to identify [121] (1) which patients can benefit most from the CORE and the best time to adopt it, (2) to analyze the impact not only on CV outcome, but also on cancer-specific morbidity and mortality, (3) to define the best method of training (supervised, home, tele-rehabilitation or hybrid) with a related cost-effectiveness analysis and, (4) finally, to develop a model of automatic referral, especially for the categories of patients at highest risk.




9. Peculiarities of Cardio-Oncology Rehabilitation vs. Cardiac Rehabilitation


The heterogeneity of the response to physical training [120] is a fundamental element in CORE: for the same protocol, the response in terms of improving cardio-respiratory fitness can be located on a spectrum, ranging from neutral to positive and negative. Moving from a “one-size-fits-all” to a custom approach could reduce this heterogeneity.



The first element of personalization is individualization [148]. For the definition of the load, an exercise test should be carried out, avoiding using the age-predicted heart rate, for the risk of overtraining—the functional capacity of a patient with breast cancer is comparable to that of a healthy subject 20–30 years older [54]. The use of lactate sampling or anaerobic ventilatory thresholds [148] seems to allow better customization of the workload compared to VO2peak.



Cancer is a biologically heterogeneous disease. Physical activity reduces mortality by 50% in breast cancer with estrogen receptors, while it has no effect in the case of tumors without receptors [149]. Similar data have been described in patients with colon cancer, with a better cancer-specific survival only among nuclear β-catenin (CTNNB1)-negative subjects [150]. Even in women with breast cancer with a BRCA gene mutation, physical activity does not appear to play a protective role [151]. Usually, patients of a healthy weight responded better to the higher-dose E interventions than overweight/obese patients during chemotherapy for breast cancer [152]. Therefore, interactions between cancer and host factors can influence tumor aggressiveness; furthermore, factors related to the host, including genetics, immune competition, inflammatory status and intestinal microbiota, could play a role. Proper tumor and patient evaluation would maximize the effect of exercise.



The second factor to consider is the specificity of training. If reduced exercise tolerance is related to a cardiac output deficit, aerobic endurance is the most appropriate training. In the case of a peripheral limitation (reduced capillary density and reduced capacity to extract oxygen from the skeletal muscle), resistance training, coupled with aerobic training, is the most appropriate method. If the rapid recovery of fitness is required, interval training is the protocol of choice, especially if diabetes, dyslipidemia, and hypertension coexist with ventricular concentric remodeling.



Balance exercise can be useful if the patient has equilibrium problems, which are easily recognizable by placing the subject on one limb, as in chemotherapy-induced neuropathy [153]. In a systematic review, including 18 trials on breast cancer, exercise intervention improved social and physical functioning, but only medium-length sessions (>45 to ≤60 min; p = 0.03) and longer sessions (>60 to 90 min; p = 0.005) considerably improved QoL [154].



The third factor is the progression of the workload. In observational studies, the protective effect increases with workload [49,73], and there is a threshold effect, below which the effect of physical activity on mortality and cancer recurrence seems to be reduced. Therefore, in intervention training studies, the aim of the treatment is the delivery of the maximum tolerated dose, since this is considered the optimal dose to obtain clinical benefits in relation to the natural history of cancer. However, it is necessary that the intensity of the exercise guarantees adequate adaptation and recovery time; otherwise, strenuous exercise can be harmful. Experimental studies have shown that moderate exercise reduces the metastatic lung burden of transplanted liver cancer cells in mice, while strenuous exercise accelerates the growth of metastases [155].



Finally, there are contraindications to training [156], some similar to those of CR. Absolute contraindications are severe angina, dizziness or pre-syncope, cyanosis or O2 saturation at rest < 88% systolic blood pressure > 200 mm Hg or diastolic blood pressure > 110 mm Hg and basal heart rate above 120 bpm after two measurements five minutes apart. Other factors depend on the patient’s condition: low hemoglobin levels (<8.0 g/dl) are contraindications to high intensity protocols. There is an increased risk of bacterial infection in subjects with a low white blood cell count (<2000 and neutrophils < 1500) and if thrombocyte levels are <50,000, the risk of bleeding increases.




10. Exercise and Cancer Continuum


The potential benefits of physical activity and exercise can occur throughout the natural history of CVD, as well of cancer [157]. In primordial prevention, cohort studies have shown that PA certainly has a protective role towards the development of at least some types of cancer [158,159,160]; furthermore, exercise training before or during primary adjuvant therapy can mitigate potential therapy-induced toxicity. In primary prevention, PA begins after the first chemotherapy/radiotherapy treatment and can improve QoL, fitness, and cancer survival, in addition to possibly antagonizing the effects of cancer therapy. In secondary prevention, exercise is prescribed after the detection of a decrease in the ejection fraction ≥ 10% (or beyond the lower limit of the normal values) of a VO2peak < 15 mL/kg/min and myocardial ischemia [157]. Exercise continues the positive effect on functional capacity and fitness and QoL and reduces the fatigue and harmful effects of CT in advanced and metastatic cancer. CV prevention also begins: the cardiovascular continuum joins the cancer continuum (Figure 3). Finally, tertiary prevention occurs when exercise follows a new CV event (HF, acute coronary syndrome, stroke, or major arrhythmias) after cancer diagnosis and the initiation of chemotherapy/radiotherapy.




11. Limits and Future Perspectives


There are several gaps in the knowledge that make the optimal design of large-scale and randomized trials to test the definitive association between exercise and therapeutic effects in cancer difficult [161]. First, the existing evidence that supports the antitumor activity of exercise is limited mainly to observational data, and the clinical studies are limited. Thus, neither the dose nor the exercise prescription regimen can be derived accurately. Another confounding factor is represented by the individual factors related to the tumor and the host, both in the animal and in human models.



The opportunity to overcome these limitations could be represented by prospective studies based on short (4–6 weeks) preoperative exercise training, or longer exercise training (4–12 months) during adjuvant therapy or in patients with an advanced or metastatic stage of cancer, with different models of training (aerobic endurance vs. interval vs. resistance or combined; supervised vs. home vs. combined), and in large populations of well-defined types of cancer. Regarding the therapeutic and protective action of exercise on CV risk factors and CVD (coexisting or after cancer therapy), there is a wide demonstration of the efficacy of CR. Exercise could be a useful treatment, which is economic and without side effects, to improve the prognosis of cancer [161].



The concept of cancer pre-habilitation was recently introduced and is defined as a process of optimization of a patient’s physical and mental health (through exercise prescription and psychological and nutritional support), which occurs between the time of cancer diagnosis and the beginning of acute treatment [162,163]. It is being promoted as a way in which to improve the effectiveness of cancer treatment and survival. Cancer pre-habilitation has many points in common with or, in most cases, overlaps with CR.




12. Conclusions


The CR network represents the area in which the CORE model should be introduced in oncology. It is foreseeable that, with a few hours of specific education for operators, they will be able to acquire the basic oncological notions to start treating cancer patients. Cardiologists with cardio-oncological skills are the link between oncology and CR. The support and collaboration of oncologists will be indispensable, and the final result will be cultural growth within both disciplines. CORE, using the CR model, with a few additions, is a promising intervention for cancer survivors. Health policy makers should have a broader vision about the best and most cost-effective preventive interventions to reduce CV and oncologic mortality and should expand the entry to CR programs to include cancer patients.
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Figure 1. Proportional distribution of the main causes of death by time since the diagnosis of breast cancer. 
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Figure 2. Core components of cardiac and Cardio-Oncology Rehabilitation programs. 
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Figure 3. Exercise and cancer continuum, abbreviations as in the text. 
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