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6 Long-Term Consequences of
Radiation Therapy

WILLIAM FINCH, MIRELA TUZOVIC, AND ERIC H. YANG

Risk factors for RIHD

* Age <15 and >60

* Anterior or left chest radiation therapy

* Presence and extent of tumor in or next
to the heart

e Lack of shielding

* High dose RT fractions (>2 Gy/day) and/or
high cumulative RT dose (>30Gy)
a “safe” dose cutoff is not defined

* Concomitant chemotherapy

* Any cardiovascular risk factor

* Pre-existing cardiovascular disease,
especially known CAD and prior
myocardial infarction

Radiation Risks
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Yearly HPI and physical |
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Signs or symptoms of

cardiovascular disease?

[ Assess and optimize modifiable
| CV risk factors

_Screening TTE

* Every 5 years, starting 5 years after
RT in patients with one RIHD risk
factor and 10 years after RT in
patients with no RIHD risk factor

_Screening Stress Test

(exercise echo +/— O2 consumption study

preferred, may consider CCTA)

* Every 5 years after RT

* Additional early evaluation at 2 years
after RT if >60 yrs. >1 CV risk factor,
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known CAD, or vasotoxic cancer drugs
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EKG, Holter,
event monitor

Coronary
angiography

Gated chest CT for assessment of mediastinal fibrosis, porcelain aorta, internal mammary arteries, etc.

For interventional planning (catheter-based and/or surgical Heart Team approach)

CAD, Coronary artery disease; CCTA, coronary computed tomography; CMR, cardiac magnetic resonance imaging; CV, cardiovascular;
EKG, electrocardiogram; Gy, gray; HPI, history of present illness; RIHD, radiation-induced heart disease; R7T, radiation therapy; TTE, trans-

thoracic echocardiography.
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PREVENTIVE DRUG THERAPIES
FUTURE AVENUES

PREVENTION AND SCREENING FOR

KEY POINTS

e Patients with cancer who are exposed to radiation
therapy are at increased risk for numerous cardiac
complications, including cardiomyopathy, valve dis-
ease, pericardial disease, arrhythmias, conduction
abnormalities, autonomic dysfunction, and coronary
artery disease that usually occur years, if not de-
cades, following therapy.

e Patients with prior mediastinal or thoracic radiation
should be screened for signs or symptoms of cardiac
disease and modifiable cardiovascular risk factors on
an at least annual basis.

e Even in patients with a history of radiation therapy
but no signs and symptoms of cardiovascular disease

Radiation therapy (RT) as a component of cancer
treatment is a significant cause of cardiac compli-
cations during survivorship. It is most commonly
reported after external beam RT (EBRT) for breast
cancer or Hodgkin lymphoma (HL) but may also be
seen with RT for gastric, esophageal, or lung can-
cer. All structures of the heart can be affected,
including pericardium, myocardium, heart valves,
coronary arteries, and conduction system. Accord-
ingly, the spectrum of radiation-induced heart dis-
ease (RIHD) is quite broad and includes acute and
constrictive pericarditis, (typically restrictive) car-
diomyopathy, valvular heart disease (VHD), coro-
nary artery and microvascular disease, heart
block, and autonomic dysfunction. A number of
these disease processes can ultimately present in
heart failure (HF) as the final common pathway
(Fig. 26.1). The individual disease elements of RIHD
and their treatment will be reviewed herein first,
followed by an outline of general screening efforts
and preventive recommendations.

CORONARY ARTERY DISEASE

Coronary atherosclerosis in RIHD typically matches
radiation dose exposure in location and severity.

serial screening with a transthoracic echocardiogram
and functional/anatomic assessment is recommended;
the timing is based on patient- and treatment-specific
risk factors.

If radiation-induced heart disease is diagnosed, treat-
ment is typically the same as that provided for the
general population; however, treatment outcomes (i.e.,
pharmacologic, percutaneous, surgical) may be worse
in patients who have had radiation therapy owing to
common involvement of multiple heart structures and
thus the presence of multiple heart disease processes
at once as well as multiple other complications and co-
morbid conditions acquired during cancer treatment.

With RT for HL, ostial disease of both the right and
left coronary arteries are the most classic lesions,
whereas after RT for left-sided breast cancer the
mid (and distal) left anterior descending coronary
artery (LAD) is most commonly involved.”> The
clinical presentation of radiation-induced coronary
atherosclerosis is similar to that of conventional
coronary artery disease (CAD), presenting with
stable angina or acute coronary syndrome.® For di-
agnosis, single photon emission computerized to-
mography myocardial perfusion imaging (SPECT
MPI) has indicated perfusion defects in as many as
70% of patients 5 years after RT for breast cancer.
However, limited data exist regarding the sensitiv-
ity or specificity of SPECT MPI in this specific
population and cited data are reflective of other
radiation techniques. Positron emission tomogra-
phy (PET) MPI may be a reasonable alternative to
SPECT, given the ability to quantify myocardial
blood flow. In comparison with nuclear MPI, stress
echocardiography has lower sensitivity but higher
specificity the diagnosis of radiation-induced CAD
(Table 26.1).°

Coronary artery calcium scoring, and coronary
computed tomography angiography (CCTA) are
gaining increasing interest and may play a larger
role for the diagnosis of CAD after RT in the future.
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FIG. 26.1 The spectrum of radiation-induced heart disease (RIHD), which can culminate in the “common final pathway” of heart failure
(HF) presentation. Treatment modalities are directed toward the disease aspects. CABG, Coronary artery bypass grafting; CRT-D, cardiac
resynchronization therapy defibrillator; /CD, implantable cardioverter defibrillator; PCI, percutaneous coronary intervention. (From Finch W,

Lee MS, Yang EH. Radiation-induced heart disease: long-term manifestation
1st ed. Elsevier; 2016.)

In a small cohort study, coronary artery calcium
score following mediastinal RT for HL was higher in
those with than in those without obstructive CAD
(median score of 439 vs. 68), and a score of 0 had a
negative predictive value for symptomatic CAD of
100%.5 Using CTA, another study found a 24%
prevalence of CAD in 119 patients who had under-
gone mediastinal RT as children.” Both calcified and
noncalcified plaques were seen, primarily in the
proximal coronary arteries (57% included the proxi-
mal LAD) and mostly non-obstructive. Coronary CTA
has thus been attributed a higher sensitivity and
negative predictive value for CAD than stress test-
ing. As in general practice, however, catheter-based

s, diagnosis, and management. In: Herrmann J, ed. Clinical Cardiooncology.

coronary angiography remains the gold standard
for the detection of CAD.

Management of CAD in cases of radiation ther-
apy is not specifically addressed in United States
guidelines on management of acute coronary syn-
drome and stable ischemic heart disease, however,
the same principles apply. Revascularization using
either percutaneous coronary intervention or coro-
nary artery bypass graft surgery may be necessary
when critical stenoses are present; the need for
concomitant valve or pericardial surgery may influ-
ence the decision.® A noteworthy concern is limited
usability of the internal mammary arteries after
chest radiation; however, a study of 125 patients
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TABLE 26.1 Differential applicability of Imaging Techniques for the Detection and Follow Up of

Radiation-Induced Heart Disease

Pericardial Disease

ECHOCARDIOGRAPHY

CARDIAC CMR  CARDIAC CT

STRESS

ERNA/SPECT

ECHOCARDIOGRAPHY PERFUSION

Effusion—screening “EFaE s 4aF +* = =
and positive diagnosis
Effusion—follow up ++++ + — — -
Constriction—screening AR A A E AR 4 = =
and positive diagnosis
Myocardial Disease
LV systolic dysfunction AR AR 4 AR A AR AR AR A A
(1st line, contrast (contractile reserve (if analysis of
echocardiography if assessment) function and
poor acoustic window) perfusion
needed)
LV diastolic dysfunction e = I TFaR/AF
LV dysfunction—follow Aubih s 3 = 4+ R A
up (1st line, contrast (contractile reserve
echocardiography assessment)
if poor acoustic window)
Myocardial fibrosis — + 44+ + - —
Valve Disease
Positive diagnosis At R Ak Ak AaE =
and severity assessment
Follow up AR 4 = A4 F =
Coronary Artery Disease
Positive diagnosis 4 AR S AR AR A /AR AR AR A
(if resting wall-motion (stress CMRP)  (CT angio®)  (exercise or
abnormalities) dobutamine®)
Follow up 4 4 4 AR AR +/++
(1st line)

aFor anatomic evaluation, an excellent negative predictive value.
®For functional evaluation.

Angio, Angiography; CMR, cardiac magnetic resonance; CT, computed tomography; ERNA, equilibrium radionuclide angiocardiography; SPECT, single-

photon emission CT; LV, left ventricular.

++++: highly valuable; ++: valuable; +: of interest; —: of limited interest.

who had undergone mediastinal irradiation did not
identify vessel fibrosis or significant histologic dam-
age.”!0 Still, there might be merit in evaluating the
internal mammary arteries by conventional or CT
angiography before cardiac surgery.

VALVULAR HEART DISEASE

Cardiac valvular abnormalities are common fol-
lowing mediastinal RT (Fig. 26.2 and 28.3), with
significant valve disease (defined as mild or greater
aortic regurgitation; or moderate or greater mitral

or tricuspid regurgitation; or aortic stenosis) in
29% of asymptomatic patients starting 2 years
after RT, compared with 4% of age- and gender-
matched controls.!! This rate increases signifi-
cantly over time to 42% at 14 years and over 60%
after 20 years postirradiation in high exposure
cohorts, such as patients with lymphoma. Moder-
ate or greater valvular disease is most commonly
observed of the aortic and mitral valves, and re-
gurgitation occurs more often than stenosis of
these valves. The risk of radiation-induced valvu-
lar disease is greatest when the radiation dose
exceeds 25 Gy.!»!3
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FIG. 26.2 Cumulative incidence of the various aspects of radiation-induced heart disease in childhood cancer survivors. Notice the dose
dependency and timeline of 15 years from diagnosis for clinical appearance. (From Mulrooney DA, Yeazel MW, Mertens AC, et al. Cardiac
outcomes in a cohort of adult survivors of childhood and adolescent cancer: retrospective analysis of the Childhood Cancer Survivor Study cohort. BMJ.

2009;339:b4606, with permission.)

When valve disease is symptomatic or other indi-
cations for replacement are present, surgical man-
agement is indicated, according to standard valve
guidelines (see Chapter 28).'%!> Patients with RIHD
undergoing valve surgery have a relatively high rate
of morbidity and mortality after valve surgery (30-
day mortality of 12%).!4'> Because mediastinal RT
can result in comorbidities that can result in pro-
hibitively high surgical risk (e.g., frozen mediastinum
or porcelain aorta), percutaneous valve therapies
may be preferable in many cases.!® Of note, the Soci-
ety of Thoracic Surgeons (STS) risk score as a stan-
dard tool for surgical risk assessment in patients
with aortic stenosis underestimates the risk of surgi-
cal aortic valve replacement (SAVR) in this popula-
tion. Transcatheter aortic valve replacements have
been used successfully in patients with severe aortic
stenosis whose radiation-induced mediastinal and
pulmonary fibrosis precluded surgery. In several non-
randomized analyses, patients who underwent trans-
catheter aortic valve replacement had a higher sur-
vival rate after valve replacement compared with
patients who underwent surgical aortic valve replace-
ment.'® More recently, percutaneous edge-to-edge

mitral valve repair, with technologies such as MitraClip
(Abbott Medical, Abbott Park, IL)), has been used for
radiation-induced mitral regurgitatio.'” One potential
concern after MitraClip for RT-induced mitral regurgi-
tation is that if there is ongoing reactive damage to
the mitral apparatus, delayed mitral stenosis may oc-
cur; however, at 6 months postprocedure there was
nearly a 90% rate of improved New York Heart Asso-
ciation (NYHA) functional class.!”

CARDIOMYOPATHY

Direct damage to the myocardium from radiother-
apy may result in cardiomyopathy even in the
absence of significant epicardial CAD or VHD. Prior
thoracic radiation exposure increases the risk of HF
substantially (hazard ratio [HR], 2.7 to 7.4 for HL
and HR, 1.5 to 2.4 for breast cancer).!® Radiation-
induced cardiomyopathy (RICM) more commonly
presents as HF with preserved ejection fraction.'®
For patients with breast cancer receiving radiother-
apy, the odds ratio of developing HF per log of mean
cardiac radiation dose is 16.9 (3.9 to 73.7) for HF
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with preserved ejection fraction (EF), and 3.17 (0.8
to 13.0) for HF with reduced EF." Studies measuring
diastolic function in long-term survivors of HL who
received RT have, however, shown inconsistent re-
sults and many have found none or only mild
changes in diastolic parameters.'®

Patients who develop RICM present similar to
those with HF from any other causes. The effects of
radiation are synergistic with anthracycline chemo-
therapy, resulting in doubling of the risk of heart
failure compared with RT alone.?’-?> Myocardial fi-
brosis, which is a hallmark of RICM, can be seen in
a patchy or diffuse distribution on cardiac magnetic
resonance (see Table 26.1).%® Echocardiography, in-
cluding strain imaging using speckle tracking, can
be helpful in identifying radiation-induced myocar-
dial dysfunction.?* Global longitudinal strain may
become abnormal before the ejection fraction de-
clines, which is typically reduced compared with
controls, but still in the normal range. Fibrosis
within the myocardium and endocardium may ad-
ditionally result in diastolic dysfunction.?> When
HF with reduced ejection fraction is present, ther-
apy for cardiomyopathy does not differ from that
of nonradiation-induced cardiomyopathies. In pa-
tients with advanced RICM, orthotopic heart trans-
plantation is a last resort; however, it should be
noted that mediastinal fibrosis may increase the
operative risk significantly.? Last but not least, all
patients presenting with HF after chest RT should
be evaluated for all possible radiation toxicities,
including CAD, VHD, and pericardial disease, which
can present as or at least contribute to HF in these
patients.

PERICARDIAL DISEASE

In the early era of mantle radiation for HL high ra-
diation doses resulted not infrequently in acute
pericarditis (up to 60% incidence in early studies)
often with pericardial effusions and risk of cardiac
tamponade.?” Pericardiocentesis or surgical ap-
proaches may be required in the latter case, and
nonsteroidal antiinflammatory drugs take center
stage in the management of the acute inflammation
and pericardial irritation. Long-term complications
may include pericardial fibrosis resulting in con-
strictive pericarditis (CP), which may be delayed to
more than 20 years after RT.?*-*" CP caused by me-
diastinal RT has similar symptoms and physical

examination findings; diagnostic evaluation and
management is likewise similar to CP owing to
other causes.? The most notable distinction from
other etiologies is that RT-induced CP has been as-
sociated with a significantly higher long-term mor-
tality.?! This is exemplified in patients undergoing
pericardiectomy: 5-year mortality is 2.5 times
higher in patients who have RT versus those who
have not (90% vs. 36%).°*> When CP is present
along with valvular disease, perioperative mortal-
ity is increased to as high as 40% at 30 days.'*"
Thus, if symptomatic CP is present in patients with
cancer after RT, candidacy for pericardiectomy
needs to be carefully considered, and not too early
and not too late, owing to considerable periopera-
tive mortality.

PERIPHERAL ARTERY DISEASE

Thoracic radiation or RT for head and neck can-
cers may include the carotid or subclavian arter-
ies in the radiation field.?® In patients with RT for
HL, 7% of patients were found to have carotid or
subclavian atherosclerosis causing at least 40%
stenosis after 20 years. Additionally, 4% developed
transient ischemic attack or stroke only 5.6 years
(median) after RT. The median radiation dose to
the low-cervical region in patients who developed
carotid or subclavian stenosis was 44 Gy. In pa-
tients with head and neck cancers even higher
doses may be encountered (approaching 56 Gy in
one study).’* In these patients, carotid stenosis
rates are as high as 79% at a median of 9.2 years
after RT, compared with a reference of 21%. The
(relative) risk of stroke after neck RT for either
HL or head and neck cancer is five to six times
higher than that seen in siblings or the general
population.®> The risk of stroke is increased re-
gardless of whether the head and neck cancer type
is associated with smoking.?® In this population,
carotid or subclavian artery stenting, carotid end-
arterectomy, and subclavian artery bypass graft-
ing are all potential therapies.?® In patients with
RT exposure for breast cancer treatment, there is
an increase in arterial stiffness (measured by the
augmentation index and carotid-radial pulse-wave
velocity) in the arm ipsilateral to the radiation
site compared with the contralateral arm, suggest-
ing direct and localized vascular damage as a result
of RT.%6
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ARRHYTHMIAS AND AUTONOMIC
DYSFUNCTION

Fibrosis of the conduction system, including the
bundle branches, His bundle, and the atrioventricu-
lar node, may occur after thoracic RT.!! Other fac-
tors associated with conduction disease in these
patients include right coronary artery disease and
calcification of the aortomitral curtain.**° When
complete heart block occurs, syncope is the most
common clinical presentation in symptomatic pa-
tients and it may require pacemaker implantation.
Patients after chest radiation may also be at higher
risk of atrial fibrillation.

Autonomic dysfunction with a reduction in para-
sympathetic tone and an increase in sympathetic
tone may be observed after mediastinal RT,*’ trans-
lating into higher resting heart rates and heart rate
variability and reduced baroreflex sensitivity. For
instance, patients who had received RT (median
dose of 38 Gy at a median follow-up time of 19 years)
for HL are noted to have a higher resting heart rate
than HL patients without RT and a higher rate of
abnormal heart rate recovery (31.9% vs. 9.3%) at
one minute of recovery after Bruce protocol stress
testing. Abnormal heart rate response in this study
was noted to be associated with a higher risk of all-
cause mortality (HR, 4.60; 95% CI, 1.62 to 13.02).
Additionally, RT for nasopharyngeal carcinoma has
been associated with reduced heart rate response
to deep breathing or the Valsalva manuever.’! The
authors hypothesize this may be related to fibrosis
of the carotid artery walls with resultant stiffening
of baroreceptors. Although fibrotic changes are less
likely to revert, aerobic exercise may reduce auto-
nomic imbalance by various mechanisms, last but
not least by reconditioning.*’

PREVENTION AND SCREENING FOR
RIHD

Although dose reduction efforts including radiation
protection blocks, advanced planning techniques,
and involved field radiation have had a significant
impact on reducing the risk, RIHD remains a con-
cern and warrants screening efforts. Even more,
practices nowadays will still have to care for pa-
tients exposed to high-dose chest RT in the past.
Patients who have had RT should be seen annu-
ally as part of a survivorship plan regardless of the

247

presence of symptoms (Table 26.2). Biomarkers
and cardiac enzymes have limited use at this time,
primarily owing to a lack of data as to how they
should be applied.** Screening efforts for RIHD thus
remain primarily imaging-based. The American So-
ciety of Echocardiography and European Associa-
tion of Cardiovascular Imaging (ASE/EACVI), the
Society for Cardiac Angiography and Intervention
(SCAI), and the International Cardio-Oncology Soci-
ety (IC-OS) have released screening guidelines for
RIHD (Central Illustration).**® The guiding princi-
ples are to screen for asymptomatic coronary artery
and VHD, CP, and cardiomyopathy in patients who are
at high risk for RIHD, especially those who have re-
ceived at least 30 Gy of radiation (plus or minus addi-
tional risk factors). Recommendations include echo-
cardiography and stress test starting 5 to 10 years
after RT, then every 2 to 5 years, depending on risk
(see Table 26.2).

The ASE/EACVI guidelines do not specify the
choice of noninvasive stress tests, whereas SCAI
recommends exercise echocardiogram as the pre-
ferred test.**> When stress echocardiography is
used, consideration should be given to a concomi-
tant oxygen consumption study because it tests the
cardiopulmonary axis, given the potential involve-
ment of the lung fields and related changes after
chest radiation. Another alternative mentioned by
the SCAI guidelines is coronary CTA for screening,
assessing the overall burden of CAD. This aspect is
given further attention in the IC-OS guidelines,
which recommend the use of CAC and CCTA for
(earlier) visualization of evolving CAD in patients
after RT.’ If the screening tests identify evidence of
cardiovascular disease, then additional diagnostic
imaging should be pursued, including diagnostic
catheterization, coronary angiography, cardiac
magnetic resonance (CMR), or computed tomogra-
phy, as appropriate.* CMR may be an important
diagnostic tool for the detection of RIHD. In one
study where CMR was performed in HL survivors at
a median time of 24 years following RT, 70% of pa-
tients had significant abnormalities. These abnor-
malities included valvular dysfunction, reduction in
left ventricular EF, late myocardial enhancement,
and perfusion deficits* Contrast-enhanced MRI is
excellent for the diagnosis of acute pericarditis by
demonstrating pericardial enhancement.

Deformation imaging with strain is a sensitive
way to detect myocardial dysfunction; it is widely
used in the assessment of oncology patients,
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TABLE 26.2 Screening Recommendation for Asymptomatic Patients With Cardiac Radiation Exposure (for the SCAI
algorithm, please see Central lllustration)

Screening for CAD

European Society of Medical Oncology consensus statement
e evaluation for CAD/ ischemia, even if asymptomatic, starting at 5 years post-treatment and then at least every 3-5 years there-
after

EACVI/ASE consensus statement
e Functional noninvasive stress test
e Screening recommended in high-risk patients”
e Starting 5 to 10 years after radiation exposure
e Reassess every 5 years
e Annual cardiovascular history and examination

International Cardio-Oncology Society consensus statement
e Comprehensive cardiovascular history and physical exam annually
e Review available CT imaging for atherosclerotic calcifications as available
e Screening for CAD with coronary artery calcium, coronary CT angiography, or functional stress testing in patients without doc-
umented atherosclerosis on prior evaluations
e Starting 5 years after radiation exposure
e Repeat screening at 5 year intervals, depending on the patient’s overall cardiovascular risk

Screening for noncoronary atherosclerotic disease

EACVI/ASE consensus statement
e carotid artery ultrasonography in patients with neurologic signs or symptoms

International Cardio-Oncology Society consensus statement

After head and/or neck radiation
e Auscultation for carotid bruits during their routine physical examination
e Screening for signs and symptoms of dysautonomia on follow-up physical examinations (including orthostatic vital signs)
e Review of available CT scans for carotid calcifications to aid in identification of asymptomatic atherosclerosis
e Carotid ultrasound to screen for development of asymptomatic atherosclerotic plaque
e Initial evaluation as early as 1y post-radiation in higher risk patients (determined by radiation dose and CV risk)
e Follow-up every 3 to 5y can be useful to guide preventive therapy

After abdominal or pelvic radiation
e Review of available CT scans for aortic and iliofemoral calcifications to identify atherosclerosis can be useful
e Evaluation for radiation nephropathy and/or renal artery stenosis in patients with worsening renal function and/or systemic
hypertension can be useful

Screening for valvular disease

European Society of Medical Oncology consensus statement
e evaluation for valvular disease, even if asymptomatic, starting at 5 years post-treatment and then at least every 3-5 years there-
after

EACVI/ASE consensus statement
e Echocardiogram
e Starting 5 years after radiation in high-risk patients*
e Starting 10 years after radiation in all others
e Reassess every 5 years
e Annual cardiovascular history and examination

International Cardio-Oncology Society consensus statement
e Comprehensive cardiovascular history and physical exam annually
e Screening recommended for patients who received RT with the heart in the radiation field
e Starting at 5 years post RT
® Reassess every 3-5 years

Screening for cardiac dysfunction/cardiomyopathy

American Society of Clinical Oncology Clinical Practice Guideline
e Echocardiogram
e Screening recommended for high-dose radiotherapy (= 30 Gy) where the heart is in the treatment field or lower-dose anthra-
cycline (eg, doxorubicin < 250 mg/m?, epirubicin < 600mg/m?) in combination with lower-dose RT (< 30 Gy) where the heart
is in the treatment field
e Starting during and/or 6 to 12 months after completion of cancer-directed therapy
e Regular evaluation of cardiovascular risk factors including smoking, hypertension, diabetes, dyslipidemia, and obesity
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TABLE 26.2 Screening Recommendation for Asymptomatic Patients With Cardiac Radiation Exposure (for the SCAI

algorithm, please see Central lllustration)—cont'd

International Late Effects of Childhood Cancer Guideline Harmonization Group
e Screening recommended for individuals treated with = 35 Gy of chest radiation or anthracycline = 100mg/m2 + = 15 Gy of
radiation, and screening may be reasonable for moderate doses (15 Gy to 35 Gy)

Echocardiogram, cardiac MRI, radionuclide angiography

Starting no later than 2 years after completion of cardiotoxic therapy for high-risk survivors

Reassess every 5 years (can consider more frequent surveillance for high-risk individuals)

L]
L]
e Repeat at 5 years after diagnosis
L]
L]

Screening for modifiable cardiovascular risk factors

International Cardio-Oncology Society consensus statement

e Echocardiogram (or cardiac MRI) screening recommended for patients at risk of cardiomyopathy

e Starting as early as 6-12 months after radiation therapy in high-risk patients**

e |n all patients in whom the heart is in the radiation field, an echocardiogram within 5 years post RT is recommended
e Reassessment every 5 years by echocardiogram and NT-proBNP levels can be useful

Table 5. Screening recommendation for asymptomatic patients with cardiac radiation exposure. *High-risk patients were defined as having had anterior or
left chest irradiation as well as one of the following risk factors: dose greater than 30 Gy, dose fraction greater than 2 Gy, age less than 50 years, lack of
shielding, concomitant anthracyclines, cardiovascular risk factors, or known cardiac disease.

**Patients at high-risk for radiation-associated cardiac disease defined as those with: 1) mediastinal radiotherapy =30 Gy with the heart in the treatment
field; 2) lower dose radiotherapy (<30 Gy) with anthracycline exposure; 3) patients aged <50 years and longer time since RT; 4) high dose of radiation
fractions (>2 Gy/d); 5) presence and extent of tumor in or next to the heart; 6) presence of CV risk factors; and 7) pre-existing CV disease

CT, Computed tomography; EACVI/ASE, European Association of Cardiovascular Imaging/American Society of Echocardiography.

van Leeuwen-Segarceanu EM, Bos W-JW, Dorresteijn LD, et al. Screening Hodgkin lymphoma survivors for radiotherapy induced cardiovascular disease.

Cancer Treat Rev. 2011:37(5):391-403.

particularly those undergoing treatment with
anthracyclines.*S Evidence indicates that strain
is abnormal in patients with cancer who have had
radiation exposure. One study measured strain
values in those patients with breast cancer re-
ceiving either right- or left-sided chest radiother-
apy prior to, immediately after, and 2 months
following therapy. Regional strain changes were
noted immediately and at the 2 month follow up in
patients with left-sided breast cancer; however,
this was not seen in patients with right-sided breast
cancer.*’

The right ventricle (RV) is also affected as a re-
sult of RT in patients with cancer; however, few
studies have evaluated the extent and mechanism
of these changes. It is likely that the same mecha-
nisms of myocardial fibrosis, endothelial dysfunc-
tion, and oxidative stress known to contribute to
left ventricular dysfunction, valve disease, pericar-
dial diseases, and CAD also affect RV function and
structure. RV wall thickness appears reduced in
patients who have received chemotherapy alone
or a combination of chemotherapy and low- or
high-dose RT. The effect of RT on RV systolic func-
tion remains unclear, with some studies showing a
decrease whereas others show no significant
change.*

PREVENTIVE DRUG THERAPIES

Evidence regarding the prevention of cardiotoxicity
owing to radiation exposure is limited and no agents
are approved for the prevention or treatment of
RIHD. The role of preventive medications, including
(high-dose) statins, antiplatelet agents, angiotensin-
converting enzyme inhibitors (ACEi) and angioten-
sin-receptor blockers (ARB), is unclear. Indeed, re-
nin-angiotensin aldosterone system inhibitors (both
ACEi and ARBs) and HMG-CoA reductase inhibitors
(statins) have been shown to prevent both cardiac
fibrosis and damage to other organs after radiation
in experimental studies though not universally.*>*
Importantly, there is paucity of data in humans,
but a study evaluating the effects of statin therapy
on arterial endothelial function in acute lympho-
blastic leukemia or non-Hodgkin lymphoma survi-
vors is on-going. Certainly, cardiovascular risk
factors amplify the burden of radiation in terms of
risk of ischemic heart disease and acute coronary
events (Fig. 26.3) as well as HF and even VHD (see
Chapter 24, Fig. 24.1). Pristine control of controlla-
ble risk factors is therefore paramount, including
the use of ACEi/ARBs and statins, when indicated,
and in keeping with their positive effect on vascular
health and atherosclerosis.
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FIG. 26.3 Cumulative risk of death from ischemic heart disease (left) and of at least one acute coronary event (right) in patients after
chest radiation for breast cancer. (From Darby SC, Ewertz M, McGale P, et al. Risk of ischemic heart disease in women after radiotherapy for breast

cancer. N Engl J Med. 2013;368:977).

FUTURE AVENUES

Although there is a continued focus in the literature
on the cardiovascular manifestations of RT, existing
studies do not provide much insight into preventative
strategies that reduce the development of RIHD.
Whereas there are mixed data on the effects of tradi-
tional medications for the management of conven-
tional cardiovascular risk factors and diseases, there
is a paucity of randomized, controlled clinical trial
data in patients who have had radiation. In addition,
the precise timing of these therapies in patients hav-
ing had chest RT, as well as accompanying surveil-
lance strategies for cardiovascular toxicity, remain
unknown. Multidisciplinary collaborations between
cardiology and oncology are essential to establish
registries and clinical trials to assess long-term out-
comes and the impact of surveillance and proposed
pharmacologic intervention and strategies. Whereas
the landscape of cancer treatment continues to
evolve, including RT techniques, many questions and
challenges remain for the field of cardio-oncology to
investigate in order to provide evidence-based care
for the detection and treatment of radiation treatment-
induced manifestations of cardiovascular disease.
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