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What is Cardio-oncology? 

PubMed “Chemotherapy Cardiotoxicity” 



Cardio-oncology: 

How can we be helpful? 
• 47 y/o F, with recently diagnosed breast cancer undergoing 

chemotherapy, presents to assess her cardiac status while she 

receives treatment. 

• She reports shortness of breath with walking even up to just 100 feet. 

She denies PND or orthopnea. She does have some lower extremity 

edema. She denies palpitations, syncope, or near syncope, or chest 

pain.  

 

• Her cardiac related history includes: 

• Aortic valve stenosis (Moderate to Severe) 

Pulmonary hypertension 

Mitral valve/Tricuspid regurgitation 

Diabetes mellitus 

Asthma 

Hodgkin's disease (previously treated) 

Chronic obstructive lung disease 

Hypertension 

 

2/24/2017 



Past cancer history 

• Stage IIA Hodgkin’s lymphoma in 1989 treated with 

mantle radiation, relapsed disease in 1992 treated with 

MOPP-ABVD (do you know what is in this?) 

• Stage IIA (T2N0M0) R sided breast cancer (3cm), ER 3+ 

(99%), PR 3+ (99%), HER2-amplified by FISH (3+) s/p R 

total mastectomy with 0/6 SLNs in 3/2016   

• Planned therapy: Adjuvant chemotherapy + HER2-

directed therapy as follows: Taxol, trastuzumab 

(Herceptin) for 1 year, pertuzumab (Perjeta) for 8 cycles, 

and Lupron.  

• Current MEDS: Advair Diskus 250 mg twice daily, aspirin 

81 mg, levothyroxine 0.2 mg daily, omeprazole 20 mg 

qhs 



Physical Exam and Labs 

• Vital Signs:  Height: 5ft 2 in; Weight: 219 lb; BMI: 40; Pulse: 92 bpm; BP: 

110/58 mm Hg; O2Sat: 99 % 

• JVD 4 cm above normal, bilateral carotid bruits but no decreased upstroke, 

lungs with few crackles. Cardiac exam: normal rate and regular rhythm; 

apical impulse normal in size and intensity without displacement; 3/6 

systolic ejection murmur at the right upper sternal border and apex. She 

does have a loud S4. She has a decreased S2, pedal pulses 2+ and 

symmetric; 1+ extremity edema at her ankles. 

 

• Na: 142    K: 4.1    Cl: 108*    CO2: 26    BUN: 13    Creat: 0.87    eGFR: > 

60    eGFRAA: > 60    Gluc: 101*    Ca: 8.8     

• Chol: 195    Trigs: 62    HDL-C: 52    UricA: 6.4*   LDL-C: 131*    

• TRPI: <0.01    BNP: 84   TSH: 0.738    TT4: 9.0   WBC: 9.9    Hgb: 8.7*  

 

• CXR:  no infiltrates, cardiac size normal, reduced volumes (poor inspiration) 





Echo 

Now 





So what would you 

recommend? 

• Any further testing? 

• Add lasix? 

• What kind of advice do you have for the 

oncologist? 



Why a New Discipline in Cardio-Oncology? 

• Demographics of Cardiac and Oncology 

Patients are similar 

• There is a major biologic overlap with 

targeted therapy 

• Sophistication of cardiac testing has 

increased 

• Complex decision making is required for 

based patient outcomes 



In any patient, heart disease and cancer are likely to overlap 

Driver BMJ 2008:337:p. 2467 
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Anti-VEGF Therapy can decrease 

blood flow resulting in cancer control 

Willitt, JCO 2006 



Systemic Effects of Anti-VEGF Therapy 

Normal Tissues

(VEGF constitutively expressed)

Tumor Tissues

(VEGF upregulated)

Lung cancer (bevacizumab)

Inhibition of tumor growth, tumor cavitation

Hepatocellular carcinoma (sorafenib)

Tumor necrosis

Renal cell carcinoma (sunitinib)

Tumor shrinkage, tumor cell necrosis

Colorectal cancer (bevacizumab)

Deceleration of tumor growth 

efficient chemotherapy delivery

1 2 3

Hypertensive remodeling

Microvascular rarefaction

Cardiomyopathy (sunitinib and sorafenib)

Microcirculation: 1. normal arteriole, 2. functional rarefaction

(endothelial dysfunction,vasoconstriction), 3. anatomic rarefaction

Thrombotic microangiopathy

Glomerulopathy / glomerulonephritis

Proteinuria

Hypertensive nephropathy

Vaklavos, et al Oncologist 2010, p 130. 



Sunitinib, a novel oral chemotherapeutic agent 

with anti-VEGF properties, is associated with 

hypertension and heart failure 

Khakoo, et al, 2008; 112:2500-8 



Newer 

Chemotherapy 

with Anti-VEGF 

properties 



Definition of a “Kinase Inhibitor”: 

• A drug that interferes with cell 

communication and growth and is 

sometimes used to treat cancer 



Chemotherapeutic Agents in Use Known to Antagonize Vascular 

Endothelial Growth Factor (anti-VEGF) or have Anti-Angiogenic 

Properties 

• Bevacizumab  

• Sunitinib  

• Sorafenib  

• Vandetanib 

• Pazopanib 

• Axitinib 

• Cabozantinib 

• Ramucirumab 

• Regorafenib 

 



In Renal Cell Cancer, 

renin-angiotensin 

inhibitors are critical 

therapies 

R McKay et al, Clin Cancer Res. 2015 Jun 1; 21(11): 2471–2479. 

http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=25724518
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=25724518
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=25724518
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=25724518
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=25724518


The 

problems 

are not 

always LV 

dysfunction 

Li, W et al, JACC 2015, p1160-78 



Statins are helpful in renal cell cancer especially with anti-

VEGF directed therapy 

R McKay et al  European Journal of Cancer 52 (2016) 155-162 

OS Anti-VEGF 

Statins: yes Statins: yes 
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based patient outcomes 



How often is cardiac toxicity detected by Echo and MUGA 

After Four Cycles of AC Chemotherapy?  

(NCI-CTC Version 2)  

Perez EA et al. J Clin Onco. 2004:22, 3700-3704 

Abbreviations: LVEF, left ventricular ejection fraction; NCI-CTC, National Cancer Institute Common Toxicity 

Criteria; AC, doxorubicin and cyclophosphamide; MUGA, multiple-gated aquisition; ECHO, 

echocardiogram. 



Date of download: 11/9/2015 Copyright © The American College of Cardiology. All rights reserved. 

From: Use of Myocardial Strain Imaging by Echocardiography for the Early Detection of Cardiotoxicity in 

Patients During and After Cancer Chemotherapy: A Systematic Review 

J Am Coll Cardiol. 2014;63(25_PA):2751-2768. doi:10.1016/j.jacc.2014.01.073 

Speckle Tracking Echocardiography-Based Peak Systolic Strain Measurements in a Patient With Breast Cancer Prior to Initiation of 

Cytotoxic Chemotherapy 

(A) Global longitudinal strain (GLS), (B) global radial strain (GRS), and (C) global circumferential strain (GCS). The left panels show 

the direction (arrows demonstrate the direction) in which various strain parameters are being measured. The middle panels 

demonstrate the segmental strain values (except for circumferential strain). The right panels illustrate the regional strain curves. 

Circumferential strain curves in the bottom right panel highlight the segmental variability in measurements, illustrating the 

challenges with this specific strain measurement. Reported normal value for GLS is −19.7% (95% confidence interval [CI]: −20.4% 

to −18.9%), for GRS 47.3% (95% CI: 43.6% to 51.0%), and GCS −23.3% (95% CI: −24.6% to −22.1%) (68). AVC = aortic valve closure. 

 

Figure Legend:  



Date of download: 11/9/2015 Copyright © The American College of Cardiology. All rights reserved. 

From: Use of Myocardial Strain Imaging by Echocardiography for the Early Detection of Cardiotoxicity in 

Patients During and After Cancer Chemotherapy: A Systematic Review 

J Am Coll Cardiol. 2014;63(25_PA):2751-2768. doi:10.1016/j.jacc.2014.01.073 

The Utility of Early Strain Changes to Predict Subsequent Cardiotoxicity 

The images demonstrate a “bull’s eye” plot of strain values for each of the 17 myocardial segments. A patient receiving cytotoxic 

chemotherapy had normal baseline strain and left ventricular (LV) ejection fraction (EF) (left). Six months into therapy, the LVEF 

dropped by 6% but did not meet criteria for cardiotoxicity. However, the peak systolic global longitudinal strain (GLS) fell by 15.4% 

(a significant change based on the literature). Then, by 12 months there was a clinically significant fall in LVEF meeting the criteria 

for cardiotoxicity. See Online Videos 1, 2, and 3 for 4-chamber movie images demonstrating the changes in function. LVEF was 

calculated using the Biplane Simpson’s method. 6M = 6 months; 12M = 12 months. 

 

Figure Legend:  



Slamon D et al; NEJM 2011:365:1273-83 

In the case of 

HER2+ breast 

cancer, treatment 

clearly benefitted 

the disease but 

came at a cost 

Is it enough to just 

detect cardiotoxicity? 



Bowles, 

Erin et al 

JNCI 2012 

p1293 

Heart Failure definitely occurs 

over time 



Yoon, et al JACC 2010 



Early detection and 

treatment is important for 

recovery 

Cardinale, D Circ 6.2015; p1981-1988 
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 D Cardinale, et al. JACC 2010, jan 26. 

The effect of time for initiation of  HF 

therapy and the percent of patients who 

improve 



What is the Role for Biomarkers in Cardio-Oncology? 

Baseline  

CV Health 
Cancer  

Diagnosis 

Cardiotoxic 

Therapy 

Cardiomyopathy 

Heart Failure 

Surveillance Diagnosis Guide Therapy 

ACE-inhibitors 

Beta blockers 

Statins 

Exercise 

Subclinical 

Cardiovascular 

Disease 

Genetic and 

Environmental 

Factors 

Overt Cardiovascular 

Disease 

Biomarkers 

Adapted from Wang, et al. Circulation. 2011. Khouri, et al. Circulation. 2012.  



 

 

 

Cardinale et al. Circ. 2004;109:2749-2754 

Troponin I is valuable in detecting Cardiotoxicity 



PREDICT: Demographics 

and risk of cardiotoxicity 

ASCO 2014 Abstract 9624 

What factors can help us identify 

who to target for treatment? 



BNP was useful in 

detecting 

cardiotoxicity during 

each cycle whereas 

EF change did not 

appear to be 

sufficiently sensitive 



In regards to Ischemic insults, we have a 

paradigm 

Kloner et al, Circ 2001; p2981 



Why a New Discipline in Cardio-Oncology? 

• Demographics of Cardiac and Oncology 

Patients are similar 

• The is a major biologic overlap with 

targeted therapy 

• Sophistication of cardiac testing has 

increased 

• Complex decision making is required for 

based patient outcomes 



Date of download:  

5/31/2014 

Copyright © The American College of Cardiology.  

All rights reserved. 

From: The Frequency and Severity of Cardiovascular Toxicity From Targeted Therapy in Advanced Renal Cell 

Carcinoma Patients 

JCHF. 2013;1(1):72-78. doi:10.1016/j.jchf.2012.09.001 

Incidence of Cardiovascular Toxicity by Type 

The incidence of cardiovascular toxicity varied by type of toxicity and by chemotherapy agent received. Many patients received 

multiple therapies in succession and are included only once in “All Patients.” CV = cardiovascular; LVEF = left ventricular ejection 

fraction; NT-proBNP = N-terminal B-type natriuretic peptide. 

 

Figure Legend: 



Date of download:  

5/31/2014 

Copyright © The American College of Cardiology.  

All rights reserved. 

From: The Frequency and Severity of Cardiovascular Toxicity From Targeted Therapy in Advanced Renal Cell 

Carcinoma Patients 

JCHF. 2013;1(1):72-78. doi:10.1016/j.jchf.2012.09.001 

The Stanford Monitoring Algorithm for Targeted Therapies 

Cardiovascular monitoring algorithm for patients with renal cell carcinoma receiving targeted chemotherapy. BP = blood pressure; 

DBP = diastolic blood pressure; SBP = systolic blood pressure; other abbreviations as in Figure 1. 

 

Figure Legend: 



Pocket Guidelines 

and smartphone 

app also 

available! 





• Can Cardiotoxicity be Prevented?  

 

 “An ounce of prevention is worth a pound of 

cure” 



ACE Inhibition appears quite 

important in preventing heart failure 

Cardinale D et al. Circulation. 2006;114:2474-2481 



Carvedilol appears protective during adriamycin 

based chemotherapy 

Kalay et al. JACC. Dec 2006. 48:2258-62 

Data expressed as mean values.  



Statin therapy prior to and during chemotherapy prevented HF 

JACC 2012, p 2384 



The combination of ACE/BB can prevent cardiotoxicity 

Bosch, X et al, JACC 2013, p 2355 



PRADA.  Gulati, G et al. 

European Heart Journal 2016 

doi:10.1093/eurheartj/ehw022 

Candesartan is 

modestly protective, 

but not metoprolol 



Are there inhibitors on the cancer therapy 

horizon that could be concerning for the 

development of Cardiovascular Events?? 



There is a balance between protein synthesis and 

degradation 

Monte S. Willis, M.D., Ph.D., and Cam Patterson, M.D., M.B.A.  

NEJM 2013;368:455-64.  



Dick, LR and Fleming, PE  

Drug Discovery  Today ;15 (5/6) March 2010 



A 

B 



A report of 6 cases describing carfilzomib related cardiac 

dysfunction and the patterns of cardiotoxicity 

Summary of 

Cardiac 

Events 

HF, LV 

dysfunction 
Mild LV and 

RV 

dysfunction 

HF ACS, HF, 

prolonged 

QTc, LV 

dysfunction 

HF, LV 

dysfunction 
HF, LV 

dysfunction 

Grandin, E J Cardiac Failure 2015; p138-144 



Cardiovascular SAEs in RCTs 
Phase 3 Carfilzomib Trials 

• ASPIRE Trial 

 

Total Cardiac AEs 

Total Cardiac AEs 
+ Dyspnoea 

26.6% 

46% 

11.4% 

14.2% 

15.6% 

30.5% 

5.7% 

7.5% 

DVT/PE 10.2% 6.2% 



Weijuan Li et al. Circulation. 2016;133:908-912 



N Engl J Med 2016;375:1749-55.  

DOI: 10.1056/NEJMoa1609214 

Combination checkpoint 

inhibitors may have important 

cardiac effects 



Case Study revisited: 

So what would you recommend? 

 
47/y/o with moderate to severe AS/MR/TR, normal 

LVEF, COPD, hx of RTx, Breast cancer on anti-

HER2 therapy, with evidence of some pulmonary 

HTN by physical exam, BP 110/62, and P 92 

• Any further testing? 

• Add lasix? 

• What kind of advice do you have for the 

oncologist? 



Suggestions I made 

• Follow BNP periodically during treatment 

• Increase activity 

• Check BP, weight and pulse daily  

• If cardiac symptoms (especially of 

worsening AS) develop or worsen, will re-

evaluate 

• I did not start any vasoactive meds but did 

start Lipitor 20mg qhs 



• What is Cardio-Oncology?  

  

It is a clinically-based discipline focused on the 

cardiovascular health of cancer patients and 

cancer survivors 

  

• Who is a cardio-oncologist?  

  

A health care provider who is focused on the 

prevention, early detection, management, and 

recovery of cardiovascular function potentially 

resulting from cancer therapies. 





The World of Cardio-

Oncology 

 

Moslehi, J.  N Engl J Med 

2016;375:1457-67. 



The State of the Art of Cardio-Oncology 

• The demographic profile for cancer patients being 

treated with chemotherapy is identical to typical cardiac 

patients 

• Optimal management of cardiac disease includes 

prevention, early detection and careful medication 

choices 

• Close collaboration between cardiology and oncology is 

feasible and essential 

• Ongoing research will further define the best 

collaborative practice  



 

Topics include: 

• How to deliver a Cardio-Oncology service  

• Training in Cardio-Oncology 

• eHealth and Cardio-Oncology 

• How do I measure the quality of my service?  

• Role of primary care in cancer survivors 

• Immunotherapy and emerging cardiotoxicity 

• Personalised medicine & genetics  

• EP session –who should  have ablation, ICDs, CRT? 

• Anticoagulation and antithrombotic (AF, ACS) 

• Radiation-induced cardiotoxicity  

• Managing cardiac issues during BMSC transplants 

• Cardiac tumours, carcinoid valvular disease, amyloid 

• Hormone therapy and CV risk 
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