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Abstract

Purpose To evaluate clinical and dosimetric factors ret-
rospectively affecting the risk of symptomatic cardiac
disease (SCD) in esophageal cancer patients treated with
radiotherapy.

Patients and methods A total of 343 patients with newly di-
agnosed esophageal cancer were managed with concurrent
chemoradiotherapy or radiotherapy alone. Of these, 58 pa-
tients were followed at our hospital for at least 4 years. Me-
dian clinical follow-up was 79 months. Cardiac toxicity was
determined by Common Terminology Criteria for Adverse
Events (CTCAE) v. 4.0. The maximum and mean doses to
the heart and percentage of the volume were calculated from
the dose—volume histograms.

Results SCD manifested in 11 patients. The heart diseases
included three pericardial effusions, one pericardial effusion
with valvular disease and paroxysmal atrial tachycardia,
three atrial fibrillations, one sinus tachycardia, one coronary
artery disease, one chest pain with strongly suspected coro-
nary artery disease, and one congestive heart failure. The
actual incidence of SCD was 13.8% at 5 years. Univariate
and multivariate analyses of continuous variables revealed
that the risk of developing an SCD depended on the vol-
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ume of the heart receiving a dose greater than 45 Gy (V45),
50 Gy (V50), and 55 Gy (V55). No other clinical factors
were found to influence the risk of SCD. For V45, V50, and
V55, the lowest significant cutoff values were 15, 10, and
5%, respectively.

Conclusion High-dose and large-volume irradiation of the
heart increased the risk of SCD in long-term survivors. Us-
ing modern radiotherapy techniques, it is important to mini-
mize the heart dose—volume parameters without reducing
the tumor dose.

Keywords Toxicity - Chemoradiotherapy -
Hodgkin’s disease - Radiotherapy - Risk factors

Symptomatische strahleninduzierte
Herzerkrankung bei Langzeitiiberlebenden nach
Osophaguskarzinom

Zusammenfassung

Ziel Beurteilung von klinischen und dosimetrischen Fak-
toren, die mit Risiken eines retrospektiven Auftretens von
symptomatischen Herzerkrankungen (SCD) bei Patienten
zusammenhingen, die aufgrund eines Osophaguskarzinoms
strahlentherapeutisch behandelt wurden.

Patienten und Methoden Insgesamt 343 Patienten mit neu
diagnostiziertem Osophaguskarzinom wurden mit kom-
binierter Chemo- und Strahlentherapie oder nur strahlen-
therapeutisch behandelt. In dieser Gruppe wurden 58 Pa-
tienten iiber mindestens 4 Jahre beobachtet. Die mediane
klinische Beobachtungsdauer betrug 79 Monate. Die kar-
diale Toxizitit wurde mit CTCAE v.4.0 ermittelt. Anhand
der Dosis-Volumen-Histogramme wurden maximale und
mittlere Strahlendosis im Herzen und der Prozentsatz des
Volumens berechnet.
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Ergebnisse Bei 11 Patienten trat eine SCD auf: 3 perikar-
diale Effusionen, 1 perikardiale Effusion mit Klappenfehler
und paroxysmaler atrialer Tachykardie, 3 atriale Fibrilla-
tionen, 1 Sinustachykardie, 1 Koronararterienerkrankung, 1
Brustschmerz mit starkem Verdacht auf Koronararteriener-
krankung, 1 kongestive Herzinsuffizienz. Die tatsachliche
SCD-Inzidenz betrug nach 5 Jahren 13,8%. Uni- und mul-
tivariate Analysen mit den stetigen Variablen ergaben, dass
das Risiko fiir eine SCD vom Volumen des Herzens abhéngt,
das Dosen von mehr als 45 Gy (V45), V50 und V55 erhielt.
Keine anderen klinischen Faktoren zeigten Auswirkungen
auf das Risiko fiir symptomatische Herzerkrankungen. Bei
V45, V50 und V55 betrug der niedrigste signifikante Toler-
anzwert jeweils 15, 10 und 5%.

Schlussfolgerung Hochdosierte, grofvolumige Bestrah-
lungen des Herzens wirkten sich auf das SCD-Risiko bei
Langzeitiiberlebenden aus. Dosis-Volumen-Parameter fiir
das Herz miissen mit modernen Strahlentherapiemethoden
verringert werden, ohne die Tumordosis zu reduzieren.

Schliisselworter Toxizitdt - Strahlenchemotherapie -
Hodgkin-Erkrankung - Strahlentherapie - Risikofaktoren

The effect of radiation therapy on the heart has been well
discussed for breast cancer and Hodgkin’s disease. Radia-
tion dosage [1-3], volume of the heart involved in the radia-
tion field [4-6], and fraction size [7] were identified as risk
factors for cardiac toxicities. Long-term survivors of Hodg-
kin’s lymphoma have increased risks for cardiac mortality
after delivered total tumor doses of 30-40 Gy, where large
volumes of the heart were included in the field. Increased
cardiac mortality is also seen in women irradiated for breast
cancer. Breast doses are generally 40-50 Gy, but only a
small part of the heart is included in the treatment fields,
and mean heart doses rarely exceed 10—15 Gy. The relative
risks of cardiac mortality are consequently lower than for
Hodgkin’s lymphoma survivors [8].

For patients with distal esophageal cancer, the dose
delivered to the heart is 50 Gy or more [9]. The maximum
dose delivered to the heart for patients with esophageal can-
cer is usually higher than that for patients with Hodgkin’s
disease. The irradiated volume of the heart in esophageal
cancer patients is larger than for breast cancer.

The Eastern Cooperative Oncology Group study com-
pared a radiation therapy alone arm to those in an arm
who received concurrent chemoradiotherapy (CCRT), with
2- and 5-year survival rates of 12 and 7% in the radiation
alone arm and 27 and 9% in the CCRT arm, respectively
[10]. Because the prognosis of most patients with esopha-
geal cancer is poor, data on long-term survivors are limited
[11]. There are few reports available and late complications
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of the heart are not well understood in long-term survivors
with esophageal cancer treated by radiotherapy.

We retrospectively analyzed long-term survivors with
esophageal cancer who were followed at our hospital for
>4 years, in order to investigate the risk factors for radia-
tion-induced symptomatic cardiac disease (SCD).

Methods
Patients

Between January 2000 and June 2011, 343 patients with
newly diagnosed esophageal cancer were managed with
CCRT or radiation alone without surgery. Patients who had
received intracavitary brachytherapy for the esophagus or
esophagectomy as salvage treatment were excluded from
the study. The study was carried out with the approval of
the institutional review board, in accordance with national
law and the Helsinki Declaration of 1975 (in its current,
revised form). To avoid underestimating the true incidence
of cardiac disease, we seclected patients with a follow-
up time of >48 months. This resulted in a median clini-
cal follow-up for the remaining 58 patients of 79 months
(range 48-127 months), with an interquartile range of
60-96 months. Of these 58 patients, 11 developed SCD.

Treatment

Radiotherapy was delivered with 15-MV photons with daily
doses of 1.8-2.0 Gy, 5 days per week. The clinical target
volume (CTV1) contained the primary gross tumor volume
(GTV) with 4-cm superior—inferior margins and regional
lymph nodes. Supraclavicular nodes were included if the
involved tumor was located in or extended to the upper
thoracic esophagus. Celiac axis nodes were not routinely
treated. The planning tumor volume (PTV1) was defined
as the CTV plus 1 cm. Anterior—posterior opposed treat-
ment fields were used initially and delivered at 4045 Gy
to PTV1. The boost PTV2 was defined as the CTV2 (GTV
with 2-cm superior—inferior and 0.5-cm radial margins)
plus 0-1 cm. Involved nodes with 0.5-cm margins were
also included in CTV2. An additional dose was delivered to
PTV2 using oblique off-cord beams.

Combined cisplatin and 5-flourouracil (5-FU) was the
most common regimen for patients with CCRT (continuous
infusion of 500 mg/m?/day 5-FU and 5 mg/m?%day cisplatin
administered on days 1-5, 812, 15-19, and 22-26) [12].
Combined cisplatin and docetaxel was the most common
regimen for adjuvant chemotherapy (60 mg/m? docetaxel on
days 1 and 21, and 60 mg/m? cisplatin on days 1 and 21).
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Analysis of heart disease

The hospital charts were thoroughly reviewed in all patients,
and we confirmed that no patients had cardiac-related symp-
toms before radiotherapy. Any evidence of cardiac symp-
toms after radiotherapy, history of heart disease, and risk
factors for the development of cardiac disease, such as dia-
betes mellitus, total cholesterol, hypertension, and smoking
habits, was recorded for each patient [13].

Cardiologists evaluated all patients with cardiac symp-
toms. The cardiac status of symptomatic patients was
reviewed using electrocardiography by a single cardiologist
(MK) and echocardiography by a single cardiologist (NI)
with comparison of the data before and after radiotherapy.
The time of onset of cardiac toxicity was defined as the
interval between radiotherapy and the clinical presentation
with cardiac symptoms.

Dosimetric analysis

A planning computed tomography (CT) scan was obtained
using a CT scanner with 5-mm slice thickness before
June 2009 and 2.5-mm slice thickness after June 2009. To
improve the dose-reporting accuracy of whole heart con-
tours, we used the Atlas proposed by Feng et al. [14] and
the whole heart contour was contoured by a physician (10).
Dose distributions for the heart were calculated using the
Philips Pinnacle® software program (version 9.2; Philips,
Amsterdam, Netherlands). The maximum and mean doses
to the heart, D10 (minimum dose to the hottest 10 % of the
heart), and the percentage of the heart volume were calcu-
lated from the dose—volume histogram (DVH).

Toxicity scoring

The toxicity variable used in this study was cardiac disorders,
for which the grading was determined using the Common
Terminology Criteria for Adverse Events (CTCAE), ver-
sion 4.0 (http://evs.nci.nih.gov/ftp1/CTCAE/About.html).

Statistical analyses

The cumulative incidence of SCD was calculated using
Kaplan—Meier survival analyses. Cox proportional hazard
regression analysis was used for both univariate and mul-
tivariate analyses. Univariate analysis was used to evalu-
ate correlations between clinical factors, dosimetric factors,
and the incidence of cardiac symptoms after radiotherapy.
Dosimetric factors were treated as continuous variables. To
generate hypotheses by identifying the dose/toxicity thresh-
old, the log-rank test was used for recursive partitioning
analysis. Factors with a difference at the 0.05 level were
considered significant. All analyses were carried out using

SPSS version 21.0 (IBM SPSS Statistics for Windows, IBM
Corp., Armonk, NY, USA).

Results

Patients

The distribution of clinical factors including risk factors for

cardiac disease is shown in Table 1. Large numbers of stage
1A patients were noted. Many of these patients, who had

Table 1 Patient characteristics and univariate analysis of the incidence
of symptomatic cardiac disease (SCD) for clinical factors (n=58)

Factor Number of HR (95 % CI) P-value
patients (%)
Gender 0.319 (0.093-1.09)  0.068
Female 9 (16)
Male 49 (84)
Age at radiation Median 68, 1.028 (0.959-1.103) 0.434
therapy (years) range 48—-86
Smoking habits Median 812.5, 0.999 (0.998-1.000) 0.242
(Brinkman index®) range 0-2220
Hypertension 1.124 (0.343-3.685) 0.847
No 33(57)
Yes 25 (43)
History of heart 1.674 (0.443-6.321) 0.447
disease
No 46 (79)
Yes 12 (21)
Diabetes 1.074 (0.137-8.400) 0.946
No 53 (91)
Yes 50)
Cholesterol (mg/  Median 190.5, 0.999 (0.983-1.015) 0.899
dL) range 83-283
Other malignancy® 0.979 (0.286-3.350) 0.974
No 36 (62)
Yes 22 (38)
Clinical stage® 0.890 (0.529-1.497) 0.660
(¢ 1(2)
1A 20 (34)
1B 509
A 1(2)
1B 4(7)
1A 7(12)
1ic 13 (22)
v 7(12)
Tumor location
Upper thoracic 12 (21) Reference -
Mid thoracic 33(57) 0.871 (0.158-4.794) 0.874
Lower thoracic 13 (22) 2.954 0.197

(0.571-15.290)
HR hazard ratio, CI confidence interval

acigarettes per day multiplied by years of smoking
bsynchronous at radiotherapy or metachronous before radiotherapy

‘treated as 0 vs. 1 vs. 2 vs. 3 vs. 4 in univariate analysis
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Table 2 Patient characteristics and univariate analysis of the incidence
of symptomatic cardiac disease (SCD) for treatment factors (n=>58)

Factor Number of HR (95% CI) P-value
patients (%)

Concurrent 1.475 (0.188-1.579) 0.712
chemotherapy

No 8 (14)

Yes 50 (86)
Adjuvant 0.569 (0.173—.867)  0.352
chemotherapy

No 22 (38)

Yes 36 (62)
Maximal heart ~ Median 57.5, 1.001 (1.000-1.002) 0.131
dose (Gy) range 0.1-71.5
Mean heart dose Median 27.5, 1.000 (1.000-1.001) 0.088

(Gy) range 0—48.1

Heart V30 (%)  Median 49.7, 1.120 (0.980-1.282)* 0.099
range 0-85.7

Heart V35 (%)  Median 45.3, 1.120 (0.980-1.288)* 0.094
range 0-83.8

Heart V40 (%)  Median 36.0, 1.131 (0.990-1.288)* 0.068
range 0-81

Heart V45 (%) Median 17.5, 1.159 (1.015-1.332)* 0.031
range 0-72

Heart V50 (%) Median 9.0, 1.228 (1.041-1.456)* 0.017
range 0-53.8

Heart V55 (%)  Median 1.3, 1.264 (1.056-1.511)* 0.011
range 0-46.6

Heart V60 (%)  Median 0, range  1.217 (0.913-1.618)* 0.184
0-34.2

Heart V65 (%)  Median 0, range  2.759 (0.946-8.034)* 0.063
0-10

Heart D10 (Gy) Median 49.3, 1.000 (1.000-1.001) 0.131
range 0—64.8

HR hazard ratio, CI confidence interval, D/0 minimum dose to the
hottest 10% of the heart, Vx volume of the heart receiving a dose
greater than x Gy

*HR for SCD per 5% increase in the percent heart volume

other malignancies and esophageal cancer, were detected by
Lugol chromoendoscopy screening and avoided aggressive
treatment. Forty-one (71 %) patients were heavy smokers,
with their Brinkman index (cigarettes per day multiplied
by years of smoking) before radiotherapy ranging from 48
to 2220. A total of 12 patients had a history of heart dis-
ease before radiotherapy: 7 with arrhythmia and 5 with
coronary artery disease. In addition, 22 patients had another
primary cancer before or at the time of radiotherapy. There
were 53 (91%) patients with squamous cell carcinoma,
3 (5%) with adenocarcinoma, and 2 (3 %) with small cell
carcinoma. Treatment and dosimetric characteristics of the
58 patients are listed in Table 2. The median volume of the
heart was 712.2 cm? (range 435.4-1188.5 cm?®). The median
total dose delivered to the central tumor was 60 Gy (range
40-68 Gy).
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Symptomatic patients

The clinical data and results for the 11 patients with SCD
(grade 2 or more) are shown in Table 3. Cardiac symp-
toms developed 7-70 months after radiotherapy (median
37 months). SCD included thress pericardial effusions,
one pericardial effusion with valvular disease and parox-
ysmal atrial tachycardia, three atrial fibrillations, one sinus
tachycardia, one coronary artery disease, one cardiac chest
pain with strongly suspected coronary artery disease, and
one congestive heart failure. One patient died of conges-
tive heart failure due to severely impaired left ventricular
function (patient number 11). One patient with valvular dis-
ease had mild to moderate arterial valve stenosis (patient
number 4).

The actual incidence of SCD was 13.8% at 5 years. Fig-
ure la shows the cumulative incidence of SCD by actuarial
methods.

Univariate analysis

Factors affecting the incidence of SCD and univariate anal-
yses are presented in Tables 1 and 2. Only dosimetric factors
(V45, V50, and V55) with continuous variables were sig-
nificantly correlated with the incidence of SCD in univariate
analysis. Risk factors for the development of cardiac disease
were not associated with the incidence of SCD.

Multivariate analysis

As the dosimetric parameters were highly correlated with
each other, multivariate analysis included the dosimetric
factors significant in univariate analysis analyzed sepa-
rately. Factors in multivariate analysis also included gender,
the other independent factor with a P-value <0.1 in univari-
ate analysis. In multivariate analysis, V45, V50, and V55
significantly affected the incidence of SCD compared with
gender (Table 4).

Recursive partition analysis

Recursive partition analysis was used to derive hypoth-
eses for the dose and volume parameters strongly affecting
the incidence of SCD. The incidences of SCD were com-
pared between the two groups using different cutoffs, and
the P-value of the two groups is presented in Fig. 2. A dose
range of 30-65 Gy in increments of 5 Gy, and the percent
volume from heart DVHs were analyzed in the range of
5-85% in increments of 5%. For V45, V50, and V55—the
continuous variable factors showing significant correlations
with the incidence of SCD in univariate analysis—the most
significant cutoff values were 45, 20, and 15 %, and the low-
est but still significant cutoff values were 15, 10, and 5%,
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Table 3 Summary of the 11 patients who developed systematic cardiac disease

Number Gender Age* Previous history Other Onset  Cardiac event Grade Outcome Follow-up

(years) of cardiac disease malignancy® (months) (months)

1 Male 59 No No 22 Pericarditis (pericardial effusion): 3 Alive 125
pericardial constriction

2 Male 73 No Hypophar- 8 Pericardial effusion: physiologic 3 Alive 99

ynx consequences

3 Male 64 No No 41 Pericardial tamponade: 4 Died of 64
pericardiocentesis disease

4 Female 77 No No 37 Aortic valve stenosis, pericardial 4 Died of 100
effusion, paroxysmal atrial tachycardia disease

5 Female 78 No Breast 67 Atrial fibrillation: incompletely 3 Alive 113
controlled medically

6 Male 59 No No 31 Atrial fibrillation: incompletely 3 Alive 91
controlled medically

7 Female 72 No No 70 Atrial fibrillation: pacemaker urgently 4 Alive 71
indicated

8 Male 67 Myocardial Prostate, 15 Sinus tachycardia: no urgent medical 3 Died of an- 83

infarction lung intervention indicated other cancer

9 Male 73 PVC Gastric 7 Chest pain: stable angina, percutane- 2 Died of an- 57
ous coronary intervention indicated other cancer

10 Female 86 Angina No 62 Cardiac chest pain: moderate pain, 2 Alive 71
coronary artery disease suspected

11 Male 57 No No 49 Left ventricular systolic dysfunction: 5 Died of heart 63

congestive heart failure

failure

PVC premature ventricular contraction
*age at radiotheraphy

synchronous at radiotherapy or metachronous before radiotherapy

Table 4 Multivariate analysis of the incidence of systematic cardiac
disease for clinical factors (n=>58)

Factor HR (95 % CI) P-value
Gender 0.359 (0.105-1.229)  0.103
Heart V45 (%) 1.165 (1.005-1.351)* 0.045
Gender 0.389(0.114-1.331) 0.133
Heart V50 (%) 1.228 (1.020-1.476)* 0.031
Gender 0.372 (0.109-1.270)  0.115
Heart V55 (%) 1.264 (1.041-1.539)* 0.019

HR hazard ratio, CI confidence interval, Vx volume of the heart
receiving a dose greater than x Gy

*HR for SCD per 5% increase in the percent heart volume

respectively. The cumulative incidence of SCD for the low-
est cutoff values are presented in Fig. 1b, ¢, and d.

Patients without a history of heart disease

We analyzed 46 patients without a history of heart disease.
Because of a decreased number of total patients, only V55
(as a continuous variable) was a statistically significant
risk factor of SCD in univariate analysis (P=0.033; haz-
ard ratio =1.326, 95% confidence interval =1.020-1.708).
Hazard ratio for these patients was similar to the original
58 patients. For V55, the lowest significant cutoff values
were 5% (P=0.046).

Discussion

Radiation-induced cardiac diseases reported in the litera-
ture are pericardial effusion, pericarditis, coronary artery
disease, valvular disease, cardiomyopathy, and conduction
abnormalities [1-4, 15]. These different clinical manifes-
tations have different latency periods which range from
months to decades.

Acute pericarditis during radiotherapy is uncommon and
pericarditis and pericardial effusion were reported to occur
1-42 months after radiotherapy [6, 16—18]. Although peri-
cardial diseases are usually asymptomatic, Carmel et al.
reported that 7.4 % of patients with Hodgkin’s disease had
developed symptomatic radiation-induced pericarditis [2].
The incidence of symptomatic radiation-induced pericardi-
tis was 6.9 % in our study, which is similar to the results of
the latter study.

Coronary artery diseases were reported to occur
28-179 months after radiation therapy [1, 16, 17]. Hull et
al. retrospectively studied 415 patients with Hodgkin’s dis-
ease with a median mid-mediastinal dose of 33 Gy. These
authors found actual incidences of coronary artery disease
of 3% at 5 years, 6% at 10 years, and 10% at 20 years [4].
Swerdlow et al. reported that standardized mortality ratios
decreased sharply with an older age at the initial treatment
of Hodgkin’s disease, but absolute excess risks of death
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Fig. 1 Cumulative incidence of symptomatic cardiac disease for a all patents, b V45 cutoff values of 15%, ¢ V50 cutoff values of 10%, and
d V50 cutoff values of 5%. Vx volume of the heart receiving a dose greater than x Gy

Gy

% 30 35 40 45 50 55 60 65
85| 0.607
80| o554 | 0461 0607
75| 0.363| 0.554| 0.554
70| 0.233| 0.120| 0.057 | 0.607
65| 0.010| 0.006| 0.129 | 0.208
60| 0.052| 0027 0.115| 0.208
55| 0.070| 0.089 | 0.013| 0554
50| 0.049| 0.087 | 0038 0554 | 0.607
45| 0.039| 0.016| 0.055| 0.005 | 0.461| 0.607
40| o0.071| 0039 0031 0.179| 0509 0.607
35| 0227 | 0.098| 0068 | 0029 0.509| 0461
30| 0409 | 0289 | 0046 0.022| 0236 0509 0.607
25| 0.640| 0.640| 0.176 | 0.014 | 0.002| 0.236| 0.607
20| o0.848| 0711| 0562 | 0010 <gp7| 0028 0.461
15| 0848 | 0848 0.711| 0.041 | 0.001 | <gggo7| 0.912
10| 0801 | 0998 | 0.848| 0.178 | 0.004 | <ggo1| 0.085
5| 0.801| 0646 | 0998 | 0546 0.050| 0.006 | 0.041| 0.025
<005

Italic bold text: the most significant cutoff values in V45, V50, and V55
Bold text: the lowest but still significant cutoff values in V45, V50, and V55

Fig. 2 Recursive partitioning analysis
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from myocardial infarction increased with an older age up
to 65 years at initial treatment. The significantly increased
risk of myocardial infarction mortality persisted through
to 25 years after initial treatment [19]. The median age of
patients in the current study was 68 years, and one definite
case of coronary artery disease (1.7 %) was found at 5 years.

Hull et al. found actual incidences of clinically important
valvular dysfunction of 1% at 10 years, 4% at 15 years, and
6% at 20 years in 415 patients with Hodgkin’s disease. The
most common valve lesion was aortic stenosis [4]. Heiden-
reich et al. recruited 294 asymptomatic patients treated with
at least 35 Gy to the mediastinum for Hodgkin’s disease.
Compared to those who had received irradiation within
10 years, patients who had received irradiation more than
20 years before evaluation had significantly more mild or
greater aortic regurgitation (60 vs. 4 %, respectively), mod-
erate or greater tricuspid regurgitation (4 vs. 0%, respec-
tively), and aortic stenosis (16 vs. 0%, respectively) [20].
In our study, 1 patient (1.7 %) had mild to moderate aortic
stenosis associated with pericardial effusion and paroxys-
mal atrial tachycardia.
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Table 5 SCD for esophageal cancer in published papers

Author (year), Toxicity assessment Median tumor Median age ~ Median follow- Median time to Number SCD inci- Risk factors
reference dose, Gy at time of RT, up, months event, months dence (%)
(dose/fraction) years (range) (range) (range)
Konski CTCAEv.3.0>G2 50.4 (1.8) 62 (37-87) 10.7 (0.9-54.8) 8.3 (3-22.6) 76 (with OP),6 (5.9%) Mean V20,
(2012) [5 26 (without mean V30,
OP) mean V40,
female
Morota RTOG/EORTC >G2 60 (2) 2-week 67 (45-83)  26.1 >G3: 11 (3-19) 69 3(4.3%) G3 or greater
(2009) [24 break for patients 75
years or older
Kumekawa  NCI-CTCv. 2.0 60 (1.8-2) 63 (45-75) 57 (34-114) PE: 19 (10— 81 9 (11.1%) Not available
(2006) [17 >G2 36), Ischemia:
30 (28-54)
Ishikawa RTOG/EORTC >G2 60 (2) 62 (38-75) 53 (14-86) 19 (342) 139 18 (12.9%) Not available
(2003)
Present report CTCAE v. 4.0 >G2 60 (1.8-2) 68 (48-86) 79 (48-127) 37 (7-70) 58 11 (19.0%) V45, V50, V55

SCD symptomatic cardiac disease, CTCAE v.4.0 Common Terminology Criteria for Adverse Events Version 4.0, RTOG/EORTC Radiation
Therapy Oncology Group/European Organization for Research and Treatment of Cancer, NCI-CTC v.2.0 National Cancer Institute-Common
Toxicity Criteria Version 2.0, RT radiotherapy, PE pericardial effusion, OP operation, G grade

There are a few reports regarding atrial fibrillation occur-
ring after radiation therapy to the mediastinum. Gayed et al.
reported on 2 patients (12.5 %) suffering from atrial fibrilla-
tion with an interval of 5.5-10.5 months after CCRT among
16 esophageal cancer patients [21]. In the present study,
3 (5.2%) patients suffered atrial fibrillation 31-70 months
after radiotherapy.

Congestive heart failure-related death was reported by
Hancock et al. in Hodgkin’s disease patients with medias-
tinal radiation above 30 Gy. Congestive heart failure death
was the second most common cause of cardiac disease
death, arising in 24 (1.1 %) of 2232 patients, after 55 (2.4 %)
cases of acute myocardial infarction [3]. Hooning et al.
reported on radiotherapy using photon beams to either side
of the internal mammary chain for breast cancer, which was
associated with increased congestive heart failure compared
with no radiotherapy. These authors stated that many car-
diac events may be missed by restricting the study outcome
to coronary artery disease only and not considering con-
gestive heart failure [22]. In our results, one cardiac death
(1.7%) was caused by congestive heart failure.

Beukema et al. conducted a review of the current lit-
erature concerning cardiac toxicity in esophageal cancer
patients treated with radiotherapy with or without chemo-
therapy. The overall crude incidence of SCD was as high as
10.8% [23]. Among this literature, we selected studies of
SCD for esophageal cancer and summarize them in Table 5
[5, 16, 17, 24]. The incidence of SCD increased with longer
follow-up and our data include the greatest incidence in the
list. Although our follow-up was 4 years or more, and this
follow-up period may be too short to analyze the morbid-
ity or mortality due to coronary artery disease and valvular
disease; other radiation-induced cardiac diseases increased
with a longer follow-up.

There are a few articles reporting on the correlation
between the dose—volume parameters of the heart and SCD.
Konski et al. evaluated 102 patients treated with CCRT for
locally advanced esophageal cancer with a median pre-
scribed dose of 50.4 Gy (range 45-57.6 Gy). These authors
found the thresholds for symptomatic cardiac toxicity of
V20, V30, and V40 to be above 70, 65, and 60 %, respec-
tively. A total of 76 of the latter patients (74.5 %) underwent
esophagectomy 4—6 weeks after completion of CCRT [5].

Intensity-modulated radiotherapy (IMRT) plans reduced
unnecessary radiation to the heart compared with three-
dimensional conformal radiotherapy (3DCRT) plans in
esophageal cancer. Chen et al. found a heart V45 of less than
1% with 50 Gy to the gross PTV and 45 Gy to the elective
PTV treated by IMRT [25]. Lin et al. retrospectively studied
stage II-IVA esophageal cancer typically treated with neoad-
juvant CCRT to 50.4 Gy (range 6.6—66.6 Gy). These authors
compared 413 3DCRT patients and 263 IMRT patients.
Although they found that the rate of cardiac-related deaths
was significantly lower after IMRT than after 3DCRT, and
that there were no differences in the cumulative incidence of
cancer-specific deaths, the authors did not propose a dose—
volume parameter for the heart [26]. Despite the known
associations of radiation with long-term cardiac toxicities,
there is neither a consensus statement nor are there specific
recommendations on a dose—volume parameter for the heart.

In INT 0123, a higher radiation dose (64.8 Gy) did
not increase survival or local/regional control, and it was
concluded that the standard radiation dose for patients
treated with concurrent 5-FU and cisplatin chemotherapy
is 50.4 Gy [9]. Regardless of these results, whether a dose
above 50.4 Gy is unable to improve the treatment outcome
is not clear. In the present study, V45, V50, and V55 were
analyzed as continuous variables. A significantly higher
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incidence of SCD was seen in association with an increas-
ing percentage of the volume in V45, V50, and V55. We
selected a lower volume as a discriminator, with V45, V50,
and V55 being above 15, 10, and 5%, respectively. The
implications of these results on dose reduction to the heart
and identifying whether a tumor dose above 50.4 Gy can
improve survival of patients treated with CCRT for esopha-
geal cancer will require future long-term studies.

Conclusion

We generated hypotheses for future testing of V45, V50,
and V55 of the heart being below 15, 10, and 5% to reduce
SCD. All multiple beams have recently been applied simul-
taneously during each treatment fraction, whereas most
of our patients were treated with initial anterior—posterior
beams followed by oblique off-cord beams. It is necessary
to minimize the dose—volume parameter of the heart with-
out reducing the tumor dose using modern radiotherapy
techniques for esophageal cancer patients.
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