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Cancer survivorship 

• Estimated 18.1 million cancer survivors in the United States in 
2022 
• >26 million by 2040; 73% over 65y

• Largely due to improvements in cancer treatments and aging 
population 

• Cancer survivors experience many adverse events:
• High symptom burden
• Reduced quality of life 
• Increased morbidity & mortality



Cancer survivorship 

• Estimated 18.1 million cancer survivors in the United States in 
2022 
• >26 million by 2040; 73% over 65y

• Largely due to improvements in cancer treatments and aging 
population 

• Cancer survivors experience many adverse events:
• High symptom burden
• Reduced quality of life 
• Increased morbidity & mortality
• Cardiotoxicity/cardiovascular disease



Treatment-related cardiotoxicities



Intersection between cardiovascular disease and cancer

“Reverse” Cardio-Oncology

“Classic” Cardio-Oncology

Shared Risk Factors

Hypertension

Hyperlipidemia Diet/Obesity

Smoking/Alcohol

Insulin resistance Physical activity

Raychauduri et al. Frontiers in Oncology. 2023;12



WHI contributions to cardio-oncology 

1. Explore molecular mechanisms of CV risk in cancer survivors

• Biomarkers and epigenetics

2. Characterize risk of CV events in cancer survivors

• Evaluate CV risk factors, CV risk scores, social determinants 
of health, health disparities

3. Evaluate role of reverse cardio-oncology 

• Estimate risk of cancer after CVD

• Explore pathways of shared risk factors



Molecular mechanisms in cardio-oncology



What is HSCT?Biomarkers and shared mechanisms



What is HSCT?Biomarkers and radiation-induced CVD

Vasbinder et al. JTCR. 2023;16:403-413

F31NR018588, PI: Vasbinder; R21HL152149, PI: Reding

Ancillary study (AS622; 

PI: Vasbinder)



What is HSCT?Biomarkers and radiation-induced CVD

Vasbinder et al. JTCR. 2023;16:403-413

HF, CHD/MI, stroke, 
CVD-death

8-OH-dG, TnI, CRP, IL-6, cystatin-
C, MPO, GDF-15, TGF-B, PIGF



Biomarkers and radiation-induced CVD

Vasbinder et al. JTCR. 2023;16:403-413

Odds ratio: 3.04 [95% CI: 1.01-9.21]

8-OH-dG was associated with 3x greater risk of CV events after breast cancer



Biomarkers and radiation-induced fatigue

Vasbinder et al. Biol Res Nurs. 2022;24(4):472-483

*Adjusted for age, education, 

smoking, BMI, stage, pre-

cancer emotional wellbeing, 

physical function, pain, sleep 

disturbance, and fatigue

*Each biomarker was 

recorded as the ratio of the 

post-BC value relative to the 

pre-BC biomarker and log 

transformed to base 2 



Biomarkers and radiation-induced fatigue

Vasbinder et al. Biol Res Nurs. 2022;24(4):472-483



Biomarkers and radiation-induced fatigue

> minimal clinically 

importance difference (5)

Vasbinder et al. Biol Res Nurs. 2022;24(4):472-483

1. Inflammation plays 

a role in fatigue in 

women treated with 

radiation

2. Fatigue could be 

associated with 

underlying 

cardiovascular 

function or changes 

in body composition



Future studies – epigenetics and CV risk

Cancer 

treatment

Reduced exercise 

capacity & cardiac 

function

Cardiovascular 

disease & 

complications

DNA 

methylation

Physical 

activityR21CA300956 in UPBEAT

Approved WHI manuscript proposal

Short-term outcomes

Long-term outcomes



Characterizing risk of CV events in cancer 

survivors 



Incidence of CV events after breast cancer (disparities)

• N=8,410 (mean at dx 70.6; 
8.1% Black; median follow-
up 16.2 years; 74.7% local 
cancer)

• Cumulative incidence 
curves accounting for 
competing risks

• Models adjusted for age, 
stage, triple negative BC, 
BMI, diabetes, and 
hypertension 

Reding et al. Under Review



Life’s Essential 8 and CVD after breast cancer

• To examine the clinical utility of the American 
Heart Association Life’s Essential 8 Score in 
predicting the risk of cardiovascular events 
after breast cancer

• Diagnosed with stage I-III breast cancer
• Free of prevalent CVD prior to breast 

cancer
• Complete LE8 scoring variables 

• LE8 Score: diet, physical activity, avoidance 
of nicotine, sleep, weight, lipid levels, blood 
glucose, and blood pressure 

• Low (0-49 points), moderate (50-79 
points), and high (80-100 points) 
cardiovascular health

Wadden et al. JACC:CardioOncology. 2024;6(5):746-757



Incidence of CVD by LE8 categories

10-year cumulative 

incidence

Low (0-49): 16.2%

Moderate (50-79): 9.1%

High (80-100): 1.5%

Median follow-up: 6 years

Low CVH (0-59)

Moderate CVH (60-79)

High CVD (80-100)

P<0.001
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Wadden et al. JACC:CardioOncology. 2024;6(5):746-757



Association between LE8 and CVD risk

Model 0: LE8 + WHI CT/OS

Model 1: Model 0 + age at diagnosis, race, income

Model 2: Model 1 + cancer stage

Model 0 Model 1 Model 2

sHR (95% CI) P-value sHR (95% CI) P-value sHR (95% CI) P-value

LE8, per 10 points 0.79 (0.74, 0.85) <0.001 0.82 (0.76, 0.89) <0.001 0.82 (0.76, 0.89) <0.001

LE8, categorical <0.001 <0.001

Low 1.0 [ref] 1.0 [ref] 1.0 [ref]

Moderate 0.59 (0.48, 0.71) <0.001 0.62 (0.50, 0.77) <0.001 0.62 (0.50, 0.77) <0.001

High 0.32 (0.19, 0.54) <0.001 0.42 (0.25, 0.72) 0.002 0.42 (0.25, 0.73) 0.002

C-index 0.57 0.74 0.74

Wadden et al. JACC:CardioOncology. 2024;6(5):746-757



Comparing CV risk scores

Wadden et al. In preparation

Framingham Risk Score ASCVD Risk Score Life’s Essential 8

ASCVD had AUC 0.76 for predicting CV events in breast cancer survivors

*Approved manuscript



Quality of life after CVD in breast cancer

• To examine whether incident CVD after breast cancer is an independent 
predictor of health-related quality of life 

• Diagnosed with stage I-III breast cancer

• Free of prevalent CVD prior to breast cancer

• SF-36 measured prior to and after breast cancer

• Quality of life: SF-36 physical (PCS) and mental component scores (MCS)

• Poor PCS and MCS scores < 40 points

• CVD defined as composite of coronary heart disease, heart failure, and 
stroke

Vasbinder et al. J Cancer Surviv. 2025



Quality of life after CVD in breast cancer

• N=2,866; mean age 
67.2 

• 63 women had CVD 
between BC diagnosis 
and collection of post-
cancer SF-36

• Women had 
significantly poorer 
physical QOL after 
cancer
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Vasbinder et al. J Cancer Surviv. 2025



Quality of life after CVD in breast cancer

Women who experience CV events have a higher rate of poor physical QOL

5-year incidence 

81.5% vs. 42.6%, P<0.001

5-year incidence 

26.2% vs. 15.4%, P=0.63

PCS or MCS < 40

Vasbinder et al. J Cancer Surviv. 2025



Quality of life after CVD in breast cancer

Events HR (95% CI) P-value

Physical Component Score 1072 1.88 (1.36, 2.59) <0.001

Mental Component Score 310 1.05 (0.46, 2.40) 0.90

SF-36 Domain Subscales

Physical Component

Physical Function 869 1.89 (1.36, 2.64) 0.002

Role Physical 1058 2.00 (1.43, 2.78) <0.001

Bodily Pain 907 1.75 (1.21, 2.53) 0.003

General Health 664 2.57 (1.78, 3.71) <0.001

Mental Component 

Vitality 651 2.24 (1.50, 3.35) <0.001

Mental Health 274 1.65 (0.83, 3.29) 0.15

Social Function 457 2.03 (1.22, 3.37) 0.007

Role Emotional 553 1.56 (0.93, 2.64) 0.09

Vasbinder et al. J Cancer Surviv. 2025



Evaluating reverse cardio-oncology



Reverse cardio-oncology

Leedy et al. Eur J Heart Failure. 2021;23(10):1712-1721



Association of Overall Heart Failure with Incident Total and Site-Specific 

Cancers  

Model 2 (+Demographics/Comorbidities) Model 3 (+Screening variable)

Number of 

events

HR (95% CI) p-value Number of 

events

HR (95% CI) p-value

Total 14,811 1.33 (1.16, 1.54) <0.001 14,401 1.46 (1.29, 1.66) <0.001

Obesity-

   related

8,688 1.21 (0.99, 1.47) 0.057 8.463 1.24 (1.02, 1.51) 0.032

Tobacco-  

   related

3,216 1.59 (1.23, 2.05) <0.001 3,110 1.51 (1.16, 1.97) 0.002

Incident heart failure and risk of cancer

Leedy et al. Eur J Heart Failure. 2021;23(10):1712-1721

Incident heart failure is associated with higher 

risk of cancer (even after adjusting for screening 

behaviors)



Association of HFpEF and HFrEF with Incident Total Cancers

Age-Adjusted Fully-Adjusted

Number of 

events

HR (95% CI) p-value Number of 

events

HR (95% CI) p-value

Total 7,292 5,868

No HF 6,753 1.0 (reference) 1.0 (reference)

Any HF 539 1.37 (1.19, 1.58) <0.001 1.33 (1.13, 1.55) <0.001

HFpEF 253 1.45 (1.18, 1.79) <0.001 1.39 (1.10, 1.75) 0.005

HFrEF 169 1.08 (0.83, 1.41) 0.564 1.04 (0.78, 1.39) 0.787

Unknown EF 117 1.68 (1.26, 2.23) <0.001 1.64 (1.21, 2.22) 0.001

Association with heart failure appears to be driven by 

HFpEF

Incident heart failure and risk of cancer

Leedy et al. Eur J Heart Failure. 2021;23(10):1712-1721



Incident heart failure and risk of cancer

Leedy et al. Eur J Heart Failure. 2021;23(10):1712-1721



Final remarks

• WHI has been instrumental in uncovering cardiovascular risks among cancer 
survivors (Cardio-Oncology Working Group within Cancer SIG) 

• Findings inform risk prediction, prevention strategies, and highlight health 
disparities

• Shifting from discovery to actionable prevention/management

• Testing modifiable risk factors (i.e., frailty)

• Innovative methods to simulate interventions (i.e., physical activity)
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