ORIGINAL RESEARCH
Ochsner Journal 16:217–224, 2016
Ó Academic Division of Ochsner Clinic Foundation

Cardiovascular Risk and Level of Statin Use Among
Women With Breast Cancer in a Cardio-Oncology Clinic
Kelly Shum, MBBS,1,2 Amber Solivan, MPH,3 Parham Parto, MD,1 Nichole Polin, MD,1,2 Eiman Jahangir, MD,
MPH1,2
1
Department of Cardiology, Ochsner Clinic Foundation, New Orleans, LA 2The University of Queensland School of Medicine, Ochsner
Clinical School, New Orleans, LA 3Department of Epidemiology, Tulane University School of Public Health and Tropical Medicine, New
Orleans, LA

Background: Because of the improvements in survival rates, patients with breast cancer are now more likely to die from
cardiovascular disease than from cancer. Thus, providing appropriate preventive cardiovascular care to patients with cancer is of
the utmost importance.
Methods: We retrospectively compared the cardiovascular risk and management of 146 women treated at the Cardio-Oncology
(Cardio-Onc) and the Obstetrics and Gynecology (Ob-Gyn) clinics. We calculated cardiovascular risk using the American College
of Cardiology (ACC)/American Heart Association (AHA) atherosclerotic cardiovascular disease (ASCVD) risk calculator and the
Framingham Risk Score Calculator. We also determined the prevalence of appropriate statin use according to both the 2013
ACC/AHA and the 2002 Adult Treatment Panel (ATP) III lipid guidelines.
Results: The 10-year ASCVD risk score was not significantly different between the 2 cohorts. More patients in the Ob-Gyn cohort
with an ASCVD risk score >7.5% were already appropriately on statins compared to patients in the Cardio-Onc cohort (60.9% vs
31.0%, respectively, P¼0.003), but after the first Cardio-Onc visit, 4 additional patients with breast cancer were prescribed statins
(44.8% total). Fourteen (19.2%) Cardio-Onc patients had a high Framingham Risk Score compared to 6 (8.2%) Ob-Gyn patients.
Conclusion: We demonstrated that the ASCVD risk is similar between women with breast cancer attending the Cardio-Onc
clinic and the women without breast cancer attending the Ob-Gyn clinic, but the Cardio-Onc cohort had significantly more
patients with a high Framingham Risk Score. Both clinics had similarly poor rates of appropriate statin prescribing rates
according to the ATP III guidelines.
Keywords: Atherosclerosis, breast neoplasms, cardiotoxicity, cardiovascular diseases, hydroxymethylglutaryl-CoA reductase
inhibitors, risk assessment
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INTRODUCTION
Breast cancer is the leading type of cancer among
women in the United States, with an incidence of 232,670
in 2014.1 During the past few decades, with improvements
in cancer diagnosis and treatments, cancer survivorship
and survivor life expectancy have improved to the point that
most survivors now die from cardiovascular disease.2 The
prevalence of cardiovascular disease among breast cancer
survivors is not only attributable to traditional cardiovascular
risk factors such as hypertension, diabetes mellitus,
tobacco use, and hyperlipidemia but also to potential
cardiotoxic agents used for breast cancer treatment.
Chemotherapies such as HER2 receptor inhibitors (ie,
trastuzumab) and anthracyclines increase the risk of
cardiomyopathy in the short and long term, respectively.3
Cardiotoxicity may be present as early as within the first
Volume 16, Number 3, Fall 2016

year, and some of its negative effects can linger for longer
than 20 years.4 Cardinale et al found that the incidence of
anthracycline-induced cardiotoxicity was approximately
9%.5 In addition, 15,000 childhood cancer survivors who
were treated with anthracyclines had a heart failure
cumulative incidence of 3.2% by age 40.6 Anthracyclineinduced cardiomyopathies have a much worse prognosis
compared to other forms of cardiomyopathy, with a 2-year
mortality rate of up to 60%.7 Thus, early detection and
treatment of cardiotoxicity are of utmost importance.
In a 2010 study by Cardinale et al, recovery of cardiac
function occurred in only 42% of patients who were started
on appropriate medical therapy and only when therapy was
initiated within the first 6 months following anthracycline
exposure.8 Furthermore, chest radiation therapy, a common
treatment for breast cancer, is known to increase the long217
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term risk of atherosclerosis and coronary artery disease.9-11
Therefore, appropriate screening and treatment of cardiovascular disease and its risk factors early in the course of
breast cancer treatment and throughout the cancer survivor’s lifetime are likely warranted.
In 2013, the American College of Cardiology (ACC) and
American Heart Association (AHA) updated the guidelines
for assessing atherosclerotic cardiovascular disease
(ASCVD) risk in adults for a 10-year period.12 The previous
guidelines published in 2002, Adult Treatment Panel (ATP)
III,13 used the Framingham Risk Score to calculate
cardiovascular risk. These guidelines were established to
determine which individuals might benefit from initiating
lipid-lowering therapy in the form of a statin medication.
We were interested in identifying the cardiovascular risk of
women with breast cancer in our Cardio-Oncology clinic
(Cardio-Onc) by using these 2 methods. The Cardio-Onc
clinic was established to deliver a multidisciplinary approach between cardiologists and oncologists to provide an
initial assessment of a patient’s risk of developing cardiotoxicity, to monitor for any early signs or symptoms of
cardiotoxicity, and to initiate early treatment of cardiovascular disease side effects from cancer treatment.14-15 By
calculating the 10-year ASCVD risk score and the Framingham Risk Score among women diagnosed with breast
cancer attending the Cardio-Onc clinic and comparing their
scores to those of a group of women without breast cancer
attending the Obstetrics and Gynecology (Ob-Gyn) clinic,
we hoped to determine if the Cardio-Onc group had a
higher baseline cardiovascular risk and if the patients were
being appropriately treated with statins based on the 2013
ACC/AHA lipid guidelines or the 2002 ATP III guidelines. To
our knowledge, no research has been published to date
comparing the 10-year ASCVD and Framingham risk scores
of women with breast cancer to the scores of women of
similar age without breast cancer.

METHODS
After receiving approval from the Ochsner Institutional
Review Board, we conducted a retrospective study at the
Ochsner Medical Center, New Orleans, LA. A total of 146
women were included in this study. Seventy-three women
were randomly selected from a list of all current female
patients of the Cardio-Onc clinic and age matched to 73
randomly selected individuals from the Ob-Gyn clinic from
September 2013 to May 2014. Data were obtained from the
patients’ first visit to the Cardio-Onc clinic vs any visit to the
Ob-Gyn clinic.
Women from the case group (Cardio-Onc clinic) were
included if they had a diagnosis of breast cancer and had all
demographic variables available, including a current lipid
profile. These patients represented the spectrum of breast
cancer treatment: prechemotherapy, undergoing therapy,
and postchemotherapy. The largest proportion was 39
prechemotherapy patients (53.4%). No exclusion criteria
applied to the case group.
Women from the control group (Ob-Gyn clinic) were
included if they had all demographic variables available,
including a current lipid profile. Control group patients were
excluded if they had any history of cancer.
Demographic data collected included race, presence of
hypertension (yes/no), hyperlipidemia (yes/no), diabetes
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mellitus (yes/no), coronary artery disease (yes/no), prior
cardiomyopathy (yes/no), current cardiomyopathy (yes/no),
tobacco use (never, former, and current), and age (years).
These demographic variables were considered present if the
patient’s physician documented the diagnosis, if the patient
was prescribed medications to treat the diagnosis, or if the
patient had diagnostic testing that indicated positivity.
Systolic blood pressure (mmHg) and diastolic blood pressure (mmHg) measurements were obtained from the initial
visit to the Cardio-Onc clinic for the women with breast
cancer or from the corresponding Ob-Gyn clinic visit during
the same time period for the women who did not have breast
cancer. High-density lipoprotein (HDL) (mg/dL), low-density
lipoprotein (LDL) (mg/dL), triglycerides (mg/dL), total cholesterol (mg/dL), and use of statin therapy (yes/no) were
obtained from the most recent lipid panel within 2 years of
the clinic visit. No individual adjudication was performed to
further define the presence of cardiovascular risk factors.
Using the demographic data, individual 10-year ASCVD risk
scores were calculated using the ACC/AHA ASCVD calculator.16 ASCVD risk score was considered low if it was <5%,
moderate if it was 5%-7.4%, and high if it was ‡7.5%.
According to the 2013 ACC/AHA guidelines, statin prescribing was considered appropriate if individuals had an ASCVD
risk score >5%, as the guidelines call for patients with an
ASCVD score of 5%-7.4% to be given the option for statins
and patients with an ASCVD score ‡7.5% to be strongly
recommended to be placed on statins. The Framingham Risk
Score, calculated with the formula obtained from D’Agostino
et al,17 was considered low if it was <10%, moderate if it was
10%-20%, and high if it was >20%. Statins were considered
appropriate if the patients had a high Framingham Risk Score
and an LDL >130, a moderate-risk score with an LDL >160,
or a low-risk score with an LDL >190.
Statistical analyses were conducted to compare women
in the Cardio-Onc clinic to those in the Ob-Gyn clinic and
assess for significant differences in baseline characteristics,
ASCVD risk score, Framingham Risk Score, and lipid
treatment between the 2 clinics. Statistical tests included
the Pearson chi-square test, the 2-sample t test, and the
Wilcoxon Mann-Whitney test. All analyses were completed
using SAS v.9.3. Statistical significance was defined as a P
value <0.05.

RESULTS
Demographic variables for the 2 groups are presented in
Table 1. The Ob-Gyn cohort included significantly more
white patients than the Cardio-Onc cohort, 65 vs 43 patients
(P¼0.0001), respectively. Significant differences were also
seen between groups for prior cardiomyopathy (0 patients
in the Ob-Gyn group vs 8 patients in the Cardio-Onc group,
P¼0.004) and hypertension (28 patients in the Ob-Gyn
group vs 42 patients in the Cardio-Onc group, P¼0.02).
Mean systolic blood pressure was significantly higher in
patients in the Cardio-Onc group compared to the Ob-Gyn
group (133.2 mmHg vs 121.6 mmHg, respectively,
P¼0.002). No other significant differences in demographic
variables were seen between groups.
The 10-year ASCVD risk scores were not significantly
different between the Cardio-Onc and the Ob-Gyn cohorts
(Table 1). As shown in Table 2, 29 (39.7%) patients in the
Cardio-Onc clinic and 23 (31.5%) patients in the Ob-Gyn
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Table 1. Patient Demographics
Ob-Gyn Clinic

Cardio-Onc Clinic

n¼73

n¼73

P Value

White

65 (89.0)

43 (58.9)

0.0001

Black

6 (8.2)

29 (39.7)

Hispanic

1 (1.4)

1 (1.4)

Race, n (%)

Other

1 (1.4)

Hypertension, n (%)
Beta blocker

0 (0)

28 (38.4)

42 (57.5)

0.02
0.02

8 (11.0)

19 (26.0)

ACEI/ARB

20 (27.4)

29 (39.7)

0.12

Other treatment

16 (21.9)

16 (21.9)

0.14

Hyperlipidemia, n (%)
Statin
Diabetes mellitus, n (%)

24 (32.9)

16 (21.9)

0.12

23 (31.5)

15 (20.6)

0.13

11 (15.1)

12 (16.4)

0.82

Coronary artery disease, n (%)

1 (1.4)

3 (4.1)

0.31

Prior cardiomyopathy, n (%)

0 (0)

8 (11.0)

0.004

Tobacco use, n (%)
Never

59 (80.8)

50 (68.5)

Former

11 (15.1)

19 (26.0)

Current

0.22

3 (4.1)

4 (5.5)

56.8 – 8.12

56.8 – 8.12

Systolic blood pressure, mmHg, mean – SD

121.6 – 13.90

133.2 – 23.15

Diastolic blood pressure, mmHg, mean – SD

75.3 – 8.51

75.3 – 13.65

0.43

Age, years, mean – SD

0.002

High-density lipoprotein, mg/dL, mean – SD

56.4 – 14.14

54.55 – 12.66

0.56

Low-density lipoprotein, mg/dL, mean – SD

124.1 – 25.98

123.95 – 31.65

0.81

116.23 – 72.35

120.44 – 63.44

0.47

203.4 – 29.40

202.7 – 36.15

0.87

Triglycerides, mg/dL, mean – SD
Total cholesterol, mg/dL, mean – SD
10-year ASCVD risk score, %, mean – SD

5.3 – 5.60

8.2 – 10.26

0.06

Framingham Risk Score, %, mean – SD

8.5 – 7.32

12.1 – 11.10

0.04

ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; ASCVD, atherosclerotic cardiovascular disease; Cardio-Onc,
cardiology-oncology; Ob-Gyn, obstetrics and gynecology.

clinic (P¼0.30) were categorized as high risk (ASCVD score
‡7.5%). Of these high-risk patients, 14 (60.9%) in the ObGyn cohort vs 9 (31.0%) in the Cardio-Onc cohort were
appropriately on statins (P¼0.03) (Figure 1). Seven (9.6%)
patients in the Cardio-Onc clinic and 3 (4.1%) patients in the
Ob-Gyn clinic (P¼0.19) were categorized as moderate risk
(ASCVD score 5%-7.4%). Of these moderate-risk patients,
only 2 (28.6%) patients in the Cardio-Onc cohort vs 0
patients in the Ob-Gyn cohort had been appropriately
placed on statins (Figure 2). Of the 25 patients in the CardioOnc cohort who could be considered for statin therapy
(ASCVD score >5% without statin use), only 4 patients were
prescribed statins at their initial consultation with the
cardiologist, and all 4 patients had a high-risk ASCVD score.
The number of patients with a high-risk Framingham Risk
Score was significantly different between the 2 groups
(Table 3). Fourteen (19.2%) patients in the Cardio-Onc
cohort had a Framingham Risk Score >20% compared to 6
(8.2%) patients in the Ob-Gyn cohort (P¼0.05). Of the 14
Cardio-Onc patients with a high-risk score, 13 of them
Volume 16, Number 3, Fall 2016

should have been on statins because of an LDL >130
mg/dL according to ATP III. However, only 30.8% were on
statins, but that percentage improved to 53.9% upon
completion of the initial Cardio-Onc consult (Figure 3). In
contrast, 50.0% of patients in the Ob-Gyn cohort were
appropriately on statins.
Among the patients who met the criteria for a moderate
Framingham Risk Score, 91.7% of the Ob-Gyn patients and
71.4% of the Cardio-Onc patients were on statins. In the
Cardio-Onc group, the percentage improved to 85.7% after
the Cardio-Onc consult (Figure 4).

DISCUSSION
In this study, we explored the overall cardiovascular risk
score among a small group of women with breast cancer at
a Cardio-Onc clinic. In a comparison of the 2 cardiovascular
risk calculations, a larger percentage of the population from
both groups met the criteria for statin usage according to
the ASCVD risk score than did not meet the criteria. We
demonstrated that 39.7% of the Cardio-Onc group had a
219
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Table 2. Ten-Year ASCVD Risk Scores and Statin Usage of Obstetrics-Gynecology (Ob-Gyn) and Cardio-Oncology
(Cardio-Onc) Clinic Patients

High Risk: Score ‡7.5%, n (%)
Appropriately on statin therapy

Ob-Gyn Clinic

Cardio-Onc Clinic

n¼73

n¼73

P value

23 (31.5)

29 (39.7)

0.30

14 (60.9)

9 (31.0)

0.03

9 (39.1)

20 (69.0)

Not on statin
Started on statin by cardiology

N/A

4 (20.0)

3 (4.1)

7 (9.6)

0.19

Appropriately on statin therapy

0 (0)

2 (28.6)

0.33

Not on statin

3 (100)

5 (71.4)

Moderate Risk: Score 5%-7.4%, n (%)

Started on statin by cardiology
All Patients With a Risk Score ‡ 5, n (%)

N/A

0 (0)

26 (35.6)

36 (49.3)

0.10

Appropriately on statin therapy

14 (53.9)

11 (30.6)

0.07

Not on statin

12 (46.2)

25 (69.4)

N/A

4 (16.0)

Started on statin by cardiology
ASCVD, atherosclerotic cardiovascular disease; N/A, not applicable.

high-risk ASCVD score and therefore should have been on
statin therapy. In this group, 20 individuals were not on
statin therapy upon presentation to the Cardio-Onc clinic,
and only 4 women had statin therapy initiated after the first
visit. It is unclear why more aggressive statin initiation was
not undertaken but may, in part, be attributable to concerns
about starting statin therapy when individuals are beginning
or undergoing chemotherapy. This approach, however, may
be incorrect as statins may have a role in breast cancer
prevention and treatment.
Cholesterol, more specifically 27-hydroxycholesterol, is
an estrogen receptor ligand and potentially increases the
proliferation of estrogen receptor-positive breast cancer
cells18 as demonstrated in mouse models.19 Therefore,
lowering cholesterol levels or interfering with its conversion
to 27-hydroxycholesterol with statins may possibly improve

estrogen receptor-positive breast cancer treatment or
prevention.19 Additionally, researchers have proposed that
statins may directly inhibit cell proliferation; however, this
effect is not seen at the statin levels typically present in
humans.20,21 Finally, statins may have a synergistic effect on
anthracyclines as demonstrated in canines.22 Therefore,
statin therapy may have a role in inhibiting cancer
progression and improving the ability of anthracyclines to
target cancerous cells. Despite these promising findings, no
studies thus far demonstrate an improvement in breast
cancer cure rates related to statin usage.
Statins may have a role in the prevention of cardiomyopathy among individuals with breast cancer treated with
anthracyclines. The risk of cardiomyopathy with anthracycline treatment appears to have a 26% prevalence with
cumulative doses of 550 mg/m2.23 Currently, treatment

Figure 1. Percentages of patients in each treatment group with high atherosclerotic
cardiovascular disease risk scores (‡7.5%) who were on statin therapy, not on statins, and
placed on statins by a cardiologist. Cardio-Onc, cardiology-oncology; Ob-Gyn, obstetrics and
gynecology.
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Figure 2. Percentages of patients in each treatment group with moderate atherosclerotic
cardiovascular disease risk scores (5%-7.4%) who were on statin therapy, not on statins, and
placed on statins by a cardiologist. Cardio-Onc, cardiology-oncology; Ob-Gyn, obstetrics and
gynecology.
protocols minimize the cumulative dose received by
individuals with breast cancer to <550 mg/m2. Nonetheless,
even at these lower levels, the risk of cardiomyopathy and
heart failure can approach 4.3%, and in combination with
trastuzumab can increase to 20.1% after 5 years of
therapy.24 Statin therapy may have a role in the prevention
of anthracycline-induced cardiomyopathy. One study demonstrated that mice treated with fluvastatin plus doxorubicin
had a 40% decrease in cardiac output compared to a 67.5%
decrease in mice treated with doxorubicin alone.25 Interest-

ingly, in a study evaluating the association between aortic
stiffness and anthracycline-based chemotherapy, individuals with preexisting cardiovascular disease who received
statin therapy in conjunction with anthracycline chemotherapy had preserved left ventricular function compared to
patients who did not receive statin therapy.26 Seicean et al
reported a hazard ratio of 0.3 (P¼0.03) for developing heart
failure when patients with breast cancer were treated with
anthracyclines and statins concurrently.27 Although these
studies are promising, further studies involving larger

Table 3. Framingham Risk Scores and Statin Usage of Obstetrics-Gynecology (Ob-Gyn) and Cardio-Oncology (CardioOnc) Clinic Patients

High Risk: Score >20%, n (%)

Ob-Gyn Clinic

Cardio-Onc Clinic

n¼73

n¼73

P value

6 (8.2)

14 (19.2)

0.05

Low-density lipoprotein >130 mg/dL (should be on statins)

6 (100)

13 (92.9)

Appropriately on statin therapy

3 (50.0)

4 (30.8)

Not on statin

3 (50.0)

9 (69.2)

N/A

3 (33.3)

Started on statin by cardiology
Moderate Risk: Score 10%-20%, n (%)

16 (21.9)

17 (23.3)

Low-density lipoprotein >160 mg/dL (should be on statins)

12 (75.0)

7 (41.2)

Appropriately on statin therapy

11 (91.7)

5 (71.4)

1 (8.3)

2 (28.6)

Not on statin
Started on statin by cardiology
Low Risk: Score <10%, n (%)

N/A

1 (50.0)

51 (69.9)

42 (57.5)

Low-density lipoprotein >190 mg/dL (should be on statins)

6 (11.8)

1 (2.4)

Appropriately on statin therapy

6 (100)

1 (100)

Not on statin

0 (0)

0 (0)

N/A

0 (0)

Started on statin by cardiology

0.36

0.84
0.02

0.12
0.66

N/A, not applicable.
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Figure 3. Percentages of patients in each treatment group with high Framingham Risk Scores
(>20%) who were on statin therapy, not on statins, and placed on statins by a cardiologist.
Cardio-Onc, cardiology-oncology; Ob-Gyn, obstetrics and gynecology.
cohorts and randomized control trials are required to
confirm this response. However, in light of the possible
benefits of statin therapy, initiating statin therapy in patients
with breast cancer who have a moderate- or high-risk
ASCVD score and who will be receiving anthracyclinebased therapy may be valid. Within our facility, the CardioOnc clinic has a higher statin prescribing rate utilizing ATP III
guidelines compared to ASCVD risk.
In our study, a higher percentage of patients in the
Cardio-Onc cohort had underlying cardiomyopathy compared to the Ob-Gyn cohort. This difference between
groups is likely secondary to the cardiotoxic treatments
the patients had received. Specifically, anthracyclines and

HER2 receptor inhibitors are known to result in chemotherapy-induced cardiomyopathy, and radiation therapy is
known to increase the risk of delayed atherosclerosis
leading to coronary artery disease.28 We also determined
that according to ASCVD risk score, only 60.9% of patients
in the Ob-Gyn group and 31.0% of patients in the CardioOnc group had been appropriately placed on statins during
the initial consult. The patients in both clinics were not
appropriately managed according to ASCVD guidelines.
However, according to the ATP III guidelines, both clinics
had impressive statin prescribing habits, with 50.0% of highrisk patients in the Ob-Gyn group placed appropriately on
statins and 53.9% of high-risk patients in the Cardio-Onc

Figure 4. Percentages of patients in each treatment group with moderate Framingham Risk
Scores (10%-20%) who were on statin therapy, not on statins, and placed on statins by a
cardiologist. Cardio-Onc, cardiology-oncology; Ob-Gyn, obstetrics and gynecology.
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group on statins or prescribed statins at the cardiology visit.
This lapse in prescribing habits in accordance with the most
updated ASCVD guidelines may be attributable to numerous factors, including physician hesitation to prescribe
statins for individuals undergoing chemotherapy, failure to
adapt to the new lipid guidelines, failure to calculate the
ASCVD risk score, or lack of comfort with statin use.
Protocols need to be developed and measures need to be
taken to improve statin prescribing in this high-risk cancer
population to decrease the risk of atherosclerotic cardiovascular disease.
Interestingly, our study did not identify a difference in the
10-year ASCVD risk score between the Cardio-Onc cohort
and the control group of women without breast cancer at
the Ob-Gyn clinic. This finding was unexpected, as
elevated cholesterol levels have been described among
individuals with breast cancer compared to their agematched healthy peers.29,30 We saw a significant difference
in the Framingham risk score between the 2 groups. These
2 risk scores are similar with 1 major difference: the ASCVD
risk score includes ethnicity in its calculation and is more
generous in its statin requirements as evidenced by the
larger subset of our subjects who meet its statin-prescribing criteria.
Limitations of this study are the single-center design,
small sample size, and a possible selection bias because
patients are referred to our Cardio-Onc clinic. Further
research needs to be conducted at multiple centers to gain
generalizability.

CONCLUSION
Because patients with breast cancer may receive cardiotoxic treatments, risk stratifying these patients is imperative
to optimize their health and to prevent the development of
cardiomyopathy. To our knowledge, we are the first to risk
stratify individuals with breast cancer based on ASCVD risk
score and Framingham Risk Score. We found poor statin
prescribing practices for patients in both groups according
to the ACC/AHA and ATP III guidelines. Further research is
required to determine alternative methods for risk stratification and to apply the ASCVD risk scores clinically.

ACKNOWLEDGMENTS
The authors have no financial or proprietary interest in the
subject matter of this article.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

REFERENCES
1.

2.

3.

4.

SEER stat fact sheets: female breast cancer. National Cancer
Institute: Surveillance, Epidemiology, and End Results Program
Web site. http://seer.cancer.gov/statfacts/html/breast.html.
Published 2014. Accessed July 19, 2016.
Patnaik JL, Byers T, DiGuiseppi C, Dabelea D, Denberg TD.
Cardiovascular disease competes with breast cancer as the
leading cause of death for older females diagnosed with breast
cancer: a retrospective cohort study. Breast Cancer Res. 2011
Jun 20;13(3):R64. doi: 10.1186/bcr2901.
Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemotherapy
plus a monoclonal antibody against HER2 for metastatic breast
cancer that overexpresses HER2. N Engl J Med. 2001 Mar 15;
344(11):783-792.
Steinherz LJ, Steinherz PG, Tan CT, Heller G, Murphy ML.
Cardiac toxicity 4 to 20 years after completing anthracycline
therapy. JAMA. 1991 Sep 25;266(12):1672-1677.

Volume 16, Number 3, Fall 2016

17.

18.

19.

20.

Cardinale D, Colombo A, Bacchiani G, et al. Early detection of
anthracycline cardiotoxicity and improvement with heart
failure therapy. Circulation. 2015 Jun 2;131(22):1981-1988. doi:
10.1161/CIRCULATIONAHA.114.013777.
Feijen EA, Leisenring WM, Stratton KL, et al. Equivalence ratio
for daunorubicin to doxorubicin in relation to late heart failure
in survivors of childhood cancer. J Clin Oncol. 2015 Nov 10;
33(32):3774-3780. doi: 10.1200/JCO.2015.61.5187.
Felker GM, Thompson RE, Hare JM, et al. Underlying causes and
long-term survival in patients with initially unexplained
cardiomyopathy. N Engl J Med. 2000 Apr 13;342(15):1077-1084.
Cardinale D, Colombo A, Lamantia G, et al. Anthracyclineinduced cardiomyopathy: clinical relevance and response to
pharmacologic therapy. J Am Coll Cardiol. 2010 Jan 19;55(3):
213-220. doi: 10.1016/j.jacc.2009.03.095.
Taunk NK, Haffty BG, Kostis JB, Goyal S. Radiation-induced heart
disease: pathologic abnormalities and putative mechanisms.
Front Oncol. 2015 Feb 18;5:39. doi: 10.3389/fonc.2015.00039.
Mandraffino G, Dalbeni A, Paunovic N, Mormina EM, Imbalzano
E. Radiation-induced heart and vessel atherosclerosis disease.
Int J Cardiol. 2014 Mar 15;172(2):505-506. doi: 10.1016/j.ijcard.
2014.01.059.
Mousavi N, Nohria A. Radiation-induced cardiovascular disease.
Curr Treat Options Cardiovasc Med. 2013 Oct;15(5):507-517. doi:
10.1007/s11936-013-0259-0.
Goff DC Jr, Lloyd-Jones DM, Bennett G, et al; American College
of Cardiology/American Heart Association Task Force on
Practice Guidelines. 2013 ACC/AHA guideline on the
assessment of cardiovascular risk: a report of the American
College of Cardiology/American Heart Association Task Force
on Practice Guidelines. J Am Coll Cardiol. 2014 Jul 1;63(25 Pt B):
2935-2959. doi: 10.1016/j.jacc.2013.11.005.
National Cholesterol Education Program (NCEP) Expert Panel
on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III ). Third Report
of the National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III ) Final Report.
Circulation. 2002 Dec 17;106(25):3143-3421.
Cardinale D, Colombo A, Lamantia G, et al. Cardio-oncology: a
new medical issue. Ecancermedicalscience. 2008;2:126. doi: 10.
3332/ecancer.2008.126.
Albini A, Pennesi G, Donatelli F, Cammarota R, De Flora S,
Noonan DM. Cardiotoxicity of anticancer drugs: the need for
cardio-oncology and cardio-oncological prevention. J Natl
Cancer Inst. 2010 Jan 6;102(1):14-25. doi: 10.1093/jnci/djp440.
Stone NJ, Robinson JG, Lichtenstein AH, et al; American College
of Cardiology/American Heart Association Task Force on
Practice Guidelines. 2013 ACC/AHA guideline on the treatment
of blood cholesterol to reduce atherosclerotic cardiovascular
risk in adults: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines. Circulation. 2014 Jun 24;129(25 Suppl 2):S1-45. doi:
10.1161/01.cir.0000437738.63853.7a.
D’Agostino RB Sr, Vasan RS, Pencina MJ, et al. General
cardiovascular risk profile for use in primary care: The
Framingham Heart Study. Circulation. 2008 Feb 12;117(6):
743-753. doi: 10.1161/CIRCULATIONAHA.107.699579.
Nelson ER, Chang CY, McDonnell DP. Cholesterol and breast
cancer pathophysiology. Trends Endocrinol Metab. 2014 Dec;
25(12):649-655. doi: 10.1016/j.tem.2014.10.001.
Nelson ER, Wardell SE, Jasper JS, et al. 27-Hydroxycholesterol
links hypercholesterolemia and breast cancer pathophysiology.
Science. 2013 Nov 29;342(6162):1094-1098. doi: 10.1126/
science.1241908.
Chan KK, Oza AM, Siu LL. The statins as anticancer agents. Clin
Cancer Res. 2003 Jan;9(1):10-19.

223

Cardiovascular Disease Risk in Patients With Breast Cancer
21. Wong WW, Dimitroulakos J, Minden MD, Penn LZ. HMG-CoA
reductase inhibitors and the malignant cell: the statin family of
drugs as triggers of tumor-specific apoptosis. Leukemia. 2002
Apr;16(4):508-519.
22. Torres CG, Olivares A, Stoore C. Simvastatin exhibits
antiproliferative effects on spheres derived from canine
mammary carcinoma cells. Oncol Rep. 2015 May;33(5):
2235-2244. doi: 10.3892/or.2015.3850.
23. Myers CE, McGuire WP, Liss RH, Ifrim I, Grotzinger K, Young RC.
Adriamycin: the role of lipid peroxidation in cardiac toxicity and
tumor response. Science. 1977 Jul 8;197(4299):165-167.
24. Bowles EJ, Wellman R, Feigelson HS, et al; Pharmacovigilance
Study Team. Risk of heart failure in breast cancer patients after
anthracycline and trastuzumab treatment: a retrospective
cohort study. J Natl Cancer Inst. 2012 Sep 5;104(17):1293-1305.
doi: 10.1093/jnci/djs317.
25. Riad A, Bien S, Westermann D, et al. Pretreatment with statin
attenuates the cardiotoxicity of Doxorubicin in mice. Cancer Res.
2009 Jan 15;69(2):695-699. doi: 10.1158/0008-5472.CAN-08-3076.

26. Chaosuwannakit N, D’Agostino R Jr, Hamilton CA, et al. Aortic
stiffness increases upon receipt of anthracycline
chemotherapy. J Clin Oncol. 2010 Jan 1;28(1):166-172. doi: 10.
1200/JCO.2009.23.8527.
27. Seicean S, Seicean A, Plana JC, Budd GT, Marwick TH. Effect
of statin therapy on the risk for incident heart failure in
patients with breast cancer receiving anthracycline
chemotherapy: an observational clinical cohort study. J Am
Coll Cardiol. 2012 Dec 11;60(23):2384-2390. doi: 10.1016/j.
jacc.2012.07.067.
28. Ewer MS, Lippman SM. Type II chemotherapy-related cardiac
dysfunction: time to recognize a new entity. J Clin Oncol. 2005
May 1;23(13):2900-2902.
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