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Objective: To evaluate the risk of heart disease related death (HDRD) following radiation therapy (RT) for
esophageal cancer (EC).

Methods: Using the Surveillance, Epidemiology, and End Results (SEER) database, two cohorts of patients
with EC were created: (I) patients who received RT with their initial therapy; and (II) those who did not.
Heart disease specific survival (HDSS) was analyzed using Kaplan-Meier methods. Cox proportional-hazards
regression methods were used for univariate and multivariate analyses.

Results: We identified 40,778 patients with EC. A total of 26,377 patients received RT and 14,401 did
not. HDSS analysis revealed increased risk of HDRD in those receiving RT (P<0.05), with an absolute risk
of HDRD of 2.8%, 5.3% and 9.4% at 5-, 10- and 20-year, respectively. Log rank test of HDSS revealed
the risk of HDRD became significant at 8 months (P<0.05). The following were associated with HDRD:
RT, age, race, stage at presentation, time period of diagnosis, and known comorbid condition keeping one
from esophagectomy. On multivariate analysis, RT remained predictive of HDRD [hazard ratio (HR) 1.46,
P<0.05]. When considering only candidates for definitive therapy, RT remained predictive of HDRD on
univariate (HR 1.53, P<0.0001) and multivariate (HR 1.62, P<0.0001) analyses.

Conclusions: The use of RT leads to increased risk of HDRD that is detectable as early as eight months

from diagnosis. More research is needed to define optimal dose volume parameters to prevent cardiac death.

Consideration should be given to this risk in relation to prognosis and the expected benefits of RT.
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Introduction

In the United States esophageal cancer (EC) represents
1.1% of all new cancer cases, with an estimated 18,170 new
cases diagnosed in 2014 (1). Five year overall survival for
this disease is poor but has improved over the last three
decades. In 1975 only 4.0% of individuals diagnosed with
EC survived 5 years. For individuals diagnosed in 2006,
S-year survival improved to 20.0%. This increase in survival
partly reflects improvements and increased utilization of
trimodality therapy [surgery, radiation therapy (RT) and
chemotherapy (CT)] (2-6).
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RT is an integral part of the current treatment paradigm.
In a prospective, randomized trial for patients with locally
advanced EC, van Hagen et 4/. demonstrated a doubling in
median survival (24 vs. 49.4 months) with the addition of
preoperative chemoradiotherapy (CRT) to esophagectomy (2).
In counseling patients with EC, it is important to convey an
accurate risk profile for both the short term and long term
side effects of RT. Long term heart toxicity from RT has
been described in both breast cancer and lymphoma, and
includes pericardial disease, myocardial fibrosis, coronary
artery disease (CAD), arrhythmias (including frequent
persistent sinus tachycardia post-RT), and valvulopathies
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(7-14). Cardiac complications from treatment of EC are
not as well defined and given the heart’s proximity to the
esophagus, long term cardiac effects from RT are expected.
With regards to short term cardiotoxic effects, imaging
studies following CRT for EC have demonstrated increased
myocardial perfusion abnormalities, decreased ejection
fraction and pericardial effusions (15-17). These studies
did not, however, correlate abnormal imaging findings with
meaningful clinical outcomes, such as premature myocardial
infarction or death from heart disease.

The purpose of this study was to define the long term
risk of death from heart disease following RT for EC.

Materials and methods

The surveillance, epidemiology, and end results (SEER)
database

The SEER Program is an authoritative source of
information on cancer incidence and survival in the United
States that collects data from 18 separate cancer registries
representing approximately 28% of the US population.
For each case submitted to the registry, important data
are collected including: demographics, primary tumor
site, tumor morphology and stage at diagnosis, first course
of treatment, and follow-up for vital status. Data from
the November 2013 SEER submission utilized for this
project includes patients treated from 1973-2011 plus the
Hurricane Katrina impacted Louisiana cases. Approval by
an internal review board for our study was not required as
all SEER database information is deidentified.

Case selection

Our study population included any patient diagnosed
with EC in the database from 1973-2011. We used the
SEER*Stat software (version 8.1.5) for data extraction. We
identified our patient population by querying “Site recode
ICD-0-3/WHO 2008” with the term “esophagus” as the
primary site. For each case, we requested the following
information: age, gender, year of birth, year of diagnosis,
race, SEER historic stage, site specific surgery, reasons
for not performing surgery, use of RT, presumed survival
in months, vital status, and cause of death. Heart disease
related death (HDRD) information was obtained from
cause of death data extracted from the SEER database.
After extraction from the database, patients with
unknown follow-up, survival less than 6 months or with
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unknown utilization of RT were excluded. A 6-month
survival cutoff was used to exclude patients who died in
short succession to, or as a result of their initial treatments.
Two cohorts were then created: (I) patients who received
RT as part of their initial therapy; and (II) those who did
not receive RT as part of their initial therapy.

Data analysis

Pearson chi-square analyses were used to compare treatment
and tumor characteristics for categorical variables. Kaplan
Meier methods were then employed to analyze the primary
endpoint, death from heart disease. Only death from
heart disease was counted as an event in Kaplan Meier
analysis. Patients were censored if they died from any other
cause. Univariate and multivariate survival analyses were
performed using Cox proportional-hazards regression
methods. To test when heart disease specific survival (HDSS)
becomes significantly different among groups, log rank test
of HDSS was performed using progressive follow-up cut off
points starting at 6 months from diagnosis and increasing
by one-month intervals. For the purpose of data analysis,
extent of surgery was defined as esophagectomy versus
other. Esophagectomy was defined as either partial or total
esophagectomy. Other included: no surgery, unknown if
surgery performed, photodynamic therapy, electrocautery,
cryosurgery, and laser ablation.

Results

Initially, 71,595 patients were extracted from the SEER
Registry with EC. After applying the exclusion criteria,
40,778 patients remained. The patient and tumor
characteristics are listed in 7able 1. A total of 26,377 patients
received RT and 14,401 patients did not. Females, African
Americans, patients diagnosed before 1990, patients with
T3+ and/or node positive disease, and patients who did not
undergo esophagectomy were more likely to receive RT.

All patients

Overall survival for all patients at 5-, 10- and 20-year was
19.7%, 11.8% and 4.5%, respectively (Figure 1). HDSS
analysis revealed increased risk for death from heart disease
in those receiving RT as part of their initial therapy (P<0.05)
(Figure 2). This survival analysis revealed an absolute risk
of death from heart disease for those who received RT
with their initial therapy of 2.8%, 5.3% and 9.4% at 5-,
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Table 1 Patient and tumor characteristics

Characteristics NoHT, Yes H, P value

n=14,401 (%) n=26,377 (%)

Median follow-up 1.4 1.25

(years)

Age (years) <0.0001
<50 1,179 (8.2) 2,079 (7.9)

50-59 2,885 (20.0) 5,833 (22.1)
60-69 4,409 (30.6) 8,545 (32.4)
70-80 3,851 (26.7) 6,934 (26.3)
80+ 2,077 (14.4) 2,986 (11.3)

Gender 0.0002
Female 3,370 (23.4) 6,603 (25.0)

Male 11,031 (76.6) 19,774 (75.0)

Race <0.0001

White 12,235 (85.0) 21,039 (79.8)
Black 1,404 (9.7) 3,927 (14.9)
Other* 687 (4.8) 1,383 (5.2)

Unknown 75 (0.5) 31 (0.1)

Year of diagnosis <0.0001
Prior to 1990 2,063 (14.3) 4,774 (18.1)
1990-1999 2,713 (18.8) 5,365 (20.3)
2000-2011 9,625 (66.8) 16,238 (61.6)

SEER historic staging <0.0001
Localized** 5,115 (35.5) 7,155 (27.1)
Regional** 3,424 (23.8) 9,814 (37.2)

Distant 3,273 (22.7) 5,865 (22.2)
Unstaged 2,589 (18.0) 3,543 (13.4)

Location <0.0001
Cervical/upper 768 (5.3) 3,069 (11.6)
thoracic
Middle thoracic 2,273 (15.8) 5,931 (22.5)

Lower thoracic 9,049 (62.8) 14,651 (55.5)
Thoracic 357 (2.5) 989 (3.7)
NOS 1,954 (13.6) 1,737 (6.6)

Extent of surgery <0.0001
Esophagectomy 9,568 (66.4) 10,288 (39.0)

Other 4,833 (33.6) 16,086 (61.0)

*, other race includes American Indian, Alaskan Native,
Asian and Pacific Islander; **, localized defined as T1 or
T2 with negative nodes; ***, regional defined as T3 or T4
with negative nodes or any T stage with positive nodes. RT,

radiation therapy.
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Figure 1 Overall survival for patients alive at six months with
esophageal cancer (EC).

10- and 20-year, respectively (Figure 2). Univariate analysis
of both cohorts revealed that the following were found to
be associated with risk of death from heart disease: RT,
age, race, stage at presentation, time period of diagnosis,
and known comorbid conditions keeping patients from
esophagectomy (Table 2). Gender was not found to confer
risk of death from heart disease. All variables found to
be significant by univariate analysis were included in a
multivariate analysis. RT remained predictive of death from
heart disease on multivariate analysis [hazard ratio (HR)
1.46, 95% confidence interval (CI): 1.32-1.61, P<0.05]. In
addition, all other variables included remained predictive
of death from heart disease (1zble 2). Of note, by univariate
analysis, risk of HDRD in patients with known comorbid
conditions was increased (HR 1.63, 95% CI: 1.24-2.14,
P<0.05).

Time interval from diagnosis

Log rank test of HDSS performed at progressive monthly
follow-up cut off points starting at 6 months from diagnosis
revealed that the risk of HDRD became significant with
a follow-up of 8 months with an absolute risk of HDRD
of 0.4% (P<0.05). On multivariable analysis (including
significant variables from above), risk of HDRD remained
significant at 8 months (HR 1.45, 95% CI: 1.14-1.83, P<0.05).

Definitive therapy candidates

A subset analysis was performed on potential definitive
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Figure 2 (A) Heart disease specific survival (HDSS) in EC with and without radiation (RT) in all patients surviving 6 months; (B) HDSS in
EC with and without in patients with localized or regional disease. EC, esophageal cancer.

Table 2 Univariate and multivariate analysis for potential confounding factors for death from heart disease for all patients surviving

6 months
Variables Univariate Multivariate

HR 95% ClI P value HR 95% ClI P value
RT 1.42 1.29-1.57 <0.0001 1.46 1.32-1.61 <0.0001
Age 1.7 1.63-1.79 <0.0001 1.74 1.67-1.82 <0.0001
Gender 0.99 0.89-1.09 0.79
Race 0.90 0.85-0.96 0.002 0.86 0.81-0.92 <0.0001
Extent of disease 1.06 1.05-1.08 <0.0001 1.04 1.02-1.05 <0.0001
Time period of diagnosis 0.72 0.68-0.76 <0.0001 0.72 0.67-0.76 <0.0001
Known comorbid conditions 1.63 1.24-2.14 0.0012 1.34 1.02-1.76 0.04

HR, hazard ratio; Cl, confidence interval; RT, radiation therapy.

therapy candidates: patients presenting with localized or
regional disease. After exclusion of those with distant or
unknown stages, 16,969 and 8,539 patients remained in
the RT and no RT cohorts, respectively. HDSS analysis
revealed increased risk for death from heart disease in those
receiving RT as part of their initial therapy (P<0.05) (Figure 2).
"This survival analysis revealed an absolute risk of death from
heart disease for those who received RT with their initial
therapy 3.0%, 4.8% and 10.9% at 5-, 10- and 20-year,
respectively (Figure 2). By univariate analysis, the following
were found to be associated with risk of death from heart
disease: RT, age, race, stage at presentation, time period of
diagnosis, and known comorbid conditions keeping patients
from esophagectomy (7able 3). Gender was not found to
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confer risk of death from heart disease. All variables found
to be significant by univariate analysis were included in a
multivariate analysis. RT remained predictive of death from
heart disease (HR 1.62, 95% CI: 1.43-1.82, P value <0.05).
In addition, all variables aside from extent of disease and
known comorbid conditions remained predictive of death
from heart disease (Table 3).

Heart disease by site of primary

When analyzing the cohort receiving RT by site of primary
tumor, mid-esophageal location was associated with
increased risk of death from heart disease (Figure 3) (P<0.05).
When comparing cervical/upper thoracic esophageal versus
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Table 3 Univariate and multivariate analysis for potential confounding factors for death from heart disease for patients with localized or

regional disease

e Univariate Multivariate

HR 95% CI P value HR 95% ClI P value
RT 1.53 1.36-1.73 <0.0001 1.60 1.42-1.81 <0.0001
Age 1.69 1.60-1.79 <0.0001 1.74 1.64-1.84 <0.0001
Gender 1.04 0.91-1.18 0.59
Race 0.87 0.80-0.94 0.0003 0.84 0.78-0.91 0.0001
Extent of disease 0.84 0.75-0.95 0.004 0.92 0.82-1.03 0.12
Time period of diagnosis 0.75 0.70-0.81 <0.0001 0.73 0.67-0.78 <0.0001
Known comorbid conditions 1.84 1.33-2.55 0.0003 1.30 0.93-1.80 0.12

HR, hazard ratio; Cl, confidence interval; RT, radiation therapy.
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Figure 3 HDSS by site of primary tumor in the esophagus. HDSS,
heart disease specific survival.

mid-esophageal sites using univariate Cox proportional-
hazards regression methods, mid-esophageal site was
associated with increased risk of death from heart disease
(HR 1.09, 95% CI: 1.02-1.16, P<0.05). When comparing
lower versus mid-esophageal sites, mid-esophageal site was
again associated with increased risk of death from heart
disease (HR 1.34, 95% CI: 1.17-1.53, P<0.05). There was
no difference in risk of death from heart disease when
comparing cervical/upper thoracic versus distal esophagus
(HR 0.97,95% CI: 0.90-1.08, P=0.76).

Discussion

The purpose of our study was to define the long term risk
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of death from heart disease following RT for EC. We found
that for all patients receiving RT and for definitive patients
receiving R, death from heart disease occurred at 1.46 and
1.62 times the rate of those not receiving RT, respectively.
To our knowledge, this is the first study to quantify risk of
death from heart disease after RT for EC.

Determining the risk of death from comorbid conditions
and/or treatment toxicities has become increasingly
important as combined modality therapy has resulted in
long-term survival for more patients (2-6). Population-
based databases such as SEER have the advantage of
providing large numbers of patients to lend statistical power
to answer questions such as these. In addition, SEER allows
for identification of patients who were not deemed surgical
candidates because of medical comorbidities, which helps
differentiate the effects of these negative health factors
compared to the side effects of treatment. It was found that
patients not undergoing surgery as a result of comorbid
conditions were at higher risk of dying from heart disease
(HR 1.63, P<0.05). However, when taking this into account
via multivariate analysis, RT remained predictive of death
from heart disease. These comorbidities may include
heart disease or well-validated risk factors for heart disease
including diabetes mellitus, smoking, hypertension, high
cholesterol, family history and smoking (18,19). In addition,
smoking (20) and other factors may potentiate the risk of
RT induced cardiac toxicity.

Our analyses showed that age, race and time period of
diagnosis were predictive of death from heart disease on
both univariate and multivariate analylses. Time period
of diagnosis was included as a variable as death from
heart disease has decreased significantly over the last
three decades (21,22). RT remained predictive of death
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from heart disease despite inclusion of these covariates in
multivariate analysis. Interestingly, later disease stages also
were mildly predictive of risk of death from heart disease
for all patients surviving six months (HR 1.06). A potential
explanation for this may be that increased burden of disease
results in increased cardiac strain, leading to death from
cardiovascular causes. In addition, these patients potentially
received more aggressive RT, CT or surgery leading to
long-term heart sequelae.

A significant increase in HDRD was detected within the
first year of diagnosis for patients receiving RT, a finding
that remained significant by multivariate analysis. A similar
timeline was demonstrated by Darby ez 4/, who showed
a 16.3% increased relative risk for major coronary event
from 0-4 years after RT for breast cancer (23). In Hodgkin’s
lymphoma, studies have also shown early increases in risk
of heart disease (24-26). As clinicians, this information is
important as screening and treatment of other potential
cardiac risk factors should take place in close interval
following RT to mitigate the risk of HDRD. Further
research is needed to demonstrate the most effective
measures to predict and manage heart disease before and
after esophageal RT.

The results of this study point to the importance
of minimizing cardiac dose in RT planning. Current
knowledge about the dose/volume parameters that would
best limit cardiac toxicity are based on series with limited
numbers of patients, on models, and on experience with
other cancer types. Current cooperative group esophageal
chemoradiation protocols recommend limiting the volume
receiving 40 Gy to less than 50%, and the mean heart dose
to less than 27 Gy (27), which is expected to limit the rate of
pericarditis to less than approximately 15% (28). A volume
receiving 25 Gy of less than 10% is expected to limit the
rate of cardiac mortality to less than one percent based on
model estimates (29). A model using retrospective data
on Hodgkin’s disease and breast cancer has suggested that
a uniform RT of 1/3 of the heart to 45 Gy would confer
a 10% risk of long term cardiac mortality (29). In RT
therapy for breast cancer, risk of HDRD has been shown to
correlate with increasing dose, even in the setting of cardiac
doses well below those seen in EC treatment. Darby er al.
found that exposure of the heart to RT for breast cancer
increased the relative rate of major coronary events by 7.4%
per gray, with no apparent threshold (23). It is important
to recognize that many of the patients in this study were
treated before these currently understood cardiac risks and
dose parameters were known. Further work is essential
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to further define optimal dose/volume parameters in
esophageal RT.

One method of limiting cardiac dose is through intensity
modulated RT (IMRT). IMRT dosimetric studies show
significant decreases in dose to the heart compared to 3D
conformal techniques 3DCT) when treating EC (30-32).
Dosimetric analysis of patients treated with IMRT showed
significant reduction in average mean heart dose (22.9 vs.
28.2 Gy) compared to theoretical four field conformal plans
in one study (33). A decrease in cardiac dose may have led
to decreased deaths from heart disease in a study performed
by Lin et al. comparing patients who received 3DCT versus
IMRT for EC (34). Cancer specific mortality was similar,
but death from other causes (including cardiac-related
mortality) was increased in the 3DCT cohort, leading
the authors to conclude that the dosimetric advantages
of IMRT may translate to clinical benefit. However, a
dosimetric comparison of dose delivered to normal tissues
was not completed to validate their conclusion.

Any modification of radiotherapy field size or technique
done in the interest of sparing cardiac dose should be
done with consideration of the well-documented risk of
locoregional failure (35), which points to the importance
of locoregional RT. Local control remains an important
component of patient outcomes.

Patients presenting with a primary esophageal tumor
in the mid-esophagus were at higher risk of death from
heart disease compared to the distal esophagus, which lies
adjacent to the heart. The reasons for this observation are
unclear. However, cardiac doses and field sizes are often
elevated for mid-esophageal tumors because of the need
to extend the field posteriorly to the celiac axis, which is
covered because it is hard to fully dissect with an Ivor-
Lewis Esophagectomy and it represents a major risk area
for lymph node metastasis for all but cervical EC (36). It is
also possible that cardiac structures, such as the atria, the
semilunar valves (aortic and pulmonic), and the coronary
artery origins, receive higher doses of RT in patients treated
for mid-esophageal primary tumors, and that damage to
these structures factors into subsequent cardiovascular
events.

This study provides new insight regarding long term
cardiac toxicity after RT for EC. There are, however,
several important limitations. First, this study is limited by
the inherent, biased nature of retrospectively collected data.
Second, known risk factors for heart disease (age, race, and
time period of treatment) were included in our multivariate
analysis to combat this bias; however, many potential risk
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factors for heart disease were not included in our analysis
given the nature of the SEER database. Third, the SEER
database does not include doses, and hence a dose response
function could not be analyzed. Lastly, the SEER registry
does not record information on CT, which is often used
in conjunction with RT. Common chemotherapies used
for EC are known to have cardiotoxic effects (37-40). It
is possible that the increased risk for HDRD in patients
receiving RT could reflect a combination of RT and chemo-
related toxicities, and not RT-related toxicity alone.

In conclusion, while RT plays an essential role in the
current treatment paradigm for EC, the use of RT in EC
leads to increased risk of HDRD. Consideration of cardiac
toxicity should always be done in relation to the probability
of long term survival, other cardiac risk factors inherent
to the patient, and the expected benefits of RT. Measures
to avoid RT dose to the heart should be considered, and
further work is necessary to elucidate the true risk of heart
disease and the dose/volume parameters that may minimize
this risk after RT for EC. The risk of HDRD becomes
apparent within the first year from diagnosis. Further
research is also needed to determine the most appropriate
cardiac monitoring and management in the time before,
during, and after definitive treatment of EC to best mitigate
the risk of cardiac sequelae.
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