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Cardiovascular Complications



• Cardiomyopathy

• Arrhythmia : bradycardia, QT prolongation

• Myocardial ischemia

• Hypertension

Chemotherapeutic agents-induced 
Cardiotoxicity



CTx-associated with CMP

Yeh ETH, et al. JACC, 2009;53:2231-47

Frequency of Use

+++ : > 5000 doses/yr
++ : 1000-5000 doses/yr
+ : < 1000 doses/yr



 Incidences
 Anthracycline medications are key component of 

treatment of many malignancies
1) Acute (< 1%) : usually reversible
2) Early onset chronic progressive : < 1 yr(1.6 – 2.1 %)
3) Late onset chronic progressive (1.6 – 5 %)

• Dose - dependent
: > 4% in 500-550 mg/m2

> 18% in 551-600 mg/m2

> 36% in > 601 mg/m2

Anthracyclin-induced CMP



No “safe“ maximal 
dose and duration !

However,…..



 Risk factors
 Total cumulative dose : non-linear 

relationship
 Age at the time of doxorubicin therapy

(< 4 yrs, > 70 yrs)
 Sex (female > male)
 Mediastinal irradiation Hx.
 Previous cardiac diseases
 Trastuzumab or other cardiotoxic therapy
 Duration since completion of therapy

Singal PK, et al, NEJM, 1998

Anthracyclin-induced CMP



Doxorubicin-induced CMP
 Mechanisms : multifactorial

 Generation of free radicals
 Reduction of antioxidants
 Apoptosis
 Lipid peroxidation
 Interference with 

topoisomerase II beta
 Downregulation of mRNA 

of SR calcium-ATPase

Zhou S, et al, Cancer Res, 2001



CTx-associated CMP

CTx agents Mechanisms
Cyclophosphamide ●direct endothelial injury, 

● hemorrhage
● intracapillary microemboli
●coronary vasospasm

Bevacizumab(Avastin) ● uncontrolled HTN
● inhibition of VEGF signaling

Trastuzumab(Herceptin) ● inhibition of ErbB2 signaling
● immune-mediated

Bortezomib(Velcade) ● proteosome inhibition

Yeh ETH, et al. JACC, 2009;53:2231-47



Therefore, 
cardiologic screening and follow-up 

before and during as well as after
therapy

is advised for pts during 
chemotherapy



Doxorubicin-associated CMP
 Prevention

• Cardiac monitoring after cumulative dose of 400 mg/m2

• Repeat after 500 mg/m2 and then, after every 50 mg/m2

However, 
No describe a method to monitor cardiac function

No specific time interval 

 ASCO guideline



Doxorubicin-induced CMP

 AHA/ACC guideline

• Pts. treated with anthracyclines be monitored closely 
for cardiotoxicity development

• ASNC and ASE guideline
• Recommend the use of radionuclide angiocardiography

(RNA) : baseline and repeat when indicated
• Echocardiography : baseline and continued monitoring

of EF throughout the course of chemotherapy



Questions not answered for 
anthracycline induced cardiotoxicity
 What is the predictive value of cardiac 

function monitoring during anthracycline
therapy ?

 When should baseline cardiac function be 
monitored ?

 Should all patients receiving anthracyclines
follow the same monitoring schedule?



Jannazzo A, et al, Ann Pharmacother, 20



 Monitoring
 Endomyocardial biopsy
 Echocardiography : EF, E/A,..
 Radionuclide angiocardiography (RNA)
 Molecular cardiac imaging

� Neuronal imaging : 123I-MIBG
� Imaging necrosis
� Imaging apoptosis

 Biomarkers : cTnT, BNP(diastolic > systolic), 
…

CTx-associated CMP



Biomarkers

 Cardiac troponins (cTnT, cTnI)
 ANP
 BNP/NT-proBNP
 Ischemia modified albumin(IMA)
 Lipid peroxide 
 CPK, LDH

Noninvasive, not expensive, easily analyzed, 
quantitative assessment of cardiac damage



Effective biomarkers of acute cardiac 
damage during CTx

Predict long-term cardiac outcomes and 
allow modification of treatment protocol 

during CTx



Problems

 Timing of blood sample ?
 Various cumulative anthracycline dose
 Inadequate sample size
 Short study duration
 Different age of study groups

The evidence is limited not only in quantity 
but also quality
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Average cummulative
adriamycin dose(mg/m2) 
: 409  97.2
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Questions not answered for 
anthracycline induced cardiotoxicity
 What is the predictive value of cardiac 

function monitoring during 
anthracycline therapy ?

 When should baseline cardiac function 
be monitored ?

 Should all patients receiving 
anthracyclines follow the same 
monitoring schedule?



 Baseline cardiac function tests are 
generally accepted during 
anthracycline chemotherapy

 Before or after a cummulative dose 
of 150 mg/m2

 Some patients do not require baseline 
cardiac monitoring



Questions not answered for 
anthracycline induced cardiotoxicity
 What is the predictive value of cardiac 

function monitoring during 
anthracycline therapy ?

 When should baseline cardiac function 
be monitored ?

 Should all patients receiving 
anthracyclines follow the same 
monitoring schedule?



 Some patients with lower risk for 
anthracycline-induced 
cardiomyopathy
 require less cardiac evluation

Consider risk factors
for anthracycline-induced cardiomyopathy



Doxorubicin-induced Cardiotoxicity

 Maximal lifetime doxorubicin dose limitation
(< 550 mg/m2)  Safe doxorubicin dose ?

 Changing the method of administration
(bolus  continuous)

 Use of cardioprotectant
(dexrazoxane, amifostine, probucol,…)

 Development of anthracycline lipid formulation
and analogues
(daunorubicin 900 mg/m2, epirubicin 935 mg/m2,
idarubicin 225 mg/m2)

• Prevention



Herceptin (Trastuzumab)-
induced Cardiotoxicity

• 27 % in herceptin & anthracyclines
• 13 % in herceptin & paclitaxel
• 5 % in herceptin only



Trastuzumab-induced Cardiotoxicity
Proposed mechanisms

 drug-drug interactions : enhance 
anthracycline cardiotoxicity

 block myocardial survival pathways response 
to stress

• Risk factors
• old age
• concurrent or prior anthracycline CTx
• previous cardiac diseases
• baseline decreased cardiac function….

Hudis CA, NEJM, 2007



Trastuzumab-induced Cardiotoxicity

Panjrath, et al, Nuclear Med Comm, 2007

10 % 2 %



Trastuzumab-induced Cardiotoxicity

 Unlike anthracyclines,
 does not dose-related
 no apparent pathological abnormality 

on EM
 less severe
 seems more reversible

Needs
long-term monitoring !



CTx-associated with Ischemia

Yeh ETH, et al. JACC, 2009;53:2231-47



CTx-associated with HTN

Yeh ETH, et al. JACC, 2009;53:2231-47

• VEGF inhibition ?
• eNOS inhibition ?

• Mechanism



CTx-associated with HTN

Yeh ETH, et al. JACC, 2009;53:2231-47

• Bevacizumab (Avastin)
 HTN in any time during CTx
 Mostly adequately treated with anti-HTN medication
Worsening of HTN (1.7 %)
 Hypertensive encephalopathy, CNS hemorrhage

• Sorafenib (Nexavar)
 Most adverse side effect

Generally, need one more anti-HTN medication (prefer ACEi)
Sorafenib : consider drug-interaction

CYP3A4 pathway (prefer amlodipine, nefidipine)



CTx-associated with Venous
Thromboembolism

Yeh ETH, et al. JACC, 2009;53:2231-47



CTx-associated with Venous
Thromboembolism

Yeh ETH, et al. JACC, 2009;53:2231-47

• Hypercoagulable state in cancer

• Chemotherapy 
 release of procoagulants and cytokines by 
tumor cell damage
 direct endothelial damage
 hepatotoxicity by CTx





CTx-associated with Bradycardia

Yeh ETH, et al. JACC, 2009;53:2231-47

• Effect on Purkinjie system or autonomic control ?
• Activation of histamine receptor ?
Symptomatic vs. Asymptomatic

• Mechanism



CTx-associated with QT prolongation

•Comorbid diseases (renal or hepatic dysfunction)
•Electrolyte imbalance (N/V, diarrhea..), female, bradycardia
•Concomitant medications 
(antiemetics, antifungals, quinolone antibiotics..)

• Risk factors



Summary 



Conclusions 
 Insufficient data
 Conflicting data
 Incomplete available guideline
 Lack of standard definition of 

cardiotoxicity
However, individualized baseline cardiac evaluation 

and monitoring are reasonable approach 
to chemotherapeutic agents

-induced cardiotoxicity



Cardiologist Hemato-oncologist



Cardiologist Hemato-oncologist


