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| am submitting the Report of Session IV for the special issue on Cardio Oncology

Giorgio Minotti



Abstract

Session |V of the Second International Colloquium on Cardio-Oncology (Krakéw, May 2-4
2018) focussed on the cardiovascular risks of hormonal agents used for the treatment of breast
(hormone replacement therapy [HRT]) and prostate (androgen deprivation therapy [ADT]) cancer
and continued the theme from Session 3 with a discussion of risk reduction strategies. The
discussion then moved to an ovefrview of modern radiation therapy and evolving mechanisms of
cardioprotection and the risks and late cardiotoxic effects for patients treated prior to the “modern

era” were enumerated stressing the importance of long term follow up of this population.
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Abstract

Session IV of the Second International Colloquium on Cardio-Oncology (Krakow, May 2-4
2018) focussed on the cardiovascular risks of hormonal agents used for the treatment of breast
(hormone replacement therapy [HRT]) and prostate (androgen deprivation therapy [ADT]) cancer
and continued the theme from Session 3 with a discussion of risk reduction strategies. The
discussion then moved to an overview of modern radiation therapy and evolving mechanisms of
cardioprotection and the risks and late cardiotoxic effects for patients treated prior to the “modern

era” were enumerated stressing the importance of long term follow up of this population.

Session summary

Session 1V, chaired by Dr. Steingart (New York, NY) and Jurczak (Krakow, Poland),
and involving Drs. lakobishvili (Tel Aviv, Israel) and Lyon (London, UK) as co-discussant,
opened with Dr. Chris Plummer (Newcastle, UK), who reviewed the cardiovascular risks of
hormonal agents used for the treatment of breast (hormone replacement therapy [HRT])
and prostate (androgen deprivation therapy [ADT]) cancer and continued the theme from

Session 3 with a discussion of risk reduction strategies.



The proportion of cancer patients living 10-years or more after diagnosis has
doubled since the 1970s to approximately 50% in adult patients and 78% in breast
cancer'. This improvement in survival makes it increasingly important to address other
competing risks, especially the patients’ underlying risk of cardiovascular disease and any
increased risk associated with their treatment. Two of the most common cancers in the
developed world, breast and prostate, are both significantly influenced by reproductive
hormones. Hormonal therapies have been shown to affect tumour cell growth and viability
and now represent some of the most effective long-term anti-cancer treatments which are
used widely across the world. Reproductive hormones are also known to affect
cardiovascular health so it is not surprising that their manipulation can affect patients’
overall cardiovascular risks.

Breast cancer shares many risk factors with cardiovascular disease (Figure 1),
including increasing age, diet, alcohol intake, obesity, physical inactivity and tobacco use?
and as breast cancer treatments have improved, the risk of death due to cardiovascular
disease is now double that from cancer in women aged over 70 years with localised
invasive breast cancer3. Approximately 70% of breast cancers express estrogen receptors
(ER+) and patients with these tumours have an indication for anti-estrogen or aromatase
inhibitor (Al) treatment for at least 5 years*. Tamoxifen, that interferes with estrogen
binding and alters downstream gene expression, acts as a competitive estrogen
antagonist in breast tissue and inhibits estrogen dependent tumour growth. Tamoxifen has
been the preferred anti-estrogen in clinical practice since the 1980s and increases
absolute overall survival at 10-years by 12.9%° with no significant increase in
cardiovascular mortality.%” In the cardiovascular system, tamoxifen alters lipid
metabolism favorably with decreases in total and LDL cholesterol as well as having

antiinflammatory and antioxidant effects.



Aromatase inhibitores (Al) also have a major role in breast cancer treatment. More
recent trials with Als, which block the conversion of androgens into estrogens, have shown
efficacy and side-effect advantages over tamoxifen and have now become the first-line
hormonal treatment.? Trials comparing tamoxifen with Als have shown an association
between Al treatment and increased rates of ischaemic heart disease. and this was
reflected in ASCO guidelines.® However, more recent meta-analyses have demonstrated
that when comparing the treatments to placebo, Als show no increased cardiovascular risk
while tamoxifen shows a 33% relative risk reduction compared to placebo or no
treatment.’® The mechanism(s) of this association are not fully understood but tamoxifen
use results in a 12% reduction in total and a 20% reduction in LDL cholesterol through
inhibition of sterol-D8,7 isomerase and acetyl-coenzyme A acetyltransferase, with anti-
inflammatory actions reducing CRP, fibrinogen and cytokine TGF-f.410

Although rare, breast cancer can also occur in males who also may have hormone
repsonsive tumours. There are no randomized control trials of HRT with either tamoxifen
or Ais. However, there are 12 non randomized trials that include 312 patients that showed
a 5% discontinuation rate due to adverse events with rare CV events that included atrial
fibrillation, hypotension and QT prolongation.

Dr. Plummer then shifted to discuss prostate cancer, noting that prostate cancer is
the most common cancer to affect men, with over 400,000 new cases each year in
Europe, 1 in 8 men being diagnosed with prostate cancer in their lifetimes. The mean age
at diagnosis is 71 years and 10 year survival is 84%."" Similar to the story with breast
cancer in women, men with prostate cancer often have hormone responsive cancers and
are known to have a high burden of underlying cardiovascular risk factors at baseline and
cardiovascular risk with a published series showing 99 of 100 consecutive patients having
a 10-year cardiovascular risk of more than 10%.'2 Observational studies show that in men

over 65 years with metastatic prostate cancer, cardiovascular disease is the second most



common cause of death after progressive disease, causing the deaths of 16.3% of men
within 5 years.'3 These men need risk stratification then active primary and secondary
prevention treatment as recommended in international guidelines.™

Androgen deprivation therapy (ADT) improves prognosis in node-positive, hormone
responsive prostate cancer’® and can be delivered in three different ways. Orchiectomy,
introduced in the 1940s, results in an immediate and irreversible reduction in testosterone,
while GnRH agonists introduced in the 1980s (e.g., leuprorelin) result in an initial increase
in lutenising hormone (LH) and testosterone production due to over-stimulation of GnRH
receptors before this is suppressed through negative feedback. GnRH antagonist
treatment, introduced in 2003 (e.g., abarelix) has an immediate onset of action with rapid
reductions in LH and testosterone without the symptomatic “flare” associated with GnRH
agonists. Meta-analyses of clinical trial data have shown no increase in cardiovascular
disease associated with ADT.'® However, the men recruited into these trials had lower
cardiovascular risk than the overall population and subsequent meta-analyses of large
observational studies have shown significantly increased relative risks of myocardial
infarction and stroke.'” Pooled data from 6 phase 3 trials of 2328 men'8 suggest that
GnRH antagonists are associated with a lower cardiovascular risk than GnRH agonists but
that this benefit appears to be restricted only in men with pre-existing cardiovascular
disease. This hypothesis is being tested in an on-going clinical trial.'® The increased risk
associated with ADT is likely to be mediated through standard risk factors, as 3-months
treatment with a GnRH agonist is associated with increases in serum insulin, glucose, total
and LDL cholesterol, triglycerides and CRP.?° |t is also possible that GnRH agonists have
a direct effect on plasma T-cells resulting in higher TNFa and IFNy, stimulating chronic
inflammation within unstable arterial plaques.?

For metastatic castration resistent prostate cancer, there are also other

mechanisms to reduce circulating androgens. These include anti-androgen drugs (e.g.,



abiraterone), anti-androgen antagonists to the androgen receptor (e.g., enzalutamide) and
CYP17P1 inhibitors that interfere with androgen synthesis (e.g., ortenonel). Meta-analyses
suggest that these therapies used in prostate cancer are associated with cardiovascular
risk factors including hypertension.??2 Finasteride, a 5a-reductase inhibitor of androgen
synthesis widely used for symptomatic benefits in bladder outflow obstruction, is
not associated with any overall survival benefit.23

The focus then shifted to cardiovascular risk reduction. Dr. Plummer stressed the
importance of aggressive risk factor modification that includes smoling cessation, diet and
exercise and blood pressure control (Figure 2). Included in that strategy is lipid
management. Dr. Plummer presented intriguing observational studies showing reduced
overall and prostate cancer 24 25 and breast cancer?6. A number of mechanisms have
been proposed?’ that include lowered protein phenylation, reduction in tumour cell
proliferation and migration, inhibition of Ras signaling and induction of apoptosis with down
regulation of mMTOR. To date, there are no definitive randomised controlled trials. In
conclusion, Dr. Plummer emphasized that we have excellent evidence-based international
guidelines on primary and secondary prevention of cardiovascular events' and well-
written patient guides to reducing risk.2®

Dr. Plastaras (Philadelphia, PA) provided the second presentaton of Session 1V that
was entitled “Cardiac complications of radiation therapy: still a problem?” It is currently
widely accepted that radiotherapy has a significant impact on the heart and results in
cardiac morbidity and mortality. However, the field of radiation oncology has maintained
some skepticism about how this concern should impact their treatments. One of the best
known examples of how radiotherapy impacts cardiac endpoints is the treatment of breast
cancer. In an earlier era, the design of radiotherapy fields for breast cancer were more
focused on treating the target than trying to avoid sensitive organs-at-risk (OARs). This

meant that for many left-sided breast cancers, a variably-sized sliver of the heart, which



often included the left ventricle and left anterior descending coronary artery, would have
received the full radiation dose. In 2002, a large meta-analysis of 40 clinical trials in early
breast cancer was published that had a significant impact on the field?°. It included studies
that randomized to the use of radiotherapy in breast cancer management that were
initiated prior to 1990. The main conclusion of that study was that although RT decreased
local failure from breast cancer by about 2/3, overall survival at 20 years was barely
different. This diminishing of a survival benefit from RT was explained by an in increase in
“other mortality.” Other studies at the time hinted that this was in part due to the impact on
the heart.

A 2005 SEER analysis showed that there was a substantial incidence of ischemic
heart disease in breast cancer patients treated with RT, and that this impact was greater in
patients treated in older eras (1973-1979 vs. 1980-1984 vs. 1986-1989). In the 1970’s
cohort, there was a higher incidence of ischemic heart disease (IHD) in patients with left-
sided breast cancer compared to right-sided breast cancer (Figure 3)3°. This suggested
even more strongly that the adjuvant radiotherapy used in the older era was delivering
excess dose to the heart and resulted in an increased risk of coronary artery disease. A
seminal moment for many radiation oncologists was the presentation of eye-popping
images of cardiac SPECT before and after radiation that showed perfusion defects within
the tangential radiation fields, published in 20053' (Figure 4).

Over time, many radiation oncologists started paying more attention to sparing the
heart when possible during breast radiation. The wide-spread adoption of CT-planned
radiation allowed for routine contouring of the heart as an avoidance structure, however
there was not clear guidance on what the limit should be. In 2013, Darby et al. published
an extremely controversial paper that suggested that for each increase in the mean heart
dose (MHD) of 1 Gy, there was a relative risk increase of 7.4% for coronary events. This

paper was based on using two-dimensional radiation plans superimposed on a “typical”



patient, as patient specific CT data were not available. Despite many potential flaws in the
methodology and the attendant criticisms, this paper grabbed the attention of oncologists.
Many practitioners adopted very strict limits on radiation dose to the heart, leading to a
shift in practice patterns. A follow-up meta-analysis by the Early Breast Cancer Trialists’
Collaborative Group reported on cardiac events in patients treated with more “modern era”
radiotherapy, namely from 2010 to 20153'. They noted that there were detectable
differences in the rates of ischemic heart disease in women treated with radiation, and that
the risk was related to the calculated MHD. However, the calculated risk of death from
IHD associated with 4 Gy MHD was slight compared with known risk factors like smoking
or prior ischemic heart disease.. As radiation oncologists treating breast cancer become
more aware that the heart is a potential problem, they have been able to take steps to
reduce unnecessary radiation dose to the heart and have apparently made significant
progressing in limiting excess cardiovascular morbidity and mortality. This awareness that
the heart needed to be spared coincided with an explosion of techniques to avoid the
heart, which will be discussed in more detail below.

Another “poster child” for radiation-induced cardiac morbidity has been mediastinal
lymphoma, in particular Hodgkin lymphoma. Prior to the development of curative multi-
agent chemotherapy regimens for Hodgkin lymphoma, this disease was first cured by
comprehensive radiotherapy that included radiation of nearly all lymph node regions. At
the time, it was thought that the muscle of the heart was radio-resistant, so little regard
was paid to heart doses, especially when facing what was at the time an otherwise
uniformly fatal disease. As the use of multi-agent chemotherapy regimens spread, there
was a slow reduction in the size of radiation fields, which had been considered part of the
curative regimen. Until 2013, it was still recommended to use “involved field radiation
therapy” (IFRT), which for a mediastinal mass would have treated the entire upper heart by

virtue of encompassing the left hilum using the traditional AP-PA radiation fields. In 2002,



Ng and colleagues published an interesting analysis of the causes of death in Hodgkin
lymphoma survivors32. They noted that within the first decade, Hodgkin lymphoma was the
leading cause of death, however, in the next 2 to 3 decades, this risk was eclipsed by
second cancer and cardio-pulmonary deaths. Similar to the story with breast cancer, large
field radiation added to chemotherapy had a delayed impact on toxicity-related deaths. A
randomized trial published in 2012 drove this point home, showing that the use of
“‘extended field” radiation added to ABVD chemotherapy initially benefitted freedom from
progression, but after 10 years yielded worse overall survival than chemotherapy-only
approaches.33

The International Lymphoma Radiation Oncology Group (ILROG) has started
advocating for much-reduced radiation volumes after effective chemotherapy using an
“‘involved site radiation therapy” (ISRT) paradigm. Unlike extended field radiation or IFRT,
ISRT does not electively radiate previously uninvolved lymph node groups. By harnessing
the power of FDG-PET-based chemotherapy response information, radiation oncologists
can dramatically reduce the amount of radiated tissue. In parallel to the story with breast
cancer, it had been noted that the MHD also correlated with ischemic heart disease34.
Interestingly, this study also noted that there was an increased risk of coronary heart
disease of 7.4% per 1 Gy MHD. These increased risks manifest only after 15 or 20 years
following treatment, showing that even “low” doses can cause trouble if the patients live
long enough.

This growing respect for the heart has also crossed into treatment for other thoracic
malignancies, such as lung cancer, esophageal cancer, and thymomas. It is now routine
for radiation oncologists to not only attempt to minimize the mean heart dose, but also to
consider dose to particular cardiac substructures, such as the coronary vessels, in

particular the left main and left anterior descending coronary arteries.



As radiation oncologists started to appreciate that the heart should be avoided if
possible, the differential effects on the sub-tissues of the heart is now being considered.
Although the heart is one organ, it is made up of many substructures and tissues, each of
which may have a different mechanism of damage from radiation. Furthermore, the fact
that radiation causes toxicity on 2 distinct time scales has further added confusion. Acute
radiation effects, which are manifested by inhibition of proliferation and compromise rapidly
dividing tissues like the skin, mucosa, and bone marrow, are the most obvious radiation
side effects. These common side effects typically resolve 2 to 3 weeks after radiation is
complete as the rapid turnover tissues, like skin and mucosa, start to rebound. In the
heart, there are few “early responding” tissues, the exception being the pericardium. Even
so, acute pericarditis is relatively rare, which has been belied the fact that the heart is a
radiosensitive organ. The radiosensitivity of the heart manifests primarily as late toxicity.
This type of toxicity is characterized by cell loss and fibrosis. In tissues like the breast, it
results in skin texture changes, dense scarring and breast fibrosis. Although these late
effects can affect breast cosmesis, similar tissue changes in the heart are life-threatening.

Radiated coronary vessels are subject to increased rates of atherosclerosis. Valves
become fibrotic and stiff, leading to stenosis and regurgitation. Myocytes are lost, replaced
with fibrous tissue that can impact ejection fraction and diastolic filling. The conducting
system can be damaged resulting in arrhythmias. The pericardium itself can also develop
late effects, such as pericardial constriction and development of effusions. These late
effects are well-known to clinicians who have followed patients cured of Hodgkin
lymphoma by large field mediastinal radiation. Multi-vessel coronary disease, heart blocks,
and valvular dysfunction are the rule rather than the exception.

One tissue that has been less well-characterized is the microvascular system. As

was alluded to above, perfusion defects are noted within weeks of radiation. How these



microvascular changes result in some of the above late cardiac radiation toxicities is not
well known, but are likely an important mechanism of damage.

Despite the recognition that various substructures can be uniquely sensitive, in
2018 it is still the standard of care to limit the mean heart doses in radiation planning. This
means that high doses to a small volume may be equated with large heart volumes getting
low doses. There is a growing trend to control radiation doses to the cardiac substructures
more carefully, by contouring the various substructures and specifically avoiding them
when using highly conformal modern radiation techniques. For mediastinal lymphomas,
the distribution of the pre-chemotherapy disease may allow for specific sparing of the
coronary vessels and aortic valve, which are likely the most common culprits for life-
threatening late cardiac events. It should be noted that other patient-specific factors may
influence the impact of cardiac toxicities from radiation. Many studies have noted a
synergistic effect of radiation and other established risk factors for coronary artery disease,
such as smoking, diabetes, or hypertension. These other comorbidities and risk factors
may be considered by radiation oncologists to determine if and how radiation is used in a
particular case.

As described above, it took decades for radiation oncologists to even admit that
radiating the heart caused problems. The accumulation of data in both breast cancer and
lymphomas has finally penetrated the conscience of most practicing radiation oncologists
today, but this has been an embarrassingly slow process. Once radiation oncologists
admitted that radiating the heart was undesirable, it was actually pretty easy in most cases
to contour the heart and try to avoid radiating it. However, in some cases where anatomic
factors result in the radiation target to be close to the heart, alternative technological
solutions have been implemented to limit the MHD. Although it is common to take pains to
limit the MHD, the routine practice of contouring cardiac substructures has not been widely

adopted as of 2018. This is in part due to the difficulty in contouring these structures in



non-contrasted CT scans, and in part due to a lack of widely accepted guidelines as to
what dose limits these substructures should be subjected.

The first and most important technology that has limited radiation dose to the heart
in standard practice has been the use of 3-dimensional radiation planning using CT. The
simple step of obtaining a CT scan, contouring the heart, and using 3 dimensional
planning has been the most important step for cardiac avoidance. Additionally, advances
in other cross-sectional imaging modalities have allowed more precise target definitions,
and thus smaller radiation target volumes. This may include FDG-PET and MRI
techniques. The impact of functional imaging has been the most significant in the
treatment of lymphomas as described above. The evolution of “mantle fields” and
extended field radiation for lymphoma to ISRT has been nothing short of revolutionary,
reducing doses to sensitive organs by 5-10 fold. The ability to reduce these target volumes
is reliant on our confidence in FDG-PET in defining which lymphoma patients have
disease that is truly sensitive to chemotherapy. In a parallel story, the breast cancer field
has defined which patients may be candidates for “partial breast” irradiation, which also
can limit dose to the heart by treating a more limited volume.

Another strategy has been to displace the radiation target relative to the heart. In
the treatment of breast cancer, prone positioning can have a dramatic effect on where the
target lies with relation to the heart. In particular, patients with large breasts can be
challenging to spare the heart. However, having the patient lie on a specially constructed
table-top, a pendulous breast can hang away from the chest wall and heart. Alternatively,
specialized devices now allow radiation oncologists to deliver radiation only during a
precisely calibrated deep breath hold position. A deeply inspired breath has the effect of
interposing lung tissue between the chest wall and the heart. This technique can also be
used in mediastinal lymphoma, where the heart is displaced inferiorly from a more superior

mediastinal target. Many now consider deep inspiratory breath hold as standard for



mediastinal lymphomas, although the availability of this technique may still be limited. A
summary of these techniques is seen in Table 1.

Advances in radiation planning and delivery have made sparing of the heart and
substructures more feasible. Intensity modulated radiation therapy (IMRT) and proton
therapy can both allow radiation oncologists to control more precisely how much dose gets
to sensitive structures. By “sculpting” the radiation inside the body, we can be stricter
about how much radiation dose each organ gets. As mentioned above, radiation
oncologists will try to limit the MHD to 3 to 4 Gy for breast cancer and 5 Gy for a
mediastinal lymphoma patient. It has not been defined to what dose we should limit
valves, but | strive for a mean aortic valve doses of less than 20 Gy for mediastinal
lymphomas. Additionally, radiation oncologists attempt to spare the left main and left
anterior descending coronary arteries to a mean dose of under 5 Gy and make sure there
are no “hot spots” in these vessels. Models using “modern radiation therapy” have shown
that these techniques can substantially lower the expected risk of cardiovascular disease
in mediastinal lymphoma3%. In summary, the field of radiation oncology has moved
dramatically since the 1990s, where it was common to use 2-dimensional x-rays for
simulation, wide treatment fields without regard to the heart, and a reluctance/lack of
awareness that cardiac toxicity was important. In 2018, it is standard to use CT simulation
often enhanced by other functional cross-sectional imaging for target definition, computer-
aided personalized radiation planning, smaller target volumes, conformal radiation
including IMRT and proton therapy coupled with cardiac displacement maneuvers.

Although modern cardiac dosimetry is undoubtedly better, it is still wise for radiation
oncologists to worry about this potentially life-threatening toxicity. As has been observed in
the more curable cancers like Hodgkin lymphoma and breast cancer, if patients live a long
time, even modest doses to parts of the heart can manifest decades later. Even with the

most sophisticated techniques, some patients still present anatomic challenges that are



difficult to overcome. Although we hope that reduced doses to the heart have clinically
meaningful decreases in cardiac events, we don’t truly have good long term data on the
impact of these techniques. It is still imperative to have to have good multidisciplinary
follow-up care. We advocate for a risk-based cardioprotection strategy, where secondary
prevention strategies like aggressive lipid-lowering are reserved for patients who have
been exposed to high cardiac radiation doses. Dr. Plastaras personally refers all patients
that he think will survive who have had any level of heart radiation to a cardio-oncologist
for personalized risk-assessment.

We may in the future have good surrogate biomarkers of who is at high risk for
radiation-induced cardiac damage, but until then common sense risk reduction, focused on
heart-healthy lifestyle choices and aggressive mitigation of cardiac risk factors, should be

considered.



REFERENCES

1)

2)

3)

4)

5)

7)

8)

9)

http://www.cancerresearchuk.org/health-professional/cancer-statistics/survival
accessed 20/06/2018

Mehta LS, Watson KE, Barac A, Beckie TM, Bittner V, Cruz-Flores S, Dent S,
Kondapalli L, Ky B, Okwuosa T, Pifa IL, Volgman AS.

Cardiovascular disease and breast cancer: Where these entities intersect. A
Scientific Statement from the American Heart Association.Circ 2018 Feb
20;137(8):e30-e66.

Park NJ, Chang Y, Bender C, Conley Y, Chlebowski RT, van Londen GJ, Foraker
R, Wassertheil-Smoller S, Stefanick ML, Kuller LH. Cardiovascular disease and
mortality after breast cancer in postmenopausal women: Results from the Women's
Health Initiative..PloS1 2017;12(9):e0184174.

Love RR, Newcomb PA, Wiebe DA, Surawicz TS, Jordan VC, Carbone PP, DeMets
DL. Effects of tamoxifen therapy on lipid and lipoprotein levels in postmenopausal
patients with node-negative breast cancer.J Natl Cancer Inst 1994,;86:1534-15309.

Early Breast Cancer Trialists' Collaborative Group (EBCTCG), Davies C, Godwin J,
Gray R, Clarke M, Cutter D, Darby S, McGale P, Pan HC, Taylor C, Wang YC,
Dowsett M, Ingle J, Peto R.Relevance of breast cancer hormone receptors and
other factors to the efficacy of adjuvant tamoxifen: patient-level meta-analysis of
randomised trials.Lancet 2011 Aug 27;378(9793):771-84.

Early Breast Cancer Trialists' Collaborative Group.
Tamoxifen for early breast cancer: an overview of the randomised trials.
Lancet 1998 May 16;351(9114):1451-67.

Fisher B, Dignam J, Bryant J, Wolmark N.

Five versus more than five years of tamoxifen for lymph node-negative breast
cancer: updated findings from the National Surgical Adjuvant Breast and Bowel
Project B-14 randomized trial.J Natl Cancer Inst. 2001 May 2;93(9):684-90.

Arimidex, Tamoxifen, Alone or in Combination (ATAC) Trialists' Group, Forbes JF,
Cuzick J, Buzdar A, Howell A, Tobias JS, Baum M. Effect of anastrozole and
tamoxifen as adjuvant treatment for early-stage breast cancer: 100-month analysis
of the ATAC trial.Lancet Oncol. 2008 Jan;9(1):45-53.

Burstein HJ, Temin S, Anderson H et al. Adjuvant endocrine therapy for women
with hormone receptor-positive breast cancer: American society of clinical oncology


http://www.cancerresearchuk.org/health-professional/cancer-statistics/survival

clinical practice guideline focused update.J Clin Oncol 2014;32:2255-2269.

10)Khosrow-Khavar F, Filion KB, Al-Qurashi S, Torabi N, Bouganim N, Suissa S,
Azoulay L.Cardiotoxicity of aromatase inhibitors and tamoxifen in postmenopausal
women with breast cancer: a systematic review and meta-analysis of randomized
controlled trials.Ann Oncol. 2017 Mar 1;28(3):487-496.

11)http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-
cancer-type/prostate-cancer accessed 20/06/2018.

12)Davis MK, Rajala JL, Tyldesley S, Pickles T, Virani SA.The Prevalence of Cardiac
Risk Factors in Men with Localized Prostate Cancer Undergoing Androgen
Deprivation Therapy in British Columbia, Canada.J Oncol. 2015;2015:82040.

13)Giorgio Gandaglia, Maxine Sun, loana Popa, Jonas Schiffmann, Vincent Trudeau,
Shahrokh F. Shariat, Quoc-Dien Trinh, Markus Graefen, Hugues Widmer, Fred
Saad, Alberto Briganti, Francesco Montorsi, Pierre |. Karakiewicz Cardiovascular
Mortality in Patients With Metastatic Prostate Cancer Exposed to Androgen
Deprivation Therapy: A Population-Based Study Clinical Genitourinary Cancer
13(3);2015:123-e130.

14)Massimo F Piepoli Arno W Hoes Stefan Agewall Christian Albus Carlos Brotons
Alberico L Catapano Marie-Therese Cooney Ugo Corra Bernard Cosyns Christi
Deaton lan Graham Michael Stephen Hall F D Richard Hobbs Maja-Lisa Lachen
Herbert Lollgen Pedro Marques-Vidal Joep Perk Eva Prescott Josep Redon
Dimitrios J Richter Naveed Sattar Yvo Smulders Monica Tiberi H Bart van der
Worp Ineke van Dis W M Monique Verschuren Simone Binno ESC Scientific
Document Group.2016 European Guidelines on cardiovascular disease prevention
in clinical practice: The Sixth Joint Task Force of the European Society of
Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical
Practice.European Heart Journal 37(29);2016:2315-2381.

15)Messing EM1, Manola J, Sarosdy M, Wilding G, Crawford ED, Trump D.
Immediate hormonal therapy compared with observation after radical prostatectomy

and pelvic lymphadenectomy in men with node-positive prostate cancer. N Engl J
Med. 1999 Dec 9;341(24):1781-8.

16)Nguyen PL, Je Y, Schutz FA, Hoffman KE, Hu JC, Parekh A, Beckman JA, Choueiri
TK.Association of androgen deprivation therapy with cardiovascular death in

patients with prostate cancer: a meta-analysis of randomized trials.JAMA. 2011 Dec
7;306(21):2359-66.

17)Bosco C, Bosnyak Z, Malmberg A, Adolfsson J, Keating NL, Van Hemelrijck M.
Quantifying observational evidence for risk of fatal and nonfatal cardiovascular
disease following androgen deprivation therapy for prostate cancer: a meta-


http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/prostate-cancer
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/prostate-cancer

analysis.Eur Urol. 2015 Sep;68(3):386-96.

18)Albertsen PC, Klotz L, Tombal B, Grady J, Olesen TK, Nilsson J.
Cardiovascular morbidity associated with gonadotropin releasing hormone agonists
and an antagonist.Eur Urol. 2014 Mar;65(3):565-73.

19)https://clinicaltrials.gov/ct2/show/NCT02663908 accessed 20/06/2018

20)Nguyen PL, Jarolim P, Basaria S, Zuflacht JP, Milian J, Kadivar S, Graham PL,
Hyatt A, Kantoff PW, Beckman JA. Androgen deprivation therapy reversibly
increases endothelium-dependent vasodilation in men with prostate cancer.
J Am Heart Assoc. 2015 Apr 20;4(4). pii: e001914.

21)E. David Crawford ED, Schally AV, Pinthus JH, Block NL, Rick FG, Garnick MB,
Eckel RH, Keane TE, Shore ND, Dahdal DN, Beveridge TJR, Marshall DC.
The potential role of follicle-stimulating hormone in the cardiovascular, metabolic,
skeletal, and cognitive effects associated with androgen deprivation therapy.
Urologic Oncology: Seminars and Original Investigations 2017;35:183—191.

22)lacovelli R, Verri E, Cossu Rocca M, Aurilio G, Cullura D, De Cobelli O, Nole F.
The incidence and relative risk of cardiovascular toxicity in patients treated with new
hormonal agents for castration-resistant prostate cancer.Eur J Cancer. 2015
Sep;51(14):1970-7.

23)Unger JM, Till C, Thompson IM Jr, Tangen CM, Goodman PJ, Wright JD, Barlow
WE, Ramsey SD, Minasian LM, Hershman DL.Long-term Consequences of
Finasteride vs Placebo in the Prostate Cancer Prevention Trial.
J Natl Cancer Inst. 2016 Aug 26;108(12). pii: djw168.

24)Nielsen SF, Nordestgaard BG, Bojesen SE.
Statin use and reduced cancer-related mortality.N Engl J Med. 2012 Nov
8;367(19):1792-802.

25)Raval AD, Thakker D, Negi H, Vyas A, Salkini MW.
Association between statins and clinical outcomes among men with prostate
cancer: a systematic review and meta-analysis.Prostate Cancer Prostatic Dis. 2016
Jun;19(2):222.

26)Van Wyhe RD, Rahal OM, Woodward WA.
Effect of statins on breast cancer recurrence and mortality: a review.
Breast Cancer 2017 Dec 1;9:559-565.

27)Zhong S, Zhang X, Chen L, Ma T, Tang J, Zhao J.
Statin use and mortality in cancer patients: Systematic review and meta-analysis of


https://clinicaltrials.gov/ct2/show/NCT02663908

observational studies.Cancer Treat Rev. 2015 Jun;41(6):554-67.

28)Guan J, Khambhati J, Jones LW, Morgans A, Allaf M, Penson DF, Moslehi J.
Cardiology Patient Page. ABCDE Steps for Heart and Vascular Wellness Following
a Prostate Cancer Diagnosis.Circulation. 2015 Nov 3;132(18):e218-20.

29)Early Breast Cancer Trialists' Collaborative, G., Radiotherapy for early breast
cancer. Cochrane Database Syst Rev, 2002(2): p. CD003647.

30)Giorgano SH et al. J Natl Cancer Inst. 2005 Mar 16; 97(6): 419-424

31)Marks, L.B., et al., The incidence and functional consequences of RT-associated
cardiac perfusion defects. Int J Radiat Oncol Biol Phys, 2005. 63(1): p. 214-23.

32)Ng, A.K,, et al., Long-term survival and competing causes of death in patients with
early-stage Hodgkin's disease treated at age 50 or younger. J Clin Oncol, 2002.
20(8): p. 2101-8.

33) Meyer, R.M,, et al., ABVD alone versus radiation-based therapy in limited-stage
Hodgkin's lymphoma. N Engl J Med, 2012. 366(5): p. 399-408.

34)Meyer, R.M., et al., ABVD alone versus radiation-based therapy in limited-stage
Hodgkin's lymphoma. N Engl J Med, 2012. 366(5): p. 399-408.

35)Maraldo, M.V, et al., Estimated risk of cardiovascular disease and secondary
cancers with modern highly conformal radiotherapy for early-stage mediastinal
Hodgkin lymphoma. Ann Oncol, 2013. 24(8): p. 2113-8.



FIGURE LEGENDS

Figure 1. Cardiovascular disease and breast cancer share common risk factors

Figure 2. ABCDE Steps for Heart and Vascular Wellness Following a Prostate

Cancer Diagnosis

Fom Guan et al., ref. 28

Figure 3. Ischemic heart disease free survival for patients treated by radiation therapy over
different years
From Giorgano et al., ref. 30

Figure 4. Mechanisms of Radiation Therapy Cardiotoxicity: Imaging Acute Perfusion
Defects

SPECT images pre-RT and 6 months post-RT: New perfusion defect in the anterior left
ventricle under deep tangent border.

Grom Marks et al., ref. 31




Table 1
Modern Techniquesto Improve Cardiac RT Dose Exposure

1. Cardiac Displacement Maneuvers
* Prone positioning
* Deep inspiratory breath holding
2. Reduction in RT Target Volumes
3. Technological Advances in RT Planning and Delivery
* Protonsvs. photons
* CT or PET/CT simulation
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