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Introduction

• Over 10 years, preventive and non-invasive 

General Cardiology (Madison, WI)

• Joined the Lynn Women’s Institute Preventive 

Cardiology Program, January 2020

– Collaboration with Lynn Cancer Institute, Primary 

Care, Cardiology, Ob/Gyn & Other Specialties



Objectives

1) Describe population trends for incident cardiovascular 

disease (CVD) among cancer survivors 

2) Discuss the prevalence of cardiovascular disease risk 

factors among cancer survivors 

3) Summarize best-practice recommendations for CVD 

risk assessment and longitudinal risk factor 

management for cancer survivors 

4) Explain the importance of a collaborative healthcare 

team to decrease CVD events among cancer survivors 
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U.S. Cancer Survivors, 

January 2019

https://cancercontrol.cancer.gov/ocs/statistics/index.html

American Cancer Society. Cancer Facts & Figures 2019. Atlanta: American Cancer Society; 2019

10-year relative survival rates:  

Invasive breast cancer: 83%

Prostate: 98%



Growing Prevalence of US 

Cancer Survivors

Shapiro CL. N Engl J Med 2018;379:2438-50.





American College 

of Cardiology. 

https://www.acc.o

rg/latest-in-

cardiology/article

s/2018/06/11/08/4

2/number-check-

cancer-and-heart-

disease

RAISING 

AWARENESS

• Ischemic 

heart disease

• Stroke 

• Heart failure



• Retrospective cohort study to describe the magnitude of CVD 
risk among survivors
– incidence of late-occurring CVD after therapy completion

• Kaiser Permanente Southern California Surveillance, 
Epidemiology, and End Results (SEER)-affiliated cancer 
registry (n=36,232)

• ≥40 years old at cancer diagnosis (2000-2007), with at least 2 
years of survival data

• IRR = Incidence Rate Ratios
– Ischemic heart disease, stroke, cardiomyopathy/heart failure

– compared to age-, sex-, ZIP code–matched non-cancer controls

Armenian SH, et al. 2016. J Clin Oncol 34:1122-1130



Armenian SH, et al. 2016. J Clin Oncol 34:1122-1130



• Magnitude of CVD risk varied among 

cancer survivors

– Breast cancer: IRR 1.13

– Multiple myeloma: IRR 1.70

– Lung/bronchus carcinoma: IRR 1.58 

– Non-Hodgkin lymphoma: IRR 1.41 

• Cancer survivors with ≥2 CVD RFs

– IRR: 1.83 to 2.59

All p=0.01

Armenian SH, et al. 2016. J Clin Oncol 34:1122-1130



All-cause Mortality, Cancer Survivors 

and Non-cancer Cohort by CVD Status

Armenian SH, et al. 2016. J Clin Oncol 34:1122-1130



All-cause Mortality, Cancer Survivors 

and Non-cancer Cohort by CVD Status

Armenian SH, et al. 2016. J Clin Oncol 34:1122-1130

Survival was worse among cancer survivors who developed CVD:

- 5 yr. survival: 75%;    8 yr. survival: 60%

Survivors without CVD (87% and 81%, respectively)



• The Surveillance, Epidemiology, and End Results 
(SEER), 1973-2015, Penn State Cancer Institute

– Last cohort entry: 2012, at least 3 years of follow-up

– “Modern treatment era”: 2000-2015

• 3,234,256 cancer patients among 28 cancer sites 

• Incidence of: heart disease, hypertension, 
cerebrovascular disease, atherosclerosis, and 
aortic aneurysm/dissection

Sturgeon KM, et al.  Eur Hrt Jrnl (2019) 40, 3889–97



Sturgeon KM, et al.  

Eur Hrt Jrnl (2019) 

40, 3889–97



Incident CVD Events by Primary 

Cancer Site, US

• 1 in 10 cancer survivors – fatal CVD event

• Higher than the US average (11.3%):

–Urinary bladder: 19.4%

–Larynx: 17.3%

–Prostate: 16.6%

–Corpus uteri (endometrial): 15.6%

–Colorectal: 13.7%

–Breast: 11.7%

Sturgeon KM, et al.  Eur Hrt Jrnl (2019) 40, 3889–97



SMR

• Standardized mortality ratios (SMRs):

– observed number of deaths in the study 

population compared to the expected number 

of deaths, based on the age- and sex-specific 

rates in the population



SMR of CVD Among 

Survivors 

• Standardized mortality ratios (SMRs):

– observed number of deaths in the study population 
compared to the expected number of deaths, based 
on the age- and sex-specific rates in the population

• <85 years old (all sites) have an increased risk of 
CVD death compared to men and women in the 
general population

• The younger a cancer survivor is diagnosed (all 
sites), the higher their risk of CVD-related death

Sturgeon KM, et al.  Eur Hrt Jrnl (2019) 40, 3889–97



• Endometrial cancer has the greatest risk of mortality from heart 

disease at all time points following a diagnosis

• Breast, melanoma, and prostate cancer – ongoing elevated risk 

of CVD mortality starting after the first year of diagnosis

Sturgeon KM, 

et al.  Eur Hrt 

Jrnl (2019) 40, 

3889–97



https://www.ajmc.com/view/number-of-cardiovascular-deaths-rising-among-cancer-survivors-study-finds

https://www.reuters.com/article/us-health-cancer-heart-death/cancer-patients-survivors-face-increased-risk-of-heart-disease-

deaths-idUSKBN1Y12FV

https://www.escardio.org/The-ESC/Press-Office/Press-releases/Cancer-patients-are-at-higher-risk-of-dying-from-heart-disease-

and-stroke



• Identify subgroups of cancer patients at 

greatest risk of fatal CVD compared to: 

(1) the general population 

(2) other cancer patients during the study time 

• n= 7,529,481 cancer patients

Stolzfus KC, et al. Nature Comm. (2020) 11:2011



• All sites after diagnosis: 

– SMR at 1–5 years: 1.93 (95% CI: 1.91 -1.95)

– SMR at >10 years: 2.73 (95% CI: 2.7 - 2.75)

Stolzfus KC, 

et al. Nature 

Comm. 

(2020) 

11:2011

CVD death, By Cancer Site



• <40 yrs. old: breast cancer and lymphoma

• ≥40 yrs. old: prostate, colon/rectum, breast, lung
Stolzfus KC, et al. Nature Comm. (2020) 11:2011



• CVD risk increases with survivorship time

• 10+ yrs. of follow-up, greater risk of death from CVD than 
from primary cancer: prostate, colon/rectum, bladder, 
melanoma, kidney, endometrial, oral cavity/pharynx

Death from Primary Cancer vs. CVD

Stolzfus KC, et al. Nature Comm. (2020) 11:2011



Cardiovascular Disease 

Among Cancer Survivors

• Significant improvements in cancer survivorship 
are challenged by:
– an increased prevalence of CVD morbidity & 

mortality

– ischemic heart disease, stroke, heart failure, valve

• Cancer survivors have a higher risk of CVD than 
the general population

• Early identification of individuals at higher risk for 
CVD is critical for supporting cancer survivorship

Cespedes EM, et al. 2019. J Clin Oncol 37:2528-2536.

Han XJ, et al. Chronic Dis Transl Med. 2020;5(4):221-233. Jan 14. 



Mechanisms of CVD Among 

Cancer Survivors

Three  mechanisms:

1. Inflammatory/oxidative cancer biology

2. Short- and long-term cardiotoxic

treatment effects

3. Shared risk factors for CVD and cancer
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Lancellotti P, et 

al. European 

Heart Journal 

(2019) 40, 

3910–3912.



Lancellotti P, et 

al. European 

Heart Journal 

(2019) 40, 

3910–3912.

Chronic inflammation: shapes the “early tumor 

microenvironment…promoting cancer initiation and development”.



Mechanisms of CVD Among 

Cancer Survivors

Three  mechanisms:

1. Inflammatory/oxidative cancer biology

2. Short- and long-term cardiotoxic

treatment effects

3. Shared risk factors for CVD and cancer
 Genetic, metabolic, and inflammatory



Vascular Complications of 

Cancer Chemotherapy

Cameron AC, et 

al. Canadian Jrnl 

Cardiol. 2016:32: 

852-862



Lancellotti P, et 

al. Eur Heart J 

Cardiovasc

Imaging. 2013 

Dec;14(12):1217.
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Cancer and CVD: 

Shared Modifiable Risk Factors 

https://www.acc.org/latest-in-

cardiology/articles/2017/04/26/08

/01/shared-modifiable-risk-

factors-between-cancer-and-cvd

Inflammation & 

oxidative stress



Shared Modifiable CVD and 

Cancer Risk Factors

Prisca E, Matthias W. Cardiovasc Med. 2019;22:w02032



Mehta LS, et al. Circulation. 2018;137:e30–e66.



Cancer Survivors: Hypertension

• Most common cardiovascular comorbidity 

among cancer survivors: 37%

• Several cancers and cancer-related 

treatments directly cause hypertension

– high risk of developing new or worsening HTN

– home blood pressure monitoring 

• Increase in blood pressure has been shown to 

predict efficacy of cancer treatment

Cohen JB, et al. JACC: Cardiooncology: 2019: 1(2); 238-251.



• n=2,943 patients with non-metastatic breast 

cancer without prior CVD

• Stage I to III invasive breast cancer with 

abdominal CT at diagnosis

• Outcomes: 

– acute myocardial infarction, ischemic stroke, 

heart failure

– composite end point (any above +/- coronary 

revascularization +/- CVD-related deaths)

Cespedes EM, et al. 2019. J Clin Oncol 37:2528-2536. 



Cespedes EM, et al. 2019. J Clin Oncol 37:2528-2536. 

Visceral

Subcutaneous
Intramuscular

Incident CVD Events: The Decade after a 

Non-metastatic Breast Cancer Diagnosis

15% by year 10



Cespedes EM, et al. 2019. J Clin Oncol 37:2528-2536. 

Association of BMI with Incident 

CVD in Breast Cancer Survivors

Models are accounting for competing risks, adjusted for: age, 

race/ethnicity, cancer stage, estrogen receptor/progesterone 

receptor, human epidermal growth factor receptor 2 status, type 

of chemotherapy (none, anthracycline containing, or other), 

smoking history, diabetes, hypertension, and dyslipidemia.



• Significant others of cancer survivors:

– Have persistent psychological stress 

– Also at increased risk for CVD

• n=1,026 survivor-spouse dyads

– Survivors ≥18 years old, self-reported cancer

• 2010-2015 (MEPS) Medical Expenditure 
Panel Survey

Song L , et al. Cancer Medicine. 2020;00:1–11. 

﻿wileyonlinelibraryhttps://onlinelibrary.wiley.com/doi/epdf/10.1002/cam4.3336 





Putting It All Together:  Cancer 

Survivorship and CVD Risk

Johnson CB, et al. Can J Cardiol. 2016;32(7):900-907. 



CVD Prevention Among 

Cancer Survivors 

Giza, D.E., Iliescu, G., Hassan, S. et al. Curr Oncol Rep 19, 39 (2017).



Longitudinal 

Multidisciplinary Focus

Ellahham SH. Amer Coll of Card. Expert Analysis. October 2019



Preventive Cardiovascular Assessment: 

Diagnosis thru Survivorship

Coviello JS. J Adv Pract Oncol 2018;9(2):160–176



Lancellotti P, et al. Eur Heart J 

Cardiovasc Imaging. 2013 

Dec;14(12):1217.



Summary

• Increased prevalence of cancer survivors in 
the US

• The gain in life expectancy for cancer 
survivors is compromised by higher rates of 
CVD morbidity and mortality

• Ongoing research on the overlap of 
inflammatory mechanisms for cancer and 
CVD



Summary

• Known overlap of risk factors for CVD and 
cancer 

• Risk of CVD morbidity and fatal CVD is higher 
among survivors than the general population

• Most effective strategy for primary prevention of 
CVD among survivors is:

– Optimizing and monitoring CVD risk factors

– Surveillance and management of subclinical 
and advanced CVD



Preventive Cardiology in 

Cancer Survivorship

• Long-term cancer survivorship care

– Advancing preventive area within Cardio-

Oncology

– Growing recommendations for CVD 

surveillance and prevention

– Additional research is needed

• Requires multidisciplinary, longitudinal 

survivorship care 



THANK YOU!

Heather M. Johnson, MD, MS, MMM, FAHA, FACC
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Boca Regional Hospital/Baptist Health South Florida

hjohnson@baptisthealth.net
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Additional Slides



Time-Varying Analysis 

(1973 - 2012)

Sturgeon KM, et 

al.  Eur Hrt Jrnl 

(2019) 40, 3889–

97


