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Abstract
Background: Cardiotoxicity remains a dreaded complication for patients undergoing chemotherapy with
human epidermal growth factor (HER)-2 receptor antagonists and anthracyclines. Though many studies
have looked at racial disparities in heart failure patients, minimal data is present for the cardio-oncology
population.
Methods: We queried the echocardiogram database at a safety net hospital, defined by a high proportion
of patients with Medicaid or no insurance, for patients who received HER2 receptor antagonists and/or
anthracyclines from January 2016 to December 2018. Patient demographics, clinical characteristics, and
treatment outcomes were collected. Based on US census data in 2019, home ZIP codes were used to
group patients into quartiles based on median annual household income. The primary end point studied
was referral rate to cardiology for patients undergoing chemotherapy.
Results: We identified 151 patients who had echocardiograms and also underwent treatment with HER2
receptor antagonists and/or anthracyclines, of which 70 (46.4%) were referred to the cardio-oncology
program at our institution. Basic demographics were similar, but white patients were more likely to live in
ZIP codes with higher income quartiles (p<0.00001). Comparing between racial groups, there was no
statistical difference in the percentage of patients that had a reduction in ejection fraction (EF) (p=0.78).
There was no statistical difference between racial groups in the number of cardiology or oncology
appointments attended, number of appointments cancelled, or average number of echocardiograms
received. A logistic regression model was created using race, age, gender, insurance, income quartile by
home ZIP code, cardiomyopathy risk factors (hypertension, hyperlipidemia, diabetes mellitus, smoking,
family history, age >65), cancer type, cancer stage, and chemotherapy. This model found that there was
an increased referral rate among patients from higher income quartiles (p=0.004), patients with a history
of hypertension (p=0.0001), and patients with breast cancer (p=0.04).
Conclusions: The results of this study suggest that patients of our cardio-oncology population at a safety
net hospital receive the same level of surveillance and treatment, and develop drop in ejection fraction at
similar rates regardless of their race. However, patients that reside in ZIP codes associated with higher
income quartiles do trend towards increased referrals.

Introduction
Over the past decade, cancer treatment has advanced dramatically. However, the ability to effectively
apply these treatments has been limited by patient tolerability, with each chemotherapy drug carrying its
own side effect profile. Chemotherapy induced cardiotoxicity is the second leading cause of morbidity
and mortality among cancer patients, a close second after secondary malignancies. The most common
cardiotoxic agents are HER2 antagonists (trastuzumab being the most common) and anthracyclines,
with an incidence rate of 7–28% for HER2 antagonists and 8–26% for anthracyclines. There are many
definitions of cardiotoxicity; the current working definition posed by the Cardiac Review and Evaluation
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Committee of Trastuzumab-associated Cardiotoxicity is a symptomatic reduction in left ventricular
ejection fraction (EF) by at least 5% to less than 55% or an asymptomatic reduction in EF by at least 10%
to less than 55%. Acute and subacute cardiotoxicity can happen any time after initiation of therapy to 2
weeks after termination of therapy, and is characterized by electrical abnormalities and pericarditis/
myocarditis. In comparison, chronic toxicity can range from within 1 year of therapy (early chronic) to
more than 1 year after termination of therapy (late chronic), and is marked by primarily systolic
dysfunction.
Cardiotoxicity in chemotherapy patients has proven to be difficult to manage. Many of the unknowns
regarding toxicity include its pathophysiology, determining which patients may be more prone to
cardiotoxicity, and the appropriate treatment of cardiotoxicity in a way that is both safe for patients and
allows for completion of chemotherapy. The primary process which drives cardiotoxicity from
anthracyclines is reduction by microsomal enzymes, resulting in reactive oxygen species generation and
subsequent myocyte damage.2 The process of cardiotoxicity in HER2 antagonists is much less
understood, but is thought to be directly related to HER2 blockade and inhibition of cardioprotective
features of HER2.2, Studies looking at risk factors for chemotherapy induced cardiotoxicity have shown
varying results. Though some studies find no correlation between known cardiovascular risk factors and
the development of cardiotoxicity,, , there have been several other studies with evidence of such
correlation, specifically with hypertension (HTN), hyperlipidemia (HLD), diabetes mellitus type II (DM II),
women above 65 years of age, and a positive family history of cardiovascular disease or anthracycline or
trastuzumab induced cardiotoxicity.,,,, Prevention and treatment of cardiotoxicity revolves around the
primary mechanism of cardiotoxicity, which is oxidative stress.2, 3 The main drugs that have been studied
and used are dexrazoxane, beta blockers, angiotensin-converting-enzyme inhibitors and angiotensin II
receptor blockers, statins, ranolazine, and phosphodiesterase 5 inhibitors.2,,
Monitoring for cardiotoxicity is crucial for patients who are on HER2 antagonists and anthracyclines. Two
primary methods of monitoring and detection are the biomarker strategy and the cardiac imaging
strategy. Biomarker monitoring involves checking troponin I, Brain Natriuretic Peptide (BNP), and pro-BNP
levels. Imaging strategy involves using transthoracic echocardiogram (TTE) to get a baseline EF prior to
the patient undergoing chemotherapy. Subsequent TTEs are used for monitoring purposes during and
after treatment. In addition, we now have specific echocardiographic parameters such as tissue Doppler
derived strain and strain rate measurements that we can use to diagnose and predict the onset of
cardiotoxicty. Additionally, there are instances where more advanced imaging modalities such as cardiac
MRI may be indicated on an individual basis. As recommendations by various national organizations
vary at the frequency and timing of repeat imaging, the guidelines for cardiotoxicity screening and
surveillance remain a gray area.2,4
The African American population has been shown to have disproportionately higher death rates related to
breast cancer. The reasoning for this is inconsistent across studies, but many contribute it to suboptimal
treatment in this racial group., However, there is a paucity of studies on racial disparities in patients who
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suffer from chemotherapy induced cardiotoxicity. One study looked at rates of cardiotoxicity among
females with breast cancer undergoing treatment with trastuzumab and found higher rates of
cardiotoxicity in black women compared to white women, resulting in early termination of chemotherapy
in black female patients. A similar trend was found in black patients receiving doxorubicin therapy as
well. Therefore, enhanced cardiac surveillance and early referral for this population is crucial, especially
since guideline-adherent cardiac monitoring was only identified in about 46% of all patients. In this study,
we aim to determine whether black patients receiving cardiotoxic chemotherapy were undertreated or had
worse clinical outcomes in our institution.

Material And Methods
This is a retrospective analysis in which we queried the echocardiogram database at a safety net
hospital, defined by a high proportion of patients with Medicare, Medicaid, or no insurance, for patients
who received trastuzumab and/or doxorubicin from January 2016 to December 2018. Patients were
excluded if their electronic medical record contained insufficient data. Patient demographics, including
patient age, gender, race, and medical insurance were obtained. Home ZIP codes were collected as a
surrogate for socioeconomic status. Using the United States Census data in 2019, ZIP codes were used to
group patients into quartiles based on median annual household income, with quartile 1 earning $0 $18,900, quartile 2 earning $19,000 - $32,800, quartile 3 earning $32,900 - $56,000, and quartile 4 earning
$57,000 - $130,300. Clinical characteristics included cardiomyopathy risk factors, cancer type, cancer
stage, chemotherapy (trastuzumab and/or doxorubicin), number of echocardiograms received, and EF. As
described previously, chemotherapy induced cardiotoxicity was defined as a symptomatic reduction in EF
by at least 5% to less than 55% or an asymptomatic reduction in EF by at least 10% to less than 55%.2
Referral patterns described included whether the patient was referred to the cardio-oncology program, the
number of visits, the number of cancelled visits or no-shows, and the number of oncology visits.
The aim of the study was to determine whether racial and economic disparities exist in cardio-oncology
patients undergoing chemotherapy with trastuzumab and doxorubicin. The primary end point studied
was the referral rate of these patients to cardio-oncology or cardiology clinic. Secondary endpoints
included the number of cardio-oncology visits, cancelled visits or no shows, and number of oncology
visits.
Statistical analysis was performed using t-tests and one-way ANOVA for continuous variables and chisquare tests for categorical variables. A binary multivariate logistic regression model predicting
associations with referral rate was generated using univariate risk factors. All statistical analyses were
performed using SPSS software.

Results
We identified 151 patients who received echocardiograms and also underwent trastuzumab and/or
doxorubicin therapy. The cohort was predominantly black (n = 70, 46.4%), followed by white (n = 41,
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27.2%), Hispanic (n = 33, 21.9%), and other (n = 7, 4.6%). The other category included 5 Asians and 2
listed as “others” in the electronic medical record.

Socio-demographics
Baseline socio-demographics were similar between racial groups in terms of age, gender distribution, and
medical insurance (Table 1). About half of black patients had private insurance, which is similar to that of
whites, Hispanics, and other races (54.3%, 56.1%, 48.5%, 42.9%, respectively, p = 0.76). Black, Hispanic,
and other race patients were more likely to live in ZIP codes with lower median annual household income
compared to white patients (p < 0.00001) (Fig. 1). Two (4.9%) white patients live in the lowest quartile of
ZIP codes by income, compared to 27 (38.6%) black patients, 10 (30.3%) Hispanic patients, and 3 (42.9%)
other race patients. In contrast, 23 (56.1%) white patients live in the highest quartile of ZIP codes by
income, compared to 10 (14.3%) black patients, 3 (9.1%) Hispanic patients, and 2 (28.6%) other race
patients.
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Table 1
Baseline demographics and clinical characteristics of patients by race

Age at diagnosis (median,
[IQR])

Black

White

(N = 70)

(N = 41)

58 (49,
66)

58 (52,
65)

Hispanic (N =
33)

Other

53 (44, 59)

61 (43,
66)

P-value

(N = 7)

Gender

p = 0.13
p = 0.27

Male

6 (8.6%)

9 (22.0%)

5 (15.2%)

1 (14.3%)

Female

64
(91.4%)

32
(78.0%)

27 (81.8%)

6 (85.7%)

Insurance

p = 0.76

Private insurance

38
(54.3%)

23
(56.1%)

16 (48.5%)

3 (42.9%)

Medicare

26
(37.1%)

12
(29.2%)

10 (30.3%)

3 (42.9%)

Medicaid

2 (2.9%)

1 (2.4%)

2 (6.1%)

0 (0.0%)

No insurance

4 (5.7%)

5 (12.2%)

5 (15.2%)

1 (14.3%)

Income by ZIP code*

p<
0.00001

Quartile 1

27
(38.6%)

2 (4.9%)

10 (30.3%)

3 (42.9%)

Quartile 2

13
(18.6%)

5 (12.2%)

14 (42.4%)

2 (28.6%)

Quartile 3

20
(28.6%)

11
(26.8%)

6 (18.2%)

0 (0.0%)

Quartile 4

10
(14.3%)

23
(56.1%)

3 (9.1)

2 (28.6%)

HTN

48

22

15

3

p = 0.19

HLD

19

16

11

2

p = 0.62

DM

20

10

9

1

p = 0.91

Risk factors

White patients were more likely to live in ZIP codes with higher median annual household income
compared to black, Hispanic, or other races (p < 0.00001).
2a. Comparing between the racial groups, there is no statistical difference in the number of patients
who decrease in EF: 19 [27.1%] blacks, 11 [26.8%] whites, 6 [18.2%] Hispanics, 2 [28.6%] other races, p
= 0.78.
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Black

White

Hispanic (N =
33)

Other

(N = 70)

(N = 41)

Smoking

33

FH

P-value

18

10

1

p = 0.18

20

12

7

2

p = 0.86

Age > 65

17

11

5

1

p = 0.64

Number of risk factors
(mean)

2.2

2.2

1.7

1.3

p = 0.12

(N = 7)

Cancer type

p = 0.048

Breast cancer

58
(82.9%)

24
(58.5%)

24 (72.7%)

5 (71.4%)

Other cancer**

12
(17.1%)

17
(41.5%)

9 (27.3%)

2 (28.6%)

Cancer stage

p = 0.93

Stage 1

6 (8.6%)

3 (7.3%)

2 (6.1%)

1 (14.3%)

Stage 2

32
(45.7%)

18
(43.9%)

18 (54.5%)

3 (42.9%)

Stage 3

14
(20.0%)

9 (22.0%)

5 (15.2%)

1 (14.3%)

Stage 4

18 (2.7%)

12
(29.3%)

7 (21.2%)

2 (28.6%)

Chemotherapy

p = 0.48

Doxorubicin

25
(35.7%)

22
(53.7%)

15 (45.5%)

3 (42.9%)

Herceptin

40
(57.1%)

15
(36.6%)

14 (42.4%)

4 (57.1%)

Doxorubicin and herceptin

5 (7.1%)

4 (9.8%)

4 (12.1%)

0 (0.0%)

Ejection fraction

p = 0.78

Decrease***

19
(27.1%)

11
(26.8%)

6 (18.2%)

2 (28.6%)

No decrease

51
(72.9%)

30
(73.2%)

27 (81.2%)

5 (71.4%)

White patients were more likely to live in ZIP codes with higher median annual household income
compared to black, Hispanic, or other races (p < 0.00001).
2a. Comparing between the racial groups, there is no statistical difference in the number of patients
who decrease in EF: 19 [27.1%] blacks, 11 [26.8%] whites, 6 [18.2%] Hispanics, 2 [28.6%] other races, p
= 0.78.
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Black

White

(N = 70)

(N = 41)

Hispanic (N =
33)

Other

P-value

(N = 7)

Current status

p = 0.60

In remission

21
(30.0%)

14
(34.1%)

11 (33.3%)

3 (42.9%)

Not in remission

40
(57.1%)

19
(46.3%)

20 (60.6%)

3 (42.9%)

Deceased

9 (12.9%)

7 (17.1%)

1 (3.03%)

1 (14.3%)

* ZIP codes were used to group patients into quartiles based on median annual household income,
with quartile 1 earnings $0 - $18,900, quartile 2 earnings $19,000–32,800, quartile 3 earnings 32,900–
56,000, quartile 4 earnings $57,000–130,300
** Other cancer types included lymphoma (Hodgkin’s, T-cell, large cell), multiple myeloma, esophageal
cancer, gastric cancer, abdominal desmoid cancer, carcinoid tumor, bladder cancer, ovarian cancer,
endometrial cancer, leiomyosarcoma, metastatic cancer with an unknown primary
*** Decrease in EF defined by symptomatic reduction in EF by at least 5% to less than 55% or an
asymptomatic reduction in EF by at least 10% to less than 55% according to Cardiac Review and
Evaluation Committee of Trastuzumab-associated Cardiotoxicity
White patients were more likely to live in ZIP codes with higher median annual household income
compared to black, Hispanic, or other races (p < 0.00001).
2a. Comparing between the racial groups, there is no statistical difference in the number of patients
who decrease in EF: 19 [27.1%] blacks, 11 [26.8%] whites, 6 [18.2%] Hispanics, 2 [28.6%] other races, p
= 0.78.

Clinical characteristics
There was no statistical difference between racial groups in cardiotoxicity risk factors, cancer stage at
diagnosis, and use of trastuzumab versus doxorubicin (Table 1). Breast cancer was the most common
cancer type, with “other types” being very broad, including lymphoma (Hodgkin’s, T-cell, large cell),
multiple myeloma, esophageal cancer, gastric cancer, abdominal desmoid cancer, carcinoid tumor,
bladder cancer, ovarian cancer, endometrial cancer, leiomyosarcoma, and metastatic cancer with
unknown primary. White patients were less likely to have breast cancer in this cohort (24 [58.5%],
compared to 58 [82.9%] black patients, 24 [72.7%] Hispanic patients, and 5 [71.4%] other race patients, p
= 0.048). There was no statistical difference when comparing racial groups in the number of patients who
had drops in EF (19 [27.1%] blacks, 11 [26.8%] whites, 6 [18.2%] Hispanics, 2 [28.6%] other races, p = 0.78)
(Fig. 2a). There was no difference in the number of patients whose EF dropped below 40% (p = 0.36).
When looking only at female patients, there was still no difference in drop in EF (p = 0.54) (Fig. 2b). The
number of patients in remission was also similar between racial groups (p = 0.60).

Referral pattern
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A total of 70 (46.4%) patients were referred by oncology clinics to cardio-oncology clinic or general
cardiology clinic (50 [71.4%] to cardio-oncology and 20 [28.6%] to general cardiology clinic). When
stratified by race, no group was less likely to be referred (33 [47.1%] blacks, 21 [51.2%] whites, 14 [42.4%]
Hispanics, 2 [28.6%] others, p = 0.68) (Table 2). The number of oncology appointments attended was
similar between groups (p = 0.29). The number of echocardiograms received since starting cardiotoxic
chemotherapy was similar between groups (4 for blacks, 4 for whites, 5 for Hispanics, 4 for others, p =
0.62). Among those who were referred to cardio-oncology or cardiology clinic, the median number of
appointments attended was 4 (IQR 2–6) and median number of appointments missed or cancelled was 2
(IQR 0–4), with no difference between racial groups (p = 0.88, p = 0.20, respectively). Finally, a total of 6
patients who had a decrease in EF were not referred to cardio-oncology or cardiology clinics at any time.
These patients all had either metastatic cancer or were determined to be too frail to tolerate a different
chemotherapy regimen and were referred for hospice.
Table 2
Clinical characteristics of patients regarding access to care
All Patients

Black

White

Hispanic
(N = 33)

Other

(N =
70)

(N =
41)

Referred to cardiology clinic

33
(47.1%)

21
(51.2%)

14
(42.4%)

2
(28.6%)

p=
0.68

Number of oncology appointments attended
(median [IQR])

24 (12,
32)

17 (13,
24)

21 (15,
28)

16 (13,
17)

p=
0.29

Number of echocardiograms (median [IQR])

4 (3, 7)

4 (2, 6)

5 (3, 7)

4 (3, 5)

p=
0.62

Referred Patients

Black

White

Other

(N =
33)

(N =
21)

Hispanic
(N = 14)

Pvalue

Number of cardio-oncology or cardiology
appointments attended (median [IQR])

4 (2, 6)

5 (2, 9)

4 (4, 5)

4 (3, 5)

p=
0.88

Number of cardio-oncology or cardiology
appointments missed or cancelled (median
[IQR])

1 (0, 3)

3 (1, 5)

2 (1, 4)

1 (0, 2)

p=
0.20

Number of echocardiograms in referred
patients (median [IQR])

6 (4, 8)

5 (2, 7)

6 (5, 7)

5 (4, 6)

p=
0.76

(N = 7)

(N = 2)

Pvalue

IQR = interquartile range
In unadjusted univariate analysis, patients were more likely to be referred if they lived in ZIP codes with
median household income quartiles 2–3, were hypertensive, had breast cancer, or received trastuzumab
for chemotherapy (Table 3). A logistic regression model used race, age, gender, insurance, income quartile
by home ZIP code, cardiomyopathy risk factors (HTN, HLD, DM, smoking, FH, age > 65), cancer type,
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cancer stage, and chemotherapy to look at association to referral rate. This model found that increased
referral rate was best explained by income quartile by ZIP code (p = 0.004), hypertension as
cardiomyopathy risk factors (p = 0.0001), and cancer type (p = 0.04). Compared to patients in income
quartile 1 as reference, quartile 3 patients were 6.77 times more likely to be referred (CI 1.83–25.10, p =
0.004). Quartile 2 and 4 patients were not statistically more likely to be referred, however the confidence
interval pattern does trend towards increased referral as well (OR 3.06, CI 0.90–10.46, p = 0.07; OR 3.89, CI
0.97–15.59, p = 0.055; respectively) (Fig. 3). Patients who were hypertensive were more likely to be
referred (OR 6.85, CI 2.68–17.52, p = 0.0001). Patients with non-breast cancers were less likely to be
referred (OR 0.20, CI 0.04–0.97, p = 0.04). Other cardiomyopathy risk factors such as hyperlipidemia,
diabetes, smoking, and family history were not associated with increased referral rate. Race, age, gender,
insurance, cancer stage, and type of chemotherapy were not associated with increased referral rate.
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Table 3
Referral patterns of patients receiving cardiotoxic chemotherapy agents from oncology clinic to
cardio-oncology or cardiology clinic
Referred (N = 70)

Not Referred (N = 81)

Race

P-value
p = 0.68

Black

33 (47.1%)

37 (45.7%)

White

21 (30.0%)

20 (24.7%)

Hispanic

14 (20.0%)

19 (23.5%)

Others

2 (2.9%)

5 (6.2%)

Age at diagnosis (median, [IQR])

61 (51, 68)

59 (52, 66)

Gender

p = 0.55
p = 0.73

Male

9 (12.9%)

12 (14.8%)

Female

61 (87.1%)

69 (85.2%)

Insurance

p = 0.18

Private insurance

39 (55.7%)

41 (50.6%)

Medicare

26 (37.1%)

25 (30.1%)

Medicaid

2 (2.9%)

3 (3.7%)

No insurance

3 (4.3%)

12 (14.8%)

Income by ZIP code

p = 0.039

Quartile 1

11 (15.7%)

28 (34.6%)

Quartile 2

17 (24.3%)

18 (22.2%)

Quartile 3

23 (32.9%)

15 (18.5%)

Quartile 4

19 (27.1%)

20 (51.3%)

HTN

52 (74.3%)

36 (44.4%)

p = 0.00001

HLD

25 (35.7%)

23 (28.4%)

p = 0.34

DM

22 (31.4%)

18 (22.2%)

p = 0.20

Smoking

27 (38.6%)

34 (42.0%)

p = 0.67

FH

20 (28.6%)

20 (24.7%)

p = 0.59

Age > 65

20 (28.6%)

15 (18.5%)

p = 0.14

Risk factors
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Referred (N = 70)

Not Referred (N = 81)

Cancer type

P-value
p = 0.005

Breast cancer

59 (84.3%)

52 (64.3%)

Other cancer

11 (15.7%)

29 (35.8%)

Cancer stage

p = 0.07

Stage 1

8 (11.4%)

4 (4.9%)

Stage 2

38 (54.3%)

33 (40.7%)

Stage 3

11 (15.7%)

18 (22.2%)

Stage 4

13 (18.6%)

26 (32.1%)

Chemotherapy

p = 0.036

Doxorubicin

22 (31.4%)

42 (51.9%)

Herceptin

40 (57.1%)

34 (42.0%)

Doxorubicin and herceptin

8 (11.4%)

5 (6.2%)
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Table 4
Multivariate analysis of variables associated with increased referral rate
of patients receiving cardiotoxic chemotherapy from oncology clinic to
cardio-oncology or cardiology clinic
Odds Ratio

Confidence Interval

P-value

White

1.47

0.50–4.32

0.48

Hispanic

1.34

0.43–4.19

0.62

Other

0.42

0.05–3.74

0.43

Age

0.96

0.93–1.00

0.08

0.06–1.56

0.15

Race
Black

Gender
Male

Reference

Female

0.30

Insurance
Private

Reference

Medicare

0.52

0.16–1.74

0.29

Medicaid

0.81

0.10–6.32

0.84

Self

0.18

0.03–1.06

0.06

Income by ZIP code*
Quartile 1

Reference

Quartile 2

3.06

0.90–10.46

0.07

Quartile 3

6.77

1.83–25.10

0.004

Quartile 4

3.89

0.97–15.59

0.055

HTN

6.85

2.68–17.52

0.0001

HLD

1.07

0.41–2.81

0.90

DM

1.78

0.67–4.75

0.25

Smoking

1.18

0.47–2.99

0.73

FH

0.79

0.29–2.13

0.64

Risk factors
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Age > 65

Odds Ratio

Confidence Interval

P-value

4.01

0.10–16.17

0.051

0.04–0.97

0.04

Cancer type
Breast cancer

Reference

Other cancer^

0.20

Cancer stage
Stage 1

Reference

Stage 2

0.53

0.12–2.47

0.42

Stage 3

0.27

0.05–1.52

0.14

Stage 4

0.50

0.09–2.84

0.43

Doxorubicin

1.66

0.41–6.69

0.43

Herceptin

1.66

0.35–7.82

0.52

Chemotherapy

Discussion
Health care disparities in medicine have become an increasingly important topic in today’s field of
practice as we learn each day about its impact on the way we practice medicine and alter patient
outcomes. Over the past decade, we have made many strides in providing patients with optimal
cardiovascular care. However, despite our best efforts, health care disparities remain far from being
ameliorated. Black patients continue to have a shorter life expectancy with 32–43% of the mortality
difference being due to cardiovascular disease. Studies looking at health care disparities in the cardiooncology population are lacking. Despite our population of black patients living predominantly in ZIP
codes associated with lower income, we found no statistical significant difference in access to care or
clinical outcomes. This is highlighted by the similar number of attended appointments, cancelled
appointments, echocardiograms received, proportion of patients who had a decrease in EF, and current
remission status. One prior study showed that black female patients had higher rates of cardiotoxicity
from trastuzumab compared to white female patients.19,20 Our study looked at both sexes and included
both trastuzumab and anthracyclines, and found no correlation between race and rates of cardiotoxicity.
Due to lack of established referral guidelines, the decision for oncologists to refer patients to
cardiologists can be varied. For example, while some suggest referral only if there are signs and
symptoms of cardiac dysfunction, others suggest referral anytime a patient has EF < 40% or EF 40–55%
if EF remains depressed after withholding therapy for 6–8 weeks., These variations in the referral process
are unfortunately common scenarios and therefore a potential source of health care disparities. Our study
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was the first study to compare referral patterns among racial groups in the cardio-oncology population,
and we found no difference among racial groups. As our hospital is a safety net hospital with a
population vulnerable to health care disparities, these findings were initially reassuring. The logistic
regression model then revealed that patients from higher median income by ZIP codes were associated
with higher referral rates despite these patients having similar cardiovascular risk factors and similar
changes in EF compared to the rest of the population from our study. Other studies have shown similar
results in the heart failure population: heart failure patients of higher socio-economic score (SES) were
more likely to be referred to palliative care, while new heart failure patients with lower SES had
significantly longer times to cardiology consultation., The identification of such referral biases leaves
room for much improvement. Proposed methods can include standard referral guidelines and
implementation of multidisciplinary clinics.
The nuances of chemotherapy and cardiotoxicity can be a complex process; while oncologists are not
well versed in cardiovascular complications, general cardiologists may not be familiar with the specific
nuances of each chemotherapy agent. There are currently no standardized national or international
guidelines for oncologists and cardiologists to follow for how to go about managing cardiotoxicity and
when to refer patients to cardiology, as evidenced by the differing TTE monitoring guidelines between
different societies.23, For example, the American Society of Echocardiography recommends TTE
monitoring every 3 months during trastuzumab therapy and evaluation before each cycle for
anthracycline doses > 240 mg/m2, whereas the American Society of Clinical Oncology recommends 6–12
month post-treatment echocardiogram monitoring, and any additional frequency of cardiac imaging as
determined by clinical judgment and patient circumstances.
Additionally, the definition of cardiotoxicity in the majority of literature has been regarding chronic
cardiotoxicity, manifested by symptoms of heart failure or decrease in EF on echocardiogram. Acute and
subacute cardiotoxicities are much more difficult to be monitored and caught by oncologists and
oftentimes are more ideally managed by cardiologists. These are typically electrical abnormalities that
are manifested by palpitations or subtle changes on electrocardiogram. Although not as significant a
cause of morbidity and mortality as the typical cardiomyopathy we see from cardiotoxicity, these
mechanisms can oftentimes be predisposing factors and early manifestations of impending cardiac
disease.
In light of these challenges, cardio-oncology programs involving multidisciplinary approaches have
rapidly emerged with the common goal of preserving cardiac function and helping patients safely finish
chemotherapy treatments. A survey conducted by the American College of Cardiology (ACC) distributed to
centers with cardiology programs found that only 27% of centers had dedicated cardio-oncology
programs. An observational study of a multidisciplinary clinic demonstrated that despite 55% of patients
experiencing a decrease of EF by at least 10%, 81% of the patients were able to complete greater than
90% of trastuzumab therapy. A similar study of a larger patient population found that 191 of the 225
patients (85.3%) were able to complete their prescribed cancer treatments.
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Several limitations exist in this study. First, data was combined for patients receiving trastuzumab and
anthracyclines. However, each drug has a different mechanism of toxicity and can vary in patient profile
and risk factors. The definition of cardiotoxicity also varies greatly across different societies. Selection
bias does exist in our population as those who seek out care for chemotherapy are presumed to have
better medical literacy at baseline. The presence of a cardio-oncology program in our hospital may also
play a role in the outcomes seen. Lastly, we used ZIP codes as a surrogate to create income quartiles, a
common practice in many SES analyses. In fact, home ZIP codes can be associated with other factors
such as education, medical literacy, family support, etc that can account for the trends seen here.

Conclusion
The results of this study suggest that patients of our cardio-oncology population at a safety net hospital
receive the same level of surveillance and treatment, and achieve similar clinical outcomes in
cardiotoxicity regardless of race. However, patients with home ZIP codes with higher income quartiles,
hypertension, and breast cancer do trend towards increased likelihood of referrals to cardio-oncology
clinics.

Abbreviations
DM = diabetes mellitus, EF = ejection fraction, FH = family history (of heart failure), HTN = hypertension,
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