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Abstract 1 

Heart failure (HF) patients have a significantly higher risk of new-onset cancer and cancer-associated 2 

mortality, compared to subjects free of HF. While both the prevention and treatment of new-onset 3 

HF in patients with cancer have been investigated extensively, less is known about the prevention 4 

and treatment of new-onset cancer in patients with HF, and whether and how guideline directed 5 

medical therapy (GDMT) for HF should be modified when cancer is diagnosed in HF patients. The 6 

purpose of this review is to elaborate and discuss the effects of pillar HF pharmacotherapies, as well 7 

as digoxin and diuretics on cancer, and to identify areas for further research and novel therapeutic 8 

strategies. To this end, in this review (i) proposed effects and mechanisms of action of guideline-9 

directed HF drugs on cancer derived from pre-clinical data will be described, (ii) the evidence from 10 

both observational studies and randomized controlled trials on the effects of GDMT on cancer 11 

incidence and cancer-related outcomes, as synthetized by meta-analyses will be reviewed, and (iii) 12 

considerations for future pre-clinical and clinical investigations will be provided.    13 
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Abstract 1 

Heart failure (HF) patients have a significantly higher risk of new-onset cancer and cancer-associated 2 

mortality, compared to subjects free of HF. While both the prevention and treatment of new-onset 3 

HF in patients with cancer have been investigated extensively, less is known about the prevention 4 

and treatment of new-onset cancer in patients with HF, and whether and how guideline directed 5 

medical therapy (GDMT) for HF should be modified when cancer is diagnosed in HF patients. The 6 

purpose of this review is to elaborate and discuss the effects of pillar HF pharmacotherapies, as well 7 

as digoxin and diuretics on cancer, and to identify areas for further research and novel therapeutic 8 

strategies. To this end, in this review (i) proposed effects and mechanisms of action of guideline-9 

directed HF drugs on cancer derived from pre-clinical data will be described, (ii) the evidence from 10 

both observational studies and randomized controlled trials on the effects of GDMT on cancer 11 

incidence and cancer-related outcomes, as synthetized by meta-analyses will be reviewed, and (iii) 12 

considerations for future pre-clinical and clinical investigations will be provided.    13 

 14 

Keywords: cardio-oncology, heart failure, cancer, beta-blocker, mineralocorticoid-receptor-15 

antagonist, sodium-glucose-cotransporter-2-inhibitor, angiotensin-receptor-blocker, angiotensin-16 

converting-enzyme-inhibitor, angiotensin receptor neprilysin-inhibitor  17 
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1 Introduction 1 

Heart failure (HF) and cancer are leading causes of mortality worldwide[1–6]. Although HF and cancer 2 

are conventionally viewed as two separate disease entities, an implicit bidirectional relationship 3 

between them has been identified by recent studies[7], as (i) major risk factors and mechanistic 4 

pathways overlap in HF and cancer[8–11], (ii) in patients with prevalent cancer, cardiovascular 5 

diseases are the leading causes of non-cancer mortality[12–14], (iii) several cancer 6 

pharmacotherapies exert cardiotoxic effects[15–18], and (iv) in patients with prevalent HF, majority 7 

of observational evidence reported increased cancer incidence and worse cancer outcomes 8 

compared with subjects free of HF, irrespective of patients’ age, HF etiology, and cancer type[19–25] 9 

(Graphical abstract). However, an epidemiological study on men with self-reported HF reported no 10 

such associations[26], moreover, a Danish nationwide study reported a significant decrease of cancer 11 

incidence in patients with prevalent HF after adjusting for multiple variables including co-morbidities 12 

and medications[27]. Interestingly, despite major improvements in HF therapies, cancer incidence in 13 

HF patients has remained unchanged for the past 20 years, underscoring the importance of cancer in 14 

the setting of HF[28,29].  15 

Guideline recommendations exist regarding prevention, screening, monitoring and treatment of 16 

new-onset HF in patients receiving cancer therapies[3]. However, no recommendations are available 17 

that defines if and how HF treatment should be modified (i) to prevent cancer incidence in HF 18 

patients, or (ii) when cancer is diagnosed during the course of HF, and no on-going clinical studies are 19 

available addressing these questions. Indeed, based on a systematic search on Clinicaltrials.gov we 20 

have found that all of the on-going clinical studies of cardio-oncology are related to prevention or 21 

treatment of cancer therapy-related cardiotoxicity (Supplementary table 1.). 22 
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The purpose of this review is to provide (i) an overview on the effects and proposed mechanisms of 1 

action of guideline-directed medical therapy (GDMT) of HF on cancer based on pre-clinical data, and 2 

(ii) a balanced interpretation of findings reported in clinical meta-analyses investigating the effects of 3 

HF GDMT on cancer incidence and outcomes. Moreover, gaps of knowledge and areas of future pre-4 

clinical and clinical research will also be highlighted. 5 

In this narrative review, we collected evidence from in vivo (Supplementary table 2.) and in vitro 6 

(Supplementary table 3.) pre-clinical studies, with a special emphasis on drug-type, dosing, cancer 7 

type, and endpoints. We also collected information from meta-analyses of clinical studies 8 

investigating the effect of HF GDMT on cancer incidence in cancer-free patients, or other cancer-9 

related outcomes (e.g. cancer-specific or recurrence-free survival) in patients with pre-existing cancer 10 

at baseline (Supplementary table 4.).  11 

 12 

2 Effects of beta-blockers on cancer 13 

Beta-adrenoceptor signaling has been suggested to play a contributory role in cancer biology, as it 14 

modulates cancer progression mainly via the activation of protein kinase A and the Exchange Protein 15 

activated by Adenylyl Cyclase (Figure 1.)[30]. Catecholamines regulate beta-adrenoceptors on cancer 16 

cells, stromal cells, and tumour-associated macrophages[31], resulting in a procarcinogenic 17 

microenvironment. Accordingly, beta-blockers (BBs) may have a potential to decrease cancer 18 

incidence or improve cancer outcomes.  19 

2.1 Pre-clinical studies assessing the effects of BBs on cancer 20 
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Effects of BBs on cancer have been extensively investigated in the pre-clinical studies, almost 1 

unanimously demonstrating potent anti-cancer effects both in vivo (Supplementary table 2.) and in 2 

vitro (Supplementary table 3.). Most in vivo studies tested the non-selective BB propranolol. 3 

Propranolol exerted significant anti-cancer effects in vivo by inhibiting tumour growth[32–35], 4 

reducing metastases[36,37], influencing tumour immuno-microenvironment[38], and by repressing 5 

angiogenesis[39]. In contrast, some studies showed that propranolol did not have anti-cancer effects 6 

per se[40], as it could only enhance the effects of other anti-cancer therapies[38,41–44]. Among in 7 

vivo studies investigating the anti-cancer effects of non-selective BBs other than propranolol, 8 

carvedilol was the most commonly used agent. Most of these studies demonstrated significant anti-9 

cancer effects of carvedilol when used alone in a variety of cancer-types [45–52]. Other BBs, such as 10 

the beta1-selective metoprolol[41] and nebivolol[53,54], as well as the non-selective labetalol[33] 11 

were also shown to have either anti-cancer effects per se, or enhance the anti-cancer effects of other 12 

drugs.  13 

Anti-cancer effects of various BBs on several cancer types has been assessed by in vitro studies, 14 

resulting in variable results. For instance, anti-cancer efficacy of propranolol or beta2-adrenoceptor 15 

blockade was reported to be higher compared to beta1-selective BBs by the majority of 16 

studies[34,55–58]. Conversely, a study on non-small cell lung cancer cell lines demonstrated no 17 

correlation between beta-adrenoceptor selectivity and anti-cancer efficacy of BBs, as both 18 

propranolol and the beta1-selective betaxolol significantly decreased colony formation[59]. Of note, 19 

metoprolol, the only beta1-selective BB approved for HF that was investigated in this study, was 20 

ineffective in such settings. Moreover, superiority of beta1-selective BBs over propranolol has also 21 

been demonstrated in vitro[60–62], further complicating the picture. 22 
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Of note, BB use emerged not only in prevention of cancer development per se, but also in prevention 1 

of cancer therapy-related cardiotoxicity, as beta-adrenoceptor signaling was shown to share an 2 

intricate conundrum with human epidermal growth factor receptor type 2 (ERBB2) in the 3 

cardiovascular system, and also in breast cancer[63,64]. As a result, the BB carvedilol was shown to 4 

prevent ERBB2-blockade-induced cardiotoxicity[65]. 5 

2.2 Clinical studies assessing the effects of BBs on cancer  6 

Intriguingly, contrary to the pre-clinical studies, meta-analyses on clinical observational studies or 7 

randomized controlled trials (RCTs) show disparate results regarding effects of BBs on cancer, both in 8 

cancer-free patients, and in cancer patients (Figure 2., Supplementary table 4.).  9 

2.2.1 Effects of BBs on risk of cancer in cancer-free patients 10 

In a meta-analysis on 9 RCTs, BB use was associated with a non-significant trend toward lower overall 11 

risk of any cancer type[66]. Likewise, a network meta-analysis on 70 RCTs showed that the use of BBs 12 

was not associated with any change in risk of any cancer type, or cancer mortality[67]. In other meta-13 

analyses, BB use was associated with mixed effects on cancer incidence, varied by cancer types. For 14 

instance, two meta-analyses showed no association between BB use and risk of new-onset breast, 15 

lung, colon or prostate cancer[68,69]. Other meta-analyses showed that BB use was associated with 16 

a significantly increased risk of melanoma[70,71], but of note, the these meta-analyses included the 17 

same primary studies. In addition, a meta-analysis resulted in a significantly increased risk of kidney 18 

or bladder cancer in BB users[72], while another meta-analysis demonstrated a significantly increased 19 

risk for hepatocellular carcinoma in patients with liver cirrhosis using non-selective BBs[73]. Of 20 

interest, none of these meta-analyses used HF patients, or HF as an indication for BB use exclusively, 21 

according to their study eligibility criteria. 22 
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2.2.2 Effects of BBs on cancer outcomes in patients with prevalent cancer 1 

 Meta-analyses on breast cancer showed that BB use was associated with either no effect[74–76], or 2 

with improved cancer outcomes[77–79] compared to non-users, even when BBs were started after 3 

diagnosis of malignancy[79]. Most meta-analyses on lung cancer show no associations of BB use with 4 

cancer outcomes[74–76,79]. Still, one meta-analysis reported that (i) non-selective BB use was 5 

associated with significantly worse overall survival of lung cancer patients, and that (ii) BB use (not 6 

stratified by selectivity) was associated with improved overall survival in stage III patients and in those 7 

without surgical cancer treatment[80]. With respect to colorectal cancer, no association has been 8 

found between BB use and cancer outcomes[74–76,79]. Regarding malignant melanoma, repeated 9 

analyses on the same cohorts  hinted towards improved overall survival in patients using BB[74–76]. 10 

Conversely, another meta-analysis that included additional cohort studies showed no association of 11 

BB use with beneficial cancer outcomes in patients with malignant melanoma[79].  12 

In conclusion, although BBs have been shown to exert significant anti-cancer effects in pre-clinical 13 

studies, meta-analyses of clinical studies show inconsistent and sometimes conflicting results 14 

regarding the associations of BB use with cancer incidence and outcomes, independently from cancer 15 

site and outcome measure. Moreover, there is no consensus on how beta-adrenoceptor selectivity 16 

influences the effect of BBs on cancer neither in pre-clinical, nor in clinical studies. It should also be 17 

stressed that BBs have no proven effects in HF with preserved ejection fraction, and only minor 18 

cardioprotective effects in cancer patients receiving chemotherapy[81]. Nevertheless, as the 19 

activation of SNS on cancer outcomes has been well-established in both the pre-clinical studies and 20 

the clinical settings[82], there is strong rationale to further investigate the SNS-cancer relationships. 21 
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3 Effects of renin-angiotensin-aldosterone system inhibitors on cancer 1 

Many studies have shown that dysregulation of the renin-angiotensin-aldosterone-system (RAAS) 2 

may promote cancer, mainly driven by the AT1R-Akt axis (Figure 1.)[83]. The idea for investigating 3 

effects of RAAS blockade on cancer has first emerged by the retrospective analysis of Lever et al., 4 

showing that patients using angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin receptor 5 

blockers (ARBs) had a reduced risk for developing cancer[84]. This seminal study gave rise to pre-6 

clinical and clinical studies testing the hypothesis that RAAS blockade entails anti-cancer effects, as 7 

well as to investigations demonstrating that components of RAAS are expressed in various human 8 

cancers and in their microenvironment[83], which are associated with worse outcomes[85,86].  9 

3.1 Pre-clinical studies assessing the effects of RAASIs on cancer 10 

The anti-cancer effects of blocking the RAAS with ACEIs was tested in numerous pre-clinical in vivo 11 

studies, mostly demonstrating benefits, that could be exerted either alone or in combination with 12 

other anti-cancer therapies (Supplementary table 2.)[87–91]. Nevertheless, contradictory findings 13 

were reported in an early study by Wysocki and colleagues, where captopril did not exert significant 14 

anti-cancer effects, but was associated with increased mortality in immunocompetent mouse models 15 

of renal cancer[92]. However, in a more recent study using a similar immunocompetent cancer model 16 

and the same cancer cell line, captopril significantly reduced primary tumour weight and lung 17 

metastases. Of note, captopril treatment was started 2 days prior to tumour inoculation, and in a 18 

lower dose[93]. The anti-cancer effects of RAAS blockade by ACEIs is further supported by in vitro 19 

studies, showing a reduction in cell-proliferation, migration and invasion[94–99]. Nevertheless, in 20 

contrast to these in vivo studies, several in vitro studies reported no direct anti-cancer effects of 21 

ACEIs[91,100–102], or no synergism with other anti-cancer agents (Supplementary table 3.)[103]. 22 
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Whether findings of these pre-clinical studies is a class effect is not known, as captopril was assessed 1 

almost exclusively. Thus, a comprehensive, systematic research strategy to assess the effects of 2 

different types of ACEIs is lacking. 3 

ARBs inhibit the AT1R, the key target of angiotensin-II, which is the major effector peptide of the 4 

RAAS. In tumour-bearing mice, ARBs exert significant anti-cancer effects by reducing tumour growth 5 

and/or fibrosis[104–107], metastases[108,109], tumour neo-angiogenesis[110–112], and influencing 6 

tumour immuno-microenvironment (Supplementary table 2.)[108,113]. In a seminal study by Rhodes 7 

et al., AT1R is overexpressed in 10-20% of breast cancer cases across multiple independent patient 8 

cohorts. The study indicated that marked AT1R-overexpression defines a subpopulation of estrogen-9 

receptor-positive, ERBB2-negative breast cancer that may benefit from targeted therapy with ARBs, 10 

most particularly losartan. These findings were obtained in both in vitro and in vivo models AT1R-11 

overexpressing breast cancer, but not in AT1Rlow cell line[114]. Nevertheless, contradictory results 12 

were obtained by a number of in vitro and in vivo studies demonstrating no or less anti-cancer effects 13 

of ARBs, mostly using losartan or irbesartan[115–128] (Supplementary table 3.).  14 

Mineralocorticoid receptor antagonists (MRAs) represent a third pillar part of HF GDMT. Only a 15 

handful of pre-clinical studies investigated effects of MRAs on cancer currently. Leung and colleagues 16 

demonstrated that spironolactone decreased the number of intestinal polyps in APJmin mice (a mouse 17 

model of spontaneous intestinal adenoma formation), and inhibited metastases in colorectal 18 

carcinoma-implantation studies by pathways that are independent of the mineralocorticoid 19 

receptor[129]. Other in vivo studies also demonstrated a significant anti-cancer effect of the MRAs 20 

by reducing tumour volume[130–132], and/or by inhibiting metastatic spread[133] (Supplementary 21 

table 2.). Accordingly, majority of in vitro studies also show an overall anti-cancer effect of MRAs 22 
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either given alone or in combination with other therapeutics (Supplementary table 3.)[130,134–138]. 1 

Of note, Gold and colleagues reported difference in anti-cancer efficacy of different MRAs, showing 2 

superiority of spironolactone over eplerenone[131], a differential effect that needs further 3 

elucidation regarding mechanism. Conversely, lack of anti-cancer effects for spironolactone were also 4 

found on liver-[132], and  pituitary cancer cell lines[139]. Moreover, Aldaz and colleagues 5 

demonstrated that spironolactone (either alone, or in combination with dexamethasone) protected 6 

the glioblastoma cells against radiation-induced damage[140].  7 

3.2 Clinical studies assessing the effects of RAASIs on cancer 8 

The putative effects of RAAS blockade on malignancy in HF patients was investigated in a seminal 9 

meta-analysis by Sipahi and colleagues, in which only RCTs of ARBs were analyzed. Here, a significant 10 

association between the use of ARBs and overall cancer risk was reported, mostly attributed to new-11 

onset lung cancer[141]. These results raised doubts about the reliability of this meta-analysis, as 12 

adjudication of cancer diagnoses was not uniform among the included studies[142].  13 

3.2.1 Effects of RAASIs on risk of cancer in cancer-free patients 14 

Other meta-analyses of RCTs reported that ARB or ACEI usage was not associated with cancer risk 15 

compared to placebo[67,68,143–146]. This lack of association between RAASI use and incident cancer 16 

has also been suggested by meta-analyses of cohort studies across multiple cancer types[69–17 

71,147,148]. However, meta-analyses of non-randomized investigations demonstrated a significantly 18 

decreased incidence of esophagus[149], colorectal[150], prostate[151], and lung cancer[144], but an 19 

increased risk for renal cancer[72,149] and melanoma[149] amongst users of ACEI/ARB compared to 20 

non-users. Although a large number of meta-analyses have been conducted to investigate the 21 

association between ACEI/ARB use and cancer incidence, only a single recent meta-analysis by 22 
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Bommareddy and colleagues assessed the effect of spironolactone on cancer occurrence[152]. This 1 

meta-analysis synthesized data from observational studies, showing a significantly decreased risk for 2 

prostate cancer, but no effect on other cancer types. Similar to BBLs, effects of RAASIs on cancer 3 

incidence were mostly assessed in hypertensive, but not in HF populations by the meta-analyses. 4 

3.2.2 Effects of RAASIs on cancer outcomes in patients with prevalent cancer 5 

In contrast to the disparate effects of RAASIs on cancer incidence, meta-analyses of observational 6 

studies demonstrated significantly improved cancer outcomes in patients with digestive system 7 

malignancies[153–155], renal cancer[154,156], or all-cause cancer[157] in users of ACEIs or ARBs. 8 

Nevertheless, a meta-analysis on RCTs showed neutral effect of RAASIs in cancer patients irrespective 9 

of the cancer type[158]. 10 

In conclusion, the effect of RAASIs on new-onset cancer risk is conflicting in the current clinical data, 11 

varying mostly by cancer types, and also, by primary study design (i.e. RCT or observational). 12 

However, in patients with prevalent cancer, majority of meta-analyses either show safety, or even 13 

improved cancer-related outcomes when RAASIs are used, compared to non-users. Nevertheless, a 14 

major factor that complicates the interpretation of these results is the confounding by indication, 15 

that is, most of the clinical data is derived from patients with hypertension, and not with HF, urging 16 

for further evidence in the HF populations as well. 17 

 18 

4 Effects of angiotensin-receptor-neprilysin-inhibitor on cancer 19 
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There is a general lack of pre-clinical and clinical evidence regarding the effect of angiotensin receptor 1 

neprilysin inhibitor (ARNI, i.e. sacubitril-valsartan) on cancer, which is another part for HF GDMT [1], 2 

a drug that enhances the beneficial cardiovascular effects of endogenous natriuretic peptides 3 

(NP)[159,160]. Of note, in the landmark RCT leading to approval of ARNI for treatment of HF with 4 

reduced ejection fraction, proportion of cancer deaths was comparable in the ARNI and ACEi 5 

arms[161]. Moreover, in a recent cohort study on patients with HF with mildly reduced ejection 6 

fraction, ARNI/ACEI/ARB use significantly increased cancer incidence in the primary outcomes within 7 

3 years, although this association was not significant by falsification analysis[162]. 8 

NPs have been shown to inhibit tumour growth in several in vitro and in vivo studies[163–166], 9 

nevertheless, these associations should be interpreted with caution, as some malignant cells are also 10 

able to produce NPs, questioning generalizability of tumour-inhibitory effects of NPs[167,168]. In 11 

addition, it is noteworthy that in principle neprilysin inhibition also increases the availability of factors 12 

other than NPs that might influence cancer cell biology[169]. The effects of these substrates should 13 

also be considered in future investigations addressing the effects of ARNI on cancer.  14 

 15 

5 Effects of sodium-glucose-cotransporter-2 inhibitors on cancer 16 

As glucose is a major substrate required for cancer cell survival and growth, Scafoglio and colleagues 17 

hypothesized that the metabolism-shifting effect of SGLT2Is might be protective against malignancy 18 

as well[170]. In this seminal investigation, functional expression of SGLT2 on human pancreatic and 19 

prostate cancers was demonstrated. In addition, this was the first study providing evidence on SGLT2 20 

inhibitors blocking glucose uptake and reducing tumour growth in a xenograft model of pancreatic 21 
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cancer, which led to the conduction of subsequent pre-clinical studies investigating the anti-cancer 1 

effects of SGLT2 inhibitors[171]. 2 

5.1 Pre-clinical studies assessing the effects of SGLT2Is on cancer 3 

Glucose uptake/metabolism-dependent anti-cancer mechanisms of SGLT2Is have been further 4 

demonstrated in cancer-bearing mice, which was attributed to activation of AMPK, and thus, to the 5 

inhibition of mTOR[172–174] (Figure 1., Supplementary table 2.). Nevertheless, Kaji et al. reported 6 

the anti-cancer effect of SGLT2 inhibition to be exerted independently of the systemic glycemic status, 7 

although cellular glucose-uptake was not assessed here[175]. Other mechanistic pathways on the 8 

anti-cancer effects of SGLT2 blockade were suggested by other studies, showing that SGLT2 inhibition 9 

(i) decreases pro-carcinogenic inflammation[176], (ii) activates AMPK, which leads to inactivation of 10 

the protooncogene sonic hedgehog[177], (iii) suppresses cancer progression by inhibiting the Hippo 11 

signalling pathway through downregulating YAP1 expression[178]. In contrast, however, Korfhage 12 

and colleagues reported an increased intestinal adenoma burden in female, but not in male APCmin 13 

mice, when treated with canagliflozin[179], a result that needs further mechanistic elucidation. 14 

Several in vitro studies also indicated that anti-cancer mechanisms of SGLT2Is are mainly attributed 15 

to the induction of AMPK[180], which subsequently leads to the inhibition of the Akt/mTOR pathway 16 

(Supplementary table 3.)[181]. In addition, analyses of metabolomics in SGLT2I-treated cancer cell 17 

lines showed that beside the glucose-dependent mechanisms, alteration of other metabolic 18 

pathways (e.g. fatty acid metabolism) also contribute to the decrease in cancer cell 19 

proliferation[182,183]. Other in vitro studies reported that anti-proliferative effects of SGLT2Is are 20 

exerted by a significant repression of DNA-synthesis[184], subsequent cell cycle arrest[185], and by 21 

blocking aberrant activation of ß-catenin[186]. In the latter study, dapagliflozin and empagliflozin (the 22 
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two SGLT2 inhibitors that are currently recommended in HF) exerted non-significant effects, 1 

questioning the presence of a class effect. 2 

Of note, in addition to tumour growth studies, SGLT2 inhibitors were also investigated in cancer 3 

therapy-related toxicity studies. For instance, dapagliflozin and empagliflozin were shown to revert 4 

ponatinib-induced endothelial cell senescence and dysfunction[187]. 5 

5.2 Clinical studies assessing the effects of SGLT2Is on cancer 6 

During the safety trials of SGLT2Is in diabetic patients, no significant increase in overall cancer events 7 

was observed. Nevertheless, a nominal increase in bladder cancer incidence in men, and breast 8 

cancer incidence in women were noted in the SGLT2I-treated arm[188]. These observations have led 9 

to systematic investigations of the association between SGLT2I use and cancer, showing inconsistent 10 

results (Supplementary table 4. & Figure 4.). 11 

For instance, a recent meta-analysis of hyperglycaemic patients reported an overall reduced risk of 12 

cancer associated with SGLT2I use, and most particularly with dapagliflozin and ertugliflozin vs. 13 

placebo[189]. Of note, in this meta-analysis, 2 trials with large sample sizes may have shifted the 14 

overall effect size towards benefit by SGLT2Is, whereas the majority of the included studies had large 15 

confidence intervals (i.e., small sample sizes) with non-significant effects. Surprisingly, an earlier 16 

meta-analysis showed no association of SGLT2I with malignancy, however (i) dapagliflozin 17 

significantly increased risk of overall cancer compared to other antidiabetic drugs, and (ii) 18 

empagliflozin nominally increased the risk of overall cancer compared to placebo in patients with 19 

type 2 diabetes mellitus (T2DM)[190]. Another meta-analysis on T2DM patients showed that risk of 20 

overall cancer in obese patients was significantly increased in association with SGLT2I use. This meta-21 
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analysis also showed a tendency towards increased risk of cancer in studies with a follow-up period 1 

of >52 months. Moreover, risk of bladder cancer also significantly increased, mainly associated with 2 

the use of empagliflozin[191]. In contrast, Dicembrini and colleagues reported a significant risk 3 

reduction in bladder cancer associated with dapagliflozin use, although this result was derived from 4 

4 RCTs, one of which might have been overweighed, thus, dominating the overall effect size[192].  5 

Meta-analyses investigating effects of SGLT2Is on outcomes by cancer types show no significant 6 

change in the risk of breast cancer[190–192], lung cancer[190–192], prostate cancer[191–193], or 7 

melanoma[194], with the latter cancer showing a tendency to increase by SGLT2Is. In addition, similar 8 

neutral results were reported regarding renal, pancreatic and hepatocellular cancers as well[192].  9 

As the use of SGLT2I with the indication for HF has only recently been introduced, most meta-analyses 10 

synthesize data from studies of patients with diabetes. Nevertheless, the putative association 11 

between SGLT2I use and cancer outcomes of HF patients – with or without diabetes – requires 12 

investigation in future meta-analyses. Moreover, as the above meta-analyses assessed only the risk 13 

of cancer, future studies should also assess the outcomes of patients with prevalent cancer. 14 

 15 

6 Effects of digoxin on cancer 16 

Although not considered as a pillar part for HF pharmacotherapy, digoxin is still used in selected HF 17 

patients[1]. Effects of digoxin on cancer have been investigated in a variety of in vitro studies, mostly 18 

showing anti-cancer properties by causing cell-cycle arrest[195–201]. These findings were supported 19 

by in vivo studies, showing an inhibition of tumour growth[201–203], or reducing distant tumour 20 

formation[204]. Despite the appealing pre-clinical data, meta-analyses on clinical studies show rather 21 
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contradictory results. For instance, Ahern and colleagues performed an observational study and a 1 

meta-analysis showing a significantly increased risk of breast cancer in digoxin users vs. non-2 

users[205]. This finding was further supported by a meta-analysis also reporting significantly 3 

increased risk of breast cancer, lung cancer and colorectal cancer, but not prostate cancer in 4 

association with digoxin use[206]. In addition, significantly increased all-cause mortality of cancer 5 

patients using digoxin was also reported, but no increase in cancer-specific mortality could be 6 

detected. It should be emphasized here that these results should be interpreted with caution, as 7 

clinical studies may be biased by (i) a higher likelihood of medical contact, and (ii) an intrinsic 8 

tendency towards worse outcomes (not only restricted to cancer or cardiovascular outcomes), as 9 

patients taking digoxin are on average sicker than those not on this medication. 10 

Overall, there is an apparent discrepancy between the pre-clinical studies (almost unanimously 11 

demonstrating anti-cancer effects) and the clinical investigations (showing a tendency towards worse 12 

cancer outcomes) regarding effects of digoxin on cancer. This discrepancy highlights the need for 13 

increasing the translational value of pre-clinical research, and the reliability of clinical data that are 14 

synthesized by meta-analyses.   15 

 16 

7 Effects of diuretics on cancer 17 

Loop diuretics (e.g. furosemide) are used in HF patients to reduce symptoms and signs of 18 

congestion[1]. The target molecule of furosemide, Na-K-2Cl-transporter has been shown to be 19 

expressed on cancer cells, playing a key role in cancer cell growth. Pre-clinical studies have 20 

demonstrated anti-cancer effects of furosemide, which was attributed to Na-K-2Cl-transporter 21 
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inhibition[207–209], however, no such effects were seen in clinical studies[210]. Although thiazides 1 

are not the preferred diuretic agents for decongestion purposes in HF, it should be noted that use of 2 

hydrochlorothiazide has been brought in association with increased risk of skin cancer[211], however, 3 

a recent meta-analysis has found no such associations[212]. In summary, the interaction between 4 

diuretics and malignancy remains inconclusive, especially in HF populations, and further 5 

investigations are required to validate the interaction between diuretics and cancer. 6 

 7 

8 Future directions for decreasing cancer burden of heart failure 8 

Overall, extensive pre-clinical evidence shows significant anti-cancer effects of all HF GDMT drug 9 

classes, nevertheless, no such anti-cancer effects of HF drugs could be confirmed in the clinical reality 10 

(Figure 5.) – a discrepancy that is not at all restricted to the field of cardio-oncology[213,214]. These 11 

findings emphasize the need to conduct pre-clinical studies of higher translational value, and more 12 

robust and reliable clinical studies of higher quality, in order to facilitate the formation of 13 

recommendations aiming to decrease cancer burden of HF patients (Figure 6.). 14 

8.1 Considerations for future pre-clinical studies investigating the effect of HF drugs on cancer 15 

Pre-clinical in vivo and in vitro studies complement each other, as in vitro studies might fail in taking 16 

into account the complexity of the systematic effects of a drug, while better exploring the direct 17 

effects on cancer.  18 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



19 

 

Another limitation for translation stems from the lack of standardized practice for drug dosing and 1 

administration, as there is a high variety of doses of the same drug between cancer studies. Also, HF 2 

drug doses in cancer studies do not necessarily correspond to doses used in HF studies.  3 

In addition, there is a difference in the interpretation of studies where (i) administration starts prior 4 

to tumour inoculation (i.e. tumour growth inhibition study), or where (ii) administration starts after 5 

an established tumour nodule has already formed (i.e. tumour growth delay study).  6 

Another important aspect for increasing translational value could be the use of in vivo tumour-models 7 

where cardio-metabolic diseases are also induced to better mimic the frequent clinical situation of 8 

HF with comorbidities. Although pioneer in vivo studies assessing tumour growth in animals with 9 

prevalent HF induced by either myocardial infarction or transverse aortic constriction (TAC) have 10 

already been published, studies assessing the effect of HF medications either alone or combined in 11 

such settings should follow[215–218]. Of note, a TAC model, depending on the severity and length of 12 

constriction, could mimic cardiac diseases ranging from non-ischemic HF with reduced or preserved 13 

ejection fraction, to aortic stenosis[219], which mimic important sub-populations of HF patients. 14 

Finally, to further enhance translational value, (i) differential effects of HF medications either 15 

combined or alone, (ii) different etiologies and stages of prevalent HF, (iii) different cancer types, (iv) 16 

effects of age, co-morbidities – e.g. hypertension, atrial fibrillation, obesity –, and co-medications that 17 

are present amongst the majority of HF patients, and (v) sex-based differences should be considered 18 

when planning future pre-clinical studies to this field. 19 

8.2 Considerations for future clinical investigations on the effect of HF drugs on cancer  20 
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Several issues are intrinsic to the study of cardiovascular disease and cancer. First, a major obstacle 1 

in the synchronous study of cardiovascular disease and cancer is that, inevitably, successful treatment 2 

of the one condition will provide an opportunity for the other condition to progress and become a 3 

more important cause of death. For instance, a very powerful HF drug might reduce HF-related 4 

outcomes and cardiovascular death, e.g. an MRA. But at the same time, this will provide more 5 

opportunity for (latent) cancers to progress and become manifest. This competing risk by no means 6 

is synonymous to a pro-oncogenic effect of MRA. Vice versa, breast cancer survivors have after 10 7 

years a larger cardiovascular risk than cancer risk[12]. Since these women have survived one 8 

potentially lethal condition, they have beaten the cancer risk (at least for some time), while their 9 

cardiovascular risk continues and likely has risen due to aggressive cancer treatments. This complex 10 

interplay complicates the simultaneous study of CV disease and cancer and is very difficult to adjust. 11 

Second, observational studies are prone to biases, a problem that was touched upon by the meta-12 

analysis of Weberpals and colleagues, where BB use significantly increased overall survival and cancer 13 

specific survival of cancer patients. However when observational studies prone to immortal time bias 14 

were excluded from the analysis, no significant effects were found for any investigated outcome[74].  15 

Third, indication for the use of HF drugs was not always attributed to HF exclusively in current 16 

observational studies, but rather to hypertension (for ACEIs/ARBs) or diabetes (for SGLT2Is), causing 17 

confounding by indication. Therefore, to generate evidence whether and how HF treatment should 18 

be modified to improve (or at least not to worsen) cancer-related outcomes in cohorts of HF patients 19 

with prevalent cancer is of paramount importance. 20 

Fourth, crucially, cancer outcomes generally are poorly adjudicated in most cardiovascular RCTs, 21 

which intrinsically flaws the outputs of any meta-analysis. Systematic assessment of new-onset 22 
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cancer risk in future HF RCTs is essential to collect valuable information with potential clinical 1 

implications, that may require longer follow-up after termination for cardiovascular end-2 

points[220,221].  On the other hand, systematic assessment of cardiovascular outcomes in future 3 

cancer trials is equally important. For instance, the latest RCT with immune checkpoint inhibitors (ICI) 4 

did not systematically collect troponin values, while we know that ICI-mediated myocarditis is a 5 

potentially lethal side-effect of immunotherapy, that occurs in 2-5% of all patients[222].  6 

In general, stratifying patients in clinical investigations based on (i) type and length of use of HF 7 

pharmacotherapy of different combinations, (ii) etiology and clinical stage of HF, (iii) cancer type, (iv) 8 

age, co-morbidities, and co-medications, is essential because individual patients with co-morbidities 9 

may require other types of drugs than HF medications, and importantly (v) based on sex, may more 10 

clearly show how HF medications affect cancer incidence, progression and outcomes, being of 11 

paramount importance for clinical decision-making. For instance, the differential sex-related effects 12 

of HF medications were addressed by Stolfo and colleagues who showed that female HF patients 13 

were more likely to receive BBs, diuretics, and digoxin. Of note, digoxin use was associated with an 14 

increased risk of death in females[223], but females were less likely to receive RAASIs compared to 15 

male HF patients[224]. 16 

Overall, definitive answers would be obtained from proof-of-concept phase II RCTs that directly 17 

assess the effects of HF drugs on cancer in HF patients, therefore, such investigations are eagerly 18 

waited to be conducted in the future. Of note, although direct effects of HF drugs on cancer, or the 19 

effects of successfully reversed HF on cancer may be hard to dissect in future studies, if the outcome 20 

is definitive, this question should be addressed by further mechanistic investigations (Graphical 21 

abstract).  22 
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Besides guideline-directed pharmacotherapies of HF, investigating other therapeutic options would 1 

also facilitate solving this issue. For instance, the interleukin-1beta inhibitor canakinumab has been 2 

shown to reduce HF-related hospitalization and mortality[225,226], and cumulative incidence of lung 3 

cancer in atherosclerotic patients[227], raising the question whether targeting inflammation, a 4 

shared pathomechanistic pathway of both HF and cancer, could mean a solution for decreasing 5 

cancer burden of HF patients. 6 

In conclusion, translatability of pre-clinical studies, and reliability of clinical investigations should be 7 

improved to facilitate decision-making on whether and how HF treatment should be modified to 8 

decrease cancer incidence and improve cancer outcomes of HF patients. 9 

  10 
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11 Figure & Table legends 1 

Graphical abstract: The risk factors and pathophysiological pathways of both heart failure and cancer 2 

are common. The discipline of cardio-oncology investigates how heart failure and cancer progression 3 

are connected: on one hand, the cardiac effects of anti-cancer medications or cancer-derived 4 

metabolic byproducts are investigated, whereas on the other hand, the possible effects of heart 5 

failure on cancer progression are examined, such as those mediated by maladaptive neuroendocrine 6 

activation and factors secreted from the failing heart. Nevertheless, there is a lack of systematic 7 

knowledge on how HF pharmacotherapies affect new-onset cancer incidence or prevalent cancer 8 

outcomes, and whether these effects are mediated through the improvement in cardiac functions.  9 

Figure 1.: Suggested mechanism of action of the different HF pharmacotherapies on cancer cells. A: 10 

adrenaline, NA: noradrenaline, Ang: angiotensinogen, Ang1: angiotensin-I, Ang2: angiotensin-II, ACE: 11 

angiotensin-converting enzyme, Aldo: aldosterone, ARB: angiotensin receptor blocker, ACEI: 12 

angiotensin-converting enzyme inhibitor, BB: β-blocker, SGLT2I: sodium-glucose-cotransporter-2 13 

inhibitor, ß-AR: ß-adrenergic receptor, AT1-R: angiotensin-II-receptor type 1, SGLT2: sodium-glucose-14 

cotransporter-2, MC-R: mineralocorticoid receptor, MRA: mineralocorticoid receptor antagonist, 15 

cAMP: cyclic adenosine-monophosphate, EPAC: exchange protein directly activated by cAMP, PKA: 16 

protein-kinase A, IP3: inositol-triphosphate, Akt: protein-kinase B, mTOR: mammalian target of 17 

rapamycin, Gluc: glucose, AMPK: adenosine monophosphate-activated protein kinase, TF: 18 

transcription factors. 19 

Figure 2.: Meta-analyses of clinical studies on the effect of BBs on cancer incidence or outcomes. 20 

Black letters: neutral or no effect on cancer incidence or outcomes; green letters: improvement of 21 

cancer incidence or outcomes; red letters: worsening of cancer incidence or outcomes. The number 22 
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of studies used for overall effect size estimation are marked (n). OS: overall survival, CSS: cancer 1 

specific survival, CR: cancer recurrence, DFS: disease-free survival, Obs: observational studies, RCTs: 2 

randomized controlled trials. The meta-analyses are referenced in the text.  3 

Figure 3.: Meta-analyses of clinical studies on the effect of RAAS-inhibitors (ARBs, ACEIs or MRAs) on 4 

cancer incidence or outcomes. Black letters: neutral or no effect on cancer incidence or outcomes; 5 

green letters: improvement of cancer incidence or outcomes; red letters: worsening of cancer 6 

incidence or outcomes. The number of studies used for overall effect size estimation are marked (n). 7 

OS: overall survival, CSS: cancer specific survival, CR: cancer recurrence, DFS: disease-free survival, 8 

Obs: observational studies, RCTs: randomized controlled trials. The meta-analyses are referenced in 9 

the text.  10 

Figure 4.: Meta-analyses of clinical studies on the effect of SGLT2Is on cancer incidence or outcomes. 11 

Black letters: neutral or no effect on cancer incidence or outcomes; green letters: improvement of 12 

cancer incidence or outcomes; red letters: worsening of cancer incidence or outcomes. The number 13 

of studies used for overall effect size estimation are marked (n). OS: overall survival, CSS: cancer 14 

specific survival, CR: cancer recurrence, DFS: disease-free survival, Obs: observational studies, RCTs: 15 

randomized controlled trials. The meta-analyses are referenced in the text.  16 

Figure 5.: A graphical summary for both the pre-clinical and the clinical evidence on the effect of 17 

different HF pharmacotherapies on cancer. The terms were defined as follows: beneficial: decreases 18 

cancer incidence, or improves any patient outcome; neutral: no effect on cancer incidence, or no 19 

effect on any patient outcome; harmful: increased incidence or worsening of any patient outcome; 20 

conflicting: there are studies showing either benefit or harm on cancer incidence or outcomes. 21 
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Figure 6.: A graphical summary of future directions for decreasing cancer burden of heart failure 1 

from pre-clinical studies to clinical investigations and their meta-analyses. HF: heart failure; RCT: 2 

randomized controlled trial.  3 
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Figure 6. 1 
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NCT number Status Study design Population Intervention Comparator Outcome (primary) 

NCT04962711 recruiting 
prospective, 
randomized, 

controlled 

cancer survivors >65 years old with 
chemotherapy >10 years ago 

cardio-oncology disease 
management plan 
(optimization of 

pharmacotherapy, exercise 
intervention) 

usual care change in exercise capacity 

NCT04598646 
not yet 

recruiting 

prospective, 
randomized, 

controlled 

pediatric, adolescent and young adult 
(aya) cancer survivors 

cario-
oncology rehabilitation 

behavioral support 
only 

patient access and recruitment; testing- and 
intervention-related serious adverse events; patient 

exercise adherence 

NCT03882580 recruiting 
prospective, 

cohort 
cancer patients who were evaluated 

within a cardio-oncology program 
- - 

number of patients having a benefit after this 
specific cardio-oncology check up and follow up 

NCT05194111 recruiting 

prospective, 
randomized, 

single blinded, 
phase 1&2 

cancer survivors diagnosed at ≤39 years 
of age who have stage b heart failure 

sacubitril-valsartan valsartan 
evaluating the eligibility requirements and 

determining the tolerability of treatment with 
sacubitril-valsartan 

NCT02943590 
active, not 
recruiting 

prospective, 
randomized, 

double 
blinded, phase 

2 

patients ≥18 years of age with newly 
diagnosed nhl and hl scheduled to 

receive anthracycline-based therapy 
atorvastatin placebo left ventricular ejection fraction (lvef) 

NCT05921279 recruiting 
prospective, 

cohort 

adult female patients diagnosed with 
stage i-iii breast cancer receiving 

chemotherapy 
- - 

number of participants with successful application 
of guideline-directed cardio-oncology assessments 

and surveillance 

NCT02818517 recruiting 
prospective, 

cohort 
all oncologic patients who were 

evaluated in the cardio-oncology clinic 
ace inhibitors and beta 

blockers 
N/A 

echo-global strain; troponin; ace inhibitor and beta 
blocker treatment effect; bnp 

NCT04680442 recruiting 

prospective, 
randomized, 

double 
blinded, phase 

2 

patients with stage i-iii her-2 positive 
breast cancer receiving adjuvant or 

neoadjuvant therapy with trastuzumab, 
pertuzumab, or trastuzumab-emtansine, 

with evidence of left ventricular 
dysfunction 

review by a cardiologist and 
receiving acei/arb and/or 
bb, and for dose titration 

continuing or holding 
anti-cancer therapy 

guided by an 
adaptation of the 

2008 canadian 
recommendations 

the proportion of participants completing 
trastuzumab, pertuzumab, or trastuzumab-

emtansine (t-dm1) as planned at its initiation; co-
primary safety outcomes as lvef at the close-out 

visit, and the composite of nyha class iii or iv heart 
failure or cardiovascular death 

NCT03760588 
active, not 
recruiting 

prospective, 
randomized, 

double 
blinded, phase 

2 

women with histological evidence of 
invasive early breast cancer scheduled 
for adjuvant therapy with anti-cancer 
regimens that include anthracyclines 

sacubitril-valsartan placebo 
change in left ventricular ejection fraction by 

cardiovascular magnetic resonance 
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NCT03186404 
active, not 
recruiting 

prospective, 
randomized, 

double 
blinded, phase 

2 

patients with malignancies requiring 
anthracycline based chemotherapy with 

a curative intent: (breast cancer; 
aggressive lymphomas; leukemia; 

sarcoma) and with high cardiovascular 
risk 

atorvastatin placebo 
cardiac mri measured lvef within 4 weeks of 

anthracycline completion 

NCT02717507 
active, not 
recruiting 

prospective, 
randomized, 

double 
blinded, phase 

2 

cancer diagnosis < 22 years of age that 
completed cancer treatment ≥2 years 
prior enrollment, lifetime cumulative 

anthracycline dose of ≥250 mg/m2 
doxorubicin equivalent 

carvedilol placebo 
left ventricular thickness-dimension ratio derived 

from echocardiogram 

NCT04262830 recruiting 
prospective, 

cohort 
long-term childhood cancer survivors 

treated with anthracyline therap 
- - left ventricular ejection fraction 

NCT05851053 recruiting 
cross-

sectional, 
cohort 

breast cancer survivors matched with 
women of the same age (±1 year), but 
who had no history of cancer or cancer 

treatment (chemotherapy or 
radiotherapy) 

- - left ventricular systolic dysfunction 

NCT04055636 recruiting 
prospective, 

cohort 

male and female more than 18 years old 
with verified cancer or with non-toxic 

dilated cardiomyopathy (control group) 
- - 

all-cause mortality; heart transplantation; 
cardioverter-defibrillator implantation; 

hospitalization with heart failure decompensation 

NCT05298072 
not yet 

recruiting 
cohort 

initial diagnosis of breast cancer; 
planned anthracycline-based therapy; 

first-line chemotherapy; first visit before 
initiation of chemotherapy 

N/A N/A cardiotoxicity during observational period 
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NCT06005259 
not yet 

recruiting 

prospective, 
randomized, 

triple masked, 
phase 4 

patients of >18 years of age diagnosed 
with cancer indicated for anthracycline 

chemotherapy treatment 
spironolactone placebo 

incidence of cardiotoxicity, defined as: a decrease 
in ejection fraction by 10% or more to lvef < 50%, as 
seen on transthoracic echocardiogram; or relative 
drop in global longitudinal strain greater than 15% 
compared to baseline, observed on transthoracic 

echocardiogram; new increase in cardiac 
biomarkers 

NCT05892146 recruiting 

prospective, 
randomized, 

quadruple 
masked 

patients of 20-65 years of age who are 
newly diagnosed with breast cancer or 

lymphoma and never accepted anti-
cancer therapy 

sacubitril-valsartan conventional therapy 
change in absolute global longitudinal strain value 
measured by left ventricular global peak systolic 

longitudinal strain 

NCT05607017 
not yet 

recruiting 

phase 1, single 
group, open 

label 

patients who are receiving radiation 
therapy as part of standard of care 

treatment for breast cancer 
losartan - 

extracellular volume of myocardial fibrosis 
measured by cardiac mri 

NCT04737265 recruiting 

prospective, 
randomized, 
open label, 
phase 1&2 

patients of ≥18 years of age diagnosed 
with breast cancer or lymphoma (any 

subtype), planned to receive an 
anthracycline based chemotherapy 

regimen 

biomarker guided 
intervention 

usual care 
recruitment rate; retention rate; adherence rate; 

compliance rate; maximum tolerated dose; 
incidence of adverse events 

NCT02962661 recruiting 

prospective, 
randomized, 
open label, 

phase 1 

patients with lvef ≤40% with nyha class i, 
ii and iii, documented from treatment 

with anthracyclines for any malignancy 
at any dose at any time without 

evidence of other causes of 
cardiomyopathy; for patients who have 

received trastuzumab: persistent lv 
dysfunction must be present 90 days 
after discontinuation of trastuzumab; 

treated with appropriate maximal 
medical therapy for heart failure. 

intravenous or 
transendocardial 

implantation of human 
mesenchymal stem cells 

usual care 
incidence of adverse events, change in left 

ventricular ejection fraction 
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NCT05732051 recruiting 

prospective, 
randomized, 

triple masked, 
phase 2 

women with metastatic breast cancer 
(stage iv breast cancer) scheduled for 

anthracycline-containing chemotherapy 
nicotinamide riboside placebo 

reduction in left ventricular systolic function 
measured by cardiovascular magnetic resonance 

NCT04023110 
active, not 
recruiting 

prospective, 
randomized, 
open label, 

phase 1 

females of at least 18 years old 
diagnosed with stage i-iii breast cancer 
with treatment plan to include therapy 

with anthracyclines and/or trastuzumab 
in the adjuvant or neo-adjuvant setting 

carvedilol usual care 
left ventricular ejection fraction; treatment 

adherence; adverse events 

NCT05880160 
not yet 

recruiting 
randomized, 
open label 

adult patients with prior diagnosis of 
human epidermal growth factor receptor 

2 - targeted therapy related cardiac 
dysfunction, who currently receive 

standard heart failure/cardioprotective 
medications 

cancer treatment 
withdrawal 

cancer treatment 
continuation 

number of participants with relapse in 
cardiotoxicity, defined based on international 

cardio-oncology society 2021 guidelines 

NCT05507879 recruiting 
prospective, 

cohort 

patients with breast cancer who have 
previously received chemotherapy or are 
about to be treated with chemotherapy 

- - significance oftrpc6 coding sequencing 

NCT02610426 recruiting 
retrospective, 
case-control 

patients with breast cancer enrolled on 
e5103 with or without congestive heart 

failure 
- - 

identification of rare coding variants of large effect 
that predict the risk of chf 

NCT05377320 
not yet 

recruiting 
prospective, 

cohort 

cancer survivors at intermediate, high, or 
very high risk for developing 

cardiovascular disease will pursue a 
cardio-oncology visit 

clinical decision aid usual care medication use, imaging surveillance 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



NCT05465031 
not yet 

recruiting 

prospective, 
randomized, 

double 
blinded, phase 

4 

female patients of ≥18 years of age with 
histologically confirmed breast cancer 

and complete assessment of tumor 
phenotype gradin ia-iiic or 

oligometastatic grade iv with a plan of 
using systemic treatment (preoperative, 

postoperative or combined) with 
anthracyclines and/or anti-her2 drugs 

sacubitril-valsartan placebo decrease in left ventricular ejection fraction ≥ 5% 

 

 

Supplementary table 1.: On-going clinical studies of cardio-oncology. The following search string was used on ClinicalTrials.gov (accessed: 2023.09.18): ’heart 

failure’ as condition or disease, AND ’cancer’ as other term. Search was restricted to either ’recruiting’, or ’active, not recruiting’, or ’not yet recruiting’. A total 

of 98 registered trials was screened for eligibility, of which 27 on-going studies were related to cardio-oncology. Most of the studies were designed to assess 

interventions that may decrease cancer therapy-related cardiovascular diseases, with some them testing the effects of HF medications compared to 

placebo/usual care. 
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Effects of BBs on cancer assessed in vivo 

Cancer type Study Cell line Animal model Treatment 
Tumor volume 

measurement 

Major outcomes for 

treatment 

Suggested 

mechanism of 

action 

Synergism 

Breast 

cancer 

R. D. Gillis et al. 

(2021)1 
MDA-MB-231 

orthotopic xenograft 

tumour implantation 

in mice 

carvedilol  

(2 mg/kg/day) 
bioluminescence 

carvedilol reduced 

primary tumour growth 

and metastsis only in SN 

activation 

- - 

Breast 

cancer 

M. Tibensky et 

al. (2021)2 
- 

N-methyl-N-

nitrosourea-induced 

breas cancer in rats 

propranolol  

(20 mg/kg five times 

a week) 

caliper 

propranolol prolonged 

time of first palpable 

tumor detection, 

reduced tumor incidence 

increased Caspase-3 

gene expression 
- 

Breast 

cancer 

R. P. Dawes et al. 

(2020)3 
- 

MMTV-PyMT mice, 

spontaneous 

nadolol  

(1.5 mg in s.c.  

60-day continuous 

release pellet) 

terminal primary 

tumour weight, 

metastasis 

histology 

nadolol increased 

primary tumour weight 

and metastases 

increased exosomal 

TGFß2 
- 

Breast 

cancer 

D. Liu et al. 

(2015)4 
MCF-7/Her2 

17β-estradiol 

containing pellets 

plus orthotopic 

xenograft tumour 

implantation in mice 

propranolol  

(2 mg/kg i.p. twice a 

week)  

caliper 
propranolol alone did 

not affect cancer growth 

inhibition of Akt, ERK 

and mTOR 

phosphorylation  

propranolol reversed 

trastuzumab-resitence of 

cancer: 

propranolol+trastuzumab 

decreased tumour 

volume 

 

Breast 

cancer 

D. M. Lamkin et 

al. (2015)5 
MDA-MB-231HM 

orthotopic xenograft 

tumour implantation 

in mice 

propranolol  

(2 mg/kg/day s.c.) 

caliper, 

bioluminescence 

propranolol alone did 

not affect cancer growth, 

but inhibited 

phentolamine-induced 

tumour growth and 

metastases 

- - 
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Breast 

cancer 

J. P. Campbell et 

al. (2012)6 
MDA-MB-231 

heterotopic 

xenograft tumour 

implantation in 

Foxn1nu BALB/c mice 

propranolol  

(0.5 g/L in drinking 

water ad libitum) 

caliper 

proppranolol inhibited 

sympathetic activation-

induced tumour growth 

and metastastic bone 

colonization 

- - 

Lung cancer 
D. Hu  et al. 

(2021)7 
LLC 

heterotopic syngraft 

tumour implantation 

in mice 

propranolol  

(0.5 g/L in drinking 

water ad libitum) 

caliper 
propranolol alone 

inhibited tumour growth 

increased NK cell 

cytotoxicity 

grain-sized moxibustion ± 

propranolol combination: 

no difference in anti-

cancer efficacy 

Lung cancer 
M. Niu et al. 

(2021)8 

H1975 or  

PC-9 or  

PC-9/AZDR 

heterotopic 

xenograft tumour 

implantation in mice 

nebivolol  

(10 mg/kg i.p. six 

times a week) 

caliper 

nebivolol alone inhibited 

tumor growth and cell 

proliferation   

nebivolol 

upregulated FBXL2 

expression which 

inhibits EGFR-driven 

tumour growth 

nebivolol + 

osimertinib/Grp94-

inhibitor-1: strong 

inhibitory effects on 

osimertinib-resistant cells 

Lung cancer 
A. Chang et al. 

(2015)9 
A549 

heterotopic 

xenograft tumour 

implantation in mice 

carvedilol  

(26 mg/kg/day, p.o.) 
caliper 

carvedilol alone reduced 

tumor volume 
- - 

Colorectal 

cancer 

K. Y. Fjæstad et 

al. (2022)10 
MC38 

heterotopic syngraft 

tumour implantation 

in mice 

propranolol  

(0.5 g/L in drinking 

water ad libitum) 

caliper 

propranolol alone 

decreased tumour 

growth  

anti-angionetic 

effect by decreasing 

intratumoral Vegfa 

gene expression 

proranolol increased anti-

cancer efficacy of anti-

CTLA4 therapy 

Colorectal 

cancer 

C. R. MacDonald 

et al. (2019)11 
CT26.CL25 

heterotopic syngraft 

tumour implantation 

in mice 

propranolol  

(10 mg/kg/day i.p.) 
caliper 

propranolol was used 

only in combination with 

radiation 

higher expression of 

granzyme-B in 

tumour 

microenvironment 

propranolol improved 

anti-cancer efficacy of 

radiation 

Colorectal 

cancer 

L. Sorski et al. 

(2016)12 
CT26 

syngraft tumour 

injection to spleen or 

portal vein in mice 

propranolol 5 mg/kg 

subcutaneously in a 

single dose 

number of 

surface hepatic 

metastases, liver 

weight 

propranolol alone did 

not affect metastasis 
NK cell activaiton 

etodolac+propranolol 

combination: improved 

host resistance to 

metastasis 

Melanoma 
F. Moisan et al. 

(2021)13 
A375 

orthotopic xenograft 

tumour implantation 

in mice 

propranolol  

(2 mg/kg/day) 
caliper 

propranolol was used 

only in combination with 

bevacizumab 

no significant anti-

cancer activity 

bevacizumab+propranolol 

combination: no 

significant anti-cancer 

effect 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Melanoma 
K. H. Cleveland 

et al. (2018)14 

A375 with BRAFV600E 

mutation 

orthotopic xenograft 

tumour implantation 

in mice 

carvedilol 

600 ug/day p.o. 
caliper 

carvedilol decreased 

tumour growth 
- - 

Melanoma 
X. Kuang et al. 

(2017)15 
A375 

orthotopic xenograft 

tumour implantation 

in mice 

propranolol 

2mg/kg/day p.o. 
caliper 

propranolol alone did 

not affect tumour 

growth 

- 

propranolol enhanced 

anti-tumour effect of low 

dose sunitinib 

Melanoma 
K. M. Kokolus et 

al. (2017)16 
B16-F10 

orthotopic syngraft 

tumour implantation 

metoprolol  

(10 mg/kg/day i.p.)  
caliper 

metoprolol alone did not 

affect tumour growth 
- 

metoprolol did not 

enhance anti-tumour 

effects of αPD-1+IL-2 

combination 

Melanoma 
K. M. Kokolus et 

al. (2017)16 
B16-F10 

orthotopic syngraft 

tumour implantation 

propranolol  

(10 mg/kg/day i.p.) 
caliper 

propranolol alone 

decreased tumor growth 
- 

propranolol enhanced 

anti-tumour effects of 

αPD-1, αPD-1+IL-2 

combination, but not IL-2 

Melanoma 
S. Maccari et al. 

(2017)17 
B16-F10 

orthotopic syngraft 

tumour implantation 

propranolol  

(10, 20, 30, 40 

mg/kg/day i.p.) 

caliper 

propranolol decreased 

tumour growth in a 

biphasic dose (10 and 40 

mg/kg/day) 

influencing systemic 

vascular resistance 
- 

Melanoma 
L. J. Wrobel et al. 

(2016)18 
- 

MT/ret mice, 

spontaneous 

propranolol  

(0.5 g/L in drinking 

water ad libitum) 

primary tumor 

occurrence 

(primary tumour-

free survival), 

metastases  

propranolol prolonged 

primary tomour-free 

survival, and delayed 

formation of metastases 

reduced myeloid 

infiltration, 

increased granzyme-

B-expressing 

lymphid cells in 

primary tumours, 

increased NK and 

cytotoxic T-cells in 

metastases 
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Melanoma 
C. Zhou et al. 

(2016)19 

A375 or 

human patient 

derived melanoma 

orthotopic xenograft 

tumour implantation 

propranolol  

(2 or 10 mg/kg/day 

i.p.) 

caliper 

propranolol decreased 

tumour growth (lower 

dose was more effective) 

inhibited 

proliferation, 

induced apoptosis 

and promoted cell 

necrosis in tumors 

- 

Melanoma 
L. J. Wrobel et al. 

(2015)20 

human patient 

derived melanoma 

orthotopic xenograft 

tumour implantation 

propranolol  

(0.5 g/L in drinking 

water ad libitum) 

caliper 

propranolol decreased 

tumour growth and 

metastases 

inhibited 

proliferation and 

angiogenesis, 

induced apoptosis 

through 

upregulation of TP53 

and downregulation 

of Akt3 and HIF1a 

- 

Melanoma 
G-H. Deng et al. 

(2014)21 
B16-F1 

orthotopic syngraft 

tumour implantation 

propranolol  

(1 μmol/100 g/day 

by microosmotic 

pumps) 

caliper 

propranolol alone did 

not affect tumour 

growth, but inhibited 

tumor growth promoting 

effect of norepinephrine 

- - 

Prostate 

cancer 

D. Palm et al. 

(2006)22 
PC-3 

heterotopic 

xenograft tumour 

implantation in mice 

propranolol  

(1 μmol/100 g bw 

s.c. by microosmotic 

pumps)  

bioluminescence 

significantly decreased 

lymph-node metastases 

and inhibited 

norepinephrine-induced 

tumour growth 

- - 
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Effects of ACEIs on cancer assessed in vivo 

Lung cancer 
K. Nakaya et al. 

(2016)23 
A549 

heterotopic 

xenograft tumour 

implantation in 

severe combined 

immunodeficiency 

mice 

captopril  

(3 mg/mouse/day) 

18F-FDG-PET/CT 

imaging 

captopril reduced tumor 

volume and metabolic 

tumor volume 

- - 

Lung cancer 
S. Attoub et al. 

(2008)24 
LMN35 

heterotopic 

xenograft tumour 

implantation in mice 

captopril  

(2.8 mg/kg i.p.  

6 days a week) 

caliper 

captopril reduced 

primary tumor volume 

and angiogenesis, 

tendentially reduced 

lymph node metastasis 

- - 

Lung cancer 
R. R. Kohl et al. 

(2007)25 
A549 

heterotopic 

xenograft tumour 

implantation 

ramipril  

(2.5 mg/kg/day in 

drinking water ad 

libitum) 

caliper 

ramipril did not affect 

tumor response to 

radiation, but reduced 

radiation injury of 

normal tissue 

- - 

Colorectal 

cancer 

Y. Yang et al. 

(2020)26 
SW620 

heterotopic 

xenograft tumour 

implantation in mice 

enalapril  

(0.6 mg/kg/day p.o.) 
caliper 

enalapril alone did not 

affect tumour growth  

enalapril + 5-FU:  

 EMT suppression, 

NF-κB/STAT3 

suppression, MMP-9 

and MMP-2 

suppression 

enalapril+5-FU 

combination: reduced 

tumour growth, 

proliferation, 

angiogenisis, metastasis 

Colorectal 

cancer 

S. L. Koh et al. 

(2014)27 

G. E. Riddiough 

et al. (2021)28 

mouse colorectal 

cancer cells, 

developed via 

dimethyl-hydrazine 

induction of colon 

carcinoma in CBA 

mice 

intrasplenic injeciton 

of cancer cells 

captopril  

(250 mg/kg/day i.p.) 

stereometric 

tumour burden 

analysis 

captopril decreased 

metastasis burden of 

regenerating liver 

remnant  

captopril increased 

PD-1 expression in T-

cells, modulates 

myeloid-derived 

suppressor cell 

populaitons 
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Colorectal 

cancer 

D. L. V. Ardila et 

al. (2020)29 

mouse colorectal 

cancer cells, 

developed via 

dimethyl-hydrazine 

induction of colon 

carcinoma in CBA 

mice 

intrasplenic injeciton 

of cancer cells 

captopril  

(750 mg/kg/day i.p.) 

stereometric 

tumour burden 

analysis 

captopril reduced 

metastatic growth and 

tumor viability, 

modulates spatio-

temporal infiltration of 

lymphocytes into tumour 

- - 

Colorectal 

cancer 

T. Kochi et al. 

(2014)30 
- 

azoxymethane-

induced colonic 

premalignant lesions 

in diabetic and 

hypertensive rats 

captopril  

(8 mg/kg/day in 

drinking water ad 

libitum) 

aberrant cryptic 

foci size and 

density 

captopril inhibits early 

size and density of 

aberrant cryptic foci 

reduced colonic 

epithelial expression 

of AT1R, ACE, TNF-

alpha, IL-18, MCP-1, 

iNOS and VEGF 

mRNA expression 

- 

Colorectal 

cancer 

S. Wen Wen et 

al. (2013)31 

mouse colorectal 

cancer cells, 

developed via 

dimethyl-hydrazine 

induction of colon 

carcinoma in CBA 

mice 

intrasplenic injeciton 

of cancer cells 

captopril  

(750 mg/kg/day i.p.) 

stereometric 

tumour burden 

analysis 

captopril decreased 

tumor load 

increased number of 

liver AT1R-positive 

Kuppfer cells 

- 

Melanoma 
P. J. Wysock et 

al. (2006)32 
B78-H1 

heterotopic syngraft 

tumour implantation 

captopril  

(25, or 60 

mg/kg/day) 

caliper 
captopril did not affect 

tumour growth 
- - 
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Effects of ARBs on cancer assessed in vivo 

Breast 

cancer 

W. Li et al. 

(2021)33 
MCa-M3C 

orthotopic syngraft 

tumour implantation 

in mice 

losartan  

(40 mg/kg/day p.o.) 
caliper 

losartan alone did not 

affect tumour growth 
- 

losartan enhanced 

tumour response to 

radiation therapy 

Breast 

cancer 

L. E. Mainetti et 

al. (2020)34 
M-234p or M-406 

heterotopic syngraft 

tumour implantation 

losartan  

(150-200 mg/kg/day 

p.o.) 

caliper 
losartan alone did not 

affect tumour growth 
- 

losartan enhanced 

tumour response to 

cyclophosphamide: 

increased number of 

TUNEL+ and Foxp3+ cells, 

decreased number of 

HIF1-α positive cells, 

lower % of αSMA+ 

positive cells 

Breast 

cancer 

X-J. Cai et al. 

(2021)35 
NIH 3T3 & 4T1 (3:1) 

heterotopic syngraft 

tumour implantation 

candesartan  

(20 mg/kg/day p.o.) 
caliper 

candesartan decreased 

tumour growth and 

metastasis 

tumor vessel 

normalization and 

depletion of ECM, 

inhibition of 

metastasis by 

eliminating 

collagen-I 

candesartan + pegylated 

liposome–encapsulated 

zoledronic acid 

combination: stronger 

decrease in active TGF-β1 

but no significant 

improvement over single 

treatment 

Breast 

cancer 

T. Takiguchi et 

al. (2021)36 
4T1-Luc 

orthotopic syngraft 

tumour implantation 

valsartan  

(60 mg/kg/day p.o.) 

micro-computed 

tomography 

imaging 

valsartan attenuates 

tumour growth and 

metastases induced by 

angiotensin-II 

attenuated 

upregulation of 

protein expressions 

caused by Ang II (c-

Myc, cyclin D1, 

fibronectin, 

vimentin, αSMA and 

Snail) 

- 

Breast 

cancer 

Y. Ma et al. 

(2019)37 

MDA-MB-231, or 

4T1 

orthotopic xenograft 

tumour implantation 

losartan  

(40 mg/kg/day p.o.) 

caliper, 

bioluminescence 

imaging 

losartan reduces tumor 

growth and lymph node 

metastasis 

reduced CXCR4/SDF-

1α expression 
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Breast 

cancer 

R. Coulson et al. 

(2017)38 
- 

MPA+DMBA-induced 

breast cancer 

losartan  

(600 mg/L in 

drinking water ad 

libitum) 

timet o first 

tumour incidence 

losartan delayed tumor 

onset, inhibited 

progression 

decreased cytokine 

production, 

decreased TGFβ1, 

integrin β3, 

connective tissue 

growth factor 

- 

Breast 

cancer 

T. Xia et al. 

(2018)39 
4T1 

heterotopic syngraft 

tumour implantation 

losartan  

(2.5, or 10 

mg/kg/day i.v.) 

caliper 
losartan did not affect 

tumour growth 
- - 

Breast 

cancer 

E. Oh et al. 

(2016)40 

MCF7, or 

AGTR1-

overexpressing MCF7 

heterotopic 

xenograft tumour 

implantation 

losartan  

(90 mg/kg i.p. three 

times a week) 

caliper 

losartan inhibited tumor 

growth and angiogenesis 

upregulated by AGTR1 

overexpression 

increasing 

mesenchymal 

markers and 

decreasing E-

cadherin levels 

- 

Breast 

cancer 

D. R. Rhodes 

(2009)41 

MCF7-AGTR1 
orthotopic xenograft 

tumour implantation 

losartan  

(90 mg/kg/day) 
caliper 

losartan reduced early 

and late tumor growth 
- - 

MCF7-Gus 
orthotopic xenograft 

tumour implantation 

losartan  

(90 mg/kg/day) 
caliper 

no effect on tumor 

growth 
- - 

Lung cancer 
D. Volonte et al. 

(2021)42 
- K-RasLA2-G12D mice 

losartan  

(50 mg/kg/day i.p.) 

number of 

surface lung 

tumors 

losartan inhibits lung 

tumor formation 

downregulation of 

phospho(Tyr705)-

STAT3, upregulated 

AGT and HMGA1 

mRNAs 

- 

Lung cancer 
D. P. Regan et al. 

(2019) 

4T1-luc, or CT26-luc, 

or CT26-GFP 

heterotopic syngraft 

tumour implantation 

losartan 

(60mg/kg/day i.p.) 

bioluminescence 

imaging 

losartan supressed 

pulmonary metastasis 

growth 

sustained blockade 

of inflammatory 

monocyte 

recruitment 

not performed 

Colorectal 

cancer 

E. Tabatabai et 

al. (2021)43 
CT-26 

heterotopic syngraft 

tumour implantation 

candesartan  

(6.5 mg/kg/day i.p.) 
caliper 

candesartan inhibited 

tumour growth 

decreasing collagen 

content, inducing 

tumor necrosis and 

changing the 

oxidant/antioxidant 

balance in tumor 

tissue 

candesartan enhanced 

the anti-tumor effects of 

5-FU 
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Colorectal 

cancer 

M. Hashemzehi 

et al. (2021)44 
HT-29 

heterotopic 

xenograft tumour 

implantation 

losartan  

(90 mg/kg/day i.p.) 
caliper 

losartan inhibited tumor 

growth 

inhibiting 

angiogenesis and 

changing the 

oxidant/anti-oxidant 

balance in tumor 

tissue 

losartan enhanced the 

anti-tumor effects of 5-FU 

Colorectal 

cancer 

U. Dougherty et 

al. (2019)45 
- 

Apc+/LoxP ; Cdx2P-Cre 

mice 

losartan  

(160 mg/L in 

drinking water ad 

libitum) 

colonoscopy 

losartan decreased 

cancer incidence and 

tumour size 

reduced pAKT and 

pERK 

losartan+vitamin D 

combination: tumor 

multiplicity was 

numerically less, reduced 

β-catenin expression and 

ADAM17 from VD single 

treatment was not 

observed in the 

combination treatment 

Colorectal 

cancer 

F. Asgharzadeh 

et al. (2022)46 
CT-26 

heterotopic syngraft 

tumour implantation 

in mice 

valsartan  

(40 mg/kg/day p.o.) 
caliper 

valsartan reduced 

tumour growth 

induction of 

apoptosis via 

inhibiting RAS 

pathway 

valsartan increased the 

anti-cancer efficacy of 5-

FU 

Colorectal 

cancer 

S. C. W. Stevens 

et al. (2015)47 
C26 

heterotopic syngraft 

tumour implantation 

in mice 

losartan  

(10 mg/kg in 

drinking water ad 

libitum) 

terminal tomour 

weight 

losartan reduced tumor 

weight 

reduction in 

adenocarcinoma cell 

proliferation 

- 

Melanoma 
S. Ishikane et al. 

(2018)48 
B16-F10 

syngraft lung 

metastasis model 

(tail vein injection) 

valsartan (10, or 20, 

or 40 mg/kg/day in 

drinking water ad 

libitum) 

nodule counting 

valsartan alone did not 

affect metastases, but 

inhibited angiotensin-II-

induced metastatic 

colony formation 

- - 

Melanoma 
A. H. Otake et al. 

(2010)49 
B16-F10 

orthotopic syngraft 

tumour implantation 

losartan  

(75 mg/kg/day 

doubled every 3 

days until 300 

mg/kg/day p.o.) 

caliper 

losartan decreased 

tumor volume, no 

decrease in metastasis 

lower new vessel 

formation in tumors 
- 

Prostate 

cancer 

A. Alhusban et 

al. (2014)50 
PC3 

heterotopic 

xenograft tumour 

implantation 

candesartan  

(6.5 mg/kg/day i.p.) 
caliper 

candesartan inhibited 

tumour growth 

inhibited VEGF 

mRNA expression 

Independent of AT2-

R activation 
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Prostate 

cancer 

S. Takahashi et 

al. (2012)51 
- 

TRAP rats, 

spontaneous 

telmisartan or 

candesartan  

(2 or 10 mg/kg/day 

in drinking water ad 

libitum) 

counting total 

acini in each 

prostatic lobe 

both doses of 

candesartan or 

telmisartan attenuated 

prostate carcinogenesis 

activation of 

caspases, inactivated 

p38 MAPK, down-

regulated androgen 

receptors 

- 
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Effects of MRAs on cancer assessed in vivo 

Colorectal 

cancer 

W-H. Leung et al. 

(2013)52 

- 
C57BL/6J-APCMin/J 

mice 

spironolactone 

(1.25 mg/mouse i.p. 

twice a week) 

polyp counting 

spironolactone 

decreased number of 

polyps 

increased the 

expression of Raet1 

ligand in the polyps, 

up-regulation of 

NKG2DL expression 

independent of the 

MR pathway 

- 

HT29, or HCT116 

heterotopic 

xenograft tumour 

implantation in mice 

spironolactone 

(1.25 mg/mouse i.p. 

twice a week) 

bioluminescence 

imaging 

spironolactone inhibits 

tumor metastasis 

antimetastatic effect 

is independent of 

MR but activation of 

the ATM–ATR 

pathway requires 

the activation of 

RXRγ 
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Effects of SGLT2Is on cancer assessed in vivo 

Breast 

cancer 

J. Zhou et al. 

(2020)53 
MCF-7 

heterotopic 

xenograft tumour 

implantation 

dapagliflozin  

(100 mg/kg/day 

p.o.) 

caliper 
dapagliflozin delayed 

tumor growth 
- - 

Breast 

cancer 

A. R. Nasiri et al. 

(2019)54 
E0771 

heterotopic syngraft 

tumour implantation 

in obese and non-

obese mice 

dapagliflozin 

2.5 mg/kg/day in 

drinking water ad 

libitum 

caliper 

dapagliflozin slows 

tumor growth in insulin-

dependent manner 

reversing 

hyperinsulinemia 
- 

Colorectal 

cancer 

A. R. Nasiri et al. 

(2019)54 
MC38 

heterotopic syngraft 

tumour implantation 

in obese and non-

obese mice 

dapagliflozin 

2.5 mg/kg/day in 

drinking water ad 

libitum 

caliper 

dapagliflozin slows 

tumor growth in insulin-

dependent manner 

reversing 

hyperinsulinemia 
- 

Colorectal 

cancer 

J. Korfhage et al. 

(2022)55 
- 

C57BL/6J-Apcmin 

mice, spontaneous 

chow containing 

180 parts per 

million canagliflozin 

for 30-72 days 

intestinal section 

imaging 

canagliflozin increased 

intestinal adenoma 

burden in female mice 

- - 

Prostate 

cancer 

C. Scafoglio et al. 

(2015)56 
PC3 

heterotopic 

xenograft tumour 

implantation 

canagliflozin 

(30 mg/kg/day p.o.) 

microPET/CT 

imaging 

canagliflozin reduced 

tumor growth 

increased central 

necrotic area 

canagliflozin+gemcitabine 

combination: higher 

reduction in tumor 

growth 

 

Supplementary table 2.: In vivo studies investigating the effect of guideline-directed HF pharmacotherapies on cancer. 
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Effects of BBs on cancer assessed in vitro 

Cancer type Study Cell line Treatment 
Tumor growth 
measurement 

Major outcomes by 
BB 

Suggested mechanism of 
action 

Synergism 

Breast 
cancer 

S. Jdeed et al. 
(2022)1 

MCF10DCIS.com 
carvedilol 100 

nmol/L for 4 days 

fluorescent cell 
counting with DAPI, 

clonigenic assay 

enhanced 
antiproliferative effect 

normalized ARIDA1A levels 
bex +carvedilol combination: markedly stronger 

inhibition of proliferation 

MCF-7 
carvedilol 100 

nmol/L for 5 days 

fluorescent cell 
counting with DAPI, 

clonigenic assay 

modestly suppressed 
growth 

enriched ARID1A genomic 
occupancy at regulatory 

regions of the IGF-1 
pathway 

bex + carvedilol combination: markedly stronger 
inhibition of proliferation 

Breast 
cancer 

R. D. Gillis et 
al. (2021)2 

4T1.2 
carvedilol 10 pM-1 

μM for 10 min 
cyclic adenosine 

monophosphate assay 
prevents tumour cell 

invasion 
- 

isoprenaline+carvedilol combination: 
antagonised isoprenaline-induced cAMP 

production, isoprenaline-stimulated MMP2 
expression and CRE activation 

MDA-MB-231 
carvedilol 10 pM-1 

μM for 10 min 
cyclic adenosine 

monophosphate assay 
prevents tumour cell 

invasion 
- 

isoprenaline+carvedilol combination: 
antagonised isoprenaline-induced cAMP 

production, isoprenaline-stimulated MMP2 
expression and CRE activation 

Breast 
cancer 

W-Y. Xie et al. 
(2019)3 

MDA-MB-231 

propranolol 100, 
200 and 400 µM for 

for  
24, 48 and 72 h 

Alamar Blue assay, 
annexin V-FITC 
apoptosis assay 

inhibited cell  
viability 

increased number of in 
G0/G1 phase and induced 

apoptosis 
- 

MDA-MB-231 

metoprolol 100, 
200 and 400 µM for 

for  
24, 48 and 72 h 

alamar blue assay, 
annexin V-FITC 
apoptosis assay 

no notable effect - - 

Breast 
cancer 

Z. Ma et al. 
(2019)4 

MCF-10A 
carvedilol 0.5-10 
µmol/l for 48h 

determination of 
intracellular ROS 

levels, single cell gel 
electrophoresis 
(comet assay) 

BB was used only in 
combination with BaP 

- 

BaP+carvedilol combination: inhibits BaP-induced 
change in MDM2 and p53 expression levels 

MDM2, DNA damage and ROS production by 
PI3K/AKT signaling pathway 

Breast 
cancer 

A. Montoya et 
al. (2017)5 

SKBR3 
propranolol 10-200 

μM for 48h 
alamar blue assay 

disrupted cell 
proliferation 

decreased phosphorylation 
MAPKs and CREB and 

increased phosphorylation 
of AKT, GSK3 and p53 

- 

SKBR3 
carvedilol 10-200 

μM for 48h 
alamar blue assay 

reduces proliferative 
index 

- - 

SKBR3 
esmolol 10-200 μM 

for 48h 
alamar blue assay 

reduces proliferative 
index 

less effective then non-
selective β-blockers 

esmolol+butaxamine and esmolol+ICI-118,551 
combination: failed to produce synergy 

SKBR3 
nebivolol 10-200 

μM for 48h 
alamar blue assay 

reduces proliferative 
index 

more effective then 
selective β-blockers 

- 

SKBR3 
atenolol 10-200 μM 

for 48h 
alamar blue assay 

reduces proliferative 
index 

less effective then non-
selective β-blockers 

atenolol+butaxamine and atenolol+ICI-118,551 
combination: failed to produce synergy 
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AU565 
propranolol 10-200 

μM for 48h 
alamar blue assay 

reduces proliferative 
index 

- - 

BTS549 
propranolol 10-200 

μM for 48h 
alamar blue assay 

reduces proliferative 
index 

- - 

HCC38 
propranolol 10-200 

μM for 48h 
alamar blue assay 

reduces proliferative 
index 

- - 

HCC70 
propranolol 10-200 

μM for 48h 
alamar blue assay 

reduces proliferative 
index 

- - 

MDA-MB-231 
propranolol 10-200 

μM for 48h 
alamar blue assay 

reduces proliferative 
index 

- - 

MDA-MB-361 
propranolol 10-200 

μM for 48h 
alamar blue assay 

reduces proliferative 
index 

- - 

MDA-MB-175 
propranolol 10-200 

μM for 48h 
alamar blue assay 

reduces proliferative 
index 

- - 

Breast 
cancer 

C. Choy et al. 
(2016)6 

MDA-MB-231 
propranolol 33.3 

µM for 5 days 
cell counting 

decreased the rate of 
cell proliferation 

- 
propranolol+terbutaline sulfate combination: 

eliminated increased proliferation effect 

MDA-MB-231Br 
propranolol 33.3 

µM for 5 days 
cell counting 

decreased the rate of 
cell proliferation 

- 
propranolol+terbutaline sulfate combination: 

eliminated increased proliferation effect 

Breast 
cancer 

G. Talarico et 
al. (2016)7 

MDA-MB-436 
atenolol 500 µM for 

48 and 72h 
7-AAD flow cytometry 

apoptosis assay 

not or marginally 
increased apoptotic 

frequency 
- - 

ZR-75-1 
atenolol 500 µM for 

48 and 72h 
7-AAD flow cytometry 

apoptosis assay 

not or marginally 
increased apoptotic 

frequency 
- 

metformin+atenolol combination: mediated 
activation of AMPK 

Breast 
cancer 

T. A. D. Smith 
et al. (2016)8 

SKBR3 
carvedilol 25 ng/ml 

for 72 h 
MTT assay 

BB was used only in 
combination with 

doxorubicin and with 
or without 

trastuzumab 

- 
doxorubicin+carvedilol and 

doxorubicin+carvedilol+trastuzumab: not 
interfere growth-inhibitory effect 

BT474 
carvedilol 25 ng/ml 

for 72 h 
MTT assay 

BB was used only in 
combination with 

doxorubicin and with 
or without 

trastuzumab 

- 
doxorubicin+carvedilol and 

doxorubicin+carvedilol+trastuzumab: not 
interfere growth-inhibitory effect 

Breast 
cancer 

J. M. Wilson 
et al. (2015)9 

MDA-MB-231 
propranolol 10, 25, 
50 μM for 72 hours 

thymidine 
proliferation assay 

no significant 
differences in cell 

proliferation 
- - 

Breast 
cancer 

G. Dezong et 
al. (2014)10 

MCF-7 
carvedilol 0.1, 1.0, 
and 5.0 µmol/L for 

48h + NE 

migration and invasion 
assay (membrane 
invasion culture 

system) 

BB was used only in 
combination with 
norepinephrine 

decreased potential of 
migration and invasion 

norepinephrine+carvedilol combination: inhibited 
mainly PKCδ-Src pathway also cAMP/PKA-Src 

pathway 

MDA-MB-231 
carvedilol 0.1, 1.0, 
and 5.0 µmol/L for 

48h + NE 

migration and invasion 
assay (membrane 
invasion culture 

system) 

BB was used only in 
combination with 
norepinephrine 

decreased potential of 
migration and invasion 

norepinephrine+carvedilol combination: inhibited 
cAMP/PKA-Src pathway 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Breast 
cancer 

M. Szewczyk 
et al. (2012)11 

MCF-7 bisoprolol for 24h BrDU assay, LDH assay 
low cytotoxic impact 

and no influenced cell 
growth+ 

- - 

BT20 bisoprolol for 24h BrDU assay, LDH assay 
low cytotoxic impact 
with decreased cell 

growth 
- - 

MCF-7 propranolol for 24h BrDU assay, LDH assay 
highly cytotoxic impact 
with strong decrease 
of cell proliferation 

- - 

BT20 propranolol for 24h BrDU assay, LDH assay 
highly cytotoxic impact 
with strong decrease 
of cell proliferation 

- - 

Colorectal 
cancer 

J. Hu et al. 
(2021)12 

HCT116 

propranolol (20, 40, 
60, 80, 100, 120, 

and 160 μM; 25, 50, 
100, 150, 200, 250, 

and 300 μM) for 
48h 

CCK-8 assay 
inhibition of 
proliferation, 

apoptosis induction 
- 

T1012G+propranolol combination: enhanced 
inhibition of cell viability 

Widr 

propranolol (20, 40, 
60, 80, 100, 120, 

and 160 μM; 25, 50, 
100, 150, 200, 250, 

and 300 μM) for 
48h 

CCK-8 assay 
inhibition of 
proliferation, 

apoptosis induction 
- 

T1012G+propranolol combination: enhanced 
inhibition of cell viability 

MC38 

propranolol (20, 40, 
60, 80, 100, 120, 

and 160 μM; 25, 50, 
100, 150, 200, 250, 

and 300 μM) for 
48h 

CCK-8 assay 
inhibition of 
proliferation, 

apoptosis induction 
- 

T1012G+propranolol combination: enhanced 
inhibition of cell viability 

CT26WT 

propranolol (20, 40, 
60, 80, 100, 120, 

and 160 μM; 25, 50, 
100, 150, 200, 250, 

and 300 μM) for 
48h 

CCK-8 assay 
inhibition of 
proliferation, 

apoptosis induction 
- 

T1012G+propranolol combination: enhanced 
inhibition of cell viability 

Colorectal 
cancer 

M. Coelho et 
al. (2015)13 

HT-29 
propranolol 0.1-100 

μM for for 12 or 
24h 

MTS assay, MTT assay 
decreased cell 
proliferation 

- 

adrenaline+propranolol combination: reduced 
AD-induced cell proliferation, 

isoprenalin+propranolol combination: decreased 
cell proliferation stimulated by ISO 

HT-29 
carvedilol 0.1-100 
μM for for 12 or 

24h 
MTS assay, MTT assay 

no significant decrease 
in cell proliferation 

- 
carvedilol+adrenaline and carvedilol+isoprenaline 
combination: reversing the proliferative effects of 

AD and ISO 
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HT-29 
atenolol 0.1-100 
μM for for 12 or 

24h 
MTS assay, MTT assay 

decreased cell 
proliferation 

- 
atenolol+adrenaline and atenolol+isoprenaline 
combination: blocked AD- and ISO-induced cell 

proliferation 

Lung cancer 
M. Sidorova 

et al. (2022)14 

A549 
atenolol 500 µM for 

72h 
MTT assay, colony 

formation assay 
reduced cell viability induced apoptosis - 

H1299 
atenolol 500 µM for 

72h 
MTT assay, colony 

formation assay 

reduced cell viability, 
no reduction in 

number of colonies 

induced both apoptosis 
and necrosis 

- 

A549 
betaxolol 500 µM 

for 72h 
MTT assay, colony 

formation assay 

strongly reduced cell 
viability, strongest 

completely suppressed 
colony formation 

ability 

induced apoptosis - 

H1299 
betaxolol 500 µM 

for 72h 
MTT assay, colony 

formation assay 

strongly reduced cell 
viability, completely 
suppressed colony 
formation ability 

induced both apoptosis 
and necrosis 

- 

A549 
esmolol 500 µM for 

72h 
MTT assay, colony 

formation assay 

reduced cell viability, 
slightly stronger 

inhibited growth of 
cell colonies 

induced apoptosis - 

H1299 
esmolol 500 µM for 

72h 
MTT assay, colony 

formation assay 

reduced cell viability, 
slightly stronger 

inhibited growth of 
cell colonies 

induced both apoptosis 
and necrosis 

- 

A549 
metoprolol 500 µM 

for 72h 
MTT assay, colony 

formation assay 

slightly stronger 
reduced cell viability, 

slightly stronger 
inhibited growth of 

cell colonies 

induced apoptosis - 

H1299 
metoprolol 500 µM 

for 72h 
MTT assay, colony 

formation assay 

reduced cell viability, 
slightly stronger 

inhibited growth of 
cell colonies 

induced both apoptosis 
and necrosis 

- 

A549 
pindolol 500 µM for 

72h 
MTT assay, colony 

formation assay 

reduced cell viability, 
inhibited growth of 

cell colonies 
induced apoptosis - 

H1299 
pindolol 500 µM for 

72h 
MTT assay, colony 

formation assay 

reduced cell viability, 
inhibited growth of 

cell colonies 

induced both apoptosis 
and necrosis 
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A549 
propranolol 500 µM 

for 72h 
MTT assay, colony 

formation assay 

strongly reduced cell 
viability, completely 
suppressed colony 
formation ability 

induced apoptosis - 

H1299 
propranolol 500 µM 

for 72h 
MTT assay, colony 

formation assay 

most reduced cell 
viability, completely 
suppressed colony 
formation ability 

induced both apoptosis 
and necrosis 

- 

A549 
timolol 500 µM for 

72h 
MTT assay, colony 

formation assay 

reduced cell viability, 
inhibited growth of 

cell colonies 
induced apoptosis - 

H1299 
timolol 500 µM for 

72h 
MTT assay, colony 

formation assay 

reduced cell viability, 
inhibited growth of 

cell colonies 

induced both apoptosis 
and necrosis 

- 

Lung cancer 
M. Niu et al. 

(2021)15 

H1975 nebivolol MTS assay 
strongly inhibited cell 

viability 

upregulated FBXL2 and 
downregulated EGFR 

expression 
- 

PC-9 
nebivolol 10 µM for 

48h 
MTS assay 

strongly inhibited cell 
viability 

upregulated FBXL2 and 
downregulated EGFR 

expression 
- 

Lung cancer 
K. R. 

Chaudhary et 
al. (2019)16 

PC-9 
propranolol 50 μM 

+ radiation 
clonigenic assay 

decreased clonogenic 
survival 

downregulates p-PKA, 
sensitizes to direct 
cytotoxic effects of 

radiation 

propranolol+cisplatin combination: further 
decrease of clonogenic survival 

A549 
propranolol 50 μM 

+ radiation 
clonigenic assay 

decreased clonogenic 
survival 

downregulates p-PKA, 
sensitizes to direct 
cytotoxic effects of 

radiation 

propranolol+cisplatin combination: further 
decrease of clonogenic survival 

PC9 
propranolol 1 μM + 

radiation 
clonigenic assay 

no significant impact 
on clonogenic survival 

- - 
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A549 
propranolol 1 μM + 

radiation 
clonigenic assay 

no significant impact 
on clonogenic survival 

- - 

Lung cancer 
M. B. Nilsson 
et al. (2017)17 

HCC827 
propranolol 1 μM 

one hour before NE 
+ erlotinib for 24h 

MTS assay 
BB was used only in 
combination with 
norepinephrine 

blocked effect on EGFR TKI 
resistance 

norepinephrine+propranolol combination: 
abrogated NE-induced inactivation of LKB1 and 

blocked IL-6 

Lung cancer 
A. Chang et al. 

(2015)18 
A549 

carvedilol 1, 10, 30 
μM 

anchorage-
independent growth 

assay in soft agar, SRB 
assay 

inhibited colony 
formation at high 

concentrations 

decreased viability and  cell 
mobility 

- 

Lung cancer 
G-H. Deng et 
al. (2014)19 

A549 
propranolol 10 μM 
30 minutes before 
adding NE for 6h 

ELISA 

blocked NE-induced 
upregulation of VEGF, 
IL-8, and IL-6 protein 

levels 

- - 

Melanoma 
L. S. 

Farhoumand 
et al. (2022)20 

Mel270 sotalol for 7days 
spheroid viability assay 

(ATP luminescence 
assay) 

no effect on spheroid 
viability 

- - 

Mel270 timolol for 7days 
spheroid viability assay 

(ATP luminescence 
assay) 

no effect on spheroid 
viability 

- - 

Mel270 pindolol for 7days 
spheroid viability assay 

(ATP luminescence 
assay) 

no effect on spheroid 
viability 

- - 

Mel270 
propranolol 150 µM 

for 7days 

spheroid viability assay 
(ATP luminescence 

assay) 

decreased spheroid 
viability in a 

concentration-
dependent manner 

- - 

Mel270 
labetolol 150 µM 

for 7days 

spheroid viability assay 
(ATP luminescence 

assay) 

decreased spheroid 
viability in a 

concentration-
dependent manner 

main anti-tumor 
mechanism due to α 

receptor blocking 
- 

Mel270 
carvedilolol 10-50 

µM µM for 48h and 
7days 

spheroid viability assay 
(ATP luminescence 
assay), cell viability 

assay 

most potently 
decreased spheroid 

viability in a 
concentration-

dependent manner 

main anti-tumor 
mechanism due to α 
receptor blocking by 
inducing apoptotic 

pathways 

- 

92-1 
carvedilolol 10-50 

µM  for 7days 

spheroid viability assay 
(ATP luminescence 

assay) 

reduced spheroid 
viability 

higher concectration 
needed because of lower 

penetration of larger 
tumors 

- 

UPMD2 
carvedilolol 10-50 
µM µM  for 7days 

spheroid viability assay 
(ATP luminescence 

assay) 

blocked spheroid 
viability 

- - 
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UPMM3 
carvedilolol 10–50 

µM  for 7days 

spheroid viability assay 
(ATP luminescence 

assay) 
most blocked viability - 

carvedilol+radiation combination: completely 
blocked repopulation of spreading spheroid 

Melanoma 
P. 

Bustamante 
(2019)21 

MEL270 
propranolol 12.5-

200 μL for 24h 
trypan blue exclusion 

assay, CCK-8 assay 

decreased cell viability 
in a dose‐dependent 

manner 

reduction in metabolic 
activity by reduced 

dehydrogenase activity by 
50%, induction of 

apoptosis and cell cycle 
arrest (TUNEL assay) 

- 

OMM2.5 
propranolol 12.5-

200 μL for 24h 
trypan blue exclusion 

assay, CCK-8 assay 

decreased cell viability 
in a dose‐dependent 

manner 

reduction in metabolic 
activity by reduced 

dehydrogenase activity by 
50% 

- 

MP41 
propranolol 12.5-

200 μL for 24h 
trypan blue exclusion 

assay, CCK-8 assay 

decreased cell viability 
in a dose‐dependent 

manner 

reduction in metabolic 
activity by reduced 

dehydrogenase activity by 
50%, induction of 

apoptosis and cell cycle 
arrest (TUNEL assay) 

- 

MP46 
propranolol 12.5-

200 μL for 24h 
trypan blue exclusion 

assay, CCK-8 assay 

decreased cell viability 
in a dose‐dependent 

manner 

reduction in metabolic 
activity by reduced 

dehydrogenase activity by 
50% 

- 

WM266.4 
propranolol 12.5-

200 μL for 24h 
trypan blue exclusion 

assay, CCK-8 assay 

decreased cell viability 
in a dose‐dependent 

manner 

reduction in metabolic 
activity by reduced 

dehydrogenase activity by 
50%, induction of 

apoptosis and cell cycle 
arrest (TUNEL assay) 

- 

Melanoma 
S. Maccari et 
al. (2017)22 

B16F10 
propranolol 0,01-10 
μM for 24, 48 and 

72 h 
MTS assay 

does not affect cell 
proliferation 

- - 

Melanoma 
C. Zhou et al. 

(2016)23 

A375 
propranolol 25-400 

μM for 24h, 48h 
and 72h 

alamar blue assay 
reduced cell 
proliferation 

induced cell cycle arrest, 
activated mitochondria-

mediated apoptosis 
pathway and inhibited 

MAPK pathway 

- 

P-3 (acral human 
patient) 

propranolol 25-400 
μM for 24h, 48h 

and 72h 
alamar blue assay 

reduced cell 
proliferation 

- - 

Prostate 
cancer 

D. Palm et al. 
(2006)24 

PC-3-luc 
cells 

propranolol 10 μM 
for 4 days 

cell counting 
no measurable 

influence on the 
proliferation 

- 
propranolol+norepinephrine combination: 
inhibited NE-induced increase of migratory 

activity 
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Effects of ACEIs on cancer assessed in vitro 

Cancer 
type 

Study Cell line Treatment 
Tumor growth 
measurement 

Major outcomes by 
BB 

Suggested mechanism of 
action 

Synergism 

Breast 
cancer 

F. Rasha et 
al. (2020)25 

MCF-7 
captopril 100 μM for 24–

72h 
MTT assay 

did not alter markers 
of cancer cell growth 

- - 

MDA-MB-231 
captopril 100 μM for 24–

72h 
MTT assay 

did not alter markers 
of cancer cell growth 

reduced markers of 
inflammation 

- 

Breast 
cancer 

T. A. D. 
Smith at el. 

(2016)8 

SKBR3 
enalapril 5 μM, 25 ng/ml, 
250 ng/ml and 5 μg/ml for 

72h 
MTT assay 

ACEI was used only in 
combination with 

doxorubicin and with 
or without 

trastuzumab 

- 

doxorubicin+enalapril and 
doxorubicin+trastuzumab+enalapril combination: did 

not interfere with the growth-inhibitory effect of 
doxorubicin alone nor in combination with 

trastuzumab 

BT474 
enalapril 5 μM, 25 ng/ml, 
250 ng/ml and 5 μg/ml for 

72h 
MTT assay 

ACEI was used only in 
combination with 

doxorubicin and with 
or without 

trastuzumab 

- 

doxorubicin+enalapril and 
doxorubicin+trastuzumab+enalapril combination: did 

not interfere with the growth-inhibitory effect of 
doxorubicin alone nor in combination with 

trastuzumab 

Breast 
cancer 

S. Namazi et 
al. (2014)26 

MCF-7 
medium containing either 
100 μmol/L captopril + 1 

μmol/L TAM for 96h 
MTT assay 

reduced number of 
viable 

- 
captopril+losartan combination: increased inhibitory 

effect of TAM 

TAM-R 
medium containing either 
100 μmol/L captopril + 1 

μmol/L TAM 
MTT assay 

MTT could not be 
performed 

led to cell death captopril+losartan combination: led to cell death 

Breast 
cancer 

E. 
Napoleone 

et al. 
(2012)27 

MDA-MB-231 captopril 10 μg/ml for 6h MTT assay no cytotoxic effect 
dose-dependent inhibition 

of TF activity 
- 

Breast 
cancer 

R. E. Brown 
et al. 

(2004)28 

SKBR-3 
captopril 3 and 9 mM for 

4days 
MTS assay 

 

inhibitory effects on 
cell growth in a dose-
dependant manner 

decrease in p-ERK1/2 and 
p-JNK 

- 

MDA-175 
captopril 3 and 9 mM for 

4days 
MTS assay 

strongest inhibitory 
effects on cell growth 
in a dose-dependant 

manner 

decrease in p-Akt and an 
increase in p-ERK1/2 and 

p-JNK 
- 

MDA-231 
captopril 3 and 9 mM for 

4days 
MTS assay 

inhibitory effects on 
cell growth in a dose-
dependant manner 

decrease in p-JNK - 

Colorectal 
cancer 

Y. Yang et 
al. (2020)29 

SW620 
enalapril 0-2000 μM for 48 

or 72 h 

MTT assay, 
Annexin V/PI 
apopotosis 

assay 

not significantly affect 
cell viability 

no significant effect on cell 
apoptosis 

5-FU+enalaprilcombination: extremely decreased cell 
viability and more profound apoptosis 
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HCT116 
enalapril 0-2000 μM for 48 

or 72 h 

MTT assay, 
Annexin V/PI 
apopotosis 

assay 

not significantly affect 
cell viability 

no significant effect on cell 
apoptosis 

5-FU+enalaprilcombination: extremely decreased cell 
viability and more profound apoptosis 

P1 (median 5-
FU-resistant) 

enalapril 0-2000 μM for 48 
or 72 h 

MTT assay, 
Annexin V/PI 
apopotosis 

assay 

- - 
5-FU+enalaprilcombination: extremely suppressed 

cell growth 

P2 (5-FU-
resistant) 

enalapril 0-2000 μM for 48 
or 72 h 

MTT assay, 
Annexin V/PI 
apopotosis 

assay 

- - 
5-FU+enalaprilcombination: extremely suppressed 

cell growth 

P3 (5-FU-
resistant) 

enalapril 0-2000 μM for 48 
or 72 h 

MTT assay, 
Annexin V/PI 
apopotosis 

assay 

- - 
5-FU+enalaprilcombination: extremely suppressed 

cell growth 

Colorectal 
cancer 

Y. Lu et al. 
(2019)30 

HT-29 
S-nitrosocaptopril 0.1-

1000 μM for 24h 
MTT assay 

no statistically 
significant changes in 

cell viability 

indicating that IC50 was 
greater than 1000 μM 

- 

Colorectal 
cancer 

Y. Lu et al. 
(2014)31 

HT-29 
S-nitrosocaptopril 0.1-1000 

μM for 24h 
MTT assay 

could not reach the 
inhibitory IC50 values 

indicating that the IC50 
was greater than 1000 μM 

- 

Melanoma 
Y. Lu et al. 

(2019)30 
B16F10 

S-nitrosocaptopril 0.1-
1000 μM for 24h 

MTT assay 
no statistically 

significant changes in 
cell viability 

indicating that IC50 was 
greater than 1000 μM 

- 
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Effects of ARBs on cancer assessed in vitro 

Cancer 

type 
Study Cell line Treatment 

Tumor growth 

measurement 

Major outcomes by 

BB 

Suggested mechanism of 

action 
Synergism 

Breast 

cancer 

F. Rasha et al. 

(2020)25 

MCF-7 
telmisartan 10 μM for 24-

72h 
MTT assay 

ARB was used only in 

combination with 

angiotensin2 

- 
angiotensin2+telmisartan combination: blocked 

Ang2 effects by reducing IL-6 secretion 

MDA-MB-

231 

telmisartan 10 μM for 24-

72h 
MTT assay 

ARB was used only in 

combination with 

angiotensin2 

- 
angiotensin2+telmisartan combination: blocked 

Ang2 effects by reducing IL-6 secretion 

Breast 

cancer 

S. Ni et al. 

(2020)32 

T-47D 

candesartan cilexetic 

5 μM, 10 μM, 15 μM, and 

20 μM for 48 h or 10 days 

cell proliferation 

(CCK-8 assay) and 

cell clonogenic 

assay 

decreased 

proliferation 

inhibiting effect related to 

unique structure and 

irrelevant to A2T1R 

antagonistic effect 

- 

MCF-7 

candesartan cilexetic 

5 μM, 10 μM, 15 μM, and 

20 μM for 48 h or 10 days 

cell proliferation 

(CCK-8 assay) and 

cell clonogenic 

assay, apoptosis 

assay (Annexin-

V/PI assay) 

decreased 

proliferation 

inhibiting effect related to 

unique structure and 

irrelevant to A2T1R 

antagonistic effect 

- 

Breast 

cancer 

M. A. Redondo-

Müller et al. 

(2008)33 

MCF7 
losartan 0.005-25 μM for 

48h 
XTT assay no inhibitory effect - - 

MDA-MB-

231 

losartan 0.005-25 μM for 

48h 
XTT assay no inhibitory effect - - 

T47D 
losartan 0.005-25 μM for 

48h 
XTT assay 

43% inhibition at 25 

μM 
- - 

Breast 

cancer 

S. Namazi et al. 

(2014)26 
MCF-7 losartan 10 μM MTT assay 

reversal of tamoxifen 

resistance in 

combination with 

captopril 

- 
captopril+losartan+tamoxifen combination: led to 

cell death and reversal of tamoxifen resistance 

Breast 

cancer 

N. Du et al. 

(2012)34 
MCF-7 

irbesartan 0.1-100 µM for 

30 min before Ang2 for 

24h 

MTT assay 

inhibition of 

angiotensin II 

mediated proliferation 

greatest  

inhibition of Ang2-

mediated cell  

proliferation in a dose-

dependent manner 

angiotensin2+irbesartan combination: suppression 

of ANG II effects on proliferation and cell cycle 
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MCF-7 
losartan 0.1-100 µM for 30 

min before Ang2 for 24h 
MTT assay 

inhibition of 

angiotensin II 

mediated proliferation 

inhibited Ang2-mediated 

cell  

proliferation  in a dose-

dependent manner 

angiotensin2+losartan combination: suppression of 

ANG II effects on proliferation and cell cycle 

MCF-7 

valsartan 0.1-100 µM for 

30 min before Ang2 for 

24h 

MTT assay 

inhibition of 

angiotensin II 

mediated proliferation 

inhibited Ang2-mediated 

cell  

proliferation  in a dose-

dependent manner 

angiotensin2+valsartan combination: suppression of 

ANG II effects on proliferation and cell cycle 

MCF-7 

candesartan 0.1-100 µM 

for 30 min before Ang2 for 

24h 

MTT assay 

inhibition of 

angiotensin II 

mediated proliferation 

inhibited Ang2-mediated 

cell  

proliferation  in a dose-

dependent manner 

angiotensin2+candesartan combination: 

suppression of ANG II effects on proliferation and 

cell cycle 

Colorectal 

cancer 

F.  Asgharzadeh 

et al. (2022)35 
CT26 

valsartan 1 nM-10 mM for 

24h 

MTT assay, cell 

scratch assay 

dose-dependently 

inhibited cell 

proliferation and 

migration 

modulates ROS formation 

and oxidative stress 

5-FU+valsartan combination: decreased the IC50 

value of 5-FU 

Colorectal 

cancer 

E. Tabatabai et 

al. (2021)36 

CT-26 
candesartan 0-1000 µM 

for 24h 

growth inhibition 

(MTT) assay 

inhibited cell viability 

in dose-dependent 

manner 

induced cell death, 

decreased MMP-3 and 

MMP-9 expression and 

increased E-cadherin 

expression 

- 

SW-480 
candesartan 0-1000 µM 

for 24h 

growth inhibition 

(MTT) assay 

inhibited cell viability 

in dose-dependent 

manner 

induced cell death, 

decreased MMP-3 and 

MMP-9 expression and 

increased E-cadherin 

expression 

- 

Colorectal 

cancer 

M. Hashemzehi 

et al. (2021)37 
CT-26 

Losartan 0-1000 μM for 

24h 
MTT assay 

decreased cell viability 

in a concentration-

dependent manner, 

decreased spheroid 

size and induced 

tumor shrinkage 

induced cell toxicity and 

apoptosis by upregulating 

mRNA levels of key pro-

apoptotic genes including 

P53 and BAX, 

downregulated PI3K, AKT 

and cyclin D1 expression in 

a time-dependent manner 
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Lung 

cancer 

S. Ni et al. 

(2020)32 

A549 

candesartan cilexetic 

5 μM, 10 μM, 15 μM, and 

20 μM for 48 h or 10 days 

CCK-8 assay, cell 

clonogenic assay 

inhibited cell 

proliferation and 

clonogenic survival in 

a dose-dependent 

manner 

neddylation inhibition, 

induced cancer cell 

apoptosis by increasing 

total numbers of early and 

late apoptotic and 

cleaved-PARP 

- 

EKVX 

candesartan cilexetic 

5 μM, 10 μM, 15 μM, and 

20 μM for 48 h or 10 days 

CCK-8 assay, cell 

clonogenic assay 

decreased 

proliferation 

inhibiting effect related to 

unique structure and 

irrelevant to A2T1R 

antagonistic effect 

- 

H1299 

candesartan cilexetic 

5 μM, 10 μM, 15 μM, and 

20 μM for 48 h or 10 days 

CCK-8 assay, cell 

clonogenic assay 

decreased 

proliferation 

inhibiting effect related to 

unique structure and 

irrelevant to A2T1R 

antagonistic effect 

- 

Lung 

cancer 

V. R. Martínez 

et al. (2018)38 
A549 

losartan 2.5, 5, 10, 25, 50, 

75, 100, 250, and 500 μM 

for 24 h 

MTT assay no siginificant effect - 
ZnLos combination: declined cell proliferation in a 

dose-dependent manner 

Lung 

cancer 

M. 

Rasheduzzama

n et al. (2018)39 

A549 
candesartan 2.5, 5, 10 μM 

for 12h 

cell viability test, 

Annexin V assay 

ARB was used only in 

combination with 

TRAIL 

- 

TRAIL+candesartan combination: increased 

observation of apoptotic cell morphologies, induced 

apoptosis in a dose-dependent manner, decreased 

cell viability 

HCC-15 
candesartan 2.5, 5, 10 μM 

for 12h 

cell viability test, 

Annexin V assay 

ARB was used only in 

combination with 

TRAIL 

- 

TRAIL+candesartan combination: increased 

observation of apoptotic cell morphologies, induced 

apoptosis in a dose-dependent manner, decreased 

cell viability 

Melanoma 

D. N. 

Olschewski et 

al. (2018)40 

MV3 losartan 0.7 µmol/l for 24h cell counting no significant effect - ATII+losartan combination: no significant effect 

Prostate 

cancer 

Y. Woo et al. 

(2017)41 

PC3 
fimasartan 100, 200 and 

400 µM for 48 and 72h 
WST-1 assay 

reduced cell viability 

with greatest 

cytotoxicity 

induced autophagy by 

increased LC3-II 

ecxpression, induced anti-

migratory activity 

- 

DU145 
fimasartan 100, 200 and 

400 µM for 48 and 72h 
WST-1 assay 

reduced cell viability 

with greatest 

cytotoxicity 

induced anti-migratory 

activity 
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LNCap-LN3 
fimasartan 100, 200 and 

400 µM for 48 and 72h 
WST-1 assay 

reduced cell viability 

with greatest 

cytotoxicity 

- - 

PC3 
losartan 100, 200 and 400 

µM for 48 and 72h 
WST-1 assay reduced cell viability 

induced autophagy by 

increased LC3-II 

ecxpression 

- 

DU145 
losartan 100, 200 and 400 

µM for 48 and 72h 
WST-1 assay reduced cell viability - - 

LNCap-LN3 
losartan 100, 200 and 400 

µM for 48 and 72h 
WST-1 assay reduced cell viability - - 

PC3 
eprosartan 100, 200 and 

400 µM for 48 and 72h 
WST-1 assay reduced cell viability 

induced autophagy by 

increased LC3-II 

ecxpression 

- 

DU145 
eprosartan 100, 200 and 

400 µM for 48 and 72h 
WST-1 assay reduced cell viability - - 

LNCap-LN3 
eprosartan 100, 200 and 

400 µM for 48 and 72h 
WST-1 assay reduced cell viability - - 

PC3 
valsartan 100, 200 and 400 

µM for 48 and 72h 
WST-1 assay 

reduced cell viability 

withlowest anti-

proliferative activity 

induced autophagy by 

increased LC3-II 

ecxpression 

- 

DU145 
valsartan 100, 200 and 400 

µM for 48 and 72h 
WST-1 assay 

reduced cell viability 

withlowest anti-

proliferative activity 

- - 

LNCap-LN3 
valsartan 100, 200 and 400 

µM for 48 and 72h 
WST-1 assay 

reduced cell viability 

withlowest anti-

proliferative activity 

- - 

Prostate 

cancer 

M. S. Islas et al. 

(2016)42 

LNCaP 
irbesartan 25, 50 and 100 

μM for 24h 
MTT assay decreased cell viability - - 

DU145 
irbesartan 25, 50 and 100 

μM for 24h 
MTT assay decreased cell viability - - 
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Prostate 

cancer 

A. Alhusban et 

al. (2014)43 

PC3 

candesartan 0.5, 5, 10, 25, 

and 200 µM for 24h and 

72h 

BrdU assay, MTT 

assay, ELISA-

based apoptosis 

assay 

induced dose-

dependent 

antiapoptotic effect, 

did not have effect on 

the proliferation or 

viability 

inhibited VEGF mRNA 

expression 
- 

DU145 

candesartan 0.5, 5, 10, 25, 

and 200 µM for 24h and 

72h 

na na 
inhibited VEGF mRNA 

expression 
- 

Prostate 

cancer 

Y-J. Da et al. 

(2012)44 
LNCap losartan 10 μM for 24h MTT assay no significant effect - 

angiotensin2+losartan combination: no significant 

effect 

Prostate 

cancer 

J-i. Teranishi et 

al. (2008)45 

LNCaP 

olmesartan 10 µM for 30 

min before Ang3 

treatment for 5 days 

cell counter 

ARB was used only in 

combination with 

angiotensin3 

suppressed cell growth 

induced by Ang3 

treatment 

angiotensin3+olmesartan combination: inhibited 

phosphorylation of MAPK activated by Ang3 

DU145 

olmesartan 10 µM for 30 

min before AngIII 

treatment for 5 days 

cell counter 

ARB was used only in 

combination with 

angiotensin3 

suppressed cell growth 

induced by Ang3 

treatment 

angiotensin3+olmesartan combination: inhibited 

phosphorylation of MAPK activated by Ang3 

Prostate 

cancer 

H. Ishiguro et 

al.  (2007)46 

LNCaP 

telmisartan 1 and 10 mM 

for 30 min before Ang2 

treatment 

MTT assay inhibited cell growth - 
DHT+telmisartan combination: downregulated PSA 

expression 

DU145 

telmisartan 1 and 10 mM 

for 30 min before Ang2 

treatment 

MTT assay inhibited cell growth 
attenuated 

phosphorylation of MAPK 

DHT+telmisartan combination: downregulated PSA 

expression, GW9662+telmisartan combination: cell 

growth 

was also inhibited 

Prostate 

cancer 

H. Uemura et 

al. (200547) 
PC-3 

losartan 10 µM for 30 min 

before Ang2 or EGF 

treatment for 5 days 

cell growth 

analysis 
no significant effect - - 
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Effects of MRAs on cancer assessed in vitro 

Cancer type Study Cell line Treatment 
Tumor growth 
measurement 

Major outcomes by 
MRAs 

Suggested 
mechanism of 

action 
Synergism 

Colorectal cancer 
W-H. Leung et al. 

(2013)49 

HCT116 
spironolactone 56 μM 

for 24h 
comet assay 

decrease in DNA 
breakage 

induced ATM–ATR 
pathways and 

NKG2DL expression 
requiring RXRγ 

activation 

- 

HCT116 
spironolactone 56 μM 

for 5 days 
cytotoxicity assay 

not affecting cell 
viability 

upregulated 
NKG2DLs, increased 
ULBP2 expression in 
a dose-dependent 

manner 

- 

SW480 
spironolactone 56 μM 

for 5 days 
cytotoxicity assay 

not affecting cell 
viability 

increased ULBP2 
and ULBP1 

expression in a 
dose-dependent 

manner,  enhanced 
primary NK cell-
mediated lysis 

- 

HT29 
spironolactone 56 μM 

for 5 days 
cytotoxicity assay 

not affecting cell 
viability 

increased ULBP2 
expression in a 

dose-dependent 
manner, enhanced 

primary NK cell-
mediated lysis 

- 

HCT15 
spironolactone 56 μM 

for 5 days 
cytotoxicity assay 

not affecting cell 
viability 

increased ULBP2 
and ULBP1 

expression in a 
dose-dependent 

manner 

- 

Lung cancer 
T. Sanomachi et al. 

(2019)50 

A549 
spironolactone 25, 50 
and 100 μM for 3 days 

Trypan blue 
exclusion assay 

induced cell death 
and inhibited cell 

growth 
- 

gemcitabine+spironolactone and 
osimertinib+spironolactone combination: 

spironolactone reversed resistance 

PC-9 
spironolactone 25, 50 
and 100 μM for 3 days 

Trypan blue 
exclusion assay 

induced cell death 
and inhibited cell 

growth 
- 

gemcitabine+spironolactone and 
osimertinib+spironolactone combination: 

spironolactone reversed resistance 

PC-9-(osimertinib 
resistant) 

spironolactone 25, 50 
and 100 μM for 3 days 

Trypan blue 
exclusion assay 

induced cell death 
and inhibited cell 

growth 
- 

gemcitabine+spironolactone and 
osimertinib+spironolactone combination: 

spironolactone reversed resistance 

A549 cancer stem 
cell line 

spironolactone 25, 50 
and 100 μM for 3 days 

Trypan blue 
exclusion assay 

induced cell death 
and inhibited cell 

growth 
- - 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Melanoma 
S. Sayedyahossein 

et al. (2021)51 
131/4-5B1 

spironolactone 10 μM 
for 72h 

immunoprecipitatio
n 

reduced cytoplasmic 
levels of both 
PANX1 and β-

catenin 

- - 

Prostate cancer 
A. Dovio et al. 

(2009)48 
LNCaP 

eplerenone 1 μM for 
24h 

na 

blocking cortisol’s 
inhibitiory effect on 

IL-1β-inducible 
osteoprtegerin 

release 

- 
cortisol+eplerenone combination: 

completely reverted the effect of cortisol 
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Effects of SGLT2Is on cancer assessed in vitro 

Cancer type Study Cell line Treatment 
Tumor growth 
measurement 

Major outcomes by 
MRAs 

Suggested 
mechanism of 

action 
Synergism 

Breast cancer 
D. Papadopoli et 

al. (2021)52 

SKBR3 
canagliflozin 50 µM for 

24h 

automated TC10 cell 
counting, trypan 

blue exclusion assay 

inhibited cell 
proliferation 

interfere with 
glutamine-mediated 

anaplerosis and 
inhibits glutamine 
metabolism largely 

independent of 
SGLT2 inhibition 

- 

BT474 
canagliflozin 50 µM for 

24h 

automated TC10 cell 
counting, trypan 

blue exclusion assay 

inhibited cell 
proliferation 

largely independent 
of SGLT2 inhibition 

- 

NT2196 
canagliflozin 50 µM for 

24h 

automated TC10 cell 
counting, trypan 

blue exclusion assay 

modest suppression 
of cell proliferation 

- - 

NT2197 
canagliflozin 50 µM for 

24h 

automated TC10 cell 
counting, trypan 

blue exclusion assay 

modest suppression 
of cell proliferation 

- - 

SKBR3 
dapagliflozin 50 µM for 

24h 

automated TC10 cell 
counting, trypan 

blue exclusion assay 

inhibited cell 
proliferation 

largely independent 
of SGLT2 inhibition 

- 

BT474 
dapagliflozin 50 µM for 

24h 

automated TC10 cell 
counting, trypan 

blue exclusion assay 

inhibited cell 
proliferation 

- - 

Breast cancer 
S. G. Eliaa et al. 

(2020)53 
MDA-MB-231 

empagliflozin 0,1-100 
uM/l for 24 h 

MTT assay, Annexin 
V-FITC apoptosis 

assay 

inhibited cell 
growth, increase in 

the percent of 
apoptotic 

clear decline in the 
cell population at 

the S phase, 
interfering mTOR 

pathway and 
inhibited calmodulin 

doxorubicin+empagliflozin combination: 
greater cell growth inhibition in a dose-

dependent manner 

Breast cancer 
V. Quagliariello et 

al. (2020)54 

MCF-7 
empagliflozin 500 nM 

for 72h 

MTT assay, Annexin 
V-FITC apopotosis 

assay 

SGLT2I was used 
only in combination 
with ipilimumab or 

anti CTLA-4 
antibody 

- 

ipilimumab+digoxin combination: 
ameliorated cell responsiveness to 
ipilimumab, anti CTLA-4+digoxin 

combination: increased anticancer 
efficacy of anti CTLA-4 antibody 

MDA-MB-231 
empagliflozin 500 nM 

for 72h 

MTT assay, Annexin 
V-FITC apopotosis 

assay 

SGLT2I was used 
only in combination 
with ipilimumab or 

anti CTLA-4 
antibody 

- 

ipilimumab+digoxin combination: 
ameliorated cell responsiveness to 
ipilimumab, anti CTLA-4+digoxin 

combination: increased anticancer 
efficacy of anti CTLA-4 antibody 

Breast cancer 
J. Zhou et al. 

(2020)55 
MCF-7 

dapagliflozin 3.67, 11, 
33, 100, 300 μM for 24h 

and72h 

MTT assay, colony 
formation assay 

blocked cell 
proliferation and 

growth and inhibit 

induced G1/G0 cell 
cycle arrest, 

inhibition of mTOR 
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the clonogenic 
survival 

pathway via AMPK 
activation 

MCF-7 
canagliflozin 3.67, 11, 

33, 100, 300 μM for 72h 
MTT assay 

blocked cell 
proliferation 

inhibition of mTOR 
pathway via AMPK 

activation 
- 

MCF-7 
canagliflozin 40 µM for 

48h 
MTT assay 

SGLT2I was used 
only in combination 

with doxorubicin 
- 

doxorubicin+canagliflozin combination: 
increased cytotoxic activity of DOX 

Breast cancer 
S. Komatsu et al. 

(2020)56 
MCF-7 

ipragliflozin 0-50 μM for 
0-4 days 

manual cell 
counting, BrDU 

incorporation assay 

decreased cell 
number in a dose-

dependent manner 

through SGLT2 
inhibition, inhibited 

DNA synthesis 
- 

Lung cancer 
L. Yamamoto et al. 

(2021)57 

A549 
canagliflozin 1-50 μM for 

0-3 days 

manual cell 
counting, BrDU 

incorporation assay 

decreased cell 
number in a dose-

dependent manner 

inhibited DNA 
synthesis in a dose-
dependent manner, 

attenuated cell 
cycle progression 

- 

H520 
canagliflozin 1-50 μM for 

0-3 days 

manual cell 
counting, BrDU 

incorporation assay 

attenuated cell 
proliferation 

- - 

H1975 
canagliflozin 1-50 μM for 

0-3 days 

manual cell 
counting, BrDU 

incorporation assay 

attenuated cell 
proliferation 

- - 

 

Supplementary table 3.: In vitro studies investigating the effect of guideline-directed HF pharmacotherapies on cancer. 
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Effects of BBs on cancer assessed by meta-analyses of clinical studies 

ID 
PRISMA or 

MOOSE 
guidelines 

Baseline 
cancer status 

Main aim 
Number of 

included studies 
(study type) 

Main outcomes 

Outcomes by cancer types 
(number of studies) 

Breast cancer Lung cancer Colorectal cancer Melanoma Prostate Other cancers 

M. Monami 
et al. 

(2013)[1] 
Followed 

Cancer-free 
patients 

To investigate the 
relationship 
between BB 

treatment and the 
incidence of cancer 
in diabetic and non-

diabetic patients. 

9 (RCT) 

BB use is 
associated with 
non-significant 
trend toward 
lower risk of 

cancer. 

Outcome was not broken down to cancer types 

A. Yap et al. 
(2018)[2] 

Followed 
Cancer 

patients 

To investigate the 
association 

between BB use 
and cancer 

recurrence (CR), 
disease-free 

survival (DFS), and 
overall survival 

(OS). 

27 
(observational) 

BB use has no 
effect on CR, and 
has mixed effects 

on different 
cancer types. 

No effect 
(3) 

No effect 
(3) 

No effect 
(3) 

Improved  
DFS and OS 

(1) 

Worsened OS 
(2) 

Ovarian: no effect (6) 
Endometrial: no effect on DFS, worsened 

OS (1) 
Head & Neck: no effect on DFS, worsened 

OS (1) 
Renal: no effect (1) 

Esophagus: no effect (1) 
Pancreatic: no effect (2) 
Stomach: no effect (1) 

Z. Na et al. 
(2018)[3] 

Followed 
Cancer 

patients 

To investigate the 
relationship 
between BB 

exposure and 
survival outcomes 
of various cancers. 

36 
(observational 

and RCT) 

BB use is 
associated with 

significant 
increase of CSS, 
but has no effect 
on OS, ACM, DFS, 

PFS, RFS. 

No effect 
(6) 

No effect 
(7) 

No effect 
(2) 

Improved  
OS 
(2) 

N/A 

Ovarian: improved OS (5) 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 

Pancreatic: Improved OS (2) 
Stomach: N/A 

Supplementary table 4

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



C. Choi et 
al. (2014)[4] 

Followed 
Cancer 

patients 

To assess whether 
adding beta 

blockers to the 
treatment regimen 

of patients with 
various types of 
cancer had an 

impact on survival. 

18 
(observational) 

BB use is 
associated with 

significant 
increase of OS 

and DFS. 

Outcome was not broken down to cancer types 

J. 
Weberpals 

et al. 
(2016)[5] 

Followed 
Cancer 

patients 

To summarize 
evidence on the 

association 
between pre- and 

post-diagnostic 
beta blocker 

exposure and 
cancer survival. 

30 
(observational) 

BB use is 
associated with 

significant 
increase of OS 

and CSS, mainly 
driven by post-

diagnostic BB use. 
No associations 

between 
selectivity of BB 
and OS or CSS. 

No effect 
(6) 

No effect 
(3) 

No effect 
(5) 

Improved  
OS 
(2) 

No effect 
(6) 

Ovarian: no effect (2) 
Endometrial: N/A 
Head & Neck: N/A 
Renal: no effect (1) 

Esophagus: no effect (1) 
Pancreatic: no effect (2) 
Stomach: no effect (1) 

S. Zhong et 
al. (2016)[6] 

Followed 
Cancer 

patients 

To assess the 
relationship 

between 
postdiagnostic and 

prediagnostic β-
blocker use and the 

survival of cancer 
patients for both 

all-cause mortality 
and cancer-specific 

mortality. 

24 
(observational) 

Prediagnostic BB 
use showed no 

benefit, but 
postdiagnostic 

BB use improved 
all-cause 

mortality or 
cancer specific 

mortality. 

Improved all 
cause 

mortality 
(3) 

No effect 
(4) 

No effect 
(2) 

No effect  
(4) 

No effect 
(2) 

Ovarian: improved all cause mortality (1) 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

S. Riamondi 
et al. 

(2016)[7] 
Followed 

Cancer 
patients 

To shed light on 
possible role of the 

use of 
antihypertensive 
drugs in breast 

cancer 
development and 

survival. 

10 
(observational) 

BB use is 
associated with 

significant 
improvement in 
OS and CSS, and 

borderline 
improvement in 

DFS. 

Improved  
OS and CSS 

(8) 
N/A N/A N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 
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Z. Y. Wen et 
al. (2021)[8] 

Followed 
Cancer 

patients 

To further identify 
the correlation 
between post-

diagnostic BB usage 
and ovarian cancer 

prognosis. 

11 
(observational) 

Post-diagnostic 
BB use is not 

associated with 
ovarian cancer 

prognosis. 

N/A N/A N/A N/A N/A 

Ovarian: no effect (11) 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Z. Lei et al. 
(2021)[9] 

Followed 
Cancer 

patients 

To provide a 
systematic 

evaluation of the 
association 

between BB use 
and survival of lung 

cancer. 

10 
(observational) 

BB use was not 
associated with 

significantly 
affected OS in 
lung cancer. 

N/A 

Improved OS 
in Stage III  

(4) 
Improved OS 

when no 
surgery was 
performed 

(2) 
nsBBs 

significantly 
worsened OS 

(4) 

N/A N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

A. Majidi et 
al. 

(2020)[10] 

Not 
followed 

Cancer 
patients 

To review the 
evidence for a 

possible relation 
between common 

chronic disease 
medications and 
survival among 

women with 
ovarian cancer 

11 
(observational) 

BB use has no 
effect on OS of 

women with 
ovarian cancer. 

N/A N/A N/A N/A N/A 

Ovarian: No effect (11) 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

H. Tang et 
al. 

(2018)[11] 

Not 
followed 

Cancer-free 
patients 

To quantify the 
association 

between use of 
antihypertensive 

drugs and 
malignant 

melanoma risk 

8 (observational 
BB significantly 
increases risk of 

melanoma. 
N/A N/A N/A 

Increased risk of cancer  
(n=3) 

N/A 

Ovarian: No effect (11) 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 
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W. K. 
Childrens et 

al. 
(2015)[12] 

Not 
followed 

Cancer 
patients 

To perform a 
systematic review 
and meta-analysis 
of the effect of β-
blockers on breast 
cancer outcomes 

7 (observational) 

BB use has no 
effect on breast 
CR or all cause 
mortality, but 
significantly 

decreases cancer 
death. 

No effect on 
CR (n=5) 

significantly 
decreased 

cancer death 
(n=4) 

No effect on 
all cause 
mortality 

(n=4) 

N/A N/A N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

M. Thiele et 
al. 

(2015)[13] 
Followed 

Cancer-free 
patients 

To evaluate the 
effect of nsBB on 

HCC. 
12 (RCT) 

nsBB use 
decrease risk of 

HCC. 
N/A N/A N/A N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

S. Gandini 
et al. 

(2018)[14] 
Followed 

Cancer-free 
patients 

To investigate the 
association 

between use of 
anti-hypertensive 
drugs and the risk 

of cutaneous 
melanoma and 

non-melanoma skin 
cancer 

19 
(observational) 

BB significantly 
increases risk of 

skin cancer. 
N/A N/A N/A 

Increased risk of cancer  
(n=4) 

N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

S. 
Bangalore 

et al. 
(2011)[15] 

Followed 
Cancer-free 

patients 

To assess the 
association 

between 
antihypertensive 
drugs and the risk 

of cancer in a 
comprehensive 
analysis of data 

from randomised 
clinical trials. 

70 (RCT) 

BB has no effect 
on risk of cancer 

or cancer 
mortality. 

Outcome was not broken down to cancer types 
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Y. Xie et al. 
(2019)[16] 

Followed 
Cancer-free 

patients 

To investigate how 
the use of 

antihypertensive 
medications may 

influence the 
incidence of 

bladder/kidney 
cancer 

31 
(observational) 

BB significantly 
increases kidney 

cancer risk. 
N/A N/A N/A N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: increased risk (n=12) 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

E. Copland 
et al. 

(2021)[17] 
Followed 

Cancer-free 
patients 

To investigate the 
association 

between 
antihypertensive 
medication and 
cancer in a large 

individual patient 
data meta-analysis 

of randomised 
clinical trials 

33 (RCT) 

BB use has no 
effect on risk of 
cancer or cancer 

mortality. 

No effect on 
cacer risk 

(n=4) 

No effect on 
cacer risk 

(n=4) 
No effect on cancer risk (n=3) N/A No effect on cacer risk (n=3) 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

J. Qi et al. 
(2022)[18] 

Followed 
Cancer-free 

patients 

To investigate 
associations 
associations 

between colorectal 
cancer risk and 

antihypertensive 
medications: 
angiotensin-

converting enzyme 
inhibitors (ACEIs), 

angiotensin II 
receptor blockers 

(ARBs), beta-
blockers (BBs), 

calcium channel 
blockers (CCBs), 

and diuretics. 

13 
(observational) 

BB use has no 
effect on 

colorectal cacer 
risk. 

N/A N/A No effect on cancer risk (n=4) N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 
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Effects of RAASIs (ACEIs, ARBs, MRAs) on cancer assessed by meta-analyses of clinical studies 

ID 

PRISMA 
or 

MOOSE 
guidelines 

Baseline cancer 
status 

Main aim 
number of 

included studies 
(study type) 

Main outcomes 

Outcomes by cancer types 
(number of studies) 

Breast cancer Lung cancer Colorectal cancer Melanoma Prostate Other cancers 

C. I. Coleman 
et al. 

(2008)[19] 

Not 
followed 

Cancer-free 
patients 

To determine the 
association between 

commonly used 
antihypertensive agents 

and the incidence of 
cancer. 

27 (RCT) 

Neither ARBs, nor 
ACEis had significant 
effects on incidence 

of cancer. 

Outcome was not broken down to cancer types 

I. Sipahi et al. 
(2010)[20] 

Not 
followed 

Cancer-free 
patients 

To examine the effect of 
ARBs on occurrence of 

new cancers. 
9 (RCT) 

ARBs significantly 
increased risk of 

new cancer 
compared to 

placebo. ARBs 
significantly 

increased the 
occurrence of new 
cancer in patients 

with ACEi 
background 

therapy, compared 
to ACEi alone. No 

significant effect on 
cancer death. 

No effect  
(5) 

Increased risk 
(5) 

N/A N/A 
No effect  

(5) 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 
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S. Bangalore 
et al. 

(2011)[15] 
Followed 

Cancer-free 
patients 

To assess the association 
between 

antihypertensive drugs 
and the risk of cancer 
in randomised clinical 

trials. 

70 (RCT) 

ARBs or ACEis had 
no significant effect 

on cancer risk, or 
cancer related 

deaths, compared to 
placebo. The 

combination of  
ARBs and ACEis 

significantly 
increased cancer 

risk, but not cancer 
deaths. 

Outcome was not broken down to cancer types 

I. Sipahi et al. 
(2011)[21] 

Followed 
Cancer-free 

patients 

To determine the effect 
of ACE inhibitors on 

cancer occurrence and 
cancer death, and on 

occurrence of 
gastrointestinal cancers 
given previous concerns 

of increased risk. 

14 (RCT) 

ACEis have no 
significant effect on 
cancer risk, cancer 

deaths, or 
gastrointestinal 

cancers. 

No effect 
(14) 

N/A N/A N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

C. Yoon et al. 
(2011)[22] 

Not 
followed 

Cancer-free 
patients 

To assess the association 
between use of ACEis or 

ARBs and cancer risk. 

28 
(observational) 

No significant 
association between 
the use of ACEis or 

ARBs and the risk of 
cancer in all of the 
studies. Beneficial 
effect of ACEis or 

ARBs on risk of 
cancer in Cohort 
studies, Nested 

case-control studies, 
and studies with 

long-term follow-up. 
ACEis or ARBs 

marginally increased 
the risk of cancer in 
Conventional case-

control studies. 

No effect  
(6, 8) 

No effect  
(4, 3) 

No effect  
(4, 2) 

Increased risk 
(3, 1) 

No effect  
(8, 5) 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: increased risk (6, 2) 
Esophagus: decreased risk (2, 2) 

Pancreatic: N/A 
Stomach: no effect (2, 2) 

Hepatocellular: N/A 
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Y. Dai et al. 
(2015)[23] 

Followed 
Both cancer-free 

and cancer 
patients 

To investigate the 
association between 

ACEi or ARB therapy and 
colorectal cancer. 

11 
(observational) 

ACEi or ARB use 
significantly 

decreases colorectal 
cancer incidence, 

but have no 
significant effect on 
CSS. No significant 

dose-reponse 
relationship was 

found. 

N/A N/A 

Decreased incidence  
(6) 

No effect on CSS 
(3) 

N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

Y. Mao et al. 
(2016)[24] 

Followed 
Cancer-free 

patients 

To summarize and to 
quantity the existing 

evidence on the 
relationship between 

RAS inhibitors and 
prostate cancer based 
on all relevant cohort 

studies. 

9 (observational) 

ACEi or ARB use 
significantly 

decreases risk for 
prostate cancer. 

N/A N/A N/A N/A 
Decreased incidence  

(6) 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

J. Shen et al. 
(2016)[25] 

Followed 
Both cancer-free 

and cancer 
patients 

To assess the association 
between ACEI/ARB use 
and risk of cancer and 

death. 

31 (17 
observational, 14 

RCT) 

ACEI/ARB users had 
a lower incidence 
of cancer in the 
observational 

studies but not in 
the RCTs 

 
Mortality reduction 
with ARB/ACEI was 

marginally signifcant 
in the observational 

studies but not in 
the RCTs 

 
Incidence reduction 
was not significantly 

different with the 
duration of the 

follow-up 

No effect on 
incidence 

(n=5 
observational) 
No effect on 

incidence 
(n=8 RCT) 

Decreased 
incidence 

(n=6 
observational) 
No effect on 

incidence 
(n=9 RCT) 

No effect on incidence  
(n=5 observational) 

N/A 

No effect on incidence 
(n=5 observational) 

No effect on incidence 
(n=9 RCT) 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 
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T. Song et al. 
(2017)[26] 

Followed Cancer patients 

To assess the current 
evidence on the 

potential benefit of 
angiotensin-converting 

enzyme inhibitors 
(ACEIs) or angiotensin 

receptor blockers (ARBs) 
on cancer recurrence 

and survival. 

11 
(observational) 

The use of ACEIs or 
ARBs in cancer 

patients can lead to 
a 40 and 25% 

reduction in the risk 
of cancer recurrence 

and mortality.  

Outcome was not broken down to cancer types 

Y. Zhao et al. 
(2016)[27] 

Not 
followed 

Cancer patients 

To investigate the risk of 
cancer associated with 

ARB at different 
background ACEI levels. 

17 (RCT) 

No significant 
differences in cancer 

incidence when 
compared ARB 

alone with placebo 
alone, ARB alone 
with ACEI alone, 

ARB plus partial use 
of ACEI with placebo 

plus partial use of 
ACEI, or ARB plus 
ACEI combination 

with ACEI 

Outcome was not broken down to cancer types 

H. Sun et al. 
(2017)[28] 

Not 
followed 

Cancer patients 

To evaluate the effect of 
RAS inhibitors on 

recurrence, metastasis, 
and survival in cancer 

patients. 

55 
(observational) 

Mixed effect on OS 
depending on 
cancer types. 

Overall OS, DFS and 
PFS show significant 

improvement 
mainly driven by 

ARBs, but not ACEis 

No effect on 
OS (n=7) 

No effect on 
OS (n=7) 

No effect on OS (n=5) No effect on OS (n=1) No effect on OS (n=2) 

Ovarian: N/A 
Endometrial: N/A 

Head & Neck: no effect on OS (n=1) 
Renal: improved OS (n=7) 

Esophagus: no effect on OS (n=2) 
Pancreatic: improved OS (n=2) 
Stomach: improved OS (n=2) 

Hepatocellular: improved OS (n=2) 
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S. Gandini et 
al. (2018)[14] 

Followed 
Cancer-free 

patients 

To investigate the 
association between use 

of anti-hypertensive 
drugs and the risk of 

cutaneous melanoma 
and non-melanoma skin 

cancer. 

19 
(observational) 

ACEi and ARB have 
no effect on risk of 

skin cancer, 
including melanoma 

N/A N/A N/A 
No effect on risk of cancer 
(n=5 for ACEi, n=3 for ARB) 

N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

L. Cao et al. 
(2018)[29] 

Followed 
Cancer-free 

patients 

To investigate the 
relationship between 

antihypertensive drugs 
use and the risk of 
prostate cancer. 

21 
(observational) 

ACEi and ARB have 
no effect on risk of 

prostate cancer 
neither in cohort, 
nor in case control 

studies 

N/A N/A N/A N/A 
No effect on risk of cancer 

(n=10 for ACEi, n=5 for ARB) 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

T. Datzmann 
et al. 

(2019)[30] 
Followed 

Cancer-free 
patients 

To investigate the 
available randomised 

and observational study 
data on ARBs and 

carcinogenesis. 

12 (7 RCT, 5 
observational) 

Risk of cancer was 
elevated in case-

constrol studies, but 
not in RCTs or in 

cohort studies. No 
effect on tumour 
specific mortality. 

No effect on 
tumor 

specific 
mortality 

(n=6) 

No effect on 
tumor 

specific 
mortality 

(n=5) 

N/A N/A 
No effect on tumor specific 

mortality (n=3) 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 
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Q. Zhou et al. 
(2020)[31] 

Followed Cancer patients 

To investigate the effect 
of long-term oral RAS-
blockade (ACEi or ARB) 

on digestive system 
malignancies. 

13 
(observational) 

RAS blockade 
improves CSS, OS 

and RFS of digestive 
system 

malignancies, which 
is mainly driven by 

ARBs 

N/A N/A Improved OS (n=5) N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 

Pancreatic: improved OS (n=3) 
Stomach: N/A 

Hepatocellular: improved OS (n=2) 

X. Chen et al. 
(2020)[32] 

Not 
followed 

Cancer patients 

To determine whether 
use of the renin–

angiotensin system (RAS) 
inhibitors would increase 

colorectal cancer 
morbidity and mortality. 

16 
(observational) 

RAS blockade 
improves risk of 
colorectal cancer 

and CSS 

N/A N/A 
Improved risk of cancer (n=16) 

Improved CSS (n=3) 
N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

F. 
Asgharzadeh 

et al. 
(2020)[33] 

Not 
followed 

Cancer patients 

To explore the potential 
clinical impact of 
ACEI/ARB in renal 

cancer. 

9  
(observational) 

RAS blockade 
improves RCC 

mortality, mainly 
driven by ARBs. 

N/A N/A N/A N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: improved mortality (n=3) 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 
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Y. Xie et al. 
(2019)[16] 

Followed 
Cancer-free 

patients 

To investigate how the 
use of antihypertensive 

medications may 
influence the incidence 

of bladder/kidney cancer 

31 
(observational) 

ARB and ACEi 
significantly 

increases kidney 
cancer risk. ARB 

siggnificantly 
increase bladder 

cancer risk. 

N/A N/A N/A N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: increased risk (n=4 for ARB, n=10 
for ACEi) 

Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

M. Batais et 
al. (2021)[34] 

Followed 
Cancer-free 

patients 

To investigate 
relationship between the 

use of angiotensin 
converting enzyme 

inhibitors (ACEIs) and 
the risk of lung cancer 

13 (1 RCT, 12 
observational) 

ACEI use has no 
effect on lung 

cancer risk. 
N/A 

No effect on 
cancer risk 

(n=13) 
N/A N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

E. Copland et 
al. (2021)[17] 

Possibly 
followed 

Cancer-free 
patients 

To investigate the 
association between 

antihypertensive 
medication and cancer in 
a large individual patient 

data meta-analysis of 
randomised clinical 

trials. 

33 (RCT) 

ARB or ACEI use 
have no effect on 

cacer risk or cancer 
mortality. 

No effect on 
cacer risk for 
ARB (n=10) or 

ACEI (n=11) 

No effect on 
cacer risk for 
ARB (n=12) or 

ACEI (n=13) 

No effect on cacer risk for ARB 
(n=12) or ACEI (n=11) 

N/A 
No effect on cacer risk for 
ARB (n=12) or ACEI (n=11) 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 
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J. Qi et al. 
(2022)[18] 

Followed 
Cancer-free 

patients 

To investigate 
associations associations 

between colorectal 
cancer risk and 

antihypertensive 
medications: 

angiotensin-converting 
enzyme inhibitors 

(ACEIs), angiotensin II 
receptor blockers 

(ARBs), beta-blockers 
(BBs), calcium channel 
blockers (CCBs), and 

diuretics. 

13 
(observational) 

ARB or ACEI use 
have no effect on 

colorectal cacer risk. 
N/A N/A 

No effect on cancer risk for ACEI 
(n=5) or ARB (n=4) 

N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

H. Tang et al. 
(2018)[11] 

Not 
followed 

Cancer-free 
patients 

To quantify the 
association between use 

of antihypertensive 
drugs and malignant 

melanoma risk. 

8 (observational) 
ACEI or ARB has no 

effect on risk of 
melanoma 

N/A N/A N/A 
No effect risk of cancer  

for ARB (n=3) or ACEI (n=4) 
N/A 

Ovarian: No effect (n=11) 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

K. 
Bommareddy 

et al. 
(2022)[35] 

Followed 
Cancer-free 

patients 

To determine the pooled 
occurrence of cancers, in 

particular breast and 
prostate 

cancers, among those 
who were ever treated 

with spironolactone. 

7 (observational) 

Spironolacton use 
significantly 

decreased risk of 
prostate cancer, but 

had no effect on 
other cancer types 

No effect (3) N/A N/A N/A 
Decreased risk of cancer 

(n=4) 

Ovarian: no effect (n=2) 
Endometrial: N/A 
Head & Neck: N/A 

Renal: no effect (n=3) 
Esophagus: no effect (n=2) 

Pancreatic: N/A 
Stomach: no effect (n=2) 

Hepatocellular: N/A 
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Effects of SGLT2Is on cancer assessed by meta-analyses of clinical studies 

ID 

PRISMA 
or 

MOOSE 
guidelines 

Baseline 
cancer status 

Main aim 
number of 

included studies 
(study type) 

Main outcomes 

Outcomes by cancer types 
(number of studies) 

Breast 
cancer 

Lung cancer Colorectal cancer Melanoma Prostate Other cancers 

H. Cui et al. 
(2022)[35] 

Followed 
Cancer-free 

patients 

To assess the 
effects of 

antidiabetic 
medications on 

pancreatic cancer 
in patients with 

diabetes mellitus. 

47 (RCTs & 
Observational) 

Observational studies 
show no effect of 

metformin/TZD/SU/INS
/DPP4i on prostate 

cancer. 
RCTs show significant 
decrease in prostatce 

cancer risk by TZDs/GLP-
1RAs, but not with 

SGLT2is. 

N/A N/A N/A N/A No effect (n=7) 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

R. Benedetti 
et al. 

(2022)[35] 
Followed 

Cancer-free 
patients 

To assess the 
effects of SGLT2i 

on all cause cancer 
incidence in 

patients with 
hyperglycaemia. 

20 (RCTs) 

Overall reduced  risk of 
cancer compared to 

placebo particularly by 
dapagliflozin and 

ertugliflozin. 2 big trials 
shift the overall effect 
size to benefitial effect 
of SGLT2is, overall big 

CIs (small studies) with 
no effect, EMPA shows 
increased risk in 3 big 

trials but had no effect 
on overall effect size 

Outcome was not broken down to cancer types 

I. 
Dicembrini 

et al. 
(2019)[36] 

Followed 
Cancer-free 

patients 

To assess the 
effects of SGLT2i 

on all cause cancer 
incidence. 

27 (RCTs) 
No effect of SGLT2is on 

incidence of overall 
cancer 

No effect 
(n=15) 

No effect 
(n=16) 

N/A N/A No effect (n=16) 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: No effect (n=7) 
Esophagus: N/A 

Pancreatic: No effect (n=8) 
Stomach: N/A 

Hepatocellular: No effect (n=5) 
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H. Tang et 
al. 

(2018)[37] 

Not 
followed 

Cancer-free 
patients 

To assess the 
effect of SGLT2i on 

skin cancer. 
21 (RCTs) 

Almost (but not 
significantly) increased 
melanoma risk, almost 
(but not significantly) 

decreased non-
melanoma skin cancer 

risk 

N/A N/A N/A No effect (n=7) N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

H. Tang et 
al. 

(2017)[38] 
Followed 

Cancer-free 
patients 

To assess the 
effect of SGLT2i on 

all cause cancer 
risk in T2DM 

patients. 

46 (RCTs) 

Risk of bladder cancer 
might be increased with 

SGLT2 inhibitors, 
especially empagliflozin. 

Canagliflozin might be 
protective against 

gastrointestinal cancers. 

No effect No effect N/A N/A No effect 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: no effect 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

N. Shi et al. 
(2021)[39] 

Followed 
Cancer-free 

patients 

To determine the 
relationship 

between SGLT-2i 
and malignancy 

risk in T2DM 
patients. 

84 (RCTs) 

DAPA significantly 
increased risk of overall 

cancer compared to 
other antidiabetic 

drugs. EMPA 
significantly increases 
risk of overall cancer 
compared to placebo 

(n=15). EMPA 
significantly increases 

digestive system 
malignancies compared 

to placebo (n=8). 

No effect 
(n=23) 

No effect 
(n=19) 

N/A N/A N/A 

Ovarian: N/A 
Endometrial: N/A 
Head & Neck: N/A 

Renal: N/A 
Esophagus: N/A 
Pancreatic: N/A 
Stomach: N/A 

Hepatocellular: N/A 

 

Supplementary table 4.: Meta-analyses of observational studies or randomized controlled trials investigating the effect of guideline-directed HF pharmacotherapies on cancer. 
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