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Abstract
Purpose: We evaluated the risk of cardiac mortality in older patients who receive adjuvant radiation therapy (RT) for stage I breast
cancer to determine whether this risk persists in the modern era.
Methods and Materials: Using the 2000 to 2015 Surveillance, Epidemiology, and End Results program data, we performed a
population-based cohort study to evaluate the association between adjuvant breast RT, tumor laterality, and cardiac-specific survival
(CSS) among patients 60 and older with stage I estrogen receptor positive breast cancer who received breast-conserving surgery and RT.
Results: At a median follow-up of 6 years (range, 0-15.9 years), patients receiving RT for left-sided breast cancer demonstrated no
difference in 5- and 10-year CSS compared with those with right-sided breast cancer (5 year 98.3% vs 98.2%, 10 year 94.3% vs 93.9%;
log-rank PZ .56). Cox proportional hazards regression analysis confirmed the lack of association of tumor laterality on adjusted 5-year
CSS (hazard ratio [HR] Z 0.96; 95% confidence interval [CI] Z 0.87-1.06), breast-cancer specific survival (HR Z 0.96; 95% CI Z
0.85-1.09), and overall survival (HR Z 0.98; 95% CI Z 0.94-1.03). There was also no association of inner versus outer quadrant
location on adjusted 5-year CSS for right-sided (HR Z 1.06; 95% CI Z 0.89-1.12) and left-sided breast cancer (HR Z 0.95; 95%
CI Z 0.79-1.15).
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Conclusions: With modern radiation therapy techniques, older patients who received left-sided RT for stage I estrogen-receptor positive
breast cancer do not demonstrate an increased risk of cardiac mortality compared with patients with right-sided breast cancer. RT can be
offered to older patients without concern for inducing cardiac-related death.
� 2020 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Whole breast irradiation is the standard of care for
patients with early stage breast cancer after breast-
conserving surgery.1,2 The combination of breast-
conserving surgery and radiation therapy has been
recommended in consensus guidelines for more than 20
years.3 Adjuvant radiation therapy provides significant
clinical benefits; after breast-conserving surgery, whole
breast irradiation reduces the risk of local recurrence by
as much as two-thirds.4,5

Although radiation therapy provides significant benefit
for cancer control, it also is associated with certain side
effects, notably cardiac toxicity. It is well-documented
that administration of radiation therapy in the adjuvant
setting for early stage breast cancer results in long-term
risk of cardiac-related disease and death.6-9 This is of
particular concern for patients with left-sided cancers who
receive radiation in proximity to the cardiac silhouette.
Multiple radiation therapy techniques to limit cardiac
exposure including deep inspiration breath hold and prone
positioning have subsequently been deployed to mitigate
this risk.10,11 However, clinicians must still estimate the
risk-benefit ratio of radiation therapy for the individual
patient by considering preexisting factors that increase the
risk of cardiac toxicity associated with radiation therapy,
such as smoking history, diabetes, hypertension, and prior
history of heart disease.7,8,12-14 The incidence of these
comorbidities increases with age, making older patients
an especially vulnerable population for developing radi-
ation therapyeinduced cardiac toxicity.

The Cancer and Leukemia Group B 9343 trial, a
prospective trial evaluating the adjuvant treatment of
patients aged 70 years and older with early stage, es-
trogen receptor (ER)þ breast cancer with or without
radiation therapy was conducted to determine whether
radiation therapy could be omitted to spare them the
radiation toxicity, cost, and inconvenience without
compromising cancer outcomes. After a median follow-
up of 12.6 years, the study found a small improvement
in locoregional recurrence with the addition of radiation
therapy, but this did not translate to advantages in
overall survival (OS), distant disease-free survival, or
breast preservation.15 Older patients with early stage,
ERþ breast cancer are therefore considered eligible to
forego adjuvant radiation therapy in favor of adjuvant
hormone therapy alone. However, some patients are
unable to tolerate hormone therapy or may wish to avoid
additional long-term medication commitments due to
polypharmacy.16-18 An alternative approach evaluating
adjuvant radiation therapy without hormone therapy in
older patients with breast cancer is now being consid-
ered, but concerns remain for cardiac risks in this
population.

Therefore, in this study, we evaluated the absolute risk
of cardiac mortality in older women with early stage ERþ
breast cancer who received adjuvant radiation therapy.
We hypothesized that with modern radiation therapy
techniques, adjuvant radiation therapy for patients
receiving left-sided radiation would not be associated
with an increased risk of cardiac mortality compared with
patients receiving right-sided radiation.
Methods and Materials

Data source and study cohort

We used the National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) radiation and
chemotherapy treatment database to ascertain our cohort.
The SEER database is comprised of data from 18
geographic regions that together form a catchment area
covering 28% of the United States population. The
November 2017 submission was used in this study to
identify women aged 60 years or older with a histologi-
cally confirmed, first diagnosis of unilateral stage I breast
cancer diagnosed between January 1, 2000 and December
31, 2015 (n Z 94,981, Supplementary Materials). The
American Joint Committee on Cancer sixth edition stag-
ing system was used to classify the study cohort due to the
period assessed in the analysis. Of note, all patients in the
cohort were considered node negative using the extent of
disease codes for number of cases with positive regional
lymph nodes. No patients with micro metastases were
included in the study. Our cohort included women with
ERþ disease (n Z 79,921) who underwent breast-
conserving surgery (n Z 60,740) and excluded patients
who did not undergo adjuvant radiation or whose radia-
tion status was unknown (n Z 19,734). The final
analytical cohort included 41,006 women with ERþ,
stage I breast cancer. Because the study used deidentified
data, the protocol was considered exempt from the Mas-
sachusetts General Hospital institutional review board.
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Table 1 Cohort characteristics (n Z 41,006)

Characteristic Total (n Z 41,006)

Age, n (%)
60-69 y 22,485 (54.8)
70-79 y 14,246 (34.7)
80 þ y 4275 (10.4)

Race, n (%)
Non-Hispanic White 32,155 (78.4)
Non-Hispanic Black 2426 (5.9)
Asian 2543 (6.2)
Hispanic 3555 (8.7)
Other 327 (0.8)

Laterality, n (%)
Right-sided breast cancer 20,324 (49.6)
Left-sided breast cancer 20,682 (50.4)

Tumor location, n (%)
Central/NAC 1768 (4.3)
Upper inner quadrant 6059 (14.8)
Lower inner quadrant 2921 (7.1)
Upper outer quadrant 15,271 (37.2)
Lower outer quadrant 3150 (7.7)
Overlapping quadrants/breast NOS 11,837 (28.9)

Tumor grade, n (%)
Grade I 15,851 (38.7)
Grade II 19,043 (46.4)
Grade III 4734 (11.5)
Unknown 1378 (3.4)

Tumor size, n (%)
0.1-0.5 cm 5825 (14.2)
0.6-1.0 cm 14,826 (36.2)
1.1-2.0 cm 20,355 (49.6)

Hormone receptor status, n (%)
ERþ/PRþ 34,806 (84.9)
ERþ/PR- 5580 (13.6)
ERþ/PR unknown 620 (1.5)

HER2/neu receptor status, n (%)*
HER2/neu amplified 1045 (6.2)
HER2/neu negative 15,921 (93.8)

Axillary management/no. lymph
nodes removed, n (%)

No nodes removed 2640 (6.4)
1-5 nodes removed (SLNB) 31,029 (75.7)
6 or more nodes removed (ALND) 7209 (17.6)
Unknown 128 (0.3)

Abbreviations: ALND Z axillary lymph node dissection; ER Z
estrogen receptor; HERs Z human-epidermal growth factor receptor
2; NAC Z nipple areola complex; NOS Z not otherwise specified;
PR Z progesterone receptor; SLNB Z sentinel lymph node biopsy.

* HER2/neu receptor status only available for cases diagnosed
from 2010 to 2015.
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Outcomes of interest

Our primary outcomes of interest were all-cause mor-
tality and cardiac-specific survival (CSS) by laterality of
the primary breast cancer. Dates and cause of death for all
patients were obtained from the SEER Cause of Death
recode, which is derived from the International
Classification of Diseases 9th and 10th revisions (ICD-9,
ICD-10). Patients whose noncancer causes of death
included “diseases of the heart” (ICD-10 I00-I09, I11,
I13, I20-I51), “atherosclerosis” (ICD-10 I70), “aortic
aneurysm and dissection” (I71), and “other diseases of
arteries, arterioles, capillaries” (ICD-10 I72-I78) were
considered to have had cardiac-related mortality. Survival
time was calculated from the date of diagnosis of the stage
I breast cancer to the date for which the last complete vital
status was available, with all living patients censored on
December 31, 2016. In addition to CSS and OS, breast
cancer-specific survival (BCSS) was calculated.

Control variables

Demographic variables included age at diagnosis,
which were grouped as 60 to 69 years, 70 to 79 years, and
80þ years, and race/ethnicity, classified as non-Hispanic
white, non-Hispanic black, Hispanic, Asian/pacific
islander, and other/unknown. Tumor location within the
breast (central/nipple areola complex, upper inner quad-
rant, lower inner quadrant, upper outer quadrant, lower
outer quadrant, and overlapping quadrants/breast not
otherwise specified), tumor grade (grade I, II, III, or un-
known), and tumor size (T1a, 0.1-0.5 cm; T1b, 0.6-1.0
cm; and T1c, 1.1-2.0 cm) were also obtained. Because all
patients were ERþ, hormone receptor status was deter-
mined by progesterone receptor (PR) status, yielding 3
subgroups: ERþ/PRþ, ERþ/PR-, and ERþ/PR un-
known. Human-epidermal growth factor receptor 2
(HER2/neu) status was only available for cases diagnosed
between 2010 and 2015. With regards to surgical man-
agement, women were considered to have undergone
breast-conserving surgery if they received 1 of the
following surgical procedures: partial mastectomy, partial
mastectomy with nipple resection, lumpectomy, exci-
sional biopsy, reexcision of the biopsy site, or segmental
mastectomy. Because SEER had not reported details on
the extent of axillary nodal evaluation until 2013, axillary
lymph node management was determined using extent of
disease codes to quantify the number of regional lymph
nodes examined and the number of regional lymph nodes
positive. Using this information, 1 to 5 lymph nodes
removed were considered a surrogate for sentinel lymph
node biopsy (SLNB), whereas patients with 6 or more
lymph nodes removed were considered to have undergone
axillary lymph node dissection. Receipt of chemotherapy
was dichotomized as “yes” or “no/unknown if received
chemotherapy.”

Statistical analysis

Demographic and clinicopathologic data between
right- and left-sided breast cancer cases were compared
using Wilcoxon rank sum test for continuous variables,



Table 2 Comparison of clinical and pathologic characteristics according to laterality in women with stage I, ERþ breast cancer
treated with breast conserving surgery and adjuvant radiation (n Z 41,006)

Characteristic Right sided breast cancer
(n Z 20,324)

Left sided breast cancer
(n Z 20,682)

P value

Age, n (%)
60-69 y 11,135 (54.8) 11,350 (54.9) .89
70-79 y 7055 (34.7) 7191 (34.8)
80þ y 2134 (10.5) 2141 (10.4)

Race, n (%)
Non-Hispanic white 15,917 (78.3) 16,238 (78.5) .67
Non-Hispanic black 1230 (6.1) 1196 (5.8)
Asian 1260 (6.2) 1283 (6.2)
Hispanic 1747 (8.6) 1808 (8.7)
Other 170 (0.8) 157 (0.8)

Tumor location, n (%)
Central/NAC 865 (4.3) 903 (4.4) <.001
Upper inner quadrant 2821 (13.9) 3238 (15.7)
Lower inner quadrant 1379 (6.8) 1542 (7.5)
Upper outer quadrant 7717 (38.0) 7554 (36.5)
Lower outer quadrant 1571 (7.7) 1579 (7.6)
Overlapping quadrants/breast NOS 5971 (29.4) 5866 (28.4)

Tumor grade, n (%)
Grade I 7996 (39.3) 7855 (38.0) .01
Grade II 9363 (46.1) 9680 (46.8)
Grade III 2325 (11.4) 2409 (11.7)
Unknown 640 (3.2) 738 (3.6)

Tumor size, n (%)
0.1-0.5 cm 2833 (13.9) 2992 (14.5) .13
0.6-1.0 cm 7311 (36.0) 7515 (36.3)
1.1-2.0 cm 10,180 (50.1) 10,175 (49.2)

Hormone receptor
status, n (%)

ERþ/PRþ 17,232 (84.8) 17,574 (85.0) .60
ERþ/PR- 2793 (13.7) 2787 (13.5)
PR unknown 299 (1.5) 321 (1.6)

HER2/neu receptor
status, n (%)*

HER2/neu amplified 511 (6.1) 534 (6.2) .70
HER2/neu negative 7904 (93.9) 8017 (93.8)

Axillary management,
n (%)

No nodes removed 1360 (6.7) 1280 (6.2) <.001
1-5 nodes removed (SLNB) 15,184 (74.7) 15,845 (76.6)
6 or more nodes removed (ALND) 3708 (18.2) 3501 (16.9)
Unknown 72 (0.4) 56 (0.3)

Adjuvant chemotherapy,
n (%)

Yes 1607 (7.9) 1637 (7.9) .98
No/unknown 18,717 (92.1) 19,045 (92.1)

Abbreviations: ALND Z axillary lymph node dissection; ER Z estrogen receptor; HERs Z human-epidermal growth factor receptor 2; NAC Z
nipple areola complex; NOS Z not otherwise specified; PR Z progesterone receptor; SLNB Z sentinel lymph node biopsy.

* HER2/neu receptor status only available for cases diagnosed from 2010 to 2015.
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and Pearson’s c2 test for categorical data. Unadjusted 5-
and 10-year CSS were calculated using the Kaplan-Meier
method, with survival differences between right- and left-
sided groups assessed using the log-rank test. After visual
inspection of the Kaplan-Meier curves revealed no
evidence of violation of the proportional hazards
assumption, Cox proportional hazards regression was
used to calculate the hazard ratio (HR) for CSS with
adjustment for age, race, tumor location (quadrant), and
chemotherapy receipt. Further subgroup analyses were



Figure 1 (a) Kaplan-Meier curves demonstrating cardiac-specific survival (CSS), (b) breast cancer-specific survival (BCSS), and (c)
overall survival (OS) according to tumor laterality.
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performed to assess CSS between inner and outer quad-
rant tumors after stratification by laterality. A similar
regression was performed to evaluate BCSS and OS by
laterality, with adjustment for age, race, tumor location,
histologic grade, size, PR status, lymph node surgery, and
adjuvant chemotherapy receipt. Sensitivity analysis was
then performed in those with confirmed ERþ/HER2-
disease diagnosed between 2010 and 2011, to ensure
stability of 5-year survival estimates. All P values were 2-
sided, with a threshold of .05 used to indicate statistical
significance. All statistical analyses were performed using
SAS version 9.4 (Cary, NC).
Results

Patient characteristics

After applying exclusion criteria, the final patient
cohort consisted of 41,006 patients with stage I ERþ
breast cancer. Half (54.8%) of the patients were 60 to 69
years old at time of diagnosis, followed by 34.7% for 70
to 79 years old, and 10.4% at 80þ years old. The majority
(78.4%) of patients identified as non-Hispanic white.
Cancer laterality was balanced with 49.6% right-sided
cancers and 50.4% left-sided breast cancer. Upper outer
quadrant was the most common (37.2%) tumor location,
followed by overlapping quadrants/breast not otherwise
specified (28.9%) and upper inner quadrant (14.8%). The
other quadrants fell below 10% occurrence in the cohort.
Most tumors consisted of grade I or II disease (38.7% and
46.4%, respectively) and were either 0.6 to 1.0 cm or 1.1
to 2.0 cm in size (36.2% and 49.6%, respectively). The
vast majority (84.9%) of tumors had ERþ/PRþ hormone
receptor status and only 13.6% had ERþ/PR- hormone
receptor status. In addition to breast conserving surgery,
75.7% of patients underwent SLNB alone and 17.6%
received axillary lymph node dissection, with or without
sentinel lymph node biopsy, as defined earlier (Table 1).

The clinical and pathologic characteristics of the
cohort were well balanced between left- and right-sided
breast cancer groups with respect to age, race, tumor size,



Table 3 Unadjusted survival rates in patients with stage I, estrogen-receptor positive breast cancer undergoing breast conservation
and adjuvant radiation, 2000-2015, according to laterality (n Z 41,006)

Characteristic Right sided breast cancer (1) Left sided breast cancer (2) Log-rank P value

% 95% CI 95% CI

CSS .56
5-y CSS 98.2 (98.0-98.4) 98.3 (98.1-98.5)
10-y CSS 93.9 (93.4-94.4) 94.3 (93.8-94.7)

BCSS .62
5-y BCSS 96.2 (95.9-96.5) 96.4 (96.1-96.7)
10-y BCSS 90.8 (90.2-91.3) 90.9 (90.4-91.5)

OS .49
5-y OS 93.0 (92.6-93.4) 93.2 (92.8-93.6)
10-y OS 77.9 (77.1-78.7) 78.4 (77.6-79.2)

Abbreviations: BCSS Z breast cancer specific survival; CI Z confidence interval; CSS Z cardiac-specific survival; OS Z overall survival.

Table 4 Cox proportional hazards regression, comparing CSS, BCSS, and OS in patients with stage I, estrogen-receptor positive
breast cancer undergoing breast conservation and adjuvant radiation, 2000-2015, according to laterality (n Z 41,006)

Characteristic Cardiac-specific survival Breast cancer-specific
survival

OS

HR* 95% CI HRy 95% CI HR* 95% CI

Laterality
Right-sided breast cancer Ref Ref Ref
Left-sided breast cancer 0.96 (0.87-1.06) 0.96 (0.85-1.09) 0.98 (0.94-1.03)

Abbreviations: BCSS Z breast cancer specific survival; CI Z confidence interval; CSS Z cardiac-specific survival; HR Z hazard ratio; OS Z
overall survival.

* With adjustment for age, race, tumor location, histologic grade, size, progesterone receptor status, lymph node surgery, adjuvant chemotherapy
receipt.

y With adjustment for age, race, tumor location (quadrant), chemotherapy receipt.
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hormone receptor status, HER2/neu status, and receipt of
adjuvant chemotherapy. Tumor location, grade, and
axillary management showed some association according
to breast cancer laterality; upper inner quadrant tumors
were more common for left-sided breast cancer (15.7% vs
13.9%, P < .001), and patients with right-sided breast
cancer were more likely to have grade I tumors (39.3% vs
38.0%, P Z .01) (Table 2). In terms of axillary man-
agement, patients with left-sided breast cancer underwent
SLNB more frequently than those with right-sided breast
cancer, though the absolute difference was minimal
(76.6% vs 74.7%, P < .001).
Survival outcomes

Median follow-up for the cohort was 6 years (range, 0-
15.9 years). According to the Kaplan-Meier curves pre-
sented in Figure 1, left-sided breast cancers receiving
adjuvant radiation therapy had similar unadjusted 5- and
10-year CSS to those with right-sided breast cancer treated
with adjuvant radiation therapy (5-year 98.3% vs 98.2%,10-
year 94.3% vs 93.9%; log-rank P Z .56). The 5- and 10-
year rate of BCSS also showed no significant differences
between the 2 groups (Table 3). Furthermore, Cox pro-
portional hazards regression analysis confirmed the lack of
association of tumor laterality on adjusted 5-year CSS (HR
Z 0.96; 95% confidence interval [CI]Z 0.87-1.06), BCSS
(HR Z 0.96; 95% CI Z 0.85-1.09), and OS (HR Z 0.98;
95% CIZ 0.94-1.03) (Table 4). Further stratified according
to tumor laterality and quadrant location, Cox proportional
hazards regression analysis showed no association of inner
versus outer quadrant on adjusted 5-year CSS for right-
sided (HR Z 1.06; 95% CI Z 0.89-1.12) and left-sided
breast cancer (HR Z 0.95; 95% CI Z 0.79-1.15) and no
association with BCSS for right-sided (HR Z 0.93; 95%
CI Z 0.74-1.16) and left-sided breast cancer (HR Z 1.15;
95% CI Z 0.93-1.43).
Discussion

Among patients with early stage, ERþ breast cancer
treated with breast conserving surgery and adjuvant ra-
diation therapy, we found no increased risk in CSS or OS
associated with left-sided tumor laterality. Past studies
have suggested an association between cancer laterality,
as well as receipt of radiation therapy in general, and



Figure 2 Cardiac-specific survival (CSS) according to tumor laterality in (a) women 60 to 69 years of age at diagnosis, (b) women 70
to 79 years of age at diagnosis, and (c) women 80 years or older at diagnosis.
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incidence of death due to cardiac disease. The 2005 Early
Breast Cancer Trialists’ Collaborative Group update by
Clarke et al9 found that the irradiated group had a 27%
increase in mortality from heart disease compared with
the nonirradiated group. In a large retrospective series of
4456 women treated with adjuvant radiation therapy at
Institut Goustave Roussy, Bouillon et al6 also found a
significantly higher risk of dying of cardiac disease for
left-sided breast cancer compared with right-sided breast
cancer (HR Z 1.56; 95% CI Z 1.27-1.90). Both studies
collectively assessed a patient cohort treated with radia-
tion therapy between 1954 and 2000, before the wide-
spread utilization of cardiac sparing radiation therapy
techniques. The lack of association between adjuvant ra-
diation therapy and the laterality of the breast cancer on
CSS in this study, with a cohort ranging from 2000 to
2015, supports the safety of modern radiation therapy
techniques for patients who require whole breast radiation
therapy.

Additionally, no significant difference in CSS was
observed across each age group when associated with
tumor quadrant location, which supports the safety of
modern radiation therapy techniques for patients of any
age, including an older population (Fig 2). Historically,
the data have suggested an increase in the rate of coro-
nary events associated with adjuvant radiation therapy in
older populations. Darby et al8 found the highest in-
crease in rate of major coronary events (9.7% increase/
Gy; 95% CI Z e2.9 to 11.6) for the 70- to 74-year-old
cohort at time of diagnosis. They also found the highest
increase in rate of major coronary events in the first 5
years after radiation therapy (16.3% increase/Gy; 95%
CI Z 3.0-64.3). Furthermore, a follow-up study by van
den Bogaard et al19 to validate the predictive model
generated by Darby et al confirmed the dose effect
relationship for cardiac events within 5 years of radiation
as well as a similar cumulative incidence increase of
cardiac events in the first 9 years after treatment (16.5%
increase/Gy; 95% CI Z 0.6-35.0). This study also found
that the cumulative incidence of cardiac events increased
by 9% with increasing age within the first 9 years after
radiation therapy treatment (95% CI Z 1.049-1.133; P
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< .001).19 Although our study was not able to examine
nonfatal cardiac outcomes by tumor laterality, and
therefore cannot definitively confirm the safety of radi-
ation therapy in this population, our data suggest no
increased risk of CSS in the setting of modern radiation
therapy techniques after a 5- and 10-year follow-up
period for all age groups.

The safety of adjuvant radiation therapy after breast
conserving surgery in the elderly population lends support
to prospective studies evaluating the use of lumpectomy
and adjuvant radiation with omission of hormone therapy
for this patient cohort. Hypofractionated and accelerated
partial breast irradiation techniques also provide a similar
safety and efficacy profile for low-risk breast cancer
treated after breast conserving surgery compared with
standard radiation therapy, providing an even more
convenient option for adjuvant treatment.20-22 Ultimately,
the current findings support further research to prevent the
undertreatment of this vulnerable population.

There are several limitations to the current study. First,
although the population-based nature of this study reflects
the “real world” administration of radiation therapy, this
data set lacks detailed radiation therapy information,
including the dose, fractionation, and radiation tech-
niques, that could have provided more nuanced infor-
mation about cardiac exposure across the population.
Without this specific information included in the analysis,
the current study cannot assess the safety of radiation
therapy in this population in a more definitive manner.
Specifically, the aforementioned studies assessing the
relationship between cardiac dose and excess risk of
cardiac events suggest the importance of further work,
including detailed radiation therapy information, to
bolster the results of the present study. In addition, it is
possible that a minority of ERþ patients in the overall
cohort were also HER2/neuþ, which could influence
survival outcomes and receipt of cardiotoxic anti-HER2
therapy, and this was not controlled for in adjusted ana-
lyses. However, when examined in patients diagnosed
after 2010, this subgroup represented a very small pro-
portion (6%) of the overall cohort, and in sensitivity
analysis, 5-year survival estimates showed no significant
difference among left- and right-sided cancers when
excluding this group of HER2/neuþ patients diagnosed
between 2010 to 2015 (Appendix E1).

In addition, although the data suggest a clear lack of
increased risk in 5- and 10-year BCSS and CSS according
to tumor laterality, tumor location, and patient age, first
cardiac events typically precede cardiac death by several
years, and this study could not account for any potential
differences in nonfatal cardiac events that could have
occurred in this population. However, our study focused
specifically on older patients, and this population dem-
onstrates a shorter interval to cardiac morbidity and
mortality based on the greater likelihood of preexisting
cardiac risk factors in this cohort. The predictive model
presented by Darby et al and validated by van den
Bogaard et al confirms the increase of cumulative inci-
dence of cardiac events within a 10-year period, including
in an elderly population as presented in the current study.
These data account for 5 age groups from 40 to 80 years
old, stratified into 4 groups: no comorbidities, diabetes,
ischemic cardiac event, and hypertension. Therefore, this
shorter latency to events paired with an overall more
modest life expectancy in the elderly would support a 10-
year BCSS endpoint as clinically relevant for this popu-
lation.13,23,24 However, as Darby et al note, the increased
risk of a cardiac event due to radiation exposure continues
for at least 2 years. While the elderly population in this
study demonstrates a likelihood of an interval to a cardiac
event within 10 years, and a life expectancy of 20 years or
greater is less likely in an elderly population of 60þ years
old, further study with a median follow-up greater than 10
years would prove valuable in assessing the safety of
radiation therapy in this population.

Additionally, this study strictly compared patients
receiving left breast radiation, in proximity to the cardiac
silhouette, to those receiving right breast radiation, and
not to patients who received no radiation therapy. This
study design does limit the conclusions that can be
rendered from the data; however, other influential series,
including Harris et al,13 have analyzed cardiac morbidity
and mortality with this study design to reduce selection
bias. Patients captured in the SEER database that did not
receive radiation may have had other baseline cardiac risk
factors that could not be ascertained from the database
and that led them to forgo radiation therapy. Therefore,
we used a comparison of left- to right-sided patients in an
attempt to reduce any introduction of selection bias to the
study sample.

Finally, because the results of the current study apply
to breast-only radiation therapy, it cannot lend support to
cohorts receiving regional nodal irradiation due to the
increased risk of cardiac exposure associated with treat-
ment of the internal mammary lymph nodes. Ongoing
trials evaluating the safety of such radiation therapy
techniques remain appropriate to examine any association
with radiation-induced cardiac toxicity.
Conclusions

In conclusion, in the era of modern radiation therapy
techniques, for older women with right- or left-sided early
stage ERþ breast cancer, the use of adjuvant radiation
therapy is not associated with increased risk of cardiac
mortality within 10 years after treatment. Radiation ther-
apy can be offered to older patients with early stage breast
cancer as appropriate to ensure cancer control without
concern for inducing cardiac-related death in the short
term. Further research with a longer follow-up interval
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and more detailed radiation therapy information,
including the cardiac dose, would reinforce these findings.
Future prospective research should evaluate the potential
utility of adjuvant radiation without hormone therapy in
an elderly population.
Supplementary Materials

Supplementary material for this article can be found at
https://doi.org/10.1016/j.adro.2020.100633.
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