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Question for the Audience

• I routinely use cardiac biomarkers such as troponin or 

natriuretic peptides in the care of my oncology patients.

A. True

B. False



What are the Priorities in the Cardiovascular 
Care of Oncology Patients?

Prior to Cancer Therapy
Identify high CV risk 

patients; Mitigate CTX 
risk; Inform cancer 

treatment

During Cancer Therapy
Monitoring to identify 

CTX; Avoid dose 
interruptions; Prevent 

CV events 

After Cancer Therapy
Survivorship; Decrease 
risk of late CV events; 

Improve long-term health

Critical need to improve upon CV screening methods and 
develop strategies to identify high risk patients; 

Biomarkers have the potential to
meet this need



Why is Risk Stratification Important? 

• Cardiovascular toxicity leads to dose interruptions and 

discontinuation of necessary cancer therapy

• Combination therapies are associated with increased 

cardiotoxicity; many newer agents in development

• Early identification of cardiotoxicity and institution of 

medications may increase likelihood of recovery

• A  growing population of survivors are at an increased risk of 

long-term cardiovascular morbidity and mortality



• Frequent measures of TnI with each chemotherapy 

− 703 patients with TnI measured early (0, after, 12, 24, 36, 72 hrs) 

and late (1 month) 

− TnI assessed via Stratus CS platform with patients divided into 3 

groups based upon positivity/timing; only highest TnI considered

TnI as a Marker of Cardiac Dysfunction 
with High Dose Chemotherapy

PPV 84% and NPV 99%

Cardinale, et al. Circulation. 2004.

TnI -/-
(n=495)

TnI +/-
(n=145)

TnI +/+
(n=63)

Events 5 (1%) 53 (37%) 53 (84%)



TnI as a Marker to Guide Therapy

• TnI measured at 6 timepoints with each chemotherapy cycle

• 114 of 473 (24%) patients showed TnI>0.07 ng/ml

• After completion of  chemotherapy, 56 TnI+ patients randomly 

assigned to ACE-I; 58 TnI+ to no treatment (control)

Cardinale, et al.  Circulation.  2006.

Baseline LVEF at 3 
months (%)

LVEF 6 
months (%)

LVEF at 12 
months (%)

Cardiac 
events (n)

Control
(n=58)

61.8 ± 4.3 54.2 ± 8.1 51.9 ± 7.9 48.3 ± 9.3 31

ACE-I
(n=56)

61.1 ± 3.2 61.9 ± 3.3 61.6 ± 3.9 62.4  ± 3.5 1



TnI as a Marker to Identify 
High Risk Trastuzumab Patients

• Frequent measures of TnI with trastuzumab

– 36 of 251 (14%) women had TnI positivity

– Positivity occurred early and  associated with cardiotoxicity 

Cardinale, et al.  JCO.  2010.

Variable Hazard Ratio (95% CI)

TnI + 17.6 (8.85, 3.30)

TnI + duration 16.5 (8.1, 33.6)

Prior anthracyclines 3.25 (0.93, 11.4)

PPV 65% and NPV 100%



Role of Tn and NT-proBNP with Trastuzumab
• 452 patients from HERA study (doxorubicin + trastuzumab) 

• Elevations in cardiac Tn (standard and hs platforms) observed 

– Primarily post anthracyclines (~13%, ~24%); smaller number 

with first elevations during trastuzumab (~1%, 6%)

• High variability in NT-proBNP observed

• Post-anthracycline Tn and NT-proBNP associated with first 

significant LVEF decline 

– Effect sizes for Tn (HR 2-4) >> NT-proBNP (HR 1.03)

– Poor discriminative ability
Zardavas, et al. JCO. 2016.



• Children with high risk ALL treated with 

doxorubicin alone (n=75) or with 

dexrazoxane (n=81)

• Greater percentage of elevations in TnT

and NT-proBNP in doxorubicin alone

• 3-month changes in TnT associated with 

4-year changes in LV mass and posterior 

wall thickness; NT-proBNP with LV 

thickness/dimension

Role of TnT and NT-proBNP in Pediatrics

Dox alone

Dox and Dex

Lipshultz, et al. JCO. 2012.



What are the Role of Biomarkers 
According to the Guidelines?

Annals of Oncology. 2012.

Biomarker strategy –
level of evidence III,
strength of evidence B.



Zamorano, et al. EHJ. 2016.



ESC Guidelines
• “However, conclusive data are needed to establish whether 

biomarkers reliably predict clinically relevant late events.”

• “Future research needs to establish the optimal timing of  

measurement for the different cancer treatments, confirm 

upper limits for each assay and better guide clinicians to 

target cardioprotective therapy to the appropriate patients.”

• “Cardiac biomarkers (natriuretic peptides or troponins) may be 

considered in addition [to risk scores], preferably using the 

same assay during follow-up measurements, to increase 

comparability.” 
Zamorano, et al. EHJ. 2016.



• What surveillance modality should be used?

Armenian, et al. Lancet Onc. 2015.



Armenian, et al. JCO. 2016.



Yancy, et al. JACC. 2013.



Summary

• Frequent measures of TnI may be associated with an 

increased risk of subsequent cardiotoxicity

– Patients with +TnI may benefit from ACE-I therapy

• However, the diagnostic and predictive utility of these 

measures has been inconsistent

• Existent guidelines suggest a role for biomarkers as ancillary 

and adjunctive measures
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The Role of Arginine-Nitric Oxide 
Metabolites in Doxorubicin Cardiotoxicity

Finkelman…Ky, et al. Submitted. 2017. 



The Role of Arginine-Nitric Oxide 
Metabolites in Doxorubicin Cardiotoxicity

HR 4.74, p=0.04 HR 2.82, p=0.02

Finkelman…Ky, et al. Submitted. 2017. 



The Role of the Immune System in 
Doxorubicin and Trastuzumab Cardiotoxicity

Control

Control

Case

ImmunoglobulinE (IgE) levels at baseline and throughout therapy 

consistently higher in controls, 5 to 58-fold, as compared to 

cases

IgE IgE IgE

Beer, Speicher, Ky. Circulation Research. 2016. 
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Oxidative 
Stress
MPO

Neuro-
hormones
NT-proBNP

Vascular 
Remodeling

sFlt-1/
PlGF

Inflammation/
Oxid. Stress

GDF-15

Myocyte Injury
High-sensitivity

TnI

Doxorubicin and
Trastuzumab
Cardiotoxicity Fibrosis

Galectin-3

Inflammation 
hsCRP

Ky, et al. JACC. 2014.

Putt, et al. Clin Chem. 2015. 

Biomarkers Hypothesized to be Relevant to 
Doxorubicin & Trastuzumab Cardiotoxicity



hsTnI and MPO Associated with First 
Cardiotoxic Event; Additive in Combination
• Biomarkers assessed at baseline 

and every 3 months during 

doxorubicin and trastuzumab

– Patients followed for 15 months

• Baseline values not associated with 

cardiotoxicity

• 3 month (post-Dox) change in 

hsTnI and myeloperoxidase 

significant (HR 1.34-1.38)

Biomarker Category

None high
One high (90th)        
Two high (90th)

Ky, et al. JACC. 2014. 



MPO, GDF-15 and PlGF Associated with 
Cardiotoxicity at Same and Subsequent Visits

90th percentile
75th percentile
50th percentile Putt, et al. Clin Chem. 2015. 

A – Cardiotoxicity at Same visit B – Cardiotoxicity at Subsequent visit



Multiple CV Biomarkers Associated with 
All-Cause Mortality in Cancer

• 555 cancer patients without prior cardiotoxic cancer therapy

• Median follow-up 25 months; 34% died

Pavo, et al. Heart. 2015.

Biomarker Adj. Risk Ratio

NT-proBNP 1.54

MR-proADM 1.31

CT-proET-1 1.21

hsTnT 1.21



Multi-Marker Strategy Predicts Overall 
Survival in AL Amyloidosis

• 502 participants with AL amyloidosis, 69% had cardiac involvement

• Median follow-up 63.1 months, 66% died

• Score derived from TroponinT, NT-proBNP, free light chains, and 

sST2 at diagnosis

Dispenzieri, et al. Am J Hematol. 2015. 

Biomarker Adj. Risk Ratio

TnT 1.7

NT-proBNP 2.3

Free light chains 1.3

sST2 1.7

Overall score 1.8



What is the Role of Biomarkers in the 
Cardiovascular Care of Oncology Patients?

Prior to Cancer Therapy
Identify high CV risk 

patients; Mitigate CTX 
risk; Inform cancer 

treatment

During Cancer Therapy
Monitoring to identify 

CTX; Avoid dose 
interruptions; Prevent 

CV events 

After Cancer Therapy
Survivorship; Decrease 
risk of late CV events; 

Improve long-term health

Is the goal diagnosis, prognosis, or prediction (guide therapy)?
Is it prior to, during, or after cancer therapy?



Take Home: What is the Role of Biomarkers?

• Role of biomarkers as primary, solitary measures inconclusive

• Guidelines support role as ancillary measures

• Change in biomarker over time may be more important than 

baseline level alone

– In adults undergoing contemporary treatment regimens, 

post-doxorubicin timepoint critical

– In children undergoing ALL therapy, greatest changes 

observed during doxorubicin, possibly associated with late 

remodeling changes



• Likely different prognostic cutpoints in metastatic versus non-

metastatic disease and possibly in cancer patients versus 

non-cancer patients

• Abnormalities in CV biomarkers may also be associated with 

worse oncologic outcomes

• Additional research is needed to establish the role of existent 

CV biomarkers and new biomarker discovery

Take Home: What is the Role of Biomarkers?









Early Institution of Cardiac Medications 
Increases Likelihood of LVEF Recovery

• 201 patients with a LVEF≤45% due to anthracyclines followed for 

36±27months

Cardinale, et al. JACC. 2010.

42%42%42%42%

45%45%45%45%

13%13%13%13%

Cardiac event-free rate according
to “response”

Responders according to time between
cardiac diagnosis and HF meds

Partial recovery defined as LVEF increase >10% but <50%; Full recovery LVEF >50%



A  Growing Population of Breast Cancer 
Survivors are at Risk for CV Disease

• Ontario Cancer Registry Data:  With prior CV disease or older 

age, risk of CV mortality exceeds cancer at 10 years

Abdel-Qadir, et al. JAMA Cardiol. 2016. 

CV mortality (16.9%)

Breast cancer

mortality (14.6%)

CV mortality

Breast cancer

mortality

Patients with CV diseasePatients with CV diseasePatients with CV diseasePatients with CV disease Age > 66 years oldAge > 66 years oldAge > 66 years oldAge > 66 years old


