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Abstract: Cancer is one of the leading causes of death worldwide. After diagnosis, cancer treatment
may involve radiotherapy, chemotherapy, and surgery. Several of the approaches used to treat cancer
also attack normal cells and, thus, there is the need for more effective treatments that decrease the
toxicity to normal cells and increase the success rates of treatment. The use of beta-blockers in
cancer has been studied for their antagonist action on the adrenergic system through inhibition of
beta-adrenergic receptors. Besides regulating processes such as blood pressure, heart rate, and airway
strength or reactivity, beta-blockers block mechanisms that trigger tumorigenesis, angiogenesis,
and tumor metastasis. This study presents a literature review of the available studies addressing
cancer treatments and beta-blockers. Overall, data suggest that propranolol may be used as
a complement for the treatment of several types of cancer due to its ability to improve cancer outcomes
by decreasing cancer cell proliferation rates. Nonetheless, additional in vitro studies should be
performed to fully understand the protective role of BBs in cancer patients.
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1. Introduction

Cancer, a group of abnormalities characterized by unmeasured growth of cells leading to the
development of tumors, is a global public health problem, at the top of the leading causes of death in
wealthy countries (CDC, 2020). The global cancer burden is significant and increasing. According to
the National Center for Health Statistics of the United States of America, the most commonly diagnosed
cancers in men are prostate, lung, and colorectal cancer, whereas, in women breast, lung, and colorectal
cancer are the most common [1]. Figure 1 presents the distribution of the estimated cancer cases
worldwide (18,078,957), per types of cancers.
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Figure 1. Distribution of the estimated number of worldwide cancer cases in 2018 (18,078,957) per type
of cancer. Data includes all types of cancers, all ages and both sexes (Adapted from Global Cancer
Observatory—World Health Organization [2]).

It is estimated that each year 9.6 million people die from cancer, and that a quarter of those deaths
are related to lung cancer. The five-year survival rate for patients diagnosed with cancers is lower
for pancreas (9%), increasing for liver (18%), esophagus (19%), and lung (19%) cancers [3]. During
their lifetime, one in five men and one in six women worldwide will develop a type of cancer [4].
Once diagnosed, the treatment of patients may involve different approaches that include radiotherapy,
chemotherapy, and surgery. Primary prevention, screening and early diagnosis, multimodal treatment
and survival and palliative care are the spectrum of cancer control interventions. There are significant
differences in terms of cost of treatment, with estimates of 25,000 Canadian dollars for melanoma,
thyroid, and testicular cancers and 60,000 Canadian dollars for leukemia. Lifetime treatment costs may
range from 55,000 Canadian dollars for lung and liver cancers to over 110,000 Canadian dollars for
leukemia, lymphoma and breast cancer [3].

2. Beta-Blockers

The expression of specific receptors (proteins able to bind ligands (e.g., catecholamines) and
transducing extracellular signals across the plasma membrane) and the activation of intracellular
signaling pathways is a key process of cells. These specificities enable cells to interact and adapt to the
surrounding environment. Beta-blockers (BBs) are commonly considered cardioprotective drugs used
in various diseases (e.g., hypertension or coronary artery disease) due to their antagonist action on the
adrenergic system through inhibition of beta-adrenergic receptors [5-9]. BBs have been considered for
cancer treatment due to their antagonist action on receptors associated with mechanisms that trigger
tumorigenesis, angiogenesis, and tumor metastasis, which may allow the decrease of the enormous
costs of cancer treatments, as well as short survival rates [10].

BBs were first discovered in 1906 by Sir Henry Hallett Dale, awarded with a Nobel prize for his
discovery. However, it was only in 1948 that Raymond Perry Ahlquist observed that adrenergic receptors
could be divided into two types (alfa- and beta-receptors). In 1967, Alonzo M. Lands observed that,
depending on the tissue, BBs could act by two different pathways, culminating in the differentiation of
beta-adrenergic receptors into two subtypes: beta-1 and beta-2 subtypes. Meanwhile, it was discovered
that some BBs may act on both pathways, acting on both receptor subtypes. An example of this type
of drugs is propranolol, the prototype of the first invented BBs and the one with the most collected
experience and clinical indications [11].

The adrenergic receptors, members of the superfamily of cell surface receptors that carry
out signaling via coupling to guanine nucleotide binding proteins (G-proteins) can be divided
into 2 types: alfa-receptors (associated with “excitatory” functions such as vasoconstriction) and
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beta-receptors (associated with “inhibitory” functions like vasodilatation and excitatory effects
in the myocardium) [12-17]. Beta-receptors are divided into three subtypes: beta-1-receptors
(commonly associated with the heart), beta-2-receptors (responsible for vascular and airway relaxation),
and beta-3-receptors (present in the cells of brown adipose tissue from rats) [18,19]. In this perspective,
an agent able to inhibit the response of the adrenergic receptors is an adrenergic antagonist, whereas,
a molecule stimulator of response (e.g., catecholamines) is an adrenergic agonist [17]. Thus, based on
the affinity to the beta-subtype receptors, BBs can be considered as “beta-1 selective” or “cardioselective”
(as the beta-1 subtype is the predominant one in the heart) when exhibiting a higher affinity for beta-1
subtype than for beta-2 (e.g., atenolol, celiprolol, metoprolol, bisoprolol, and nebivolol) or “nonselective
BBs” if acting on both beta-1 and beta-2 receptors (e.g., propranolol, sotalol, carvedilol, labetalol,
and timolol) [20,21]. Some selective or nonselective BBs are also antagonists of the alfa-1 receptors
(carvedilol and labetalol) and alfa-2 receptors (celiprolol) and have the capacity of increasing nitric
oxide release (nebivolol and carvedilol), causing a vasodilatory activity [11,22-25].

The use of this group of molecules of different pharmacokinetic and pharmacodynamic properties
has been considered in the treatment of different pathologies like hypertension, cancer, and migraine,
suggesting a protective effect that may span far beyond the cardiovascular system [26,27]. The known
effects of BBs are diverse. BBs regulate, among other functions, processes like blood pressure, heart rate
and airway strength or reactivity [17]. These pharmaceuticals are used worldwide, and its consumption
has been increasing, over time, in older patients as BBs are considered to play a protective role in the
cardiac muscle. Furthermore, it is believed that patients with hypertension have increased survival
rates when taking BBs [28]. However, recent meta-analyses (that do not take age into account) state
that BBs are unsuitable for the treatment of hypertension as first-line therapy [29]. BBs have been
associated with lower mortality rates in the 5 years following an episode of myocardial infarction
in patients with stable coronary heart disease [30]. However, in patients with myocardial infarction
without heart failure, BBs showed no beneficial effect when used beyond 1 year after the episode [31].
Studies have, however, suggested side effects of BBs. According to a study performed by the Action to
Control Cardiovascular Risk in Diabetes, diabetic patients taking BBs have significantly higher CV
disease event rates and increased incidence of hypoglycemia [8,32].

The use of BBs is contraindicated in patients with asthma, reactive airway disease,
acute decompensated heart failure with systolic dysfunction, heart block and sick sinus syndrome,
even in the therapeutic dose range [33].

3. Antineoplastic Agents and Cardiotoxicity

Regardless the type of cancer, cancer treatment aims to control or even terminate the uncontrolled
growth of cancer cells [34]. In the last years, new antineoplastic agents have been emerging, presenting
advantages in terms of safety, availability, and lower cost when compared to those widely used [35].
These agents play essential roles in triggering, controlling, and modifying cancer cell mechanisms
regarding its proliferation, differentiation, and survival [36].

Antineoplastic agents can be divided into nine groups (Table 1): alkylating, alkylating-related,
antimetabolite, topoisomerase-1 inhibitors, topoisomerase-2 inhibitors, DNA-intercalating agents,
agents that interfere with tubulin, tyrosine-kinases inhibitors, and others [37].
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Table 1. Examples of frequently used beta blockers and antineoplastic agents.
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Table 1. Cont.

Pharmaceutical Class Chemical Formula Structure CAS

Etoposide AA-Top-2Inh Cy9H3,013 33419-42-0
Teniposide AA-Top-2Inh C3H3,0435 29767-20-2
Bleomycin AA-DNAIntAg CssHgaN1702153* (o i:; 11056-06-7
| - onea
Daunorubicin AA-DNAIntAg  CyyHy9NOy 20830-81-3
Doxorubicin AA-DNAIntAg  CyyHpoNOy 23214-92-8
Epirubicin AA-DNAIntAg  CpyHy9NO1q 56420-45-2
Idarubicin AA-DNAIntAg CorsHpyNOg 58957-92-9
Docetaxel AA-IntTub Cy3H53NO14 114977-28-5
Paclitaxel AA-IntTub Cy7H51NO14 CM 33069-62-4
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Pharmaceutical Class Chemical Formula Structure CAS
Vinblastine AA-IntTub Cy46Hs58N4O9 865-21-4
Vincristine AA-IntTub Cy6H56N40q9 57-22-7

Imatinib AA-TyrKinInh Cy9H31N;O N)\N J\QV"\) 152459-95-5
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e
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Pentostatin AA-Other C11H16N4 Oy 53910-25-1

BB—Beta Blocker; Bl—Beta 1 selective; NS—Non-Selective; AA—Antineoplastic Agent; Alk—Alkylating,

AlkRel—Alkylating

Top-2Inh—Topoisomerase-2

Related;
inhibitor;

tubulin; TyrKinInh—Tyrosine-kinase inhibitors.

AntMet—Antimetabolite;
DNAIntAg—DNA-intercalating agents;

Top-1Inh—Topoisomerase-1 inhibitor;
IntTub—Interfere with

Anthracyclines (e.g., doxorubicin, daunorubicin, epirubicin, and idarubicin) are widely used
for the treatment of breast cancer and lymphoma [38]. They act on cancer cells by intercalating
between DNA base pairs, disrupting the DNA chain, and they stabilize the topoisomerase 2-alfa
complex, preventing the association of disrupted DNA strands and, thus, lead to cell death [39,40].
However, its use has been associated with cardiomyocyte injury, due to the formation of reactive oxygen
species (ROS) and inhibition of cardiomyocytes’ topoisomerase 2-beta, and their death associated
with double-stranded DNA that lead to apoptosis through the activation of p53 pathway [41,42].
These effects may cause arrhythmias, symptomatic heart failure, and asymptomatic left-ventricular
dysfunction which can be quantified through measurement of left-ventricular ejection fraction (LVEF).
A decline in LVEF is a strong indicative of heart failure following anthracycline treatment and is more
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commonly detected in the elderly [41,43]. Arrhythmias may be caused not only by anthracyclines
use but also by cisplatin, taxanes, vinca alkaloids, platinum, arsenic, thalidomide, antimetabolites,
and interleukin-2 (IL-2) [44]. In a pediatric population, the risk of heart failure may remain high,
even decades after treatment with anthracyclines [45].

Cisplatin is an alkylating-related agent that stands between two adjacent guanines followed by
an adjacent guanine and adenine, inhibiting DNA replication and transcription and leading to cell
death [46]. It is one of the most extensively used drugs for cancer treatment [47,48]. In testicular cancer
treatment, a 90% cure rate has been reported in patients using this drug which is also used in the
treatment of head and neck, cervical, breast, lung, ovarian, gastric, and bladder cancers [49]. Despite
the success of cisplatin in cancer treatment, the reported side effects (e.g., nephrotoxicity, neurotoxicity,
and ototoxicity) limit its use [50,51]. Nausea, vomiting, and myelosuppression are other common
side effects [52]. Over the last years, cardiotoxic events have been reported for cisplatin treatments,
including silent and symptomatic arrhythmias, angina, myocarditis, pericarditis, diastolic disturbances,
cardiac ischemia, acute myocardial infarction, thromboembolic events, and chronic heart failure [53].
Considering that treatment with cisplatin is not as strictly monitored as those with other anticancer
drugs (e.g., anthracyclines), some cardiotoxic effects may have been undetected or overlooked [49].

Arrhythmia is the most common cardiotoxic effect occurring in treatments with cisplatin (18-32%
of patients) [44,54]. Tachycardia, which may be defined as a heart rhythm disorder in which the heart
produces electrical signals that lead to faster heart beats (above 100 beats per minute), is the most
recurrent type of arrhythmia resulting from treatment with cisplatin. Sinus bradycardia, a clinical
term for a heartbeat slower than normal (below 60 beats per minute) [55,56] has also been reported.
The cisplatin induction of hypomagnesaemia (Mg serum levels lower than 1.7mg/dL) may be responsible
for these side effects as well as tremors and ataxia [49].

In order to decrease the toxicity induced by cancer treatment (chemo- and radiotherapy) to normal
cells, new approaches have emerged, such as targeted molecular therapies, aiming at treatments focused
on specific targets. New monoclonal antibodies have been approved due to their favorable tolerability
profiles and reduced secondary effects. These molecules may also be safely combined with widely
used chemotherapeutic agents or radiotherapy [57]. Trastuzumab is a monoclonal antibody used to
treat breast cancer. However, its use has been associated with cardiotoxicity, injuring cardiomyocytes,
and increasing the risk of heart failure. In a cohort study with 16,456 patients, 4325 of them receiving
trastuzumab as treatment for breast cancer, the rate of heart failure incidence was 8.3%, against the
2.7% observed in patients not treated with trastuzumab. The risk was higher in patients treated with
anthracyclines and trastuzumab, followed by patients receiving trastuzumab-based chemotherapy and
then by patients receiving anthracyclines treatment. As expected, older patients exhibited increased
risk of cardiotoxicity. These data are consistent with the fact that older patients presented comorbidities
such as hypertension and valve disease. Radiation therapy, however, did not have any influence in the
risk of heart failure [58].

The vascular endothelial growth factor (VEGF) receptor inhibitors (antibodies and kinase inhibitors)
are anticancer drugs due to their anti-angiogenesis properties. However, cardiac side effects are known
to be caused by these agents. They may also cause hypertension, endothelial dysfunction, and increased
platelet aggregation. The use of bevacizumab in cancer therapeutics has been related with increased
risk of congestive heart failure, but only in breast cancer patients. In a combination therapy including
bevacizumab and taxanes, congestive heart failure risk is reported to increase significantly [54].

3.1. Cardioprotection during Cancer Therapy

Traditional cardiac risk factors include hypertension, dyslipidemia, smoking, and diabetes mellitus.
Additionally, cumulative dose, age, radiotherapy of the left side of the chest, previous exposure to
cardiotoxins, and co-administration of anthracyclines and trastuzumab or taxanes and bevacizumab
are factors that may increase the risk of cancer treatment-associated cardiotoxicity [54,59].
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There are multiple formulations which may mitigate toxic effects of anticancer therapy by altering
the drug properties or by protecting cells against its cardiotoxic effects.

The use of liposomal formulations has been considered to improve drug targeting and to reduce
toxic effects of doxorubicin, once inside a liposome. As a phospholipid bilayer vesicle, it carries
doxorubicin presenting advantages in terms of immunogenicity and toxicity [60]. In a study with
509 metastatic breast cancer patients, who received either liposomal doxorubicin or conventional
doxorubicin, investigators assessing LVEF concluded that progression-free survival rate was higher for
patients taking liposomal doxorubicin (7.8 months) than for those taking conventional doxorubicin
(6.9 months). Although the use of liposomal doxorubicin lead to less secondary effects, both showed
similar efficacy [54,61].

Vitamin E has a cardioprotective effect due to its antioxidant properties [54,62]. However, in a
human-based study with 13 patients on chemotherapy, no difference in cardiac protection was found
between patients treated with and without vitamin E [54,63].

The use of BBs has been proposed to improve relapse-free and overall survival in patients
being treated for multiple types of cancer [35]. The induction of endogenous beta agonists (such as
catecholamines) is associated with mechanisms that trigger tumorigenesis, angiogenesis, and tumor
metastasis. Those mechanisms include the activation of genes associated with metastasis and
inflammation, activation of cell proliferation pathways and upregulation of pro-angiogenic factor
and VEGF [12]. Considering that mediation via beta-2 receptor seems to be partly responsible for
those mechanisms, a non-selective beta-1 and beta-2 receptor antagonist like propranolol should be a
more promising potential anti-cancer agent than selective beta-1 receptor antagonists [64]. However,
this assumption is dubious since a meta-analysis came to the conclusion that the use of propranolol
did not cause any significant difference in cancer specific death rate, overall death rate or relapse-free
survival rate between patients taking propranolol and those who did not [65].

Nevertheless, propranolol demonstrates high safety and good tolerability profiles,
being recommended for first-line therapy in some CV diseases. Its first indication was for the
treatment of angina but soon it was discovered that propranolol was also effective when used for other
CV conditions such as hypertension, myocardial infarction, and arrhythmias [66].

3.2. BBs and Breast Cancer

The number of successful breast cancer treatments has been increasing in the recent years,
partially due to early detection of cancer, better treatment options and multidisciplinary healthcare
teams [67]. The use of aromatase inhibitors such as anastrozole, letrozole and exemestane, for the
treatment of post-menopausal women, and tamoxifen, for pre-menopausal women, is an available
therapy [68]. Secondary effects of these drugs such as impairment of cognitive function—perception,
planning, and memory—and psychomotor speed have been reported in some women also experiencing
depressive symptoms [69-71].

The consumption of BBs during chemotherapy treatment helps improving relapse-free survival in
breast cancer women, but not overall as seen in a populational study [72]. Also, breast cancer patients
taking BBs before diagnosis presented a significant lower rate of metastasis [35,73-75].

A recent review of eight studies revealed that patients receiving treatment for breast cancer with
an anthracycline with or without trastuzumab and using BBs presented a significant reduction in heart
failure incidence when compared to those not using BBs, which supports the use of these medicines as
cardioprotective in patients receiving cardiotoxic treatments [35,76].

A patient with stage III HER2-negative breast cancer type, treated with 1.5 mg/kg/day propranolol
for 18 days and with the daily dose reduced over subsequent 7 days, after the treatment period, had the
tumor removed surgically [77]. The tissue was collected for analysis to compare pre- and post-treatment
tissues. Ki-67 (a pro-proliferative protein) expression decreased with treatment, an indication of tumor
proliferation altered by propranolol administration. Bcl-2 (a pro-survival marker) expression decreased
after propranolol administration whereas p53 protein (a pro-apoptotic protein) expression increased
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approximately 2.5-fold [77]. These findings were validated in a study with MDA-MB-231 breast
cancer cell line exposed to propranolol (40 pM) and doxorubicin (3 tM) where propranolol reduced
the rate of cells arrested in the G,/M phase of the cell cycle, showing that cells died or were in the
process of dying. These results support the hypothesis that BBs may have some antagonist action on
breast cancer cell proliferation. Following 6-h treatment with propranolol, p53 protein expression in
MDA-MB-231 cells markedly increased. Thus, propranolol led to increased levels of cleaved initiator
caspase 9 and execution caspases 3 and 6, so propranolol may lead to apoptosis of breast cancer cells.
The investigators concluded that BBs may decrease breast tumors proliferation. However, additional
studies are needed to fully understand the anticancer mechanisms underlying propranolol [77].

The potential of carvedilol to prevent cardiotoxicity during chemotherapy treatments was assessed
in a trial test involving 1122 patients aged 18 years or older [78]. The primary endpoint was a decrease of
at least 10% in LVEF and the secondary the levels of troponin I (Tnl) higher than 0.04 ng/mL. High Tnl
levels associated with LVEF reduction are indicative of cardiac events [78]. Patients were being
treated for HER2-negative breast cancer and the treatment included doxorubicin, cyclophosphamide
and paclitaxel. Patients with previous heart failure symptoms, cardiomyopathy, coronary artery
disease, mitral aortic disease, and chemo- or radiotherapy history; patients previously treated with
angiotensin-converting enzyme inhibitors and BBs; and patients with contraindication to the use of
BBs were excluded. Carvedilol and placebo were administered with the beginning dose of 3.125 mg,
ascending to 6.25 mg, then 12.5 mg and the maximum dose of 25 mg, every 12 h until completion
of chemotherapy. During the follow-up, 27 patients (14%) had a decrease of at least 10% in LVEF,
14 of those were receiving carvedilol, whereas the other 13 were in the placebo group. Tnl levels
increased in both groups from baseline until the end of the follow-up but its levels were attenuated in
the carvedilol-treated group. The investigators concluded that there were no significant changes in
LVEF between groups, however, the Tnl elevation and further attenuation by carvedilol use suggests
that carvedilol may have a protective role against myocardial injuries [79]. This protection is probably
due to the antioxidant pharmacological properties and subsequent carvedilol protection against free
radicals [78].

Using in vitro cell evaluation, the hypothesis that BBs reduce the proliferation rates of breast tumors
when collected in the year prior to diagnosis was assessed. The expression of beta-1, beta-2, and beta-3
adrenergic receptors was measured in breast cancer tissue in contrast to normal breast tissue [80].
Tissues were collected from 404 breast cancer patients. Beta-1 and beta-3 receptors were significantly
more expressed in breast cancer tissue than in normal breast tissue, however, there were no differences
detected in beta-2 receptors expression. Cells collected from patients in stage I breast cancer who used
BBs showed a significant decrease in Ki-67 compared to non-users. The same was observed for stage 11
breast cancer patients. Moreover, a significant decrease in tumor proliferation was observed in stage I
breast cancer patients taking nonselective BBs, but the same was not found in stage 1II, I1I, or IV breast
cancer patients. To corroborate these results, the investigators administered propranolol, a nonselective
BB, to a HER-2 negative breast cancer patient [80]. Ki-67 index was evaluated pre- (through biopsy)
and post- (after surgical resection) treatment with propranolol for 25 days (1.5 mg/kg/day). In the
post-treatment period, Ki-67 was 23% lower than in the pre-treatment tissue. Therefore, the investigators
concluded that propranolol may significantly decrease tumor proliferation. To fully understand the
mechanism underlying propranolol, in vitro testing consisting in 24h exposure of SK-BR-3 cells to
18 uM propranolol (ECs for the cell line) was performed [80]. Test results demonstrated decreased
phosphorylation of multiple mitogenic activated protein kinases and cyclic adenosine monophosphate
(cAMP) responsive element binding protein (CREB), and increased phosphorylation of protein kinase
B (PKB), glycogen synthase kinase 3 (GSK3) and p53. These data suggested that propranolol lead to a
decrease in cancer cell proliferation and an increase of cell stress [80].
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3.3. BBs and Owvarian Cancer

Ovarian cancer is the eighth most common cancer in women and its survival rate after 5 years of
diagnosis is only approximately 40% [81]. There is, thus, the need to improve ovarian cancer outcomes
and to provide better treatment options. In this perspective, BBs could be considered for their action
on the adrenergic system [8].

In a population-based study, 9420 patients being treated for ovarian cancer were administered BBs
to test if there was an improvement in survival. Patients were given cardioselective BBs or nonselective
BBs. During the follow-up (maximum 5 years), 2918 patients (47%) died, with 2051 deaths (70%) due
to ovarian cancer. The use of BBs was associated with increased mortality. However, the decreased
survival among the users of BBs may be explained by the fact that older patients, consequently having
increased prevalence of CV diseases and other comorbidities, were mostly the ones taking BBs [9].
Even though previous studies have shown that BBs have no beneficial protective effect on patients
under cancer treatment, the impact of nonselective BBs on survival was higher than cardioselective
BBs [9,82,83]. The investigators did not consider confounding covariates such as body mass index,
hypertension, CV comorbidities, or other comorbidities. This lack of information was a limitation in
this study as CV comorbidities may be an explanation for the increased mortality rates of BBs users [9].

3.4. BBs and Pancreatic Cancer

Pancreatic cancer is, currently, the fourth cause of cancer-related death due to the lack of
therapeutic strategies. Only a small percentage (5%) of patients with this type of cancer survive for
5 years, the lowest rate of survival among all cancer patients. Adenocarcinoma represents more than
85% of all pancreatic cancers and is the most lethal one [84].

The development of pancreatic cancer is associated with induction of the sympathetic nervous
system, which leads to an increase in catecholamines stimulation. Several studies indicate that
BBs, particularly the nonselective ones such as propranolol, may inhibit the damage induced by
catecholamines stimulation of the adrenoreceptors in pancreatic cancer patients [85-91].

In a retrospective cohort, the association between BBs exposure and cancer-specific mortality
was assessed. Patients recently diagnosed with pancreatic adenocarcinoma (2394) were, during the
4 years of follow-up, given a certain type of BB in the generally prescribed dose for adults. During the
follow-up, 91% of patients (2187) died (2054 of pancreatic cancer, 33 of CV disease, and 100 of other
causes) and the median survival was 5.1 months for all the patients. Of the patients, 522 were treated
with nonselective beta-blocker propranolol or cardioselective BBs metoprolol, atenolol, or bisoprolol
and the rest of the patients with a combination of BBs formulas and alpha-1 blockers or other
anti-hypertensive agents. BBs use, when compared with nonuse, was associated with an overall
reduced cancer-specific mortality rate. Due to poor use of nonselective BB propranolol, authors listed no
significant differences between nonselective and cardioselective BBs use. Authors concluded that BBs
may inhibit progression of pancreatic adenocarcinoma and may be a complement for current therapies
in order to prevent cell damage in pancreatic cancer patients [91]. In this study, other medications used
by patients, such as other antihypertensive drugs, antidepressants, anxiolytics, antipsychotics, aspirin,
nonsteroidal anti-inflammatories, statins, digoxin, metformin, insulin, and other hypoglycemic agents
were considered. Blockers of angiotensin Il receptors, serotonin and norepinephrine reuptake inhibitors,
diuretics, nonsteroidal anti-inflammatory drugs and antipsychotics were associated with increased
rate of cancer-specific mortality, whereas the use of anxiolytics was associated with a statistically
significant reduced rate of cancer-specific mortality. Since anxiolytics (such as benzodiazepines) act
by reducing norepinephrine release through potentiation of gamma-aminobutyric acid (GABA) at
the GABA receptors, it is assumed that their influence in the central nervous system may be related
with less damage caused by catecholamines, leading to a decreased rate of cancer-specific mortality,
following the reduced rate of cancer-specific mortality seen in those individuals [92-94].
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3.5. BBs and Liver Cancer

Liver cancer accounts for the second deadliest mortality rate caused by malignant cancers in men.
Liver cancer develops quickly but it is asymptomatic [95].

Propranolol has been administered to patients with liver cancer and liver cirrhosis as a prevention
for esophageal and gastric variceal hemorrhage. Variceal bleeding is one of the major causes of death
in cirrhotic patients. In cirrhosis, portal pressure initially increases as a consequence of resistance to
blood flow within the liver. This resistance is due mainly to fibrous tissue and regenerative nodules
in the hepatic parenchyma. Therefore, propranolol should be able to reduce portal vein pressure,
exhibiting an anticancer effect [96].

In a cell-based study (with HepG2 and Hep(G2.2.15 liver cancer cells and HL-7702 normal human
liver cells), it was demonstrated that propranolol (80 M) inhibits the proliferation of liver cancer
cells (HepG2 and HepG2.2.15) but not normal cells (HL-7702). At the same time point, progressive
propranolol concentrations lead to a pronounced inhibitory effect of liver cancer cell proliferation.
Treatment with 160 uM resulted in shrinkage of cell lines HepG2 and HepG2.2.15 and 320 pM
propranolol resulted in shrinkage of all three cell lines. Both beta-1 and beta-2 receptors were expressed
on the membrane of the three cell lines, but expression was higher on HepG2 and HepG2.2.15 cells
compared with HL-7702 cells. When treated with propranolol, both beta-1 and beta-2 receptors showed
decreased expression on HepG2 and HepG2.2.15 cells. Therefore, the investigators concluded that,
although beta-adrenergic receptors are more highly expressed in liver cancer cells than in normal liver
cells, propranolol reduced their expression, inhibited proliferation, and induced apoptosis in liver
cancer cells [97].

4. Conclusions

The use of propranolol in breast cancer patients may have promising effects based on its ability to
reduce the proliferation of cancer cells and its potential ability to cause apoptosis in those cells. Studies
have shown that nonselective BBs, for their action of both beta-1 and beta-2 adrenergic receptors,
are able to reduce Ki-67 expression, an indication of decreased proliferation rate. Increased relapse-free
survival and decreased rate metastasis and heart failure incidence were also found in the breast cancer
patients evaluated.

Regarding pancreatic cancer, the use of BBs was associated with a reduction of cancer-specific
mortality rate. However, no differences were found between patients treated with cardioselective and
nonselective BBs.

The literature review performed in this study suggests that propranolol may be used as
a complement for the treatment of several types of cancer, due to its ability to improve treatment
outcomes, decreasing the proliferation rates of cancer cells, although this information needs to be
clarified with further studies with well-defined target groups and placebo controlled conditions. A first
approach may involve in vitro studies designed to provide responses to the potential mechanistic
action of these drugs and their interaction with other pharmaceuticals, on different types of cancer cells.

Considering that the conventional chemotherapy affects cancer cells but may also attack healthy
cells, smart nanocarrier-based drug delivery systems, consisting of a controlled drug release (e.g.,
by liposomes), which direct the drug release to the specific cancer site [98] are being developed.
As phospholipid-based nanocarriers, liposomes improve pharmacokinetics, biodistribution, solubility,
and stability and control release and site-specific delivery of the anti-cancer drugs, causing less side
effects than conventional systems [99]. Therefore, nanocarriers could be studied in order to understand
if their use decreases cardiac toxic effects related to anticancer chemotherapy:.

Author Contributions: R.P. performed the literature search and original draft preparation. M.O. and M.d.L.P.
supervised, reviewed and edited the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: Thanks are due to FCT/MCTES for the financial support to CESAM (UIDP/50017/2020+UIDB/50017/2020),
through national funds and to project CICECO-Aveiro Institute of Materials, UIDB/50011/2020 and UIDP/50011/2020,



Pharmaceuticals 2020, 13, 105 13 of 17

financed by national funds through the Portuguese Foundation for Science and Technology/MCTES. MO has
financial support of the program Investigator FCT, co-funded by the Human Potential Operational Programme
and European Social Fund (IF/00335(2015)).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics 2019. CA: Cancer |. Clin. 2019, 69, 7-34. [CrossRef]
[PubMed]

2. World Health Organization. International Agency for Cancer Research—Global Cancer Observatory 2018.
Available online: http://gco.iarc.fr (accessed on 4 March 2020).

3. Oliveira, C.; Pataky, R.; Bremner, K.E.; Rangrej, J.; Chan, KK.W.; Cheung, W.Y.; Hoch, ].S.; Peacock, S.;
Krahn, M.D. Phase-specific and lifetime costs of cancer care in Ontario, Canada. BMC Cancer 2016, 16, 809.
[CrossRef] [PubMed]

4. World Health Organization. International Agency for Cancer Research 2018. Available online: www.iarc.fr
(accessed on 4 March 2020).

5. Ong, H.T. Beta blockers in hypertension and cardiovascular disease. BM]J 2007, 334, 946-949. [CrossRef]
[PubMed]

6.  Bristow, M.R. Mechanism of action of beta-blocking agents in heart failure. Am. J. Cardiol. 1997, 80, 261-401.
[CrossRef]

7. Couttenier, A.; Lacroix, O.; Silversmit, G.; Vaes, E.; Schutter, H.; Robert, A. Beta-blocker use and mortality
following ovarian cancer diagnosis: A population-based study. Cancer Epidemiol. 2019, 62, 101579. [CrossRef]

8. Argulian, E.; Bangalore, S.; Messerli, F.H. Misconceptions and Facts About Beta-Blockers. Am. J. Med. 2019,
132, 816-819. [CrossRef] [PubMed]

9.  Del Pinto, R.; Ferri, C.; Parati, G. Reduction of blood pressure variability: An additional protective
cardiovascular effect of vasodilating beta-blockers? |. Hypertens. 2020, 38, 405—-407. [CrossRef]

10. Zhou, L,; Li, Y,; Li, X.; Chen, G; Liang, H.; Wu, Y,; Tong, J.; Ouyang, W. Propranolol Attenuates Surgical
Stress-Induced Elevation of the Regulatory T Cell Response in Patients Undergoing Radical Mastectomy. J.
Immunol. 2016, 196, 3460-3469. [CrossRef]

11.  Oliver, E.; Mayor, F, Jr.; D’Ocon, P. Beta-blockers: Historical perspective and mechanisms of action. Rev.
Espafiola Cardiol. 2019, 72, 853-862. [CrossRef]

12.  Guimaraes, S.; Moura, D. Vascular adrenoreceptors: An update. Pharmacol. Rev. 2001, 53, 319-356.

13.  De Lucia, C.; Eguchi, A.; Koch, W.J. New Insights in Cardiac 3-Adrenergic Signaling During Heart Failure
and Aging. Front. Pharmacol. 2018, 9, 904. [CrossRef] [PubMed]

14. Wang, J.; Gareri, C.; Rockman, H.A. G-Protein-Coupled Receptors in Heart Disease. Circ. Res. 2018, 123,
716-735. [CrossRef] [PubMed]

15. Rockman, H.A.; Koch, W].; Lefkowitz, R.J. Seven-transmembrane-spanning receptors and heart function.
Nature 2002, 415, 206-212. [CrossRef] [PubMed]

16. Azevedo, C. Biologia Molecular e Celular, 5th ed.; LIDEL: Lisboa, Portugal, 2012; pp. 473—-478.

17.  Furchgott, RF. The Classification of Adrenoceptors (Adrenergic Receptors). An Evaluation from the
Standpoint of Receptor Theory. In Catecholamines; Blaschko, H., Muscholl, E., Eds.; Springer: Berlin, Germany,
1972; pp. 283-335.

18. Lands, M.; Arnold, A.; McAuliff, ].P,; Luduena, P.P; Brown, T.G. Differentiation of receptor systems activated
by sympathomimetic amines. Nature 1967, 214, 597-598. [CrossRef]

19. Emorine, L.J.; Marullo, S.; Briend-Sutren, M.M.; Patey, G.; Tate, K.; Delavier-Klutchko, C.; Strosberg, A.D.
Molecular characterization of the human beta-3-adrenergic receptor. Science 1989, 245, 1118-1121. [CrossRef]

20. Frishman, W.H. Fifty years of beta-adrenergic blockade: A golden era in clinical medicine and molecular
pharmacology. Am. J. Med. 2008, 121, 933-934. [CrossRef]

21. Do Vale, G.T.; Ceron, C.S.; Gonzaga, N.A.; Simplicio, ].A.; Padovan, ].C. Three generations of beta-blockers:
History, class differences and clinical applicability. Curr. Hypertens. Rev. 2019, 15, 22-31. [CrossRef]

22. Frazier, E.P.; Michel-Reher, M.B.; Loenen, P,; Sand, C.; Schneider, T.; Peters, S.L.M.; Michel, M.C. Lack of

evidence that nebivolol is a 33-adrenoceptor agonist. Eur. J. Pharmacol. 2011, 654, 86-91. [CrossRef]


http://dx.doi.org/10.3322/caac.21551
http://www.ncbi.nlm.nih.gov/pubmed/30620402
http://gco.iarc.fr
http://dx.doi.org/10.1186/s12885-016-2835-7
http://www.ncbi.nlm.nih.gov/pubmed/27756310
www.iarc.fr
http://dx.doi.org/10.1136/bmj.39185.440382.47
http://www.ncbi.nlm.nih.gov/pubmed/17478848
http://dx.doi.org/10.1016/S0002-9149(97)00846-1
http://dx.doi.org/10.1016/j.canep.2019.101579
http://dx.doi.org/10.1016/j.amjmed.2019.01.039
http://www.ncbi.nlm.nih.gov/pubmed/30817899
http://dx.doi.org/10.1097/HJH.0000000000002334
http://dx.doi.org/10.4049/jimmunol.1501677
http://dx.doi.org/10.1016/j.recesp.2019.02.023
http://dx.doi.org/10.3389/fphar.2018.00904
http://www.ncbi.nlm.nih.gov/pubmed/30147654
http://dx.doi.org/10.1161/CIRCRESAHA.118.311403
http://www.ncbi.nlm.nih.gov/pubmed/30355236
http://dx.doi.org/10.1038/415206a
http://www.ncbi.nlm.nih.gov/pubmed/11805844
http://dx.doi.org/10.1038/214597a0
http://dx.doi.org/10.1126/science.2570461
http://dx.doi.org/10.1016/j.amjmed.2008.06.025
http://dx.doi.org/10.2174/1573402114666180918102735
http://dx.doi.org/10.1016/j.ejphar.2010.11.036

Pharmaceuticals 2020, 13, 105 14 of 17

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Gupta, S.; Wright, HM. Nebivolol: A Highly Selective 3-1-Adrenergic Receptor Blocker That Causes
Vasodilation by Increasing Nitric Oxide. Cardiovasc. Ther. 2008, 26, 189-202. [CrossRef]

Dulin, B.; Abraham, W.T. Pharmacology of carvedilol. Am. J. Cardiol. 2004, 93, 3-6. [CrossRef]

Riva, E.; Mennini, T.; Latini, R. The «- and 3-adrenoceptor blocking activities of labetalol and its RR-SR
(50:50) stereoisomers. Br. J. Pharmacol. 1991, 104, 823-828. [CrossRef]

Fumagalli, C.; Maurizi, N.; Marchionni, N.; Fornasari, D. Beta-blockers: Their New Life from Hypertension
to Cancer and Migraine. Pharmacol. Res. 2020, 151, 104587. [CrossRef] [PubMed]

Knight, J.M.; Kerswill, S.A.; Parameswaran, H.; Cole, SW.; Logan, B.R.; D’Souza, A.; Shah, N.N.;
Horowitz, M.M,; Stolley, M.R,; Sloan, E.K.; et al. Repurposing Existing Medications as Cancer Therapy:
Design and Feasibility of a Randomized Pilot Investigating Propranolol Administration in Patients Receiving
Hematopoietic Cell Transplantation. BMC Cancer 2018, 18, 593. [CrossRef] [PubMed]

Kaboli, PJ.; Shivapour, D.M.; Henderson, M.S.; Barnett, M.J; Ishani, A.; Carter, B.I. Patient and provider
perceptions of hypertension treatment: Do they agree? ]. Clin. Hypertens. 2007, 9, 16-23. [CrossRef]
[PubMed]

Cruickshank, ].M. The Role of Beta-Blockers in the Treatment of Hypertension. Adv. Exp. Med. Biol. 2017,
956, 149-166. [CrossRef]

Sorbets, E.; Steg, P.G.; Young, R.; Danchin, N.; Greenlaw, N. Beta-blockers, calcuim antagonists, and mortality
in stable coronary heart disease: An international cohort study. Eur. Heart J. 2019, 40, 1399-1407. [CrossRef]
Puymirat, E.; Riant, E.; Aissaoui, N.; Soria, A.; Ducrocq, G.; Coste, P.; Cottin, Y.; Aupetit, J.F.; Bonnefoy, E.;
Blanchard, D.; et al. 3 blockers and mortality after myocardial infarction in patients without heart failure:
Multicentre prospective cohort study. BM] 2016, 354, i4801. [CrossRef]

Tsujimoto, T.; Sugiyama, T.; Shapiro, M.E,; Noda, M.; Kajio, H. Risk of Cardiovascular Events in Patients with
Diabetes Mellitus on (3-Blockers. Hypertension 2017, 70, 103-110. [CrossRef]

Frishman, W.F. Beta-Adrenergic Receptor Blockers in Hypertension: Alive and Well. Prog. Cardiovasc. Dis.
2016, 59, 247-252. [CrossRef]

Pfeffer, C.M.; Singh, A.T.K. Apoptosis: A Target for Anticancer Therapy. Int. J. Mol. Sci. 2018, 19, 448.
[CrossRef]

Phadke, S.; Clamon, G. Beta blockade as adjunctive breast cancer therapy: A review. Crit. Rev. Oncol.
Hematol. 2019, 138, 173-177. [CrossRef] [PubMed]

Liang, X.; Wu, Q.; Luan, S,; Yin, Z.; He, C.; Yin, L.; Zou, Y.; Yuan, Z; Li, L.; Song, X.; et al. A comprehensive
review of topoisomerase inhibitors as anticancer agents in the past decade. Eur. . Med. Chem. 2019, 171,
129-168. [CrossRef]

National Institute of Diabetes and Digestive and Kidney Diseases. LiverTox: Clinical an Research Information
on Drug-Induced Liver Injury; National Institute of Diabetes and Digestive and Kidney Diseases: Bethesda,
MD, USA, 2012.

Shah, A.N.; Gradishar, W.J. Adjuvant Anthracyclines in Breast Cancer: What Is Their Role? Oncologist 2018,
23,1153-1161. [CrossRef] [PubMed]

Tewey, KM.; Rowe, T.C.; Yang, L. Adriamycin-induced DNA damage mediated by mammalian DNA
topoisomerase II. Science 1984, 226, 466—468. [CrossRef] [PubMed]

Séagi, J.C.; Kutszegi, N.; Kelemen, A.; Fodor, L.E.; Gézsi, A.; Kovacs, G.T.; Erdélyi, D.J.; Szalai, C.; Semsei, AF
Pharmacogenetics of anthracyclines. Pharmacogenomics 2016, 17, 1075-1087. [CrossRef]

Henriksen, P.A. Anthracycline cardiotoxicity: An update on mechanisms, monitoring and prevention. Heart
2018, 104,971-977. [CrossRef]

Marinello, J.; Delcuratolo, M.; Capranico, G. Anthracyclines as Topoisomerase II Poisons: From Early Studies
to New Perspectives. Int. J. Mol. Sci. 2018, 19, 3480. [CrossRef]

Kramer, D.G,; Trikalinos, T.A.; Kent, D.M. Quantitative evaluation of drug or device effects on ventricular
remodeling as predictors of therapeutic effects on mortality in patients with heart failure and reduced ejection
fraction: A meta-analytic approach. J. Am. Coll. Cardiol. 2010, 56, 392—406. [CrossRef]

Guglin, M. Introducing a new entity: Chemotherapy-induced arrhythmia. Europace 2009, 11, 1579-1586.
[CrossRef]

Armenian, SM.; Hudson, M.M.; Mulder, R.L. Recommendations for cardiomyopathy surveillance for
survivors of childhood cancer: A report from the international late effects of childhood cancer guideline
harmonization group. Lancet Oncol. 2015, 16, 123-136. [CrossRef]


http://dx.doi.org/10.1111/j.1755-5922.2008.00054.x
http://dx.doi.org/10.1016/j.amjcard.2004.01.003
http://dx.doi.org/10.1111/j.1476-5381.1991.tb12513.x
http://dx.doi.org/10.1016/j.phrs.2019.104587
http://www.ncbi.nlm.nih.gov/pubmed/31809852
http://dx.doi.org/10.1186/s12885-018-4509-0
http://www.ncbi.nlm.nih.gov/pubmed/29793446
http://dx.doi.org/10.1111/j.1524-6175.2007.06492.x
http://www.ncbi.nlm.nih.gov/pubmed/17541326
http://dx.doi.org/10.1007/5584_2016_36
http://dx.doi.org/10.1093/eurheartj/ehy811
http://dx.doi.org/10.1136/bmj.i4801
http://dx.doi.org/10.1161/HYPERTENSIONAHA.117.09259
http://dx.doi.org/10.1016/j.pcad.2016.10.005
http://dx.doi.org/10.3390/ijms19020448
http://dx.doi.org/10.1016/j.critrevonc.2019.04.006
http://www.ncbi.nlm.nih.gov/pubmed/31092374
http://dx.doi.org/10.1016/j.ejmech.2019.03.034
http://dx.doi.org/10.1634/theoncologist.2017-0672
http://www.ncbi.nlm.nih.gov/pubmed/30120159
http://dx.doi.org/10.1126/science.6093249
http://www.ncbi.nlm.nih.gov/pubmed/6093249
http://dx.doi.org/10.2217/pgs-2016-0036
http://dx.doi.org/10.1136/heartjnl-2017-312103
http://dx.doi.org/10.3390/ijms19113480
http://dx.doi.org/10.1016/j.jacc.2010.05.011
http://dx.doi.org/10.1093/europace/eup300
http://dx.doi.org/10.1016/S1470-2045(14)70409-7

Pharmaceuticals 2020, 13, 105 15 0f 17

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Dasari, S.; Tchounwou, P.B. Cisplatin in cancer therapy: Molecular mechanisms of action. Eur. J. Pharmacol.
2014, 740, 364-378. [CrossRef] [PubMed]

Amable, L. Cisplatin resistance and opportunities for precision medicine. Pharmacol. Res. 2016, 106, 27-36.
[CrossRef] [PubMed]

Rancoule, C.; Guy, ].-B.; Vallard, A.; Mrad, M.B.; Rehailia, A.; Magné, N. Les 50 ans du cisplatine. Bull. Cancer
2017, 104, 167-176. [CrossRef] [PubMed]

Oun, R,; Rowan, E. Cisplatin induced arrhythmia; electrolyte imbalance or disturbance of the SA node? Eur.
J. Pharmacol. 2017, 811, 125-128. [CrossRef] [PubMed]

Crona, D.J.; Faso, A.; Nishijima, T.F.; McGraw, K.A.; Galsky, M.D.; Milowsky, M.I. A Systematic Review of
Strategies to Prevent Cisplatin-Induced Nephrotoxicity. Oncologist 2017, 22, 609-619. [CrossRef]

Dos Santos, N.A.G.; Ferreira, R.S.; dos Santos, A.C. Overview of cisplatin-induced neurotoxicity and
ototoxicity, and the protective agents. Food. Chem. Toxicol. 2020, 136, 111079. [CrossRef]

Wheate, N.J.; Walker, S.; Craig, G.E.; Oun, R. The status of platinum anticancer drugs in the clinic and in
clinical trials. Dalt. Trans. 2010, 39, 8113-8127. [CrossRef]

Patane, S. Cardiotoxicity: Cisplatin and long-term cancer survivors. Int. |. Cardiol. 2014, 175, 201-202.
[CrossRef]

Fanous, I.; Dillon, P. Cancer treatment-related cardiac toxicity: Prevention, assessment and management.
Med. Oncol. 2016, 33, 84. [CrossRef]

Josephson, MLE.; Kastor, J.A. Supraventricular Tachycardia: Mechanisms and Management. Ann. Intern.
Med. 1977, 87, 346-358. [CrossRef]

Oun, R;; Floriano, R.; Isaacs, I.; Rowan, E.; Wheate, N. The ex vivo neurotoxic, myotoxic and cardiotoxic
activity of cucurbituril-based macrocyclic drug delivery vehicles. Toxicol. Res. 2014, 3, 447-455. [CrossRef]

Carvalho, S.; Levi-Schaffer, F.; Sela, M.; Yarden, Y. Inmunotherapy of cancer: From monoclonal to oligoclonal
cocktails of anti-cancer antibodies: [IUPHAR Review 18. Br. J. Pharmacol. 2016, 173, 1407-1424. [CrossRef]
[PubMed]

Henry, M.L.; Niu, J.; Zhang, N.; Giordano, S.H.; Chavez-MacGregor, M. Cardiotoxicity and Cardiac
Monitoring Among Chemotherapy-Treated Breast Cancer Patients. JACC. Cardiovasc. Imaging 2018, 11,
1084-1093. [CrossRef] [PubMed]

Von Hoff, D.D. Risk factors for doxorubicin-induced congestive heart failure. Ann. Intern. Med. 1979, 91,
710-717. [CrossRef] [PubMed]

Zhao, M.; Ding, X.-F; Shen, J.-Y.; Zhang, X.-P.; Ding, X.-W.; Xu, B. Use of liposomal doxorubicin for adjuvant
chemotherapy of breast cancer in clinical practice. ]. Zhejiang Univ. Sci. B 2017, 18, 15-26. [CrossRef]
[PubMed]

O’Brien, M.E. Reduced cardiotoxicity and comparable efficacy in a phase III trial of pegylated liposomal
doxorubicin HCl versus conventional doxorubicin for first-line treatment of metastatic breast cancer. Ann.
Oncol. 2004, 15, 440-449. [CrossRef]

Bjelogrlic, S.K. Activity of d,1-alpha-tocopherol (vitamin E) against cardiotoxicity induced by doxorubicin
and doxorubicin with cyclophosphamide in mice. Basic Clin. Pharmacol. Toxicol. 2005, 97, 311-319. [CrossRef]
Wagdi, P,; Fluri, M.; Aeschbacher, B.; Fikrle, A.; Meier, B. Cardioprotection in patients undergoing chemo-
and/or radiotherapy for neoplastic disease. A pilot study. Jpn. Heart J. 1996, 37, 353-359. [CrossRef]

Cole, S.W.; Sood, A.K. Molecular Pathways: Beta-Adrenergic Signaling in Cancer. Clin. Cancer Res. 2012, 18,
1201-1206. [CrossRef]

Kim, H.Y;; Jung, Y.J.; Lee, S.H.; Pak, K. Is beta-blocker use beneficial in breast cancer? A meta-analysis.
Oncology 2017, 92, 264-268. [CrossRef]

Besterman, E.M.; Friedlander, D.H. Clinical experiences with propranolol. Postgr. Med. |. 1965, 41, 526-535.
[CrossRef] [PubMed]

Selamat, M.H.; Loh, S.Y.; Mackenzie, L.; Vardy, ]. Chemobrain experienced by breast cancer survivors:
A meta-ethnography study investigating research and care implications. PLoS ONE 2014, 9, e108002.
[CrossRef] [PubMed]

Pistelli, M. Aromatase inhibitors in premenopausal women with breast cancer: The state of the art and future
prospects. Curr. Oncol. 2018, 25, 168-175. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.ejphar.2014.07.025
http://www.ncbi.nlm.nih.gov/pubmed/25058905
http://dx.doi.org/10.1016/j.phrs.2016.01.001
http://www.ncbi.nlm.nih.gov/pubmed/26804248
http://dx.doi.org/10.1016/j.bulcan.2016.11.011
http://www.ncbi.nlm.nih.gov/pubmed/27989629
http://dx.doi.org/10.1016/j.ejphar.2017.05.063
http://www.ncbi.nlm.nih.gov/pubmed/28599874
http://dx.doi.org/10.1634/theoncologist.2016-0319
http://dx.doi.org/10.1016/j.fct.2019.111079
http://dx.doi.org/10.1039/c0dt00292e
http://dx.doi.org/10.1016/j.ijcard.2014.04.238
http://dx.doi.org/10.1007/s12032-016-0801-5
http://dx.doi.org/10.7326/0003-4819-87-3-346
http://dx.doi.org/10.1039/C4TX00082J
http://dx.doi.org/10.1111/bph.13450
http://www.ncbi.nlm.nih.gov/pubmed/26833433
http://dx.doi.org/10.1016/j.jcmg.2018.06.005
http://www.ncbi.nlm.nih.gov/pubmed/30092967
http://dx.doi.org/10.7326/0003-4819-91-5-710
http://www.ncbi.nlm.nih.gov/pubmed/496103
http://dx.doi.org/10.1631/jzus.B1600303
http://www.ncbi.nlm.nih.gov/pubmed/28070993
http://dx.doi.org/10.1093/annonc/mdh097
http://dx.doi.org/10.1111/j.1742-7843.2005.pto_166.x
http://dx.doi.org/10.1536/ihj.37.353
http://dx.doi.org/10.1158/1078-0432.CCR-11-0641
http://dx.doi.org/10.1159/000455143
http://dx.doi.org/10.1136/pgmj.41.479.526
http://www.ncbi.nlm.nih.gov/pubmed/5827672
http://dx.doi.org/10.1371/journal.pone.0108002
http://www.ncbi.nlm.nih.gov/pubmed/25259847
http://dx.doi.org/10.3747/co.25.3735
http://www.ncbi.nlm.nih.gov/pubmed/29719441

Pharmaceuticals 2020, 13, 105 16 of 17

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Lange, M.; Heutte, N.; Noal, S.; Rigal, O.; Kurtz, J.E.; Lévy, C.; Allouache, D.; Rieux, C.; Lefel, J.; Clarisse, B.;
et al. Cognitive changes after adjuvant treatment in older adults with early-stage breast cancer. Oncol. 2018,
570, 62-68. [CrossRef]

Jenkins, V,; Shilling, V.; Fallowfield, L.; Howell, A.; Hutton, S. Does hormone therapy for the treatment of
breast cancer have a detrimental effect on memory and cognition? A pilot study. Psycho. Oncol. 2004, 13,
61-66. [CrossRef]

Bedillion, M.E,; Ansell, E.B.; Thomas, G.A. Cancer treatment effects on cognition and depression: The
moderating role of physical activity. Breast 2019, 44, 73-80. [CrossRef]

Melhem-Bertrandt, A.; Chavez-Macgregor, M.; Lei, X.; Brown, E.N.; Lee, R.T.; Meric-Bernstam, F,; Sood, A.K,;
Conzen, S.D.; Hortobagyi, G.N.; Gonzalez-Angulo, A.M. Beta-blocker use is associated with improved
relapse-free survival in patients with triple-negative breast cancer. J. Clin. Oncol. 2011, 19, 2645-2652.
[CrossRef]

Powe, D.G.; Voss, M.].; Zanker, K.S.; Habashy, H.O.; Green, A.R.; Ellis, I.O.; Entschladen, F. Beta-blocker
drug therapy reduces secondary cancer formation in breast cancer and improves cancer specific survival.
Oncotarget 2010, 1, 628-638. [CrossRef]

Parada-Huerta, E.; Alvarez-Dominguez, T.; Uribe-Escamilla, R.; Padron-Lucio, S.; Alfaro-Rodriguez, A.;
Bandala, C. Metastasis risk reduction related with beta-blocker treatment in Mexican women with breast
cancer. Asian Pac. |. Cancer Prev. 2016, 17, 2953-2957.

Choy, C.; Raytis, J.L.; Smith, D.D.; Duenas, M.; Neman, J.; Jandial, R.; Lew, M.W. Inhibition of 32-adrenergic
receptor reduces triple-negative breast cancer brain metastases: The potential benefit of perioperative
B-blockade. Oncol. Rep. 2016, 35, 3135-3142. [CrossRef]

Gujral, D.M,; Lloyd, G.; Bhattacharyya, S. Effect of prophylactic beta-blocker or ACE inhibitor on cardiac
dysfunction & heart failure during anthracycline chemotherapy + trastuzumab. Breast 2018, 37, 64-71.
[CrossRef] [PubMed]

Montoya, A.; Varela-Ramirez, A.; Dickerson, E.; Pasquier, E.; Torabi, A.; Aguilera, R.; Nahleh, Z.; Bryan, B.
The beta adrenergic receptor antagonist propranolol alters mitogenic and apoptotic signaling in late stage
breast cancer. Biomed. J. 2019, 42, 155-165. [CrossRef] [PubMed]

Bloom, M.W.; Hamo, C.E.; Cardinale, D.; Ky, B.; Nohria, A.; Baer, L.; Skopicki, H.; Lenihan, D.J.;
Gheorghiade, M.; Lyon, A.R.; et al. Cancer Therapy—Related Cardiac Dysfunction and Heart Failure.
Circ. Heart Fail. 2016, 9, e002661. [CrossRef]

Avila, M.S.; Wanderley, M.R.B,, Jr.; Cruz, FD.; Brandao, S.M.G.; Rigaud, V.O.C.; Higuchi-Dos-Santos, M.H.;
Hajjar, L.A; Filho, R K.; Hoff, PM.; Sahade, M.; et al. Carvedilol for Prevention of Chemotherapy-Related
Cardiotoxicity: The CECCY Trial. J. Am. Coll. Cardiol. 2018, 71, 2281-2290. [CrossRef] [PubMed]

Montoya, A.; Amaya, C.N.; Belmont, A.; Diab, N.; Trevino, R.; Villanueva, G.; Rains, S.; Sanchez, L.A;
Badri, N.; Otoukesh, S.; et al. Use of non-selective 3-blockers is associated with decreased tumor proliferative
indices in early stage breast cancer. Oncotarget 2017, 8, 6446-6460. [CrossRef] [PubMed]

Wright, ].D.; Chen, L.; Tergas, A.IL; Patankar, S.; Burke, WM.; Hou, ].Y.; Neugut, A.L; Ananth, C.V,;
Hershman, D.L. Trends in relative survival for ovarian cancer from 1975 to 2011. Obstet. Gynecol. 2015, 125,
1345-1352. [CrossRef] [PubMed]

Johannesdottir, S.A.; Schmidt, M.; Philips, G.; Glaser, R.; Yang, E.V.; Blumenfeld, M.; Lemeshow, S. Use of
-blockers and mortality following ovarian cancer diagnosis: A population-based cohort study. BMC Cancer
2013, 13, 1-7. [CrossRef]

Eskander, R.; Bessonova, L.; Chiu, C.; Ward, K.; Culver, H.; Harrison, T. Beta blocker use and ovarian cancer
survival: A retrospective cohort study. Gynecol. Oncol. 2012, 127, S21. [CrossRef]

Hidalgo, M.; Cascinu, S.; Kleeff, J.; Labianca, R.; Lohr, LM.; Neoptolemos, J.; Real, EX.; Van Laethem, J.L.;
Heinemann, V. Addressing the challenges of pancreatic cancer: Future directions for improving outcomes.
Pancreatology 2015, 15, 8-18. [CrossRef]

Guo, K;; Ma, Q.; Wang, I; Hu, H; Li, ].; Zhang, D. Norepinephrine-induced invasion by pancreatic cancer
cells is inhibited by propranolol. Oncol. Rep. 2009, 22, 825-830. [CrossRef]

Kim-Puchs, C.; Le, C.P; Pimentel, M. A ; Shackleford, D.; Ferrari, D.; Angst, E.; Hollande, F.; Sloan, E.K.
Chronic stress accelerates pancreatic cancer growth and invasion: A critical role for beta-adrenergic signaling
in the pancreatic microenvironment. Brain Behav. Immun. 2014, 40, 40-47. [CrossRef] [PubMed]


http://dx.doi.org/10.1634/theoncologist.2017-0570
http://dx.doi.org/10.1002/pon.709
http://dx.doi.org/10.1016/j.breast.2019.01.004
http://dx.doi.org/10.1200/JCO.2010.33.4441
http://dx.doi.org/10.18632/oncotarget.197
http://dx.doi.org/10.3892/or.2016.4710
http://dx.doi.org/10.1016/j.breast.2017.10.010
http://www.ncbi.nlm.nih.gov/pubmed/29101824
http://dx.doi.org/10.1016/j.bj.2019.02.003
http://www.ncbi.nlm.nih.gov/pubmed/31466709
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.115.002661
http://dx.doi.org/10.1016/j.jacc.2018.02.049
http://www.ncbi.nlm.nih.gov/pubmed/29540327
http://dx.doi.org/10.18632/oncotarget.14119
http://www.ncbi.nlm.nih.gov/pubmed/28031536
http://dx.doi.org/10.1097/AOG.0000000000000854
http://www.ncbi.nlm.nih.gov/pubmed/26000505
http://dx.doi.org/10.1186/1471-2407-13-85
http://dx.doi.org/10.1016/j.ygyno.2012.07.059
http://dx.doi.org/10.1016/j.pan.2014.10.001
http://dx.doi.org/10.3892/or_00000505
http://dx.doi.org/10.1016/j.bbi.2014.02.019
http://www.ncbi.nlm.nih.gov/pubmed/24650449

Pharmaceuticals 2020, 13, 105 17 of 17

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Zhang, D.; Ma, Q.; Shen, S.; Hu, H. Inhibition of pancreatic cancer cell proliferation by propranolol occurs
through apoptosis induction: The study of beta-adrenoreceptor antagonist’s anticancer effect in pancreatic
cancer cell. Pancreas 2009, 38, 94-100. [CrossRef] [PubMed]

Weddle, D.L; Tithoff, P.; Williams, M.; Schuller, H.M. Beta-adrenergic growth regulation of human cancer cell
lines derived from pancreatic ductal carcinomas. Carcinogenesis 2001, 22, 473-479. [CrossRef]

Zhang, D.; Ma, Q.; Wang, Z.; Zhang, M.; Guo, K.; Wang, F; Wu, E. Beta2-adrenoreceptor blockage induces
G1/S phase arrest and apoptosis in pancreatic cancer cells via Ras/Akt/NFkappaB pathway. Mol. Cancer 2011,
10, 146. [CrossRef] [PubMed]

Lin, X,; Luo, K,; Lv, Z.; Huang, J. Beta-adrenoreceptor action on pancreatic cancer cell proliferation and tumor
growth in mice. Hepatogastroenterology 2012, 59, 584-588. [CrossRef] [PubMed]

Udumyan, R.; Montgomery, S.; Fang, E.; Almroth, H.; Valdimarsdottir, U.; Ekbom, A.; Smedby, K.E.; Fall, K.
Beta-Blocker Drug Use and Survival among Patients with Pancreatic Adenocarcinoma. Cancer Res. 2017, 77,
3700-3707. [CrossRef] [PubMed]

Griffin, C.E.; Kaye, A.M.; Bueno, R.E; Kaye, A.D. Benzodiazepine pharmacology and central nervous
system-mediated effects. Ochsner J. 2013, 13, 14-23.

Papadopoulos, V.; Baraldi, M.; Guilarte, T.R.; Knudsen, T.B.; Lacapere, ].J.; Lindemann, P.; Norenberg, M.D.;
Nutt, D.; Weizman, A.; Zhang, M.R,; et al. Translocator protein (18kDa): New nomenclature for the
peripheral-type benzodiazepine receptor based on its structure and molecular function. Trends Pharmacol.
Sci. 2006, 27, 402-409. [CrossRef]

Gladkevich, A.; Korf, J.; Hakobyan, V.P.; Melkonyan, K.V. The peripheral GABAergic system as a target in
endocrine disorders. Auton. Neurosci. -Basic 2006, 124, 1-8. [CrossRef]

Chen, W.; Zheng, R.; Baade, P.D.; Zhang, S.; Zeng, H.; Bray, F,; Jemal, A.; Yu, X.Q.; He, J. Cancer statistics in
China. CA: Cancer J. Clin. 2016, 66, 115-132. [CrossRef]

Garcia-Tsao, G.; Sanyal, A.J.; Grace, N.D.; Carey, W. Prevention and management of gastroesophageal varices
and variceal hemorrhage in cirrhosis. Hepatology 2007, 46, 922-938. [CrossRef] [PubMed]

Wang, F; Liu, H.; Wang, F; Xu, R.; Wang, P; Tang, F.; Zhang, X.; Zhu, Z.; Lv, H.; Han, T. Propranolol
suppresses the proliferation and induces the apoptosis of liver cancer cells. Mol. Med. Rep. 2018, 17,
5213-5221. [CrossRef] [PubMed]

Hossen, S.; Hossain, M.K.; Basher, M.K.; Mia, M.N.H.; Rahman, M.T.; Uddin, M.]J. Smart nanocarrier-based
drug delivery systems for cancer therapy and toxicity studies: A review. ]. Adv. Res. 2019, 15, 1-18.
[CrossRef] [PubMed]

Din, EU.; Aman, W.; Ullah, I.; Qureshi, O.S.; Mustapha, O.; Shafique, S.; Zeb, A. Effective use of nanocarriers
as drug delivery systems for the treatment of selected tumors. Int. J. Nanomed. 2017, 12,7291-7309. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1097/MPA.0b013e318184f50c
http://www.ncbi.nlm.nih.gov/pubmed/19106745
http://dx.doi.org/10.1093/carcin/22.3.473
http://dx.doi.org/10.1186/1476-4598-10-146
http://www.ncbi.nlm.nih.gov/pubmed/22118662
http://dx.doi.org/10.5754/hge11271
http://www.ncbi.nlm.nih.gov/pubmed/22353526
http://dx.doi.org/10.1158/0008-5472.CAN-17-0108
http://www.ncbi.nlm.nih.gov/pubmed/28473530
http://dx.doi.org/10.1016/j.tips.2006.06.005
http://dx.doi.org/10.1016/j.autneu.2005.11.002
http://dx.doi.org/10.3322/caac.21338
http://dx.doi.org/10.1002/hep.21907
http://www.ncbi.nlm.nih.gov/pubmed/17879356
http://dx.doi.org/10.3892/mmr.2018.8476
http://www.ncbi.nlm.nih.gov/pubmed/29393410
http://dx.doi.org/10.1016/j.jare.2018.06.005
http://www.ncbi.nlm.nih.gov/pubmed/30581608
http://dx.doi.org/10.2147/IJN.S146315
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Beta-Blockers 
	Antineoplastic Agents and Cardiotoxicity 
	Cardioprotection during Cancer Therapy 
	BBs and Breast Cancer 
	BBs and Ovarian Cancer 
	BBs and Pancreatic Cancer 
	BBs and Liver Cancer 

	Conclusions 
	References

