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Introduction

Beta (β)-blockers or β-adrenoceptor antagonists were first introduced in the early 1960s for the treatment of angina pectoris (1). The use of β-blockers in ischemic cardiac disease is based on the reduction of the catecholaminergic stimulation of the heart in order to improve the exercise capacity of the cardiac muscle by slowing heart rate and lowering the oxygen consumption. The anti-hypertensive and anti-arrhythmic effects of this drug class have led to its extensive use in the treatment of hypertension and cardiac arrhythmias. Other (off-label) indications for the use of β-blockers are migraine, the treatment of essential tremor, prophylaxis of esophageal variceal hemorrhage caused by portal hypertension, control of anxiety symptoms (exam anxiety and stage fright) and thyrotoxicosis.

The expression of β-adrenergic receptors has been investigated previously in both benign and malignant vascular tumors (2, 3). The registered indication of propranolol, a non-selective β-blocker, has now been extended to the treatment of infantile hemangioma requiring systemic therapy (4, 5). Since β-adrenoceptors are also overexpressed in some cancer types, such as soft tissue sarcomas, propranolol might be a drug of interest in these rare malignancies. Hence, propranolol obtained the orphan designation by the European Commission for the treatment of soft tissue sarcomas (6, 7). Furthermore, the effect of β-receptor blockade with propranolol on angiosarcoma is currently being studied in two clinical trials: The PropAngio trial (NCT04518124, study start date December 2019, status ongoing) and the PROPAN trial (NCT02732678, study start date May 2016, status unknown) (8–10). The aim of the PropAngio trial is to prospectively assess the anti-proliferative effect of neoadjuvant propranolol as monotherapy in primary, recurrent and metastatic angiosarcoma. In the PROPAN trial, propranolol is given in combination with cyclophosphamide in locally advanced or metastatic angiosarcoma (10). The usual daily dose range of propranolol for hypertension is 160 to 320 mg (5). In the PropAngio trial, propranolol is given orally in a dose-escalation schedule (40-80 mg twice daily in the first two weeks, thereafter 80 mg three times a day) until initiation of standard therapy (chemotherapy and/or surgery or radiation). Since the anti-proliferative effect of propranolol on angiosarcoma cells has been shown to be dose dependent, evaluating the effect of dose escalation in this trial is necessary (3). However, these patients have no cardiovascular co-morbidity or other indications for β-receptor blockade, making them more at risk for treatment related cardiovascular adverse events, mainly bradycardia and hypotension. These known side effects of propranolol can limit its use in high dosages in this patient population. Ideally, one should adapt a β-blocker with proven efficacy in angiosarcoma and which is characterized by minimal cardiovascular side effects. Here, we discuss the pharmacological properties of the diverse β-blockers and consider the usage of propranolol in angiosarcoma.



Pharmacological properties

β-blockers can be distinguished based on their pharmacological properties by selectivity, intrinsic sympathomimetic activity (ISA), vasodilator activity and lipophilicity (Table 1). These pharmacological properties can be of use to define treatment and to predict adverse events. Intrinsic sympathomimetic activity or partial agonist activity of β-blockers is caused by inhibition of β-receptors in the presence of agonists, such as catecholamines, and stimulation of β-receptors in rest when these agonists are absent (11). This results in less bradycardia or peripheral vasoconstriction (12). Consequently, β-blockers with ISA can be of use in patients in whom strong decline of heart rate is unwanted. A comparison between pindolol and propranolol confirms this clinical benefit of β-blockers with ISA in patients with angina pectoris (13). Of the non-selective β-blockers with a vasodilator effect, there is some evidence that carvedilol causes less bradycardia compared to other β-blockers (14). Lipophilic β-blockers can more easily cross the blood-brain barrier increasing theoretically the incidence of central nervous system adverse events (12). However, studies were unable to associate lipophilicity to the incidence of adverse events (18).


Table 1 | Properties of β-blockers divided into selectivity, intrinsic sympathomimetic activity and vasodilator activity (11–17).



β1-receptors are primarily located in the heart and most adverse effects of β-blockers are a result of antagonism of β1-receptors (notably bradycardia), whereas inhibition of β2-receptors, located on vascular and bronchial smooth muscle, can lead to adverse events like constriction of airways or peripheral vasculature (11, 15, 16). Therefore, cardioselective β-blockers are better tolerated and are preferred in patients with respiratory disease (15).

Differences in pharmacological properties can theoretically lead to varying adverse events. However, in head-to-head trials, the incidence of adverse events could not be clearly differentiated among most β-blockers (18, 19). Some studies report a difference in adverse events e.g.; carvedilol showed a higher rate of dizziness compared to metoprolol and propranolol was associated with a higher overall rate of adverse events compared to pindolol (13, 17). However, no β-blocker can be distinguished with highest incidence of adverse events (19).



Use of β-blockers in angiosarcoma

Overexpression of β1-, β2- and β3-adrenoceptors in angiosarcoma cells has been demonstrated in several preclinical studies (2, 3). This finding suggests that, as in infantile hemangioma, β-blockers may also be of use in the treatment of this aggressive vascular tumor. Several mechanisms behind this anticancer effect have been suggested. Direct effects of β-blockers on tumor cells due to antagonism of β-receptors could lead to less proliferation, migration and differentiation of tumor cells (20). In addition, β-blockers can also influence tumor angiogenesis by downregulation of VEGF (2, 21–23). Furthermore, β-receptors play a role in immunostimulation and β-blockers can have effects on several immune cells (in both the adaptive and innate immune system) and on the tumor microenvironment (20, 22, 23). Several preclinical studies describe the synergy between β-blockers and chemotherapy resulting in less drug-resistance (3, 6, 21–24). Affecting the tumor microenvironment and immune system could also increase sensibility to immune checkpoint inhibitors by increasing T-cell infiltration and decreasing suppression of CD8+ cytotoxic T-cells (20, 25). Additionally the used isomer of β-blockers can be of importance. Studies on the isomers of propranolol suggest that the use of the R-isomer, which has no significant activity against the β-receptor, could lead to less side effects while maintaining efficacy. This supports a mechanism of action independent of β-blockade (24, 26). Using in vitro angiosarcoma models, it was found that the anti-proliferative effect of non-selective β-blockers was superior to cardioselective β-blockers (esmolol and atenolol) (27).

The anti-tumor activity of propranolol (as single agent and in combination with chemotherapy) in different types of angiosarcoma has been described in several case reports and case series (23, 28–35). Table 2 shows the characteristics and results of these reports. Pasquier et al. reported the results of an unpowered pilot study in 7 patients with metastatic angiosarcoma in which propranolol was administered in combination with metronomic vinblastine-based chemotherapy. A response rate of 100% was observed (16). One single arm prospective clinical trial studied the efficacy of beta-blockade with propranolol or carvedilol in metastatic angiosarcoma (27). A total of 9 patients received either propranolol 20-100 mg per day (n=8) or carvedilol 6.25 mg per day (n=1) in combination with standard treatment protocols according to physicians choice. An improvement of the median progression-free survival (PFS) and overall survival (OS) was observed compared with historical controls (PFS 9 months vs. 3-6 months, OS 36 months vs. 12 months) (27).


Table 2 | Case reports and case series of propranolol in angiosarcoma.





Discussion

The aim of this perspective was to give an overview of the efficacy and safety of different β-blockers in angiosarcoma in order to recommend the use of the most appropriate β-blocker in this patient population. In accordance with the summarized preclinical and clinical data, we hypothesize that use of a non-selective β-blocker is preferred to maximize the possible effectiveness in angiosarcoma. Propranolol has been reported to be effective as monotherapy and in combination with chemotherapy in diverse cases of angiosarcoma. This is possibly the result of a synergistic effect of this non-selective β-blocker with chemotherapy by decreasing drug-resistance of tumor cells. β-blockade is also expected to enhance the immunomodulatory effects combinations of checkpoint inhibitors due to their positive effects on T-cells. However, propranolol is known to cause (cardiovascular) side effects by β-receptor antagonism, repurposing the R-isomer of propranolol could be a strategy to decrease side effects.

Given the abovementioned pharmacological features of β-blockers, one should ideally adopt a non-selective β-blocker with ISA to lower the risk of potential severe cardiovascular events such as bradycardia in patients with angiosarcoma. β-blockers that fulfill these criteria are labetalol and pindolol. As mentioned earlier, carvedilol has no ISA, but is known to cause less bradycardia because of its mainly vasodilator effects and may, therefore, be a suitable drug. To our knowledge, these agents have never been studied in angiosarcoma (except of carvedilol which is described in one case). Therefore, we do not recommend replacement of propranolol with another β-adrenoceptor antagonist in angiosarcoma due to lack of efficacy data. Hence, strict monitoring of adverse events and in particular (severe) bradycardia is highly recommended. The use of non-selective β-blockers with ISA should be considered in potential follow-up studies.
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