DOI: 10.4149/BLL_2019_105

PERSPECTIVES

Bratisl Med J 2019; 120 (9)
636-640

Atherosclerosis in cancer patients
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ABSTRACT

Cancer-related mortality have been declining in the last decades. Approximately half of adults and more than
two thirds of children oncological patients live longer than 5 years after diagnosis. However, this optimistic
scenario has been counterbalanced by an increasing cardiovascular risk in cancer patients. Atherosclerotic
damage has been underestimated in oncology practice for a long time, but recently a significant number of
cancer patients with cardiovascular risk factors and serious artery disease during and after anticancer therapy
has been reported. Complexity of atherosclerosis in cancer patients is challenging. Herein, we describe
cardiovascular risk factors and pathophysiological mechanisms of atherosclerosis induced by selected classic
chemotherapeutics, targeted cancer therapies, hormonal agents and radiotherapy and new clinical data
regarding atherosclerosis, which received a particular attention in recent years (Tab. 1, Ref. 26). Text in PDF

www.elis.sk.
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Introduction

Advantages in early diagnosis and cancer therapy significantly
contributed to cure or improved survival of oncological patients.
Many of them die more frequently from cardiovascular diseases
than from cancer relapse.

Multimodal anticancer therapy includes the use of several
treatment options in order to be more effective. Beside surgery, ra-
diotherapy, classic cytostatics and hormonal therapy, also targeted
therapy and immunotherapy emerged in last decade.

Based on the results of the latest prospective clinical trials
with long term (20-30 years) follow up of oncological patients,
the attitude of medical community to cardiotoxicity has changed.
Cardiovascular toxicity may cause transient functional disorders,
but also a permanent irreversible damage of heart and vessels,
including premature atherosclerosis (1-3).
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Late effects of cancer therapy are those consequences, which
are not present during the therapy, but occur years after completion
of anticancer therapy. Late cardiovascular effects are:

— acute coronary syndrome,
— heart failure,

— stroke,

— peripheral arterial disease,
— hypertension,

— hyperlipidemia.

It is well established, that atherosclerosis is a lipid mediated
inflammatory disease. However, the complex immune reactions
driving inflammation in the vascular wall in response to an ath-
erosclerotic microenvironment are still being unexplained (4). Not
only anti-cancer therapy, but also malignant disease process itself
can increase risk of atherosclerosis via several mechanisms with
inflammation, prothrombotic state and oxidative stress playing the
key roles. Cancer cells produce pro-inflammatory cytokines and
chemokines, which can induce endothelial dysfunction, increased
permeability in microvasculature and a leakage of pro-coagulation
factors (such as tissue factor) and platelet-derived growth factor,
what results in pro-atherosclerotic process. In oncological pa-
tients, additional stressors, e.g. surgical interventions and others
contribute to the thrombosis. A more detailed knowledge of the
common overlapping biological nature of cancer and cardiovascu-
lar diseases at the level of genes, signaling pathways and cells is a
promise of new perspective therapeutic and preventive strategies
for both disorders (5-7).
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Cardiotoxic effects of classic anticancer agents with a focus
on atherosclerosis

The risk of stable angina pectoris, acute coronary syndrome
and peripheral arterial disease was demonstrated to be asso-
ciated with several classic chemotherapeutics, mainly cisplatin,
paclitaxel, methotrexate, bleomycin, vinblastine and some other
cytostatics (1). An impaired vasodilation, anti-thrombogenic and
anti-inflammatory role of endothelium, arterial thrombosis, pro-
coagulation status, hypotension and vasospasms belong to the
pathomechanisms of acute coronary syndrom. Atherosclerotic
damage in cancer patients can also be found in aorta, carotid, il-
iofemoral, mesenterial and limb arteries. Peripheral arterial dis-
ease can develop in the first months of therapy or as the late form
delayed by several years after anticancer therapy.

Most data in relation to atherosclerotic damage is linked to
cisplatin. Cisplatin is considered to be associated with acute and
late cardiovascular complications. This substance induces vaso-
spasm, increased aggregability of thrombocytes, increased levels
of von Willebrand factor and hypomagnesemia. The cardiotoxicity
of platinum derivatives can be also late (1, 8, 9). Cisplatin used to
be detectable in plasma 10-20 years after completion of therapy,
while it could continually stimulate endothelium and increase the
risk of atherosclerosis (10). It can also persist in multiple organs.

In relation to cisplatin, a special attention is given to cured
oncological patients with a higher rate of cardiovascular risk fac-
tors and increased risk of premature atherosclerosis. The patients
treated with the total dose of 850 mg of cisplatin or higher had a
3-fold higher rate of cardiovascular complications compared to
the patients treated just surgically (10). The study of Meinardi et
al observed in the group of patients aged 50 years of younger hy-
percholesterolemia in 79 % of patients and hypertension in 39 %
of patients at the follow up 10 years after completion of antican-
cer therapy (11).

Cisplatin can cause a damage in several vascular territories.
This drug may abolish capillary beds.

Increased risk of hypertension was found in testicular cancer
survivors treated with cisplatin. In a Norway study of Sagstuen et
al, with long-term follow up of 1289 testicular cancer survivors
(median duration of 11.2 years) significant increase in age-, tes-
tosterone-, and body mass- adjusted systolic and diastolic blood
pressure was observed. Compared with 2847 healthy males, the
risk of hypertension was significantly higher in testicular cancer
survivors (odds ratio 1.4, 95% CI 1.2-1.7). The odds were high-
est for the cisplatin more than 850 mg group (odds ratio = 2.4;
95% ClI, 1.4 - 4.0) (12).

The administration of bleomycin and vinblastine can contri-
bute to endothelial damage.

Cardiotoxic effects of targeted anticancer agents with a focus
on atherosclerosis

Targeted agents have more specific mode of action compared
to classic chemotherapy. They aim at the targeted molecules found
on the surface or inside cancer cells. There are 2 main groups of
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these agents — monoclonal antibodies and tyrosine kinase inhibi-
tors (so called small molecules).

Although the concept of targeted therapy is based on more
specific targeting of malignant cells, contrary to classic cytostatic
therapy, it is important to state that the target structures play a
physiologic role also in other structures of organism and their
blockage outside tumor leads to a manifestation of several unex-
pected adverse effects. One of the most serious toxicity observed
is cardiovascular toxicity (1).

Atherosclerosis induced by tyrosine-kinase inhibitors (TKIs)
can be mediated by inhibited angiogenesis and mitochondrial
dysfunction. Mitochondrial dysfunction leads to decreased levels
of calcium and nitric oxide and increased production of reactive
oxygen species. The risk of atherosclerosis can be accelerated
also by TKI-induced hypertension, endothelial dysfunction, vas-
cular smooth muscle cell dysfunction and activation/adhesion of
inflammatory cells (13).

Hypertension is often associated with anti-angiogenic treat-
ment — monoclonal antibody antiVEGF and TKI of VEGF recep-
tor (VEGFR) (1). Bevacizumab, a monoclonal antibody blocking
vascular endothelial growth factor (VEGF), can contribute to an
acute coronary thrombosis by endothelial damage and inducing
pro-coagulation status.

In the metaanalysis, which evaluated the rate of hypertension
in prospective studies of nearly 5000 patients treated with TKI
sunitinib due to renal carcinoma or other malignancy, the overall
rate of hypertension was 22 % and the rate of severe hypertension
was 7 % (2). However, the onset of hypertension during the therapy
with TKI VEGFR can be also a predictor of better treatment re-
sponse. A higher effectivity of sunitinib therapy was observed in
patients who were treated due to hypertension. In patients treated
with sorafenib, the rate of hypertension was mildly lower com-
pared to sunitinib. The highest rate of hypertension was observed
in association with axitinib. In the studies of more than 1900
patients, the incidence of hypertension was 40%, while severe
hypertension (grade 3 and 4) was observed in 13 % of patients
(2).TKI VEGFR therapy is associated with an increased risk of
ischemia or myocardial infarction, cardiac dysfunction and heart
failure. Although anti-angiogenic therapy with VEGF inhibitors
are strongly associated with hypertension during therapy, the long-
term effects of these drugs remain undefined. Also tyrosine kinase
inhibitors targeting Abl and other proteins ponatinib and nilotinib
can induce a progressive arterial damage, nilotinib especially on
lower extremities and ponatinib in coronary and brain arteries (3,
7). Abl is protein necessary for the viability of endothelial cells,
its inhibition by these agents can lead to vessel damage and pro-
gression of atherosclerotic process.

Cardiovascular risks associated with atherosclerosis following
anticancer therapy are summarized in the Table 1.

Cardiotoxic effects of selected hormonal anticancer therapy
with a focus on atherosclerosis

In the context of androgen deprivation therapy (ADT), the
question of an adverse effects of gonadotropin releasing hor-
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Tab. 1. Targeted anticancer agents associated with the risk for deve-
loping vascular toxicity (3).

HTN AP

=

Stroke  PAD

TKI
Sorafenib
Sunitinib
Pazopanib
AXxitinib
Regorafenib
Cabozantinib
Vandetanib
Lenvatinib
Nilotinib
Ponatinib

Monoclonal

antibodies
Bevacizumab
Ramucirumab
Rituximab

Fusion proteins with
VEGF-receptor
(“VEGF traps*)
Aflibercept X X X
mTOR inhibitors
Everolimus X X
Temsirolimus X X
Proteasome
inhibitors
Bortezomib X X
Carfilzomib X X
HTN - arterial hypertension, AP — angina pectoris, Ml — myocardial infarction,

PAD - peripheral arterial disease, VEGF - vascular endothelial growth factor,
mTOR — mammalian target of rapamycin

XXX XXX XX
X X X X X

X X X X X X

X X X X

X

X X

X X X

X X X X X

X X X
X X X
X X X
X X X

mone (GnRH) agonists (e.g. leuprolide, goserelin), known also
as luteinizing hormone releasing hormone (LHRH) agonists, on
cardiovascular system become actual in the recent years. Cardio-
toxicity is a special problem mainly in patients with pre-existing
cardiovascular comorbidities and risk factors. One of the most im-
portant studies evaluating the cardiovascular risk associated with
ADH was the observational study on 73 196 men with prostate
cancer (14). In patients treated with GnRH agonists, an increase
of ischemic heart disease by 16 %, myocardial infarction by 11 %
and sudden cardiac death by 16 % was observed compared to the
patients without hormonal therapy. Also several newer studies in
ADH patients confirmed an increased rate of myocardial infarc-
tion, stroke, thrombosis and other complications (13, 14). GnRH
agonists’ therapy has direct and indirect cardiovascular effects.
The indirect mechanism of cardiovascular risk in ADH is related
to increased weight, insulin resistance, dyslipidemia. The direct
effect of ADT is manifested via cardiomyocytes, which express
receptors for androgen, GnRH and FSH (15). ADT can cause an
increased levels of LDL cholesterol, triglycerides and also induce
inflammation and insulin resistance (1, 15). Until now, no trials
have prospectively addressed the risks of coronary artery disease
associated with ADT.
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The metaanalysis by Carneiro et al in 2015, which included 13
studies (n = 137 658), showed that ADT had significant adverse
cardiovascular effects (16). ADT in prostate cancer patients (treated
at least 6 months) increased the rate of acute myocardial infarction,
stroke, thrombosis, heart failure and arrhythmias.

The hypothesis that GnRH antagonists act less harmfully on
cardiovascular system compared to agonists is not yet confirmed
(17). A comparison of GnRH agonists and GnRH antagonists
cardiotoxicity is the subject of intensive research and ongoing
clinical studies.

Considering the significant use of ARTA (androgen-receptor
targeted agents) enzalutamide and abiraterone acetate — in the
therapy of castrate resistant prostate cancer, scientific literature start-
ed to pay attention also to their effects on cardiovascular system (18).

Aromatase inhibitors (anastrazole, letrozole, exemestan) used
in therapy of breast cancer block the conversion of androgens to es-
trogen and have variable effects on lipids (19). An analysis of data
from seven clinical trials with more than 30 000 patients showed
that longer duration of aromatase inhibitor use was associated
with a statistically significant increase in the odds of hypercho-
lesterolemia as compared with anti-estrogen drug tamoxifen (20).
In addition, there may be mildly different effects on lipid profiles
between aromatase inhibitors (19).

Cardiotoxic effects of radiotherapy with a focus on athero-
sclerosis

It is well-known that radiotherapy (RT) is associated with an
increased risk of carotid and coronary artery disease. Accelerated
atherosclerosis and subsequent carotid stenosis are known vascular
complications after radiation with doses > 50 Gy.

Cases of atherosclerotic changes after RT with medium doses
(30-50 Gy) are not fully understood. A radiation damage of carotid
arteries can manifest with neurological symptoms (2).

RT may induce earlier atherosclerosis in any fields of radia-
tion. Pathogenetic mechanisms include endothelial dysfunction,
infiltration with monocytes, lymphocytes and macrophages and
lysosome activation. The whole process can be accelerated by
dyslipidemia, smoking, diabetes mellitus and hypertension (19).
Late cardiovascular consequences of radiotherapy for Hodgkin
lymphoma and breast cancer have been best studied (19, 21). Al-
though a significant progress was made in the field of RT in recent
years and modern special radiation techniques enable a minimiza-
tion of normal tissue damage, results of many published studies
are based on old outdated radiation treatment modalities.

Cardiologic complications induced by RT are extremely rare
manifested during its application. More frequent and more seri-
ous are late consequence manifesting after a latent period > 1 year
after treatment completion. Cardiovascular damage caused by RT
can progress over time after treatment completion.

The risk of damage is increasing with an increasing RT dose
and a significant increase of cardiologic diseases was observed
mainly after 35 Gy (1). At present it is obvious that also doses
lower than 20 Gy can have a detrimental effect on heart. This is
especially true in patients with risk factors.



Patients with RT induced acute coronary syndrome (ACS)
frequently have so called silent ischemia without typical manifes-
tation of chest pain due to RT induced autonomous dysfunction
or this syndrome is manifested atypically, as abdominal problems
(nausea and vomiting) mainly in older patients and in childhood
cancer survivors. The cumulative risk of myocardial infarction up
to 30 years after RT is set at 10-13 % (2). Ischemic heart disease
(IHD) can be manifested with a latent period 10-15 years after
radiotherapy (2). Authors Girinsky et al in the prospective study
evaluated 179 patients after Hodgkin lymphoma’s treatment, in-
cluding RT of mediastinum, via a coronary angiography in the
time interval 0.5-40 years after the treatment (median 9.5 years).
Abnormalities in the coronary arteries were found in 15 % of pa-
tients within first 5 years after RT and in 34 % of patients with a
delay of more than 10 years after RT. A severe stenosis required
an intervention (stent or bypass) in 5.5 % of patients. Cardiologic
risk factors and overall radiation dose belong to independent prog-
nostic factors (21).

The Oxford study of the authors Darby et al monitored the rate
of serious coronary events in the cohort study of the participants
treated due to breast cancer in the years 1958 — 2001. The inci-
dence of serious ischemic complications increased by 7.6 % lin-
early with each Gray of radiation delivered to the heart. AImost all
patients in this study were treated with older radiation techniques.
The increase started in the first 5 years after RT and continued
also in the 3rd decade (22). Data published from the recent study
of breast cancer patients treated from 2005 to 2008 with median
follow-up of 7.6 years showed that each Gray of radiotherapy to
the cardiac region was associated with a 16.5 percent increased
risk of adverse events (23).

IHD belongs to serious outcomes also in patients with testicu-
lar cancer treated by RT of mediastinum. Authors van der Belt-
Duseboat et al demonstrated in testicular cancer survivors that
mediastinal irradiation was associated with a 3.7-fold (95% ClI,
2.2- to 6.2-fold) increased myocardial infarction (MI) risk com-
pared with surgery alone, whereas infradiaphragmatic irradiation
was not associated with an increased Ml risk (24). In this study
the standardized incidence ratio (SIR) for M1 was significantly in-
creased in nonseminoma survivors with attained ages of less than
45 (SIR = 2.06) and 45 to 54 years (SIR = 1.86).

An increased incidence of hyperlipidemia was found among
men treated for testicular cancer, which appears to be associated
with RT and/or chemotherapy (8, 19).

Cardiotoxic effects of allogeneic stem cell transplantation

Dyslipidemia, impaired glucose tolerance and arterial hyper-
tension can be induced also by allogeneic stem cell transplanta-
tion (1, 25). The whole body irradiation and intensive immuno-
suppressive therapy contribute to this as well. Authors Blaser et
al performed a retrospective study of 761 patients who underwent
allogeneic stem cell transplantation from 1998 to 2008 and sur-
vived at least 100 days. Seventy three percent of them developed
hypercholesterolemia and 73 percent developed hypertriglyceri-
demia in the first two years (26).
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Conclusion

Vascular effects of anticancer therapy is an area of intense
ongoing investigation. Recent data provide the potential for a
better understanding of molecular pathomechanisms of increased
cardiovascular risk in cancer patients.

There are not enough clinical trials aimed at the benefit of
screening of vascular complications associated with atheroscle-
rosis in asymptomatic oncological patients.

In many cases, the possibility to positively influence these
complications is undisputable. Although some individuals with
no risk factors will experience premature atherosclerosis, other
patients develop cardiovascular toxicity in the setting of underly-
ing risk factors. Therefore, it is necessary to early identify high
risk patients. Selected oncological patients are not rarely also
candidates for revascularization. Development of new generally
accepted guidelines for the screening and management of known
risk factors and treatment with statin-based lipid lowering therapy,
anti-platelet therapy, angiotensin-converting enzyme inhibitors, an-
giotensin receptor blockers, beta blockers and other agents could
contribute to a better quality of life of these patients.
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