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Cardiovascular effects of radiotherapy on the patient with cancer

LeonarDO AuGusTo RoBERT MoReiRAY, Ebuarpo Nani Siva2, Mario Luiz RiBeiro3, WoLNEY DE ANDRADE MARTINS *

1Specialist degree in Cardiology from Universidade Federal Fluminense (UFF), Rio de Janeiro, RJ, Brazil

2MSc in Medicine (Cardiology) from UFF. Adjunct Professor, Department of Internal Medicine, UFF, Rio de Janeiro, RJ, Brazil
3MSc in Medicine (Cardiology) from UFF. Assistant Professor, Department of Internal Medicine, UFF, Rio de Janeiro, RJ, Brazil
“PhD in Sciences (Cardiology) from Universidade de Sao Paulo. Professor, Medical School, UFF, Rio de Janeiro, RJ, Brazil

SUMMARY

The incidence of cancer (CA) has increased globally and radiotherapy (RT) is a
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vital component in its treatment. Cardiovascular injuries induced by RT in the
treatment of thoracic and cervical CA have been causing problems in clinical
practice for decades, and are among the most serious adverse effects of radia-
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tion experienced by the growing number of cancer survivors. This article pres-
ents a review on the Lilacs, Scielo and Pubmed databases of the main cardiovas-
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prevention proposals. Injuries caused by RT include diseases of the pericardium,
coronary artery disease, valvular disease, myocardial disease with systolic and di-
astolic dysfunction, conduction disorders, and carotid artery and great vessels
disease. Thoracic and cervical irradiation increases cardiovascular morbidity and
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mortality. Despite the great progress in the improvement of RT techniques, to-
tally excluding prime areas of the cardiovascular system from the irradiation
field is not yet possible. Guidelines must be created for monitoring, diagnosis

) . and treatment of patients with CA treated with RT.
de Janeiro (Faperj)
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INTRODUCTION

CHART 1 Estimated f in th ical
Cancer (CA) is characterized by uncontrolled cell prolif- o IMEed MOV aoss O cafieer n e serfie’ of

thoracic sites for the year 2014 in Brazil. Source: Instituto
Nacional do Céncer.?

eration that expresses varying degrees of differentiation

to the precursor cells. In general, CA has a natural and ir-
reversible history and autonomous growth, which per-

Cancer’s primary location Estimated new cases

i K . Female breast 57,120
sists even after cessation of the stimulus that produced -
. . . . . Trachea, bronchi and lungs 27,330
it. CA has the property of invading adjacent tissues and § 610
. . . . arynx R
causing metastasis, where subpopulations of malignant 4
. . . 1 Esophagus 10,780
cells grow and invade tissues again.
. . . Hodgkin’s | h 2,180
According to global estimates by the Globocan proj- ° gA in s ympnoma ’
ect of the International Agency for Research on Cancer Thyroid 9,200
Stomach 20,390

and the World Health Organization, in 2012 there were
14.1 million new cases of CA and 8.2 million deaths due

to this disease worldwide. For 2030, the estimated glob-
al incidence of CA is 21.4 million cases and 13.2 million
deaths. In Brazil, the estimate for the period 2014-2015
is approximately 576,000 new cases of CA including
non-melanoma skin cancer. Chart 1 contains the esti-
mated incidence of the main thoracic and cervical tu-
mors for Brazil in 2014 according to the National Can-
cer Institute.?

Radiation therapy (RT) is a vital component in the treat-
ment of CA. It arose from the discovery of x-rays by Wil-
helm Réentgen in 1895, and radioactivity, by Henry Bec-
querel, in 1896. When radiation interacts with the air or
matter, it transfers a sufficient amount of power to the
electrons of the medium to rip them from the atom. This
process is called ionization. The density of this process
depends on the charge, the mass and the speed of the
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particles. The biological effects of radiation can be di-
rect or indirect. It is considered a direct effect when in-
teracting with the cellular components, proteins and lip-
ids, causing them to undergo structural changes. In
indirect interaction, the effect occurs in the medium
where the cells and their constituents are suspended, that
is, water, with the production of free radicals. Free radi-
cals are atoms or molecules that are unstable and high-
ly reactive. Seeking an electronic balance causes the free
radicals to break chemical bonds in search of an electron.
The biological response to irradiation can lead to a large
number of changes like breakage to double-stranded
DNA, chromosome rearrangements and breakage, trans-
location of lipid molecules in the membrane, death by
apoptosis or cell division, mutation and carcinogenesis.?

Radiation therapy is an important component of the
therapeutic arsenal for the treatment of breast CA, Hod-
gkin’s disease, lung CA and other tumors involving the
cervical and thoracic regions and is linked to increased
cardiovascular morbidity and mortality. Concerns about
cardiovascular lesions (CV) induced by RT in patients ir-
radiated for treatment of cervical and thoracic cancers
have occurred for decades.*” Cardiovascular morbidity
and mortality is proportional to the dose of radiation
and the site exposed in the CV unit.*'? Therapeutic
advances for clinical control or curing of CA and better
support for treatment-related complications have provided
a greater survival rate to patients, with enough time to
develop late-onset cardiovascular sequelae from RT."* The
cardiac effects of RT in the long term are heterogeneous
and include coronary artery disease, valve disease; diseas-
es of pericardium; myocardial diseases, with systolic and
diastolic dysfunction in particular; and conduction sys-
tem disturbances.** Major vessels and carotid arteries may
also be involved.!*!

DAMAGE TO THE PERICARDIUM

The most common cardiac abnormality resulting from
thoracic irradiation, especially of the mediastinum, is
pericardial damage that manifests as fibrous thickening
and serofibrinous effusion that can progress to cardiac
tamponade and/or constrictive pericarditis.’*'¢ Indepen-
dent clinical factors that may predict the predisposition
to pericardial damage have not yet been identified.'”!¥ In
the past, pericardial disease induced by radiation has been
underestimated. The treatment applied was pericardio-
centesis in those that evolved with cardiac tamponade,
which resulted in increased mortality. It was assumed that
pericardial effusion accounted for the severity of the co-
existent illness and not the cardiotoxic effect secondary

to radiotherapy. In patients who develop pericardial thick-
ening, associated with pericardial effusion or otherwise,
in which is there is an increase in the final diastolic pres-
sure of the right chambers evidenced via cardiac cathe-
terization, the best treatment is pericardiectomy, given
that the central venous pressure is reduced to normal im-
mediately after the procedure, in addition to good clini-
cal evolution with disappearance of the symptoms of car-
diac dysfunction.'” However, in patients with pericardial
thickening without high intracavitary pressures, rigor-
ous clinical monitoring seems appropriate. Simple drain-
age of the effusion is not recommended because the dis-
ease can evolve with more marked fibrosis and consequent
constriction, meaning that it appears reasonable to re-
move the maximum possible parietal pericardium."

CORONARY ARTERY DISEASE

Incidental exposure of the heart to RT increases the inci-
dence of accelerated or premature coronary artery disease
(CAD),**#2 commonly identified in young or relatively
young patients with none of the major risk factors for
atherogenesis, such as smoking, diabetes mellitus, dys-
lipidemia, hypertension and a family history of early ath-

erosclerosis.!6?123

CAD risk begins to increase during the
first five years after irradiation and continues for at least
20 years.?"** There is no statistically significant difference
between patients with or without risk factors for CAD at
the time of radiotherapy.?? The increase in CAD is direct-
ly proportional to the average dose of radiation and heart
volume included in the RT field.?*?*2* The obstructive le-
sions of the epicardial vessels are most often proximal
and in more than 80% of the cases the lesion occurs in
the coronary artery. This can affect the coronary os-
tia.14’16’20'24’25
of being included in the irradiation fields.?* Under mi-

croscopy it is possible to observe fibrointimal thickening,

as they occupy the region with greatest risk

fibroproliferative lesions, fibrocalcific and also fibrolipid
plaques in the areas of coronary stenosis.” The plaques
in irradiated patients are more fibrous with little lipid
content.?®

Some factors such as more frequent proximal impair-
ment affecting the trunk of the left coronary artery and
proximal anterior descending artery, and the high prev-
alence of associated significant valvular disease lead many
patients to being recommended for cardiac surgery. How-
ever, the results of such treatment do not necessarily cor-
respond to what would be expected in a population that
has not been irradiated. In the postoperative period of
patients with lesions from RT there is longer hospitaliza-
tion time, incidence of atrial fibrillation, pacemaker im-
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plantation, as well as higher mortality in the short and
long-term.'* Many surgeons declare that they are discour-
aged from using the internal thoracic arteries as a graft
in patients with a history of chest radiation; however, the
clinical course is comparable, in the medium term, to pa-
tients with no history of irradiation.?’”

DAMAGE TO THE MYOCARDIUM
Clinical manifestations of cardiovascular injury due to
RT often take many years, if not decades, to manifest.
However, sub-clinical lesions have been identified within
six months of the end of treatment.*>*® Myocardial dam-
age has been identified early through scintigraphic stud-
ies with images of myocardial perfusion performed six
months after RT in patients treated for left breast CA.
Currently, RT techniques with tangential photon beams
are used with prior planning using three-dimensional
computed tomography in order to minimize such dam-
age. However, any dose of radiation always affects the
heart, mainly in the anterior wall of the left ventricle.?**
Perfusion defects are found in approximately 40% of pa-
tients 6 to 24 months after RT for left breast CA and these
defects are more prevalent in patients with a higher heart
volume within the radiation field.?®

Perfusion defects after irradiation of a small fraction
of the myocardium are caused by damage to the microvas-
culature. Jonizing radiation causes damage to the endo-
thelial cells of the capillaries with consequent capillary ede-
ma, obstruction of the lumen of the vessel and subsequent
myocardial fibrosis,* as a result this leads to sub-clinical
functional abnormality of the left ventricle.?® In addition
to the microvascular damage, there is also direct damage
from the radiation over the cardiomyocytes." In histopath-
ological studies, the most common microscopic fibrosis
patterns are pericellular and perivascular. Pericellular in-
terstitial fibrosis findings support the hypothesis of early
capillary damage causing diffuse ischemia and fibrosis."

A high frequency of diastolic dysfunction of the left
ventricle has been demonstrated by echocardiography in
asymptomatic patients who have received at least 35Gy
of mediastinal irradiation for treatment of Hodgkin’s dis-
ease. Diastolic dysfunction is explained via histopathol-
ogy demonstrating fibrosis resulting from microvascular
damage. Ischemia induced by cardiac stress tests are more
common in these patients and probably CAD is also in-
volved as a cause of diastolic dysfunction associated with
significant morbidity.?**° Less frequent than diastolic dys-
function, left ventricular systolic dysfunction is also re-
ported at higher than expected frequency in patients with
a history of RT, even if asymptomatic.'**!

VALVULAR DAMAGE

Valvular damage is often found in patients undergoing
chest RT probably due to direct damage from the radia-
tion on valvular tissue, since they are not vascularized. The
lesions are characterized by diffuse fibrosis of the cusps,
with or without calcification.” Initially there is a valvular
thickening without clinical repercussions that can be iden-
tified by echocardiography in the first decade after RT. It
affects one or more valves and evolves gradually, either
through worsening of pre-existing damage or appearance
of new damage.?* Clinically significant valvular dysfunc-
tion has been described, on average, 22 years after RT in
survivors of Hodgkin’s disease.?® Consistently, more severe
valvular lesions are present on the left side of the heart
valves, as these areas have increased hemodynamic stress.

Aortic stenosis is the predominant lesion. #1333

ELECTRICAL AND CONDUCTION SYSTEM
DISTURBANCES

As already described for other tissues, radiation also causes
damage and scarring to the conduction system. Chang-
es in the electrocardiogram such as conduction defects,
T wave abnormalities and arrhythmias have been report-
ed and may indicate myocardial damage or damage di-
rectly to the conduction system. The right branch block
is more commonly observed than the left. The initial
changes can develop into complete atrioventricular block,
suggesting progressive damage.**3%3*35 Among the ven-
tricular repolarization abnormalities, electrocardiograph-
ic changes that have been observed are T-wave flattening,
deformity or inversion, with higher incidence six months
after RT. These changes present greater magnitude in the
precordial derivations.*

CHANGES TO THE CAROTID ARTERIES AND OTHER
VESSELS

An increased risk of stroke secondary to carotid artery dis-
ease has been reported in patients with a history of cervi-
cal irradiation, especially when it occurs at an age group
in which the atherosclerotic disease of the carotid artery
would not be expected.>*” A study that used a duplex scan
of the carotid arteries in patients between 18 and 37 years
of age who received cervical RT due Hodgkin’s lymphoma,
all in remission and asymptomatic, with more than five
years since the end of treatment compared with a control
group of healthy and age-matched volunteers identified
focal or generalized abnormalities of the intima-media lay-
er (26% in the study group versus 3% in the control group),
such as fatty streaks, irregularities and discontinuities in
the layers, microcalcifications, graininess and initial plaques
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smaller than 2 mm of common carotids and proximal in-
ternal sections of the carotid artery. However, the clinical
significance of these changes is unclear, which could be an-
swered in future long term follow-up studies.*® Neverthe-
less, patients with severe carotid obstructive disease referred
for surgery and a history of cervical radiation therapy of-
ten represent a challenge for the vascular surgeon since
there is abnormal adherence of the intima and all layers,
obliterating anatomical plans and making endarterecto-
my technically difficult. Therefore, stent implant angio-
plasty is increasingly frequent in these patients.*

Another late-onset sequela associated with cervical ra-
diation is chronic failure of the baroreflex manifested by la-
bile hypertension and orthostatic intolerance. Histopatho-
logical studies have shown atherosclerotic changes,
perivascular fibrosis and thickening in the carotid sinus af-
ter cervical radiation. Chronic failure of the baroreflex has
been attributed to these changes.*’

Diffuse calcification of the thoracic aorta and stenot-
ic lesions of the subclavian arteries have also been report-
ed. These are late-onset sequelae attributed to adjuvant
RT, and it has become well-known that all arteries are

sensitive to the late-onset effects of radiation.!#1541-43

CHART 2 Cardiovascular lesions secondary to

radiotherapy in cancer patients.

Cardiovascular  Major clinical presentations
structures

irradiated

Pericardium Pericardial thickening

Pericardial effusion

Cardiac tamponade

Constrictive pericarditis

Coronary artery Obstructive lesion in the anterior descending artery

disease Obstructive lesion in the coronary ostia

Myocardium Asymptomatic left ventricular diastolic dysfunction

Valves Valvular thickening without hemodynamic

repercussions

Aortic stenosis

Cardiac electrical ~ Right bundle branch block (more frequent)

and conduction

disorders

Left bundle branch block

Complete atrioventricular block

T-wave flattening or inversion

Great vessels of

the chest

Increased carotid intima-media thickness

Chronic baroreflex failure: labile hypertension or

orthostatic hypotension

Aortic calcification

Stenotic lesions of the subclavian arteries

ConcLusIoN

It is evident that chest and cervical radiation has an im-
pact on cardiovascular morbidity and mortality. Despite
the major developments in the improvement of radio-
therapy techniques and better knowledge and mastery of
radiation in recent decades, it has not yet been possible
to completely exclude important areas of the cardiovas-
cular system from irradiation fields. More effective and
less toxic therapy should be sought. Guidelines must be
created for strict monitoring of patients who have had
exposure of the cardiovascular system to radiation, espe-
cially when it comes to young people with a long life ex-
pectancy, given that cardiovascular damage is treated with
limited results.

Resumo

Efeitos cardiovasculares da radioterapia no paciente com
cancer

A incidéncia de cancer (CA) tem aumentado globalmen-
te e a radioterapia (RT) é um componente vital do trata-
mento. As lesdes cardiovasculares induzidas pela RT no
tratamento de CA tordcicos e cervicais geram problemas
a pratica clinica hd décadas e estdo entre os efeitos adver-
sos mais graves da RT experimentados pelo crescente nt-
mero de sobreviventes de CA. Neste artigo, realiza-se re-
visdo nas bases Lilacs, Scielo e Pubmed das principais
lesdes cardiovasculares secundarias a RT, os mecanismos
fisiopatolégicos, as apresentagdes clinicas, os tratamen-
tos e as propostas de prevencdo. Dentre as lesdes pela RT,
destacam-se as doencas do pericardio, a doenca arterial
coronariana, a doenca valvular, a doenca do miocardio
com disfuncio sistdlica e diastdlica, os distirbios de con-
ducio, a doenca das artérias cardtidas e dos grandes va-
s0s. A irradia¢io toracica e cervical aumentam a morbi-
mortalidade cardiovascular. Apesar da grande evolu¢io
no aprimoramento das técnicas de RT, ainda nio foi pos-
sivel excluir totalmente dreas nobres do sistema cardio-
vascular dos campos de irradiagdo. Faz-se necessaria a ins-
titui¢do de diretrizes para monitoramento, diagndstico
e tratamento dos pacientes com CA submetidos 4 RT.

Palavras-chave: radioterapia, lesdes por radia¢do, doen-
cas cardiovasculares.
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