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Cancer Survivors

• Someone with cancer from the moment of 
diagnosis through the end of the life (Mullan, 
NCCS, 1986)

• Someone who have survived cancer for 5 
years or longer (Beimling, 2007)



SEER Cancer Statistics, NCI

Background

As a result of advances in
treatment, about 80% of
children and adolescents who
receive a diagnosis of cancer
become childhood cancer
survivors.

The prevalence of childhood
cancer survivors, in Italy, is
about 0.10 %, meaning a total
number of about 60.000 CCS



ADULT CANCER SURVIVORS
Hematological malignancies

SEER Cancer Statistics, NCI



ADULT CANCER SURVIVORS
Breast cancer



Overall mortality

Armstrong et al., JCO, 2009

Background

Unfortunately, this increased
rate of survival does not come
without a cost to the survivor.

There is significant long-term
morbidity and mortality
associated with treatment of
childhood cancer, the incidence
of which continues to increase
long after completion of
therapy.



With time mortality attributable to
recurrence or progression of primary
disease is decreasing, with increases in
rates of mortality attributable to late
effects of anticancer treatments.

Subsequent noplasms (SMR, 15.2; 95%
CI, 13.9 to 16.6) and cardiac death
(SMR, 7.0; 95% CI, 5.9 to 8.2) are the
most common cause of death.



Life Threatening Life Altering 

CV complications

Pulmonary fibrosis

High grade second 
cancers

Obesity

Immunodeficiency

Chronic hepatitis

Endocrinopathy

Asplenia

Infertility
Neurocognitive deficits

Seizure disorders

Low grade second cancers

Hearing/vision loss

Amputation

Chronic pain

Short stature

Spectrum of Physical Late Effects



Acute and late cardiotoxicity

Felicetti […] Brignardello, Diab Res Clin Pract 2018



Late cardiotoxicity is related both to the direct effects of cancer
treatments on heart function and structure and to the worsening
of CV risk factors, which can also be induced by anticancer
therapies



Direct effect of cancer treatments

Radiotherapy

Anthracyclines



Anthracycline Cardiotoxicity

- Anthracycline
- 5-FU, capecitabine

- Taxanes

- Alkylating agents

- TK-inhibitors

- Monoclonal Ab (trastuzumab) “Doxorubicin administration was associated with a 
doserelated increase in the degree of myocyte 
damage, and 27 of 29 patients biopsied at doses ≥ 
240 mg/m2 had doxorubicin-associated degenerative 
changes identified on biopsy. “

Ann Intern Med. 1978;88(2):168-175.



Lipshulz SE et al, Nature Reviews Clinical Oncology 2013

Non-ischemic 
cellular 
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dysfunction

Symptomatic 
cardiac 
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Anthracycline: pathophysiology



Anthracycline Cardiotoxicity

• Anthracycline late-onset cardiotoxicity is dose-dependent

• Clinical manifestations may occur several years after
administration, often triggered by other factors (e.g., infection,
pregnancy, etc.)

• The mechanism by which anthracyclines induces cardiotoxicity is
not fully understood, but the generation of reactive oxygen
species (which contribute to the anthracyclines antitumor
activity) seem to play a crucial role



Major risk factors: 

- Cumulative dose 

- Age at first administration (< 5 or > 65 yrs)

- Concomitant RT involving the heart

Anthracycline Cardiotoxicity

Lipshulz et al, Circulation 2013



- 18 studies published from 1979 to 2011 were included

- 49,017 patients with cancer were included, with 22,815
treated with anthracyclines.

- After a median follow-up of 9 years, clinically overt
cardiotoxicity occurred in 6.3%, whereas subclinical
cardiotoxicity developed in 17.9%.

Lotrionte et al, Am J Cardiol 2013

Anthracycline Cardiotoxicity: prevalence



Radiotherapy
• All the components of the heart (i.e., pericardium, myocardium, valves,

conduction system and coronary arteries) can be damaged by RT
• The prevalence of radiation-induced cardiotoxicity is difficult to evaluate

due to long delay between exposure and clinical manifestation of heart
disease, continuous improvements in radiation techniques and the
frequent use of concomitant cardiotoxic CT

• Microcirculatory damage seems to be the major mechanism of radiation-
induced heart injury, which is characterized by diffuse interstitial fibrosis

• ROS production (i.e., oxidative imbalance) and chronic inflammation have
been postulated to play a role in the pathogenesis of radiation-induced
ischemic heart disease

• Patients treated nowadays are at lower risk of radiation induced cardiac
late-effects, due to the continuous advances in radiation techniques

Mulrooney et al, BMJ 2009



RT and classical CV risk factors

Darby et al, NEJM 2013



Late cardiotoxicity is related both to the direct effect of cancer
treatments on heart function and structure and to theworsening of
CV risk factors, which can also be induced by anticancer therapies.



Felicetti […] Brignardello, Diab Res Clin Pract 2018



Clinical management of cardiometabolic risk
in cancer survivors

INSTRUMENTAL AND LABORATORY TESTS

AWARENESS
(of the physician and survivor)

YEARLY MEDICAL EXAMINATION
(including blood pressure, BMI and waist circumference)



Although the cardiotoxic effects of anthracyclines have been
known for at least 40 years, no evidence-based guidelines
exist for post-treatment monitoring and prevention of
treatment-related cardiotoxicity in clinically asymptomatic
adult survivors of breast cancer. Hence, the
recommendations of various national and international
policy-making institutions vary greatly and are inconsistent,
leaving clinicians and breast cancer survivors in a quandary
about what approach is best […]



There are currently no consistent recommendations on the
frequency and modality with which cardiac imaging should be
performed in patients at risk of LV dysfunction related to cancer
therapy. Existing surveillance protocols are on the basis of
methodology from clinical trials and expert opinion.





Owing to the absence of data, recommendations for initiation
and frequency of surveillance are largely consensus based.

There was a consensus that surveillance should begin no later
than 2 years after completion of cardiotoxic therapy and
continue for a minimum of every 5 years thereafter, as
pharmacological interventions in individuals with asymptomatic
cardiomyopathy can delay the onset of congestive heart failure
and decrease mortality.



More frequent cardiomiopathy surveillance is reasonable for 
high risk survivors.





Girinsky et al., Int J Radiat Oncol Biol Phys 2014

- 179 consecutive asymptomatic patients with Hodgkin lymphoma

- Median follow-up: 11.6 years

- Median age at CCTA: 42.0 years

- Coronary artery abnormalities were demonstrated in 46 patients (26%)

- Severe stenoses were observed in 12 (6.7%) of the patients, entailing

surgery with either angioplasty with stent placement or bypass grafting





• Current expert opinion by the European Association of
Cardiovascular Imaging and the American Society of
Echocardiography recommend screening with a functional
noninvasive stress test in asymptomatic individuals for CAD
detection 5–10 years after exposure in high-risk patients,
with reassessment every 5 years



Algorithm for patient management after chest radiotherapy 

Lancellotti et al., J Am Soc Echocardiogr. 2013

LV, Left ventricle; US, ultrasound. Modifiable risk factors refer to: hypertension, tobacco use, hypercholesterolaemia, obesity, and diabetes.



• Current expert opinion by the European Association of
Cardiovascular Imaging and the American Society of
Echocardiography recommend screening with a functional
noninvasive stress test in asymptomatic individuals for CAD
detection 5–10 years after exposure in high-risk patients,
with reassessment every 5 years

• While these are opinions, and not guidelines, the true
impact of screening asymptomatic patients is unclear and
consideration should be given to whether this is the best
practice.



Issues with stress testing in asymptomatic
individuals, that may derive no symptomatic
improvement or mortality benefit, range from
false positive tests to increased radiation
exposure in an already exposed group. False-
positive test results may lead to unnecessary
anxiety and may have adverse consequences
related to work, insurance, etc. while typically
leading to further testing



Armenian S et al, Lancet Oncol 2015

Generally, health-care providers are asked to educate and
counsel all survivors of childhood cancer about the importance
of maintaining a heart-healthy lifestyle […]. Extensive studies
done in non-oncology populations support the benefits of
interventions to reduce modifiable risk factors […].









Senza FRCV Con uno o più FRCV
Colesterolo LDL < 115 mg/d < 100 mg/dl
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