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Abstract 

 
Background— Cardiotoxicity is a known risk of certain breast cancer therapies; 

however, less is known about the differences in cardiotoxicity incidence and associated 

cardiovascular risk factors (CVDRFs) in African Americans (AAs). In this study, we 

assessed the incidence and CVDRFs associated with cardiotoxicity in AAs compared to 

white patients. 

 

Methods— We evaluated 118 women with stage I-IV breast cancer treated with either 

anthracyclines and/or trastuzumab at our cancer center screened with routine 

echocardiographic follow-up between 3 months and five years. A multiple logistic 

regression model was used to evaluate the association between cardiotoxicity, defined 

as LVEF decline ≥ 10 % from baseline to an LVEF < 53%, and race; adjusted for 

CVDRFs. 

 

Results— Of the 118 women, 112 women identified themselves as AA or white. African 

Americans had similar mean ages (57±13 vs. 59± 11), but higher frequency of 

hypertension (60% vs. 39%) despite greater prevalence of anti-hypertensives and an 

overall greater mean of CVDRFs (2±1, 1.7±1.4). AA race demonstrated an 

approximately three-fold increased odds of cardiotoxicity compared to white patients; 

however, this was not significant (OR 2.8; 95% CI 0.8,9.6 P=0.09).  After adjusting for 

CVDRFs there was minimal attenuation of the odds ratio.  
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Conclusions— In this cohort of stage I-IV breast cancer patients treated with 

anthracyclines and trastuzumab, there was an increased rate of cardiotoxicity in African 

Americans compared to white patients exposed to cardiotoxic chemotherapy; however, 

the findings were not significant. This study highlights a potential difference in 

cardiotoxicity rates in African Americans that requires further investigation. 



1 
 

CHAPTER 1 

Introduction 

Breast cancer affects approximately 3 million women each year, and 

although cancer survival is improving, cardiovascular disease (CVD), which 

includes systolic heart failure, heart failure with preserved ejection fraction and 

coronary artery disease, remains a significant cause of morbidity and mortality[1-

4]; especially in older women with breast cancer history. CVD in breast cancer 

outcomes also includes chemotherapy induced cardiac dysfunction known as 

cardiotoxicity. The need for preventive strategies and identification of risk factors 

for CVD in breast cancer patients is paramount.[2]   

Cardiotoxicity is defined as a left ventricular ejection fraction (LVEF) 

decline of greater than or equal to 10% to less than 53% from baseline related to 

chemotherapy according to the American Society of Echocardiography.[5] The 

incidence of cardiotoxicity varies partially related to differences in the definition of 

cardiotoxicity.[6, 7] Overall the incidence of subclinical cardiotoxicity in breast 

cancer patients treated with chemotherapy (often anthracycline-based 

chemotherapy and trastuzumab) described in the literature is approximately 

between 20-30% (Table 1).[6-10] Subclinical cardiotoxicity has slightly different 

definitions in the literature which includes LVEF change either greater than 10 

percent or 5 percent with symptoms to LVEF less than 55 or 50 percent. Clinical 

heart failure is determined by distinct physical exam and biomarker signs; as well 

as symptoms. The incidence of clinical heart failure with cardiomyopathy (LVEF 

<50% with symptoms) alone is approximately 2-3%.[9, 11]  



2 
 

African American women have significantly higher risk of CVD and 

mortality related to breast cancer compared to the general population.[12] In 

addition, there is a higher incidence of cardiotoxicity in African American women 

compared to white women.[13, 14] The rates of subclinical cardiotoxicity vary and 

racial disparities have been identified.[13-15] In general, there is approximately a 

three-fold increased risk of cardiotoxicity in African Americans compared to the 

general population. Although there are studies that have identified disparities in 

cardiotoxicity incidence, these studies consistently have determined that race is 

an independent risk factor and known clinical variables have not explained the 

root cause. Although hypertension is more associated with heart failure in African 

Americans compared to white patients (whose risk of heart failure is more 

associated with ischemic coronary artery disease[16])), this risk factor has not 

explained the association between African American race and cardiotoxicity. 

Identifying differences in incidence and predictors associated with cardiotoxicity 

in African American women with breast cancer can help to address disparities in 

mortality and morbidity in these women. Notably, hypertension affects African 

Americans at a younger age compared to the general population and this 

longtime exposure could make this group more susceptible to the cardiotoxic 

effects of chemotherapy.[17, 18] This area requires further exploration in the field of 

cardio-oncology, because many studies have minimal inclusion of African 

Americans and/or do not specify race. In addition, sample sizes of African 

Americans in these studies are modest.  
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Mechanism of Cardiotoxicity due to Anthracyclines and Trastuzumab 

Cardiotoxicity is a phenomenon that was described over forty years 

ago.[19] Chemotherapy most associated with cardiotoxicity in breast cancer are 

anthracycline-based chemotherapy agents such as doxorubicin and epirubicin. 

Trastuzumab is a monoclonal antibody used to treat HER2-positive breast cancer 

and is the most commonly described monoclonal antibody associated with 

cardiotoxicity.[19-24]   

Doxorubicin exerts its cardiotoxic effects by binding to topoisomerase II 

beta (Top2β) in cardiomyocytes which leads to DNA double strand breaks and 

cell death.[25] Topoisomerase is important for DNA replication; it aids in the 

“unwinding” of the doubled-helical structure of DNA which is important for DNA 

replication. The intended action of doxorubicin is to bind to Top2α, which is 

overexpressed in cancer cells, and prevent cell proliferation. However, 

cardiomyocytes express Top2β, which makes them susceptible to doxorubicin 

binding and cell death leading to cardiotoxicity. Anthracycline-based 

chemotherapy is successful in reducing cancer related mortality; therefore it is 

the treatment of choice for many breast cancer patients.[11] 

Trastuzumab is a monoclonal antibody that binds to HER2 which is 

expressed in 20-25% of human breast cancer; this receptor is also expressed in 

cardiomyocytes to promote cell survival.[26] Its inhibition leads to cardiomyocyte 

apoptosis which is a proposed mechanism of cardiotoxicity.[27] This medication 

has shown significant reduction in mortality after 1 year of treatment for HER2-

positive stage I-IV breast cancer patients in phase III clinical trials.[28] 
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Trastuzumab typically is given after chemotherapy agents such as doxorubicin; 

its additive effect or single use is associated with myocellular dysfunction. By 

binding to HER2 in cardiomyocytes, it inhibits the anti-apoptotic cell signaling that 

is promoted by HER2 receptors.[27] The other downstream effects of HER2 

signaling in cardiomyocytes includes decreasing the production of toxic reactive 

oxygen species (ROS) which additionally aids in cell survival.[29] Therefore, this is 

also inhibited with the use of trastuzumab. The addition of doxorubicin not only 

promotes cell death by binding to Top2β, but also boosts oxidative and 

nitrosative stress via increased mitochondrial and iron-dependent generation of 

superoxide. Superoxide transfers into hydrogen peroxide and peroxynitrite which 

are reactive oxygen and nitrogen species that induce oxidative DNA damage. 

Nitrosative biomarkers measured during anthracycline and trastuzumab 

treatment have shown an association with cardiotoxicity.[27, 30] 
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Adapted from Nemeth et al. Trastuzumab cardiotoxicity: from clinical trials to experimental studies. Br J 
Pharmacol 2017. 174: p.3727-3748: Cardiotoxicity of doxorubicin and anti-HER-2 treatment in breast 
cancer. Anti-HER-2 treatment results in diminished pro-survival signalling[sic] in cardiomyocytes. Gene 
expression, ATP- and nitric oxide production favouring[sic] survival and proliferation are attenuated. In 
parallel, without appropriate counterbalancing, pro-apoptotic and necrosis-inducing processes such as 
cytochrome-c release from mitochondria and an increase in intracellular calcium concentration can facilitate 
cell death. The addition of doxorubicin to the system boosts oxidative and nitrosative stress via increased 
mitochondrial and iron-dependent generation of superoxide, which then is transformed into hydrogen 
peroxide and peroxynitrite. These reactive oxygen and nitrogen species are capable of inducing oxidative 
DNA damage, further aggravating the imbalance between pro-survival and pro-apoptotic/necrotic 
signalling[sic]. Green lines represent pro-survival mechanisms, while red lines show pro-apoptotic/necrotic 
processes. Dashed lines indicate an indirect connection. Akt – protein kinase B; Cyt-C – cytochrome-c; Dox 
– doxorubicin; MAPK – mitogen activated protein kinase; NO – nitric oxide; NOS3 – endothelial nitric oxide 
synthase; NRG-1 – neuregulin-1; ONOO – peroxynitrite; PI3K - phosphatidylinositol-3-kinase; PKG – protein 
kinase G; Pln – phospholamban; SERCA2 – sarcoplasmic/endoplasmic reticulum Ca2+-ATPase 2; SOD – 
superoxide dismutase. 
 

 

Cardiotoxicity Incidence Related to Anthracyclines and/or Trastuzumab 

Cardiotoxicity is a term that continues to have different definitions which 

makes the identification of incidence and risk factors challenging. Cancer drug 

phase III clinical trials define cardiotoxicity with a graded system (grade I-IV; 

grade V is death) for adverse events.[1] Cardiologists define cardiotoxicity by the 
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change in the left ventricular ejection fraction; however, this varies. The American 

Society of echocardiography along with cardio-oncologists define cardiotoxicity 

as a left ventricular ejection fraction (LVEF) decline of greater than or equal to 

10% to less than 53% from baseline related to chemotherapy. Previously in the 

literature, this definition was variable. For example, Guglin et al. in the 

randomized controlled trial published in the Journal of the American College of 

Cardiology (JACC) discussed above defined cardiotoxicity as LVEF > 10%, or 

>5% if below 50%[2].These rates were higher compared to many other studies, 

mainly retrospective cohort studies, evaluating cardiotoxicity incidence. Sawaya 

et al. evaluated 45 HER2-positive breast cancer patients after exposure of 

anthracycline-based chemotherapy and trastuzumab and found a 21% incidence 

of cardiotoxicity in 6 months.[3] Cardiotoxicity was defined as LVEF decline of ≥ 

5% to <55% with symptoms of heart failure or an asymptomatic reduction of the 

LVEF of ≥ 10% to <55%. Tang et al. defined cardiotoxicity as clinical heart failure 

or asymptomatic LVEF decline of ≥ 10% to <50%. They evaluated 160 HER2-

positive breast cancer patients undergoing adjuvant chemotherapy and 

trastuzumab with a follow-up of 8 years.[4] They had a similar incidence of 

cardiotoxicity as Sawaya et al. with 21.3% of patients developing cardiac 

dysfunction. This cardiotoxicity rate was similar in a study conducted by Tarantini 

et al. who studied 499 breast cancer patients undergoing trastuzumab therapy 

after a follow-up of one year. They found that 20% of patients developed 

asymptomatic cardiotoxicity (LVEF decline ≥ 10% to an LVEF decline to ≤50%) 

and 3% of patients developed symptomatic heart failure.[5] Slamon et al. 
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assessed cardiotoxicity as defined as clinical heart failure in 3,222 HER2-positive 

breast cancer patients treated with anthracycline-based chemotherapy and 

trastuzumab, and found an incidence of 2% in 5 years of follow-up.[6] Nowsheen 

et al. reviewed the data on cardiotoxicity incidence associated with trastzumab 

from large adjuvant clinical trials.[7] They summarized that the rate of 

asymptomatic LVEF declines occur in 4.1% to 30.1% with lower rates of 

symptomatic congestive heart failure (CHF) which were between 0.6% to 3.8%. 

Cardiotoxicity in this review was defined as a decline in LVEF ≥ 10% from 

baseline to an LVEF decline to ≤50%.  

Table 1 summarizes the incidence of asymptomatic LVEF decline 

associated with anthracyclines and trastuzumab therapy in non-HER2 and 

HER2-postive breast cancer patients. Overall, the incidence of asymptomatic 

LVEF decline is approximately 20%-30%. This variability is partially related to the 

variability in the definition of cardiotoxicity. However, these are subtle LVEF 

differences and generally LVEF is reported as a range (eg. 50%-55%) in clinical 

practice. The overall role of studies that identify subclinical and clinical 

cardiotoxicity incidence is to articulate the scope of the issue, in order to develop 

risk stratification methods and implement preventative strategies. 
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Table 1. Summary of studies evaluating cardiotoxicity incidence associated with chemotherapy 

 
Author  N Chemotherapy Subclinical 

Cardiotoxicity 
Definition 

Cardiotoxicity 
Incidence 

Clinical 
Cardiotoxicity/ 
Heart Failure 

Incidence 

Follow-up 
Duration 

Guglin et 
al.[27] 

468 Trastuzumab 
Adjuvant 

LVEF decline 
of >10%, or 

>5% if below 
50% 

30% - 2 years 

Sawaya et 
al.[9] 

45 Anthracycline 
& 

Trastuzumab 

LVEF decline 
of ≥ 10% to 

<55% or LVEF 
≥ 5% to <55% 
with symptoms 

21% - 6 months 

Tang et 
al.[11] 

160 Trastuzumab LVEF decline 
of ≥ 10% to 

<50% 

21.3% - 8 years 

Tarantini et 
al.[40] 

499 Trastuzumab LVEF decline 
of ≥ 10% to 

≤50% 

20% 3% 1 year 

Slamon et 
al.[10] 

3,222 Anthracycline 
& 

Trastuzumab 

NA - 2% 5 years 

 

 

Cardiotoxicity Incidence in African Americans  

There are racial differences in cardiotoxicity incidence, but this is not 

extensively studied. Although breast cancer incidence is less in African American 

women compared to European American women, the mortality rate is higher.[1, 2] 

In addition to mortality related to breast cancer itself, a portion of this mortality 

may be related to increased risk of cardiotoxicity in African Americans.[13-15] 

Higher rates of sublcinical cardiotoxicity in African Americans compared to Non-

African Americans, mainly white women, have been described in studies 

evaluating cardiotoxicity related to anthracycline and trastuzumab exposure. 

Hasan et al. conducted a retrospective cohort study to evaluate the incidence of 

cardiotoxicity in 100 African American patients compared to a reference cohort; 

this study evaluated patients with breast cancer or lymphoma treated with 
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doxorubicin with a median follow-up of 1.3 years.[15] The reference cohort was 

from a retrospective study of 399 patients treated with doxorubicin with unknown 

racial distribution. Cardiotoxicity was defined as clinical congestive heart failure 

(CHF) or a left ventricular ejection fraction (LVEF) to < 45%.  They found a 

statistically significant three-fold increased risk of cardiotoxicity compared to the 

reference cohort (7% vs. 2.5%; P<0.027). The authors discussed that although 

African Americans have higher rates of hypertension; the risk is only 

approximately a 25% increased risk. This would not explain a three-fold increase 

in cardiotoxicity rates based on race alone.  

Cardiotoxicity incidence disparities also exists after exposure to 

trastuzumab. One retrospective study assessed the development of cardiotoxicity 

in 59 African American women compared to 157 white women with stage I-III 

HER2-positive breast cancer undergoing trastuzumab treatment.[14] After a 

median of 5.2 years, 12% of women overall developed cardiotoxicity (defined as 

LVEF <50% and absolute drop in the left ventricular ejection fraction of ≥ 10% 

from baseline). The incidence of cardiotoxicity in African American women was 

24% compared to white women with an incidence of 7%. This was a nearly three-

fold increased risk even after controlling for patient age, disease stage, number 

of cardiovascular risk factors and prior receipt of anthracyclines in a multivariable 

cox regression model (OR 2.73; 95% CI1.24-6.01, P=0.012). As a result, 86% of 

African American women in the study who developed cardiotoxicity did not 

complete chemotherapy compared to 62% of white women. Trastuzumab and 

anthracycline-based chemotherapy are life-saving treatments for breast cancer 
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patients and a decline in treatment can affect breast cancer survival. The authors 

discuss ways to address this disparity by assessing the need for increased 

surveillance, cardio-protective strategies and early referral to cardiology. Baron et 

al. evaluated 76 women treated with trastuzumab and identified the incidence in 

cardiotoxicity.[13] Cardiotoxicity was defined as an LVEF decline greater than or 

equal to 16% after treatment initiation or LVEF decline greater than or equal to 

10% to an LVEF <50%. The cohort was 63% African American and the authors 

compared African Americans with an LVEF that declined compared to an LVEF 

that remained stable. After a follow-up of 12 months, 28% of this cohort 

developed cardiotoxicity. The percentage of African Americans was significantly 

greater in the group of patients who met criteria for cardiotoxicity. Finkelman et 

al. along with Dr. Bonnie Ky, evaluated clinical risk factors and measured 

changes in oxidative/nitrosative stress biomarkers during chemotherapy to 

identify an association with cardiotoxicity.[30] This study included 170 patients with 

breast cancer treated with doxorubicin. Cardiotoxicity was defined as LVEF 

decline of ≥ 10% to < 50%. After a maximum follow up of 5.4 years, 23% of 

participants developed cardiotoxicity. The incidence in African Americans was 

not described in this study. In addition to hypertension and BMI, African 

American race was independently associated with changes in biomarkers. 

African American race was significantly associated with lower baseline levels of 

ornithine, ADMA and MMA (nitrosative biomarkers) in an adjusted model 

(specific variables include treatment regimen and CVD clinical variables) 

(P=0.006, P>0.001, P=0.01 respectively). ADMA and MMA were associated with 
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cardiotoxicity. In this study, African Americans had increased cardiovascular risk 

factors compared to white women including hypertension [52% vs. 20%], 

diabetes [16% vs. 4%] and larger median BMI [31 vs. 25]. 

The higher risk of cardiotoxicity in African Americans has been supported 

by a meta-analysis. Lotrionte et al. conducted a review and meta-analysis to 

identify the incidence and clinical predictors of anthracycline-based 

chemotherapy associated with cardiotoxicity.[35] This meta-analysis included 18 

studies with a total enrollment of 49,017 patients and 22,815 patients were 

treated with anthracyclines for any cancer. Cardiotoxicity was defined as clinical 

or subclinical. After a median follow-up of 9 years, the incidence of subclinical 

cardiotoxicity was 17.9% (CI 11.6% to 24.2%, I2 = 99%) and 6.3% (CI 3.2% to 

9.3%, I2=99%) for clinical cardiotoxicity. African-American race was consistently 

reported as significant risk factor for cardiotoxicity even after adjustment for 

anthracycline cumulative dose and cardiovascular risk factors. Additional 

cardiovascular risk factors associated with cardiotoxicity included hypertension, 

diabetes, extremes in age, and extremes in BMI were also associated with 

cardiotoxicity. 

Table 2 shows a summary of studies described above that aimed to 

identify differences in cardiotoxicity incidence in African Americans compared to 

white women with breast cancer  exposed to anthracyclines and trastuzumab. 

Each study showed a difference in cardiotoxicity rates with African Americans 

having approximately a three-fold increased risk even after adjustment for 

cardiovascular risk factors and breast cancer risk features (e.g. stage and 
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exposure to anthracyclines). A meta-analysis supports these findings that African 

American race remains a significant risk factor after accounting for confounding 

variables. However, more studies are required that include both HER2+ and non 

HER2+ breast cancer to appreciate the full scope of this possible disparity. 

 

 
Table 2. Summary of studies that evaluated cardiotoxicity incidence disparities 

      

 
ªNumber of African Americans in the study. βNumber of Non-African Americans in the study. ¥Cardiotoxicity 
incidence in African Americans compared to non-African Americans in the study. Baron et al. did not 
compare the rate of cardiotoxicity by race group. 
 

β Subclinical cardiotoxicity was not defined further in this meta-analysis. The study was not powered to 
assess risk factors associated with clinical cardiotoxicity 
 

 

 

Cardiovascular Risk Factors Associated with Cardiotoxicity 

Addressing cardiotoxicity disparities includes understanding differences in 

risk. Risk stratification can partially be achieved by identifying clinical predictors 

that put breast cancer patients undergoing anthracycline-based chemotherapy 

Author  Nª/Nβ Chemotherapy Cardiotoxicity 
Definition 

Follow-
up 

Cardiotoxicity Incidence Per 
Group¥ 

 

Hasan et al.[15] 100/399 Anthracycline LVEF <45% 1.3 years        7% vs  2.5%(P<0.027) 

Litvak et al.[14] 59/157 Trastuzumab LVEF decline of ≥ 
10% to <50% 

5.2 years        24% vs 7% (P=0.12) 

Baron et al.[13] 17/48 Anthracycline 
& 

Trastuzumab 

LVEF decline ≥ 
16% or LVEF 
decline ≥ 10% 

with LVEF below 
50% 

1 year - 

Lotrionte et al. 
[35] 

NA Anthracycline Subclinical 
Cardiotoxicityβ 

9 - 
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and trastuzumab at risk of developing cardiotoxicity. Many studies have identified 

associated cardiovascular risk factors (CVDRFs) in patients who develop 

cardiotoxicity. Tang et al. evaluated 160 patients with stage I-III HER2-positive 

breast cancer treated with trastuzumab.[1]They evaluated whether the following 

CVDRFs identified prior to treatment were associated with cardiotoxicity: 

smoking, hypertension, hyperlipidemia, history of heart failure, history of 

myocardial infarction, history of coronary bypass, and diabetes. Cardiotoxicity 

was defined as symptomatic (e.g. dyspnea or a referral to a cardiologist with 

concern for heart failure symptoms) or asymptomatic patients with a decline in 

LVEF greater than or equal to 10% from baseline to LVEF less than 50%. They 

found that 34 (21.3%) of patients developed cardiotoxicity based on this 

definition. Out of all of the CVDRFs assessed, a history of myocardial infarction 

was significantly associated with the development of cardiotoxicity. Nowsheen et 

al. reviewed baseline risk factors for trastuzumab-induced cardiotoxicity in breast 

cancer patients in the literature, and they found that age greater than 65, obesity 

with BMI > 30 kg/m2, and hypertension were consistent CVDRFs associated with 

cardiotoxicity.[2] 

Another study conducted a meta-analysis to understand the risk of obesity 

and cardiotoxicity.[3] Fifteen studies were assessed including 8,745 breast cancer 

patients treated with anthracyclines and trastuzumab. All fifteen studies reported 

results on patients who were overweight or obese. They found that for breast 

cancer patients overweight or obese (BMI>25) there was an increased risk of 

cardiotoxicity. Obesity is a shared modifiable risk factor for CVD and breast 
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cancer patients.[4] Jawa et al. conducted a meta-analysis in studies evaluating 

breast cancer patients who underwent trastuzumab treatment. A review of 17 

articles that included 6,527 patients demonstrated that hypertension (OR 1.61, 

95% CI 1.14-2.26; P<0.01), diabetes (OR 1.62; 95% CI 1.10-2.38 P<0.02), and 

older age (P=0.013) were associated with trastuzumab-induced cardiotoxicity.[5]  

A few prediction models have been derived in breast cancer patients to 

assess the risk of cardiotoxicity.[6, 7] Ezaz et al. evaluated women diagnosed with 

early-stage breast cancer (stage I to III) treated with surgery and trastuzumab. 

The authors derived a risk score including age, adjuvant chemotherapy, coronary 

artery disease (CAD), atrial fibrillation or flutter, diabetes mellitus, hypertension, 

and renal failure in breast cancer patients treated with adjuvant trastuzumab 

utilizing the Surveillance, Epidemiology and End Results (SEER)-Medicare 

database. Cardiotoxicity was defined as incident heart failure or cardiomyopathy 

after the date of surgery and adjuvant trastuzumab treatment within 3 years of 

early-stage breast cancer (stage I to III) diagnosis. The derived risk score in half 

the cohort was implemented on the other half, the validation cohort. This risk 

score was able to classify cardiotoxicity risk into low, medium and high risk strata 

with 3-year rates of 16.2%, 26%, and 39.5%, respectively. Romond et al. 

evaluated HER2-positive breast cancer patients exposed to trastuzumab and 

derived a Cardiac Risk Score (CRS) that included age and baseline LVEF. 

Cardiotoxicity was defined as definite or probable cardiac death or congestive 

heart failure manifested by dyspnea with normal activity or at rest and associated 

with an absolute decrease in LVEF of greater than 10 percentage points from 



15 
 

baseline to a value less than 55% or a decrease of more than 5% to a value 

below the lower limit of normal. These risk factors were able to predict risk of 

cardiotoxicity with a c-index value of 72% which is consistent with a high level of 

discrimination. There are no risk prediction models that include race or 

biomarkers. 

 

Table 3 summarizes the overall cardiovascular risk factors associated with 

cardiotoxicity in breast cancer patients exposed to anthracyclines and 

trastuzumab.  Consistent cardiovascular risk factors associated with 

cardiotoxicity in these studies were older age, obesity, and hypertension. 

Cardiovascular risk scores have been developed utilizing CVD risk factors and 

cardiovascular diseases to predict risk of cardiotoxicity in this cohort. These 

studies were able to generate good models to predict risk. However, these 

studies did not incorporate more breast cancer treatment risk factors which play 

a role in cardiotoxicity such as radiation and cumulative anthracycline dosing. 

More studies are required to more comprehensively address these risk factors to 

predict cardiotoxicity in breast cancer patients. In addition, African American 

patients have been identified as having higher rates and African American race 

should be included in these risk score models.  
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Table 3. Summary of studies that evaluated cardiovascular risk factors associated with 
cardiotoxicity 

 
Author  Chemotherapy Cardiovascular Risk 

Factors 

Tang et al.[11] Trastuzumab Myocardial Infarction 

Nowsheen et al.[12] Trastuzumab Age >65 
Body Mass Index >30 

kg/m2 
 
 

Hypertension 

Guenancia et al.[42] Anthracycline 
& 

Trastuzumab 

Body Mass Index >25 
kg/m2 

 

Jawa et al. [43] Trastuzumab Hypertension 
Diabetes Mellitus 

Older Age 
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Specific Aim and Hypotheses 

The literature describes racial disparities related to cardiovascular 

diseases within the African American population[8]; which includes cardiotoxicity 

in breast cancer patients[9-13]. Cardiotoxicity is an established result of treatment 

with anthracycline-based chemotherapy and trastuzumab[13-18]. It is established 

that African American race is an independent risk for cardiotoxicity[10, 13]. 

However, no study has evaluated the etiology of this health disparity in HER2+ 

and non HER2+ breast cancer patients.  

 To address this gap in knowledge, we utilized a cancer registry developed 

from patients treated at the Comprehensive Cancer Center at Wake Forest 

Baptist Health. This registry is a collection of women with history of HER2+ and 

non HER2+ breast cancer treated with either anthracycline and/or trastuzumab 

from 2013 to 2017. This cohort was relatively diverse with 19% African 

Americans. We evaluated 118 women with stage I-IV breast cancer treated with 

anthracycline-based chemotherapy and/or trastuzumab at the Comprehensive 

Cancer Center at Wake Forest Baptist Health with follow-up echocardiography 

from 3 months to 5 years conducted as part of general clinical practice. 

 To produce new pertinent clinical knowledge, we propose this 

retrospective cohort study in a real-world, relatively diverse, breast cancer 

population treated at the Comprehensive Cancer Center at Wake Forest Baptist 

Health approved by the institutional review board (IRB) (IRB #: IRB00053003). 
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Specific Aim 1: Examine the differences in the association between African 

American race and cardiotoxicity in HER2+ and non HER2+ breast cancer 

patients treated with anthracycline-based chemotherapy and trastzumab. 

•  Hypothesis 1: African Americans have a higher probability of cardiotoxicity 

incidence related to anthracyline-based chemotherapy and trastuzumab 

compared to white patients.  

 

Specific Aim 2: Identify whether cardiovascular risk factors in this breast cancer 

population affect the association between African American race and 

cardiotoxicity related to treatment with anthracycline-based chemotherapy and 

trastuzumab. 

•  Hypothesis 2: Increased cardiovascular disease risk factor prevalence in 

African Americans will confound the increased odds of cardiotoxicity incidence 

related to anthracycline-based chemotherapy and trastuzumab compared to 

white patients. 

 

Impact: These new data will aid in risk stratification of breast cancer patients 

receiving cardiotoxicity chemotherapy including the impact of African American 

race (Figure 2). Identifying patients at risk for cardiotoxicity through initial clinical 

screening; will promote the initiation of protective measures early in 

chemotherapy treatment to reduce heart failure rates. Our approach for 

assessing the differences in cardiotoxicity incidence in African Americans and 
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associated CVDRFs will provide a broader understanding of this risk in breast 

cancer patients with or without HER2+ phenotypes. 
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Abstract 

 
Background— Cardiotoxicity is a known risk of certain breast cancer therapies; 

however, less is known about the differences in cardiotoxicity incidence and 

associated cardiovascular risk factors (CVDRFs) in African Americans (AAs). In 

this study, we assessed the incidence and CVDRFs associated with 

cardiotoxicity in AAs compared to white patients. 

 

Methods— We evaluated 118 women with stage I-IV breast cancer treated with 

either anthracyclines and/or trastuzumab at our cancer center screened with 

routine echocardiographic follow-up between 3 months and five years. A multiple 

logistic regression model was used to evaluate the association between 

cardiotoxicity, defined as LVEF decline ≥ 10 % from baseline to an LVEF < 53%, 

and race; adjusted for CVDRFs. 

 

Results— Of the 118 women, 112 women identified themselves as AA or white. 

African Americans had similar mean ages (57±13 vs. 59± 11), but higher 

frequency of hypertension (60% vs. 39%) despite greater prevalence of anti-

hypertensive medications and an overall greater mean of CVDRFs (2±1, 

1.7±1.4). AA race demonstrated an approximately three-fold increased odds of 

cardiotoxicity compared to white patients; however, this was not significant (OR 

2.8; 95% CI 0.8,9.6 P=0.09).  After adjusting for CVDRFs there was minimal 

attenuation of the odds ratio.  
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Conclusions— In this cohort of stage I-IV breast cancer patients treated with 

anthracyclines and trastuzumab, there was an increased rate of cardiotoxicity in 

African Americans compared to white patients exposed to cardiotoxic 

chemotherapy; however, the findings were not significant. This study highlights a 

potential difference in cardiotoxicity rates in African Americans that requires 

further investigation. 
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Introduction 
 

Anthracycline-based chemotherapy for breast cancer and trastuzumab 

therapy specifically for human epidermal growth factor receptor-2 (HER2) 

positive breast cancer are standard therapies for breast cancer due to improved 

rates in cancer survival.[1, 2] Unfortunately, the survival rate in African American 

women with breast cancer is lower despite lower rates of breast cancer. 

[3]Cardiovascular related mortality in these patients may in part be due to 

disparities in the rates of cardiotoxicity related to cancer therapy.  

Cardiotoxicity, defined as a left ventricular ejection fraction (LVEF) decline 

of greater than or equal to 10% to less than 53% from baseline related to 

chemotherapy according to the American Society of Echocardiography[4], is an 

unintended consequence of anthracyclines and trastuzumab treatment.[1, 5-9] 

Historically, this definition has been variable making consistent assessment of 

the impact and prevalence of cardiotoxicity difficult to compare across studies. 

One review article with data from large adjuvant clinical trials described that 

asymptomatic LVEF decline after chemotherapy treatment found rates ranging 

between 4.1% to 30.1%; and symptomatic congestive heart failure rates ranging 

between 0.6% to 3.8% in patients treated with cardiotoxic chemotherapy[10].  

Cardiotoxicity incidence differs in African Americans and the literature has 

described a three-fold increased risk compared to white patients with breast 

cancer even after adjusting for possible confounding. [11] This population has 

higher rates of hypertension associated with heart failure, yet these factors do 

not confound the independent association between African American race and 
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cardiotoxicity. [12,13] Although these studies included comprehensive explanatory 

variables, they had modest sample sizes and more studies are needed to 

describe this disparity if it indeed exists. Further, these studies have not included 

patients in clinical practice with HER2+ and non HER2+ breast cancer. The focus 

of our study was to (1) evaluate cardiotoxicity incidence in African Americans 

compared to white patients with stage I-IV breast cancer after initiation of 

anthracycline-based chemotherapy and/or trastuzumab in breast cancer patients 

with a follow-up period between 3 months and five years, (2) compare the 

prevalence of cardiovascular risk factors in each population, and (3) determine if 

differences in cardiovascular risk factors in each group affects the association 

between race and cardiotoxicity. 

 
Methods 
 
Study Population 

 

 A retrospective cohort study was conducted utilizing a breast cancer 

registry from the Wake Forest Baptist Comprehensive Cancer Center. This 

registry included women with stage I-IV breast cancer treated with anthracycline-

based and/or trastuzumab as part of routine clinical practice from January 2013 

until December 2017. Detailed clinical data, including demographics and medical 

history, was collected via the electronic medical record (EMR) as part of routine 

clinical practice.  Echocardiography (echo) reports generated for clinical practice 

at Wake Forest Baptist Health were used to determine cardiotoxicity. The LVEF 

from each echo report was documented manually. Echo was performed at 

baseline (chemotherapy initiation) and follow-up. Per the American Society of 
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Echocardiography guidelines, patients undergoing anthracycline-based 

chemotherapy and trastuzumab are recommended to have an echo at the 

initiation of chemotherapy.[4]  A follow-up echo is recommended in those with 

anthracycline dose >240mg/m2 then imaging prior to each additional dose of 50 

mg/m2. After completion of therapy, an echo is recommended at 6 months of 

follow-up. For HER2-positive breast cancer patients receiving trastuzumab, an 

echo is recommended every 3 months during treatment and every 6 months 

post-therapy in those who also received anthracycline-based chemotherapy. In 

our cohort, echos were conducted at baseline and subsequent follow-up which 

ranged from 3 months to 5 years. The LVEF mean ± standard deviation (SD) at 

baseline in African Americans was 60% ± 4.7 compared to white patients ( 59%± 

4.1).  This study was approved by the Wake Forest Institutional Review Board. 

 Key inclusion criteria included patients treated with anthracycline-based 

chemotherapy and/or trastuzumab for breast cancer (N=339). Patients were 

excluded if they did not have a baseline and follow-up echo (N=214). Patients 

were also excluded if they had left ventricular dysfunction with an LVEF less than 

50% at baseline (N=7).  

 

Independent Variables 

The independent variables were extracted from the EMR which is coded 

using International Classification of Diseases, Ninth and Tenth revision, Clinical 

Modification (ICD-9-CM and ICD-10-CM) coding during routine clinical practice. 

The independent variables used in this study were age, race, as well as cancer 
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specific details and cardiovascular risk factors.  Breast cancer stage and side 

(right, left, unknown) were based on EMR coding done by the clinical provider. 

Breast cancer stage was designated from the EMR at the time of chemotherapy.  

Radiation treatment was identified by the EMR under “diagnosis” (e.g. as part of 

a visit diagnosis). Anthracyclines (Doxorubicin and Epirubicin) and trastuzumab 

administration were reported in the EMR under medications.   BMI (body mass 

index, calculated per standard equation weight (kg) divided by height (m)2 was 

identified by the BMI calculated at the time of the baseline echocardiogram. The 

following cardiovascular risk factors (CVDRFs) were included: hypertension 

(systolic blood pressure >130 mmHg, diastolic blood pressure > 80mmHg), 

hyperlipidemia, stroke or transient ischemic attack (TIA), smoking status (if 

patients ever smoked they were considered a “yes”, for those who never 

smoked, they were considered a “no”), obesity (defined as a body mass index of 

greater than 30 kg/m2), diabetes mellitus type 2, and coronary artery disease 

(CAD) or myocardial infarction. EMR diagnoses are designated by clinicians as 

part of general clinical practice. The cardiovascular risk factors CVDRFs above 

were then summed for each patient to generate a CVDRF number based on the 

amount of diagnosed CVDRFs (e.g. if a patient had hypertension and was obese, 

they had a CVDRF number of 2). Medications were extracted from the 

medications documented and prescribed in the EMR at any time during the study 

period. 

 

Echocardiography and Cardiotoxicity Outcomes Definition 



31 
 

The transthoracic echocardiograms were performed by a dedicated 

sonographer and read by licensed cardiologists. The cardiologists reading the 

echocardiograms were blinded to the study. The ejection fraction at baseline and 

follow-up were recorded from the echocardiogram report. The baseline echos 

were conducted at chemotherapy initiation and the patients’ subsequent echos 

were recorded as the follow-up echo; all echos were performed as part of routine 

clinical practice. The outcome of this study was cardiotoxicity defined by the 

American Society of Echocardiography: LVEF decline of greater than or equal to 

10% to less than 53% from baseline related to chemotherapy.  Heart failure as a 

clinical outcome was reported based on heart failure hospital admissions at 

Wake Forest Baptist Health documented in the EMR. 

 
Statistical Analysis 

 
 Patient characteristics including demographics and cardiovascular risk 

factors were compared in African Americans and white patients with stage I-IV 

breast cancer. Age was described as a mean ± SD and compared using t-test 

due to normal distribution. Breast cancer sidedness, stage, radiation, and 

chemotherapy were considered categorical variables and compared using 

fisher’s exact test. Cardiovascular risk factors and medications were considered 

categorical variables as well and compared using fisher’s exact test. The CVDRF 

variable is the CVDRF number described above. It was described in each race 

group using mean ± SD and compared using t-test. The baseline and follow-up 

LVEF was described as continuous variables for each race group. 
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 We then evaluated the association between race and cardiotoxicity with 

the use of logistic regression as an unadjusted model and adjusted model with 

the CVDRF amount and age. To determine the impact of each individual CVDRF 

on the association between race and cardiotoxicity, we again used an unadjusted 

logistic regression model and adjusted multiple logistic regression model for age. 

Analyses were performed with RStudio version 1.1453 (© 2009-2018 RStudio, 

Inc.) and SAS 9.4 (The SAS Institute, Cary, North Carolina). Significance testing 

was two-sided, with P<0.05 considered significant. 

 
Results 
 

Out of 118 women with breast cancer in this cohort, 112 women were 

identified in the EMR as either Black or African American or White and were 

included in the analytic sample; no women were identified as Hispanic. Patients 

ages ranged between 29 and 92 at the initiation of chemotherapy. HER2-positive 

breast cancer patients were either treated every three weeks for four cycles of 

anthracycline-based chemotherapy and 52 weeks of trastuzumab (n=39) or non-

anthracycline-based chemotherapy and 52 weeks of trastuzumab (n=34). Breast 

cancer patients who were not HER2-positive were treated with anthracycline-

based chemotherapy (n=43). Two patients did not have appropriate 

documentation of the anthracycline-based and/or trastuzumab regimen they 

received. There were 23 (19%) African American women and 89 (75%) white 

women. Patient characteristics comparing African Americans and white breast 

cancer patients are summarized in Table 1. The mean ages for African 

Americans and white patients (57±13 vs. 59±11; P=0.41) were similar. In terms 
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of breast cancer phenotypes, for both races, there was a higher representation of 

Stages 2 and 3.  African American breast cancer patients had more radiation 

(48% vs. 31%; P=0.15) but this was not significant. In terms of cardiovascular 

risk factors, the mean BMI in both groups was similar (31±5.4 vs. 30±9.6; 

P=0.39). Hypertension was more prevalent in African Americans (60% vs. 39%; 

P=0.09) compared to white patients. CVDRFs were more prevalent overall in 

African Americans. (2±1.1 v 1.7±1.4; P=0.32). African Americans had a higher 

prevalence of angiotensin converting enzyme inhibitor (ACE-I), angiotensin 

receptor blockers (ARB) (61 % vs. 39%; P=0.09) and beta-blocker prescriptions 

(43% vs. 34%; P=0.46) compared to white patients; but statin therapy 

prescriptions were about the same (30% vs. 31%; P=0.99). Twenty-five patients 

died from any cause during the study period with African Americans having a 

mildly greater incidence of death compared to white patients (30% vs. 20%; 

P=0.39). However, none of the comparisons reached statistical significance. 

After follow-up of 3 months to 5 years, the absolute rate of cardiotoxicity 

was 14/118 (12%) in the total cohort. The incidence in African Americans was 

22% and in white patients was 9%. African American race demonstrated an 

approximately 3 fold increased odds of cardiotoxicity compared to white patients; 

which trended towards significance (OR 2.8, 95% CI 0.8, 9.6; P=0.09) in the 

unadjusted model, which was not substantially attenuated in the adjusted model 

(OR 2.7, 95% CI 0.8,9.3; P=0.11) (Table 2). Out of each CVDRF, hypertension 

demonstrated the greatest impact on attenuating the odds ratio when evaluating 

the association between race and cardiotoxicity; again, this did not reach 
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statistical significance (Table 3). In terms of clinical heart failure, 2.5% of the 

patients in this cohort were admitted to the hospital due to heart failure during the 

study period. 

 

Discussion 
 

In our retrospective cohort study, we evaluated the association between 

African American race and cardiotoxicity utilizing a  breast cancer patient 

registry. We identified that cardiotoxicity incidence was 12% in the overall cohort 

with a follow-up of 3 months to 5 years. We also found that African Americans 

had a three-fold increased odds of cardiotoxicity, but this did not reach statistical 

significance.  

 Our incidence identified in this study was within the range of asymptomatic 

cardiotoxicity incidence in prior studies[10]; although on the lower end of many.[14-

16]This could in part be due to the fact that we used the most up-to-date 

definition; however previous studies have used LVEF to <50% which is more 

specific. One would expect a higher incidence in our study for this reason. Many 

patients did not have follow-up echocardiography putting the data at risk for 

selection bias towards those who had symptoms as opposed to including all 

patients who met criteria for echo surveillance. This could explain the lower 

overall incidence of subclinical cardiotoxicity. The rate of symptomatic heart 

failure (2.5%) in this study was consistent with the literature with rates ranging 

from 2-3% .[14-16] 
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Our study showed a non-significant increased incidence of cardiotoxicity in 

African Americans compared to white women with breast cancer which is 

consistent with the literature. [11, 17, 18] Possible breast cancer treatment 

explanatory variables included increased radiation; however, this study did not 

have the power to include this adjustment in the model. In terms of the individual 

CVDRFs, hypertension was more prevalent in African Americans which is 

consistent in the literature. [12,19] The CVDRF with the greatest impact on the 

attenuation of the odds ratio from the association between African American race 

and cardiotoxicity was hypertension. Adjusting for CVDRF count did not 

attenuate the odds ratio comparing African Americans and whites; however, 

these findings were not significant. These results demonstrated trends that did 

not overall meet statistical significance. 

Despite the higher incidence of cardiac dysfunction in African Americans, this 

group had a higher prevalence of ACE-I/ARBs and beta-blocker prescriptions. 

This is consistent with the increased diagnosis of hypertension; however, these 

agents are cardio-protective [20] and should reduce rates of cardiotoxicity.  

 Our study has noteworthy strengths. This study included a broader breast 

cancer patient phenotype including both HER2+ and non HER2+ African 

American breast cancer patients. This study is one of the few studies that 

describe African American breast cancer cardiotoxicity risk. This study adds to 

prior studies that found an increased risk in cardiotoxicity in African Americans; 

however, the findings were not significant.  
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Study Limitations 

Although this study had notable strengths, there were significant 

limitations. Most notably, the sample size of this study was small which limited its 

power to reach statistical significance.  

Many patients did not have either baseline echos or follow-up echos 

(N=214; 63%). This certainly puts this study at risk for a selection bias. There 

could be over representation of patients that received echos due to symptoms as 

opposed to planned surveillance.  A further evaluation of the characteristics of 

these patients may elucidate this lack of imaging. Patients may not have received 

follow-up echos due to cancer related mortality or follow-up echos were not 

indicated.  Not all breast cancer patients exposed to anthracyclines require 

repeat echo after the initial baseline echo. The recommendations for surveillance 

echo during anthracycline and trastuzumab therapy accepted by the American 

Heart Association are described above in the methods section. In addition, the 

echo follow-up times were variable from 3 months to five years which could have 

contributed to ascertainment bias as well.  

 The use of EMR is an important limitation of this study. The independent 

variables were based on charting during clinical practice which is not always 

complete and consistently updated. For instance, breast cancer side was only 

documented in small fraction of the cohort. The radiation side was not indicated 

from the EMR data.  Also, it us unknown if cardio-protective measures for breast 

radiation were implemented such as inspiratory holds to displace the heart. 

Additionally, although BMI means were similar in the different race groups, the 
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diagnosis of obesity varied. The EMR has limitations as it relates to 

chemotherapy and CVDRF medications. Although individual dosing of 

chemotherapy is charted, there is no streamline way to assess lifetime 

cumulative dosing which is important for risk of cardiotoxicity. The compliance of 

CVDRF medications cannot be assessed and assumed based on prescriptions in 

the EMR.   

 Finally, this was an observational study and possible additional 

confounders could exist that were not accounted for. Due to limited power, all 

medications, breast cancer characteristics, and treatment factors (e.g. radiation) 

could not be adjusted for in the adjusted logistic regression model. In addition, 

socioeconomic status is an important risk factor for cardiovascular disease and 

certainly an important component as it relates to cardiotoxicity disparities; 

however, it was not incorporated in this study.[21]  Additional limitations of the 

model include the fact that CVDRFs were weighted equally and a weighted risk 

score provides a more accurate assessment of risk. 

 
Conclusions 

 
 This study contributes to the overall lexicon of studies related to 

cardiotoxicity incidence in African Americans compared to white patients. This 

study suggests there is an increased risk of cardiotoxicity in African American 

breast cancer patients treated with anthracyclines and trastuzumab therapy 

compared to whites. It further describes this trend in both HER2+ and non 

HER2+ breast cancer patients.  However, due to sample size constraints it did 

not meet statistical significance. This study is mainly hypothesis driving and 
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further studies are required to validate these findings. In combination with prior 

data, this study can encourage increased surveillance in this at risk population 

and promote the identification of selective preventative strategies to reduce the 

risk differences.  
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Clinical Perspective 
 
What is new? 

 In a real-world clinical cohort of middle-aged women with breast cancer, 

the association between African American race and cardiotoxicity was 

evaluated as it relates to the impact of cardiovascular risk factor 

prevalence. 

 There was a higher incidence of cardiotoxicity in African Americans 

compared to white patients; however this association was not significant 

related to small sample size. 

What are the clinical implications? 
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 Cardiovascular risk factor prevalence should be considered in African 

Americans undergoing cardiotoxic chemotherapy, namely hypertension, to 

reduce cardiotoxicity incidence in this population; however, more studies 

are required to fully comprehend the etiology of cardiotoxicity risk in 

African Americans. 
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Table 1: Patient Demographic and Clinical Characteristics (N=112) 
 

Characteristics  African 
American   
(n=23), 
n(%)* 

White 
(n=89), 
n(%)* 

P 
Value 

Demographics    

Age, years [mean±SD] 57±13  59± 11  0.41 

Deceased↋  7 (30)  18 (20) 0.39 

Cancer Characteristics    

     Breast Cancer Side    
      Left  1 (4)  9  (10)  0.68 
      Right  2 (9) 12 (13)  0.73 
      Bilateral  0   2  (2)     - 
      Missing Data 20 (87)  66 (74)  0.27 

Breast Cancer Stage    
      Stage 1 3 (13) 10 (11) 0.73 
      Stage 2 5 (22) 17 (19) 0.77 
      Stage 3 5 (22) 16 (18) 0.76 
      Stage 4 1 (4)  13 (15) 0.29 

      Missing Data 9 (39)  33 (37) 0.99 

Cancer Treatment    

       Radiation  11 (48) 28 (31) 0.15 
       Chemotherapy Regimen    
       Anthracyclines α 10 (43) 31 (35) 0.47 
       Trastuzumab  6 (26) 27 (30) 0.80 
       Anthracyclines+ Trastuzumab             7 (30) 30 (34) 0.99 

Cardiovascular Characteristics    

     Hypertension 14 (60) 35 (39) 0.09 
     Diabetes Mellitus Type 2  4 (17) 10 (11) 0.48 
     Hyperlipidemia  2 (8) 18 (20) 0.24 
     Obesity 12 (52) 36 (40) 0.35 
     BMI kg/m^2 [mean±SD] 31 ± 5.4 30 ± 9.6   0.39 
     CAD∆/MIƐ  0  10 (3)   - 
     CVDRFµ  [mean±SD]  2±1.1 1.7 ±1.4 0.32 
     Tobacco Use    
         Current  2 (8) 11 (12) 0.99 
         Former 10 (43) 30 (34) 0.46 
          Never 11 (48) 48 (54) 0.64 
     Cardiac Medications    
         ACEτ-inhibitor or ARBτ 14 (61) 35 (39) 0.09 
         Beta-blocker 10 (43) 30 (34) 0.46 
         Statin  7 (30) 28 (31) 0.99 
      Cardiotoxicity  5 (22)   8 (9) 0.14 
      LVEF, % (mean ±SD) Baseline  60±4.7  59±4.1 0.77 
      LVEF, % (mean ±SD) Follow-up  56±8.3  58±4.7 0.19 

 
Ɛ Deceased indicates all-cause mortality in breast cancer patients during the study period 
*The n is the number of categorical variables per group and the % of that group 
αAnthracyclines include doxorubicin and epirubicin. The values indicate those treated with anthracyclines 
only, trastuzumab preceded by non-anthracycline therapy, and anthracyclines and trastuzumab.  
¥ Patients whose breast cancer stage progressed from the time of chemotherapy onset 
∆ Coronary Artery Disease (CAD), Ɛ Myocardial Infarction (MI) 
µ Cardiovascular Risk Factors (CVDRFs) 
τ Angiotensin Converting Enzyme (ACE)- Inhibitor or Angiotensin Receptor Blocker (ARB) 
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Table 2: Effect of race on cardiotoxicity 

Race Odds Ratio 

Unadjusted 

(95%CI) 

P 

value 

Odds Ratio 

Adjusted by 

CVDRFsµ 

(95%CI) 

P 

value 
Odds Ratio 

Adjusted by 

CVDRFsµ 

(95%CI) 

P 

value 

African American 

(N=23) 

2.8 (0.8,9.6) 0.09 2.7 (0.8,9.3) 0.11 2.47 (0.7,8.6) 0.15 

αWhite race was the reference group. µ Cardiovascular Risk Factors (CVDRFs): CVDRFs were summed for 

each patient and the numerical summation were used in the model. 

 
 

Table 3. Effect of each cardiovascular risk factor on the association between race and cardiotoxicity 
Cardiovascular 
Risk Factor 

Odds Ratio 
 Race Adjusted by ª 

(95%CI) 

P -value Odds Ratio 
Race Adjusted by 

ª  and Age 
(95%CI) 

P -value 

Hypertension 2.3 (0.6,8.2) 0.19 1.87 (0.5,6.9) 0.34 
Diabetes Mellitus 
Type 2 

2.6 (0.7,9.3) 0.13 2.3 (0.6,8.5) 0.20 

Hyperlipidemia 3.0 (0.86,10.7) 0.08 2.89 (0.8,10.3) 0.10 
Obesity 2.8 (0.8,9.6) 0.10 2.6 (0.7,9.1) 0.13 
Stroke/TIAβ 2.8 (0.8,10.0) 0.09 2.7 (0.8,9.6) 0.11 
Smoking 2.9 (0.8,10.0) 0.09 2.7 (0.8,9.5) 0.11 

ª White race was the reference group, β Transient ischemic attack (TIA) 
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Chapter 3 
 

Ancillary Study 
 

Impact of Chemotherapy Regimen and the Association between African 
American race and Cardiotoxicity 

 
 

Introduction 
 

African American race is independently associated with cardiotoxicity after 

adjusting for cardiovascular and cancer related risk factors[1-5]. Although 

hypertension is highly prevalent in African Americans, this does not completely 

account for this association.[3]Other disparities that exist between African 

Americans and the general population may further elucidate the increased risk of 

cardiotoxicity. Cancer subtypes are known to differ by race; with basal-like breast 

cancers being more common in African American women.[6] The breast cancer 

subtypes that are treated with cardiotoxic chemotherapy (anthracycline and 

trastuzumab) include human epidermal growth factor receptor-2 (HER2) positive 

breast cancer. Slamon et al. conducted a randomized multicenter phase III 

clinical trial and found that the combination of trastuzumab and anthracyclines 

caused cardiac dysfunctions in up to 27% of HER2-positive metastatic breast 

cancer patients compared with less than 7% in those exposed to anthracyclines 

only.[7] Carey et al. did not find that HER2-positive/ER-subtypes differed by race; 

so, exposure to trastuzumab with anthracyclines should not vary by race. 

However, this study was done in a select registry from a population-based case 

control study, which may be subject to selection bias. The literature has not 

robustly explored whether there is a difference in cardiotoxic chemotherapy 
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exposure in African Americans.  Further, African American women are often 

diagnosed at a later stage of breast cancer[1] which can have implications on 

dose of chemotherapy. Patients presenting with later stages of breast cancer are 

recommended to receive a more aggressive treatment (which can include 

anthracyclines) as opposed to earlier stage breast cancer[8], putting African 

American breast cancer patients at higher risk of cardiotoxicity. Considering 

these possible differences in chemotherapy regimen in African American women; 

it is reasonable to infer that differences in chemotherapy regimen partially explain 

the disparities in cardiotoxicity incidence. No study has evaluated whether 

chemotherapy regimen affects cardiotoxicity incidence comparing African 

Americans and white patients.  

In this study, we utilized a breast cancer registry to evaluate whether (1) 

differences in chemotherapy distribution differed by race; and (2) if chemotherapy 

type affected the association between African American race and cardiotoxicity. 

 
 
Methods 
 
Study Population 

 
 A retrospective cohort study was conducted utilizing a breast cancer 

registry from the Wake Forest Baptist Comprehensive Cancer Center. This 

registry included women with stage I-IV breast cancer treated with anthracycline-

based and/or trastuzumab as part of routine clinical practice from January 2013 

until December 2017. Detailed clinical data, including demographics and medical 

history, was collected via the electronic medical record (EMR) as part of routine 
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clinical practice.  Echocardiography (echo) reports generated for clinical practice 

at Wake Forest Baptist Health were used to determine cardiotoxicity. The LVEF 

from each echo report was documented manually. Echo was performed at 

baseline (chemotherapy initiation) and follow-up. Per the American Society of 

Echocardiography guidelines, patients undergoing anthracycline-based 

chemotherapy and trastuzumab are recommended to have an echo at the 

initiation of chemotherapy.[9]  A follow-up echo is recommended in those with 

anthracycline dose >240mg/m2 then imaging prior to each additional dose of 50 

mg/m2. After completion of therapy, an echo is recommended at 6 months of 

follow-up. For HER2-positive breast cancer patients receiving trastuzumab, an 

echo is recommended every 3 months during treatment and every 6 months 

post-therapy in those who also received anthracycline-based chemotherapy. In 

our cohort, echos were conducted at baseline and subsequent follow-up which 

ranged from 3 months to 5 years. The LVEF mean ± standard deviation (SD) at 

baseline in African Americans was 60% ± 4.7 compared to 59%± 4.1 in white 

patients.  This study was approved by the Wake Forest Institutional Review 

Board. 

 Key inclusion criteria included patients treated with anthracycline-based 

chemotherapy and/or trastuzumab for breast cancer (N=339). Patients were 

excluded if they did not have a baseline and follow-up echo (N=214). Patients 

were also excluded if they had left ventricular dysfunction with an LVEF less than 

50% at baseline (N=7).  
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Independent Variables 

The independent variables were extracted from the EMR which is coded 

using International Classification of Diseases, Ninth and Tenth revision, Clinical 

Modification (ICD-9-CM and ICD-10-CM) coding during routine clinical practice. 

The independent variables used in this study were age, race, as well as cancer 

specific details and cardiovascular risk factors. Breast cancer stage and side 

(right, left, unknown) were based on EMR coding done by the clinical provider. 

Breast cancer stage was designated from the EMR at the time of chemotherapy.  

Radiation treatment was identified by the EMR under “diagnosis” (e.g. as part of 

a visit diagnosis). Anthracyclines (Doxorubicin and Epirubicin) and trastuzumab 

administration were reported in the EMR under medications.   BMI (body mass 

index, calculated per standard equation weight (kg) divided by height (m)2 was 

identified by the BMI calculated at the time of the baseline echocardiogram. The 

following cardiovascular risk factors (CVDRFs) were included: hypertension 

(systolic blood pressure >130 mmHg, diastolic blood pressure > 80mmHg), 

hyperlipidemia, stroke or transient ischemic attack (TIA), smoking status (if 

patients ever smoked they were considered a “yes”, for those who never 

smoked, they were considered a “no”), obesity (defined as a body mass index of 

greater than 30 kg/m2), diabetes mellitus type 2, and coronary artery disease 

(CAD) or myocardial infarction. EMR diagnoses are designated by clinicians as 

part of general clinical practice. The cardiovascular risk factors CVDRFs above 

were then summed for each patient to generate a CVDRF number based on the 

amount of diagnosed CVDRFs (e.g. if a patient had hypertension and was obese, 
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they had a CVDRF number of 2). Medications were extracted from the 

medications documented and prescribed in the EMR at any time during the study 

period. 

 

Echocardiography and Cardiotoxicity Outcomes Definition 

The transthoracic echocardiograms were performed by a dedicated 

sonographer and read by a licensed cardiologists. The cardiologists reading the 

echocardiograms were blinded to the study. The ejection fraction at baseline and 

follow-up were recorded from the echocardiogram report. The baseline echos 

were timed with chemotherapy initiation and the patients’ subsequent echos were 

recorded as the follow-up echo. The outcome of this study was cardiotoxicity 

defined by the American Society of Echocardiography: LVEF decline of greater 

than or equal to 10% to less than 53% from baseline related to chemotherapy.  

Heart failure as a clinical outcome was reported based on heart failure hospital 

admissions documented in the EMR. 

 

Statistical Analysis 

 
Patient characteristics including demographics and cardiovascular risk 

factors were compared in African Americans and white breast cancer patients. 

Age was described as a mean ± SD and compared using t-test due to normal 

distribution. Breast cancer sidedness, stage, radiation, and chemotherapy were 

considered categorical variables and compared using fisher’s exact test. 

Cardiovascular risk factors and medications were considered categorical 



49 
 

variables as well and compared using fisher’s exact test. The CVDRF variable is 

the CVDRF number described above. It was described in each race group using 

mean ± SD and compared using t-test. The baseline and follow-up LVEF was 

described as continuous variables for each race group. 

 We then evaluated the association between race and cardiotoxicity in an 

unadjusted and adjusted model by chemotherapy regimen using multiple logistic 

regression. Analyses were performed with RStudio version 1.1453 (© 2009-2018 

RStudio, Inc.) and SAS 9.4 (The SAS Institute, Cary, North Carolina). 

Significance testing was two-sided, with P<0.05 considered significant. 

 

Results  

 
Out of 118 women with breast cancer in this cohort, 112 women were 

identified in the EMR as either Black or African American or White and were 

included in the analytic sample; no women were identified as Hispanic. Patients 

ages ranged between 29 and 92 at the initiation of chemotherapy. HER2-positive 

breast cancer patients were either treated every three weeks for four cycles of 

anthracycline-based chemotherapy and 52 weeks of trastuzumab (n=39) or non-

anthracycline-based chemotherapy and 52 weeks of trastuzumab (n=34). Breast 

cancer patients who were not HER2-positive were treated with anthracycline-

based chemotherapy (n=43). Two patients did not have appropriate 

documentation of the anthracycline-based and/or trastuzumab regimen they 

received. There were 23 (19%) African American women and 89 (75%) white 

women. Patient characteristics comparing African Americans and white patients 
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are summarized in Table 1. The mean ages for African Americans and white 

breast cancer patients (57±13 vs. 59±11; P=0.41) were similar. In terms of breast 

cancer phenotypes, for both races, there was a higher representation of Stages 2 

and 3.  African American breast cancer patients had more radiation (48% vs. 

31%; P=0.15) but this was not significant. In terms of cardiovascular risk factors, 

the mean BMI in both groups was similar (31±5.4 vs. 30±9.6; P=0.39). 

Hypertension was more prevalent in African Americans (60% vs. 39%; P=0.09) 

compared to white patients. CVDRFs were more prevalent overall in African 

Americans. (2±1.1 vs. 1.7±1.4; P=0.32). African Americans had a higher 

prevalence of angiotensin converting enzyme inhibitor (ACE-I), angiotensin 

receptor blockers (ARB) (61 % vs. 39%; P=0.09) and beta-blocker prescriptions 

(43% vs. 34%; P=0.46) compared to white patients; but statin therapy 

prescriptions were about the same (30% vs. 31%; P=0.99). Twenty-five patients 

died from any cause during the study period with African Americans having a 

mildly greater incidence of death compared to white breast cancer patients (30% 

vs. 20%; P=0.39). However, none of the comparisons reached statistical 

significance. 

After follow up of 3 months to 5 years, the cardiotoxicity event rate was 

14/118 (12%) in the total cohort. African American race demonstrated an 

approximately 3 fold increased odds of cardiotoxicity compared to white patients; 

however, this was not significant (OR 2.8, 95% CI 0.8,9.6; P=0.09) in the 

unadjusted model. Adjusting for chemotherapy type did not attenuate the odds 
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ratio (OR 2.8, 95% CI 0.8,9.7; P=0.10; OR 2.9, 0.8,10; P=0.09; OR=2.8; 95% CI 

0.8,9.8, P=0.09 respectively); however, these findings were not significant. 

 
Discussion 

 
This was the first study conducted in clinical practice to examine whether 

chemotherapy distribution impacts the association between African American 

race and cardiotoxicity. This study demonstrated that there were no significant 

differences in the type of chemotherapy regimen between race groups. In 

addition, the type of chemotherapy regimen did not affect the association 

between African American race and cardiotoxicity; however, this did not reach 

statistical significance.  

This study is in agreement with Carey et al. which showed no significant 

difference in HER2- positive breast cancer diagnoses in African American 

women compared to white women in our cohort. The percentage of women in 

each race group who received trastuzumab was almost equal. 

This study has notable strengths and limitations. This was a novel study that 

was conducted in everday clinical practice. This is one of a few studies to adjust 

for anthracycline and trastuzumab exposure in HER 2+ and non HER2+ breast 

cancer patients to determine if these explanatory variables impact the 

association between African American race and cardiotoxicity. The most 

significant limitation of this study is small sample size. This study is more 

hypothesis driving and larger studies need to be done to identify if an 

independent association between African American race and cardiotoxicity exists 

after adjustment for cancer and cardiovascular risk factors. The treatment dosing 
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is important considering higher doses of anthracycline are more associated with 

cardiotoxicity; however, the dosing was not included in this study or the duration 

of treatment.  

In summary, chemotherapy regimen did not differ substantially in African 

American women compared to white women with stage I-IV breast cancer in our 

registry. The distribution of chemotherapy regimen did not affect the increased 

odds of cardiotoxicity in African Americans that trended toward, but did not reach 

statistical significance. 
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Table 1: Patient Demographic and Clinical Characteristics (N=112) 
 

Characteristics  African 
American   
(n=23), 
n(%)* 

White 
(n=89), 
n(%)* 

P 
Value 

Demographics    

Age, years [mean±SD] 57±13  59± 11  0.41 

Deceased↋  7 (30)  18 (20) 0.39 

Cancer Characteristics    

     Breast Cancer Side    
      Left  1 (4)  9  (10)  0.68 
      Right  2 (9) 12 (13)  0.73 
      Bilateral  0   2  (2)     - 
      Missing Data 20 (87)  66 (74)  0.27 

Breast Cancer Stage    
      Stage 1 3 (13) 10 (11) 0.73 
      Stage 2 5 (22) 17 (19) 0.77 
      Stage 3 5 (22) 16 (18) 0.76 
      Stage 4 1 (4)  13 (15) 0.29 

      Missing Data 9 (39)  33 (37) 0.99 

Cancer Treatment    

       Radiation  11 (48) 28 (31) 0.15 
       Chemotherapy Regimen    
       Anthracyclines α 10 (43) 31 (35) 0.47 
       Trastuzumab  6 (26) 27 (30) 0.80 
       Anthracyclines+ Trastuzumab             7 (30) 30 (34) 0.99 

Cardiovascular Characteristics    

     Hypertension 14 (60) 35 (39) 0.09 
     Diabetes Mellitus Type 2  4 (17) 10 (11) 0.48 
     Hyperlipidemia  2 (8) 18 (20) 0.24 
     Obesity 12 (52) 36 (40) 0.35 
     BMI kg/m^2 [mean±SD] 31 ± 5.4 30 ± 9.6   0.39 
     CAD∆/MIƐ  0  10 (3)   - 
     CVDRFµ  [mean±SD]  2±1.1 1.7 ±1.4 0.32 
     Tobacco Use    
         Current  2 (8) 11 (12) 0.99 
         Former 10 (43) 30 (34) 0.46 
          Never 11 (48) 48 (54) 0.64 
     Cardiac Medications    
         ACEτ-inhibitor or ARBτ 14 (61) 35 (39) 0.09 
         Beta-blocker 10 (43) 30 (34) 0.46 
         Statin  7 (30) 28 (31) 0.99 
      Cardiotoxicity  5 (22)   8 (9) 0.14 
      LVEF, % (mean ±SD) Baseline  60±4.7  59±4.1 0.77 
      LVEF, % (mean ±SD) Follow-up  56±8.3  58±4.7 0.19 

 
Ɛ Deceased indicates all-cause mortality in breast cancer patients during the study period 
*The n is the number of categorical variables per group and the % of that group 
αAnthracyclines include doxorubicin and epirubicin. The values indicate those treated with anthracyclines 
only, trastuzumab preceded by non-anthracycline therapy, and anthracyclines and trastuzumab.  
¥ Patients whose breast cancer stage progressed from the time of chemotherapy onset 
∆ Coronary Artery Disease (CAD), Ɛ Myocardial Infarction (MI) 
µ Cardiovascular Risk Factors (CVDRFs) 
τ Angiotensin Converting Enzyme (ACE)- Inhibitor or Angiotensin Receptor Blocker (ARB) 
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Table 2. Association between African American race and cardiotoxicity adjusted by chemotherapy type 
Race Odds Ratio 

Unadjusted 
(95%CI) 

P 
Value 

Odds Ratio 
Adjusted by 

Anthracyclines 
(95%CI) 

 

P  
Value 

Odds Ratio 
Adjusted for 

by 
Trastuzumab 

(95%CI) 

P 
Value 

Odds Ratio 
Adjusted for by 
Anthracyclines 

&  
Trastuzumab 

(95%CI) 
 

P 
Value 

African 
Americanα 
(N=23) 

2.8 (0.8,9.6) 0.09 2.8 (0.8,9.7) 0.10 2.9 (0.8,10) 0.09 2.8 (0.8,9.8) 0.09 

α White patients were the reference group 
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Future Directions 

 
 An independent risk for cardiotoxicity in African American women with 

breast cancer exposed to anthracyclines and trastuzumab has been 

demonstrated in the literature; however, no studies have completely elucidated 

the root cause. [2-5] To understand the true relative risk of cardiotoxicity in African 

Americans, more studies with larger samples sizes are required. The next 

quandary is determining the comprehensive risks that contribute to the 

association between race and cardiotoxicity. These additional risks include (1) 

higher prevalence of cardiovascular disease risk factors (CVDRFs), (2) 

differences in molecular susceptibility to cardiotoxicity related to different 

population shared genetic risk variants or differences in gene expression/gene-

gene interactions. Clinical and phenotypic factors may be in addition to iatronigic 

and environmental causes which include (3) difference in the use of cardio-

protective regimens and recommended screening, (4) and/or social determinants 

of health. 

 

Influence of hypertension and cardiotoxicity disparities 

 It is established that cardiovascular disease risk factor (CVDRF) burden is 

substantial in African Americans.[10, 11] CVDRFs certainly contribute to 

cardiotoxicity[12-14]; however, there are no established risk algorithms for heart 

failure for any population. This is problematic considering the significant mortality 

associated with heart failure.[15] Heart failure is associated with hypertension 

especially amongst African Americans. [10, 16] In addition, hypertension has also 
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been found to uniquely put patients at risk for cardiotoxicity.[13, 17] Hypertension 

has a higher incidence among African American women (44% in women over the 

age of 20)[18]. Per NHANES data, this is 10-12% higher than in white women. In 

the multi-ethnic study of atherosclerosis (MESA) cohort hypertension prevalence 

was 1.5 times higher in African Americans compared to Whites through age 

75.[19] Hypertension alone has an association with increased mortality in African 

Americans.[20] Despite the higher prevalence of hypertension, more African 

Americans were aware of their diagnosis and treated.[21] Unfortunately, blood 

pressure control is less likely to be achieved; therefore, disease management is 

less effective which has important implications in heart failure risk.[22-24] 

Addressing disparities in hypertension is paramount to the National Heart, Lung 

and Blood Institute (NHLBI) of the National Institutes of Health (NIH) and further 

studies are needed to understand the risk of cardiotoxicity as it relates to burden 

of hypertension in African Americans. 

 

Differences in molecular susceptibility to cardiotoxicity 

 In addition to difference in cardiovascular risk factors, increased 

cardiotoxicity incidence in African Americans could be due to differences in 

susceptibility on the molecular level. Although the human genome is very similar 

in all populations there are differences in the frequency of shared variants that 

account for phenotypic differences.[25] African Americans share similar genetic 

admixture due to similarities in ancestral migration related to the impact of the 

Transatlantic Slave Trade.[26] These differences may contribute to cardiotoxicity 
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disparities in African Americans. Finkelman et al. along with Dr. Bonnie Ky at the 

University of Pennsylvania, evaluated clinical risk factors and measured changes 

in oxidative/nitrosative stress biomarkers during chemotherapy to identify an 

association with cardiotoxicity.[2] In addition to hypertension and BMI, African 

American race was independently associated with changes in biomarkers. 

African American race was associated with lower baseline levels of ornithine, 

ADMA and MMA (nitrosative biomarkers). ADMA and MMA were associated with 

cardiotoxicity. This is consistent with previous studies that have described higher 

redox status in African Americans.[27] Further, lower bioavailability of nitric oxide 

in African Americans has been identified compared to the general population.[28] 

This difference in nitric oxide and findings from the Vasodilator Heart Failure Trial 

(V-HEFT I) prompted the African American Heart Failure Trial (A-HEFT).[29] The 

V-HEFT study identified that African Americans responded better to isosorbide 

dintrate plus hydralazine compared to white study participants in a subgroup 

analysis. The A-HEFT study included 1050 African American patients who had 

New York Heart Association class III or IV heart failure with dilated ventricles who 

were treated with either isosorbide dinitrate plus hydralazine or placebo in 

addition to standard therapy for heart failure. They found that fixed dose 

isosorbide dinitrate plus hydralazine (also known as Bidil) in addition to standard 

therapy was efficacious in increasing survival in African American patients with 

heart failure compared to standard therapy alone. The V-HEFT study highlights 

the fact that there may be differences to heart failure treatment response. In fact, 

there is evidence that African Americans have responded differently to heart 
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failure guideline therapy such as beta blockers and angiotensin receptor 

inhibitors (ACE-I) compared with Whites.[30] Considering the plausible 

mechanism of cardiotoxicity in African Americans discussed in Bonnie Ky’s lab[2], 

and the proposed mechanism of anthracycline and trastuzumab induced 

cardiotoxicity (Figure 1) via increasing nitrosative and oxidative stress; perhaps 

cardio-protective medications that target the oxidative/nitrosative stress pathway 

may play an important role in cardiotoxicity treatment in African Americans. This 

could include isosorbide dinitrate plus hydralazine (there is an interplay with nitric 

oxide and oxidative/nitrosative species[31]). A clinical trial like A-HEFT in African 

American women with breast cancer exposed to cardiotoxic chemotherapy may 

be worthwhile to address cardiotoxicity rate disparities. 
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Adapted from Nemeth et al. Trastuzumab cardiotoxicity: from clinical trials to experimental studies. Br J 
Pharmacol 2017. 174: p.3727-3748: Cardiotoxicity of doxorubicin and anti-HER-2 treatment in breast 
cancer. Anti-HER-2 treatment results in diminished pro-survival signalling[sic] in cardiomyocytes. Gene 
expression, ATP- and nitric oxide production favouring[sic] survival and proliferation are attenuated. In 
parallel, without appropriate counterbalancing, pro-apoptotic and necrosis-inducing processes such as 
cytochrome-c release from mitochondria and an increase in intracellular calcium concentration can facilitate 
cell death. The addition of doxorubicin to the system boosts oxidative and nitrosative stress via increased 
mitochondrial and iron-dependent generation of superoxide, which then is transformed into hydrogen 
peroxide and peroxynitrite. These reactive oxygen and nitrogen species are capable of inducing oxidative 
DNA damage, further aggravating the imbalance between pro-survival and pro-apoptotic/necrotic 
signalling[sic]. Green lines represent pro-survival mechanisms, while red lines show pro-apoptotic/necrotic 
processes. Dashed lines indicate an indirect connection. Akt – protein kinase B; Cyt-C – cytochrome-c; Dox 
– doxorubicin; MAPK – mitogen activated protein kinase; NO – nitric oxide; NOS3 – endothelial nitric oxide 
synthase; NRG-1 – neuregulin-1; ONOO – peroxynitrite; PI3K - phosphatidylinositol-3-kinase; PKG – protein 
kinase G; Pln – phospholamban; SERCA2 – sarcoplasmic/endoplasmic reticulum Ca2+-ATPase 2; SOD – 
superoxide dismutase. 

 

Differences in the use of guideline directed cardio-protective methods 

The V-HEFT trial demonstrated that there are differences in treatment 

response to heart failure in African Americans compared to Whites in a subgroup 

analysis. However, African Americans were not substantially represented in this 
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study. Guideline directed heart failure therapies such as beta-blockers, ACE-I 

and spironolactone have shown reduction in heart failure outcomes in the 

general population, including African Americans.[32]  Differences in heart failure 

guideline directed medical therapy treatment allocation may explain some of the 

disparities in cardiotoxicity incidence. Thomas et al. compared the distribution of 

guideline directed heart failure treatments in African Americans compared to 

white patients and the distribution was equitable.[33] To further understand 

whether this translates nationwide, more studies need to be done; especially as it 

relates to cardiotoxicity.  Chen et al. found that African American breast cancer 

patients were less likely to receive guideline concordant treatments.[1] Another 

study found that in African American women who were eligible for trastuzumab 

therapy,  they were 25% less likely to receive trastuzumab treatment within 1 

year compared to Whites even after adjusting for tumor characteristics, poverty 

and comorbidities.[34] Perhaps, the same goes for cardio-protective medications. 

Although there are no guidelines for prevention of cardiotoxicity, ACE-I and beta 

blockers have shown great promise.[35, 36] Dexrazoxane is a cardio-protective 

agent that thwarts the cardiotoxic effect of anthracyclines.[37] Hasan et al. 

suggested that racial differences may exist between eligible breast cancer 

patients that receive this agent for cardio-protection.[3] 

In addition to medications for prevention of cardiotoxicity, 

echocardiographic screening is recommended by the American Society of 

Echocardiography in patients who received >240mg/m2 dose of anthracyclines, 

at baseline and follow-up for those receiving anthracyclines and trastuzumab.[9] 
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Considering there are discrepancies in guideline concordant chemotherapy 

treatment, there may be differences in echocardiography screening practices as 

well. African American women with minimal left ventricular dysfunction, detected 

by measuring either left ventricular ejection fraction or myocardial strain[38-42], 

may be missed and develop subsequent heart failure without recognition and 

attempts to prevent it. 

 

Social determinants of health and cardiotoxicity disparities 

 An article discussing racial disparities would be remiss without mentioning 

the important impact of social determinants of health. Social determinants of 

health can certainly contribute to cardiotoxicity disparities; considering the effects 

on cardiovascular disease (CVD) as a whole.[11] Social and cultural environment 

influences health screening practices and adherence to evidence-based 

therapies.[11, 43]  Race and socioeconomic status are correlated in the United 

States (US). Over ¼ of African Americans live in poverty compared to 13% of 

white Americans and 15% of the overall population.[11] This equates to a median 

income of $43,151 in African Americans compared to the overall US population 

with a median income of $66,632. Financial instability and limited income 

reduces access to education and educational resources, safe living environments 

for physical activity, and increases the presence of food deserts (areas lacking 

health nutrition options). Emotional and psychologic stress are important factors 

that contribute to poor health outcomes[44, 45]; especially having negative effects 

on blood pressure.[46] Implicit bias is a known contributor to disparities in CVD 
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outcomes.[47] Bias can certainly play an overarching role in the causal pathway 

that leads to increased risk of cardiotoxicity in African Americans. This 

unfortunate reality has led to historic distrust of the healthcare system in the 

African American community[48] which affects recommended medical adherence 

and behavior change. 

 In summary, the literature has reported higher cardiotoxicity risk in African 

Americans compared to whites; and the reason is unclear. Hypertension has a 

higher prevalence in African Americans and may substantially contribute to this 

risk; especially as it relates to cardiotoxicity. Differences in oxidative/nitrosative 

stress species in the African American population may account for a difference in 

susceptibility for cardiotoxicity after exposure to anthracyclines and trastuzumab. 

A role for isosorbide dinitrate plus hydralazine may exist for specific cardiotoxicity 

treatment in African American breast cancer patients which can be explored with 

a clinical trial similar to A-HEFT. For now, guideline directed medical therapy 

including ACE-I and beta blockers have shown improvement in left ventricular 

function after cardiotoxic chemotherapy exposure. In African Americans, cardio-

protective measures may not be utilized uniformly which requires further 

exploration. Finally, social determinants of health play and overarching role in 

CVD disparities and social and environmental factors that impact cardiotoxicity 

rates needs further elucidation. 
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