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Abstract
Background

Radiotherapy is a common treatment for breast cancer, with unintended long-term CV consequences; and no consensus on adequate CV
screening methods to prevent future events. We aimed to assess the use of coronary artery calcium (CAC) and left ventricular global
longitudinal strain (GLS) to identify those at risk for CVD due to radiotherapy.

Methods

Using data from an urban cancer registry, we enrolled 17 women (mean age 62 years) with left-sided breast cancer from 1999-2003, treated
with radiotherapy. Agatston CAC score was measured by CT scan; and GLS by echocardiography. Logistic regression was used to compare
study CAC scores with historical controls using age- and race-matched (Multi-Ethnic Study of Atherosclerosis) MESA CAC calculator [derived
from MESA cohort from 6 US communities, free of clinical CVD at baseline (2000-2002) https://www.mesa-nhlbi.org ]; and GLS with historical
controls from prior meta-analysis with de�ned normal GLS values ( Yingchoncharoen et al).

Results

The Hosmer-Lemeshow goodness of �t test reported a signi�cant lack of �t (p < 0.02) compared with the expected probability of non-zero CAC
in the historical controls from MESA. The mean GLS of -20.6% (95% CI: -21.50%, -19.79%), and was not statistically different when compared
with the average of the historical controls. However, there was a signi�cant difference of GLS compared to the meta-analysis using a one-
sample T test with P=0.03.

Conclusion

We found that women post left sided breast radiotherapy had higher CAC presence without signi�cant difference in mean GLS, compared with
historical controls from the MESA database and prior GLS meta-analysis.

Introduction
Breast cancer remains the most common cause of cancer in women [1], and due to recent advances in treatment with adjuvant chemo- and
radiotherapy, women with breast cancer are living longer. As women are surviving breast cancer, the treatment modalities cause signi�cant
cardiovascular morbidity such that heart disease remains the most common cause of death outside of malignancy in these women. [2].

Chest wall radiation is a common adjuvant treatment in women with breast cancer. In cases of left-sided breast cancer, external radiotherapy to
the heart is common and often unavoidable due to the location on the chest wall [3]. Non-contemporary radiotherapy techniques, such as those
used in many current cancer survivors, involved electron beam radiotherapy with higher radiation doses. [4] Such techniques induced heart
disease in approximately 50% of patients post chest wall radiotherapy; with risk of developing heart disease occurring prior to or by 5 years
post treatment, and even upwards of 30 years. [5]

Screening for coronary heart disease (CHD) remains a clinical burden in the general population and has yet to be fully validated for breast
cancer patients after receiving radiotherapy. [5] Coronary artery calci�cation (CAC) can be detected with cardiac computed tomography (CT)
and is quanti�able by Agatston scores. CAC scoring has been shown to have one of the highest sensitivities for risk strati�cation and has
signi�cant prognostic implications for CHD risk beyond traditional Framingham risk factors, especially in those who may be asymptomatic at
intermediate risk [6].

Speckle tracking trans-thoracic echocardiography (STE) is a newer echocardiographic imaging technique that is used to assess left ventricular
(LV) myocardial global longitudinal strain (GLS). GLS measures LV myocardial regional deformation as a marker of contractility and elasticity,
[7] and measures deformation along the LV wall with shortening during LV contraction. Furthermore, GLS has been shown to precede changes
in LV ejection fraction (LVEF) as it allows differentiation of active and passive movement of myocardial tissue, whereas wall motion evaluation
by standard 2D echocardiography cannot. [7]

The goal of this study is to further characterize the use of CAC screening and GLS as screening tools for heart disease in breast cancer
survivors post exposure to left-sided chest radiotherapy by non-contemporary techniques. This would allow for further risk strati�cation in
cancer survivors; to focus on early prevention and treatment of heart disease as a cause of cardiovascular morbidity and mortality in this high-
risk population.

Methods
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We included 278 women diagnosed with breast cancer between 1999 and 2003, ages 18–79 years, treated with radiotherapy and identi�ed
from the Rush University Medical Center (RUMC) Cancer Registry. The study was approved by the RUMC institutional review board and
informed consents were obtained from study participants. Exclusion criteria were women with isolated right-sided breast cancer, metastatic
disease at diagnosis, recurrence of disease, patients with end-stage renal disease, patients with known/prior CHD, and patients with any metal
used for surgery within the chest wall. The study participants were invited to RUMC to undergo CT scans and STE for CAC and GLS
assessments, respectively.

A total of 17 participants responded to the invitation to participate in the study. The mean age of participants was 62 years, range 55–69 years.
Races were 76% white, 12% Black/African American, 6% Hispanic. Among traditional Framingham cardiovascular risk factors: 41.2% of women
had hypertension, 29.4% with diabetes, and 41.2% with dyslipidemia. 35% were former smokers, while 47% were never smokers, and 6% were
current smokers. We assessed exercise intensity: 6% of women never exercised, 47% achieved 3–6 metabolic equivalents (METs), and 35%
achieved > 6 METs on a weekly basis.

Table 1 describes the individual patient variables for the cancer treatment and results of CAC and GLS. All participants received left-sided
breast radiotherapy, while 71.4% received adjuvant chemotherapy and 35.7% received anthracyclines.
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Table 1
Baseline Characteristics, Treatment history, values of Global Longitudinal Strain and Coronary Artery Calci�cation

PID AGE RACE BMI CHEMOTHERAPY ENDOCRINE
THERAPY

DLD HTN DM ARR CAC CAC
REF

LVEF GLS

1 56 White 30.6 None Tamoxifen No No No No 0 28 75–
80

Not
Reported

2 59 White 27.81 CMF Tamoxifen,
3 Years

Yes Yes No No 0 34 55–
60

-18

3 68 Chinese 40.5 Unknown N/A Yes Yes No No 1.1 51 72.5 -20.4

4 57 White 30.9 AT Tamoxifen
5 Years

No Yes Yes Yes 0.3 30 55–
60

-20.5

5 62 White 22.3 None Tamoxifen No No No No 5.6 40 60 -22.2

6 61 White None Yes (unknown
type)

Unknown N/A N/A N/A N/A 1.8 38 55–
65

-18.2

7 69 White 36.7 CMF Tamoxifen Yes No No No 0.9 56 65–
70

-22

8 62 White 23.2 AC, paclitaxel Tamoxifen Yes Yes Yes No 24.5 40 70 Not
Reported

9 57 White 30.9 N/A N/A N/A N/A N/A N/A 45.6 30 55–
60

-19.4

10 67 White 52.2 N/A N/A N/A N/A N/A N/A 137.8 52 55–
60

Inaccurate

11 66 White 30 5 Cycles, Unclear
Type

No Yes No Yes Yes 0.6 54 60 19.1

12 61 White None AT No Yes Yes Yes No 1578 38 60–
65

-20.3

13 68 Hispanic 20.4 AC, paclitaxel Tamoxifen Yes Yes No Yes 0 45 55–
60

-21.2

14 63 Black 21.2 None N/A N/A N/A N/A N/A 16.9 33 55–
60

-21.6

15 58 White 23.7 Yes (unknown
type)

N/A N/A N/A N/A N/A 0 32 60 -22

16 55 Black 28.6 CMF, paclitaxel N/A No No No No 0 21 60 -22.3

17 69 White 27.4 AC, docetaxel Tamoxifen,
Anastrozole

No Yes Yes No 0.2 56 60 -21.8

Abbreviations: AC, Doxorubicin, cyclophosphamide; ARR, arrhythmia; AT, Doxorubicin/paclitaxel; BMI, body mass index; CAC, coronary
artery calci�cation score; CAC REF, non-zero probability of coronary artery calci�cation; CMF, cyclophosphamide, methotrexate, �uorouracil;
DLD, dyslipidemia; DM, diabetes mellitus; GLS, global longitudinal strain; HTN, hypertension; LVEF, left ventricular ejection fraction; N/A, not
available; PID, patient identi�cation

The statistical analysis included 17 participants. All completed the CT scan for CAC, while 14 of 17 completed STE for GLS. Control reference
CAC values for these participants were obtained based on their age, gender and race using the Multi-ethnic Study of Atherosclerosis (MESA)
database.[8] Observed values of any CAC (yes/no) were compared with the MESA database reported probability of having any CAC using a
Hosmer and Lemeshow goodness of �t test. For STE, using con�dence intervals and one-sample t-test, observed GLS values for the
participants were compared with reported GLS summary statistics of historical controls from a prior meta-analysis of 2,597 patients. [9] Level
of statistical signi�cance was set a-priori to p-value < 0.05.

Results
All 17 participants received left-sided breast radiotherapy and had preserved LVEF (range 55–80%) – Table 1. The range of CAC score was 0 − 
137.8; there was an outlier with CAC score of 1578 (Table 1). Nine (52%) participants had CAC scores that fell within the less than minimal risk
category. There was no signi�cant asymmetry in the distribution of the measured CAC values from the corresponding control MESA median
values (non-parametric Wilcoxon test p-value = 0.13). However, 5 out of the 17 measured CAC values were zero. The Hosmer-Lemeshow
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goodness of �t test reported a signi�cant lack of �t (p < 0.02) compared with the expected probability of non-zero CAC in the historical controls
from MESA.

Fourteen out of 17 patients received STE for GLS, with mean GLS of -20.6% (Table 1). The 95% CI (-21.50%, -19.79%) intersected with the
con�dence interval for the historical controls in the meta-analysis [9], n = 2,597 (mean − 19.7%; 95% CI: -20.4%, -18.9%), suggesting no
difference in GLS between the 2 groups. However, the GLS values of the participants showed a signi�cant difference (p = 0.033) from the null
value of -19.7% (mean GLS in [9]) in a one-sample t-test.

Discussion
We found that women with a history of left-sided breast cancer whom received left sided non-contemporary breast radiotherapy had higher
probability of CAC presence (de�ned a non-zero CAC value) compared with historical controls from the MESA database. However there was no
signi�cant difference in mean GLS in our study population compared to historical controls from a prior meta-analysis. Our study �ndings are
noteworthy particularly because we still found signi�cant differences in CAC between our study participants and the comparative historical
controls despite the small number of participants in our study.

A recent study using MESA, has shown that both men and women with diagnosis of cancer had increased CAC when controlled for CHD risk
factors.[10] This same study also showed that cancer patients have higher probability of CAC when compared with the MESA control group.
We showed that left-sided breast radiotherapy with older techniques is particularly associated with elevated CAC. This suggests that CAC could
possibly be utilized to appropriately triage post-radiotherapy breast cancer patients to a cardio-oncologist for further risk modi�cation.

This study adds valuable information to the literature and is also unique in the assessment of GLS myocardial risk assessment in these breast
cancer patients post chemo- and left-sided radiotherapy. We did not �nd signi�cant differences in GLS between our study population and a
prior meta-analytic study of historical controls, possibly alluding to absence of signi�cant myocardial damage from left breast radiotherapy.
However, we found signi�cant difference between the mean GLS in our study participants compared with historical controls from the meta-
analysis when the comparison was analyzed using a one-sample t test. Nonetheless, the small number of participants (n = 14) for our study
possibly suggests the need for larger power to possibly detect effects of radiotherapy on GLS.

With further investigation in larger studies, the utility of CAC and GLS for CHD and cardiovascular disease screening in cancer patients post
radiotherapy could be further established.
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