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Abstract

Purpose To evaluate the dose—volume parameters of the
pericardium and heart in order to reduce the risk of radia-
tion-induced pericardial effusion (PE) and symptomatic PE
(SPE) in esophageal cancer patients treated with concurrent
chemoradiotherapy.

Methods In 86 of 303 esophageal cancer patients, follow-
up CT was obtained at least 24 months after concurrent
chemoradiotherapy. Correlations between clinical factors,
including risk factors for cardiac disease, dosimetric factors,
and the incidence of PE and SPE after radiotherapy were
analyzed using Cox proportional hazard regression analysis.
Significant dosimetric factors with the highest hazard ratios
were investigated using zones separated according to their
distance from esophagus.

Results PE developed in 49 patients. Univariate analysis
showed the mean heart dose, heart Vs—Vss, mean peri-
cardium dose, and pericardium Vs—Vs, to all significantly
affect the incidence of PE. Additionally, body surface area
was correlated with the incidence of PE in multivariate anal-
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ysis. Grade 3 and 4 SPE developed in 5 patients. The peri-
cardium Vs, and pericardium D, significantly affected the
incidence of SPE. The pericardium Vs in patients with SPE
ranged from 17.1 to 21.7%. Factors affecting the incidence
of SPE were the Vs, of the pericardium zones within 3 cm
and 4 cm of the esophagus.

Conclusion A wide range of radiation doses to the heart
and pericardium were related to the incidence of PE. A peri-
cardium Vs < 17% is important to avoid symptomatic
PE in esophageal cancer patients treated with concurrent
chemoradiotherapy.

Keywords Toxicity - Body surface area - Cardiac
diseases - Chemoradiotherapy - Survival

Dosimetrische Priadiktoren fiir einen
strahleninduzierten Perikarderguss
bei Speiserohrenkrebs

Zusammenfassung

Ziel Beurteilung der Dosis-Volumen-Parameter fiir Peri-
kard und Herz zur Risikoreduzierung eines strahlenindu-
zierten Perikardergusses (PE) und eines symptomatischen
PE (SPE) bei mit kombinierter Strahlenchemotherapie be-
handelten Speiserohrenkrebspatienten.

Methoden Bei 86 von 303 Speiserohrenkrebspatienten
wurde mindestens 24 Monate nach der Strahlenchemo-
therapie ein Kontroll-CT angefertigt. Die Korrelationen
zwischen klinischen Faktoren, einschlieBlich Risikofakto-
ren fiir Herzerkrankungen, dosimetrischen Faktoren und der
Inzidenz eines PE und SPE nach Strahlentherapie wurden
mittels proportionaler Cox-Regressionsanalyse analysiert.
Signifikante dosimetrische Faktoren mit den héchsten Ha-
zard Ratios wurden unter Verwendung des Bereichs, der
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Analyzed (h=86)

Fig.1 CONSORT diagram

entsprechend dem Abstand vom Osophagus abgegrenzt
wurde, untersucht.

Ergebnisse Einen PE hatten 49 Patienten. Die univaria-
te Analyse ergab einen signifikanten Einfluss von mittlerer
Herzdosis, Herz Vs—Vss, mittlerer Perikarddosis und Peri-
kard Vs—Vs, auf die PE-Inzidenz. Die multivariate Analy-
se zeigte eine Korrelation zwischen Korperoberfliche und
PE-Inzidenz. Bei 5 Patienten trat ein SPE Grad 3 und 4
auf. Perikard V5o und Djo beeinflussten die Inzidenz eines
SPE signifikant. Die Spanne von Perikard Vs, bei SPE be-
trug 17,1-21,7 %. Beeinflussende Faktoren fiir die SPE-
Inzidenz war Vs in den 3 und 4 cm von der Speiserdhre
entfernten Perikardbereichen.

Schlussfolgerung Eine breite Spanne von an Herz und Pe-
rikard abgegebenen Strahlendosen korrelierten mit der PE-
Inzidenz. Ein Perikard Vso < 17 % ist wichtig, um einen
SPE bei Speiserohrenkrebspatienten unter Strahlenchemo-
therapie zu vermeiden.

Schliisselworter Toxizitit - Korperoberfliche -
Radiochemotherapie - Kardiale Erkrankungen - Uberleben

Reported radiation-induced cardiac diseases include peri-
carditis, coronary artery disease, valvular disease, car-
diomyopathy, and conduction abnormalities [1-3]. These
different clinical manifestations have different latency pe-
riods, which range from months to decades [4-7].
Pericardial effusion (PE) occurs as the earliest radia-
tion-induced cardiac complication. As the prognosis of

esophageal cancer is poor, asymptomatic PE is a common
late complication in patients with esophageal cancer treated
with radiotherapy [8]. Although there have been several
reports regarding PE, the following problems remained
in evaluating their results: First, the definition of PE in
computed tomography (CT) was not consistent. Second,
the minimal follow-up periods or the minimal intervals
between the radiotherapy and the obtained CT at the time
of PE were short, which underestimated the true incidence
of PE. Third, several PE patients developed symptoms.
Differences in factors affecting the incidence of PE and
symptomatic pericardial effusion (SPE) are not yet clear.
Finally, of the reported pericardium (PC) and heart dosi-
metric factors , the most important predictor has not yet
been clearly established.

The aim of this retrospective study is to investigate the
dose—volume parameters of the PC and heart with the aim
of reducing radiation-induced PE and SPE in esophageal
cancer patients treated with concurrent chemoradiotherapy
(CCRT). PE was diagnosed based on CT findings, and pa-
tients who underwent chest CT more than 2 years after
radiotherapy were selected.

Methods
Patients

Between January 2000 and July 2013, 303 patients with
newly diagnosed esophageal cancer were treated with
CCRT without surgery. After the exclusions outlined in
Fig. 1, 86 patients were used for the analysis.

Evaluation of pericardial effusion and symptomatic
pericardial effusion

An enhanced CT scan with Smm slice thickness of the
chest was obtained before and after CCRT. CT scans were
performed every 3—6 months, and were individually sched-
uled according to clinical findings during the 5 years after
completion of CCRT. As the thickness of the pericardial
fluid at the base of the cardiac ventricles and apex of the
cardiac atriums was difficult to measure using axial CT im-
ages, the largest thickness of pericardial fluid between 3 cm
above the diaphragm and 3 cm below the left pulmonary
artery was selected (Fig. 2a). The median thickness of the
PC with and without pericardial fluid before CCRT was
0.2 cm (range: 0.1-0.6). The presence of PE was defined as
a thickness of the pericardial fluid >0.6 cm. The time of PE
onset was defined as the interval between radiotherapy and
the first presence of PE on CT.

The time to SPE was defined as the interval between ra-
diotherapy and the first documented cardiac symptoms. The
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Fig. 2 Representative axial CT images. a The longest distance mea-
sured at the pericardial space between 3 cm above the diaphragm and
3 cm below the left pulmonary artery shows the thickness of the peri-
cardial fluid (between the two arrows). b The zone separated 3 cm from
the esophagus. PC>3 c¢m E pericardium more than 3 cm away from the
esophagus (yellow), HT >3 cm E heart more than 3 cm away from the
esophagus (red), PC< 3 cm E pericardium within 3 cm of the esoph-
agus (light blue), HT < 3 cm E heart within 3cm of the esophagus
(blue)

toxicity grading was reviewed by a single cardiologist us-
ing the Common Terminology Criteria for Adverse Events
(CTCAE), version 4.0.

Dosimetric analysis
Planning CT was obtained using a CT scanner with

a 2.5-5 mm slice thickness. The proposed Atlas was used to
delineate the whole heart contour [9] and the surrogate PC,

@ Springer

for which the contoured heart served as the inner bound-
ary of the shell extending three-dimensionally outward by
0.5cm in thickness [10]. The heart and PC dose-volume
histograms (DVH) were calculated using Pinnacle’, ver-
sion 9.2 (Philips Medical Systems, Hanover, MA, USA).

Treatment

The clinical target volume (CTV) encompassed the pri-
mary gross tumor volume (GTV) with 4cm superior and
inferior margins and regional lymph nodes. The planning
tumor volume (PTV) was defined as the CTV + 1 cm. Ante-
rior—posterior opposed treatment fields were typically used
initially to deliver up to 40—45 Gy to the PTV. Dose inho-
mogeneities within the target volume had to be less than
5%.

The boost CTV included the GTV with 2 cm superior and
inferior, and 0.5 cm radial margins, and also contained in-
volved nodes with 0.5 cm margins. An additional dose was
delivered to the boost PTV using oblique beams to avoid
cords. Radiotherapy was delivered by using linear acceler-
ators with 15MYV photons, with daily fractional doses of
1.8-2.0 Gy.

Combined 5-fluorouracil (5-FU) and cisplatin was the
most common regimen for patients with CCRT. Combined
docetaxel and cisplatin was the most common regimen for
adjuvant chemotherapy [11].

Statistics

The cumulative incidence of events was calculated using
Kaplan—-Meier survival analyses. Cox proportional hazard
regression analysis was used for univariate and multivariate
analyses. Correlations between clinical factors, including
risk factors for cardiac disease, dosimetric factors, and the
incidence of PE and SPE after radiotherapy, were analyzed
[12]. Dosimetric factors were treated as continuous vari-
ables. Factors with a P-value of <0.05 were considered sig-
nificant. All analyses were performed using SPSS version
24.0 (IBM Corp., Armonk, NY, USA). Of the percentage
volumes receiving doses greater than 5-65 Gy (Vs—Ves), the
significant factors with the highest hazard ratios (HR) were
investigated using zones separated according to the distance
from the esophagus.

Results

Pericardial effusion and symptomatic pericardial
effusion

The median clinical follow-up of these 86 patients was
56.5 months (range: 25—125 months). The distribution of
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Table 1 Clinical characteristics of all patients, including univariate analyses of the correlation of these factors with the incidence of PE and SPE

(n =86)

Number (%) Incidence of PE Incidence of SPE

P-value HR (95%CI) P-value HR (95%CI)

Gender 0.877 1.07 (0.455-2.519) 0.561 0.522 (0.058-4.669)
— Female 10 (11.6%)
— Male 76 (88.4%)
Age (years)®; median (range) 68 (43-81) 0.225 1.025 (0.985-1.066) 0.655 1.028 (0.91-1.161)
BSA® (m?)*; median(range) 1.6 (1.2-2) 0.084 5.324 (0.798-35.516) 0.523 0.169 (0.001-39.661)
Smoking habits*¢; median (range) 800 (0-2240) 0.796 1(1-1.001) 0.177 0.999 (0.997-1.001)
Hypertension 0.159 1.504 (0.853-2.654) 0.884 0.875 (0.146-5.237)
- No 49 (57%)
- Yes 37 (43%)
History of heart disease 0.576 1.242 (0.581-2.654) 0.522 0.037 (0-881.994)
- No 73 (84.9%)
- Yes 13 (15.1%)
Diabetes 0.331 1.489 (0.667-3.323) 0.516 2.071 (0.23-18.639)
- No 76 (88.4%)
- Yes 10 (11.6%)
Cholesterol (mg/dL)?*, median (range) 190 (83-299) 0.487 0.997 (0.989-1.005) 0.173 0.985 (0.963-1.007)
Other malignancy 0.857 0.949 (0.537-1.676) 0.284 0.301 (0.034-2.698)
- No 46 (53.5%)
- Yes 40 (46.5%)
Clinical staged 0.79 1.035 (0.802-1.337) 0.24 1.679 (0.707-3.99)
-0 1(1.2%)
-1 35 (40.7%)
- II 6 (7%)
- I 34 (39.5%)
- 1v 10 (11.6%)
Concurrent chemotherapy
— Cisplatin + 5-FU 69 (80.2%) 0.784 0.866 (0.309-2.427) 0.147 0.169 (0.015-1.866)
— Cisplatin + docetaxel 11 (12.8%) 0.612 0.721 (0.203-2.556) 0.904 1.16 (0.104-12.904)
— Single agent 6 (7.0%) 0.87 Reference 0.12 Reference
Adjuvant chemotherapy 0.698 1.12 (0.633-1.982) 0.304 3.167 (0.352-28.459)
- No 40 (46.5%)
— Yes 46 (53.5%)
External dose (Gy)?, median (range) 59.4 (40-68) 0.177 0.967 (0.92-1.016) 0.227 1.141 (0.921-1.413)

PE pericardial effusion, SPE symptomatic pericardial effusion, HR hazard ratio, CI confidence interval, BSA body surface area

“Treated as continuous variable

"BSA (m?) = 0.007184 x Height (cm)®7> x Weight (kg)***
“Brinkman index = cigarettes per day x years of smoking
9Treated as O vs. 1 vs. 2 vs. 3 vs. 4

the clinical factors is shown in Table 1. There were 82 pa-
tients with squamous cell carcinoma, 2 with adenocarci-
noma, and 2 with small cell carcinoma.

The overall and disease-free survival rates of the 86 pa-
tients at 5 years obtained by Kaplan—Meier product-limited
methods were 80.6 and 52.8%, respectively. Of the 86 pa-
tients, 49 (57.0%) were diagnosed with PE using a CT scan.
The actual incidence of PE was 45% at 5 years. PE devel-
oped 2—-108 months after radiotherapy (median 6 months)
and occurred within 24 months in 45 patients (91.8%).

Five patients developed SPE (grade 3 and 4). None of
these patients had a history of heart disease before radio-
therapy. Chest pain and dyspnea developed 8—41 months af-
ter radiotherapy (median 22 months). Two patients required
urgent pericardial fluid drainage (grade 4). The other three
patients did not have drainage, but required observation by
cardiologists for 70-110 months (grade 3). Among these
three patients, one was admitted twice for severe symptoms,
but improved without treatment. Another patient was evalu-
ated without pericardiocentesis because of thrombocytope-
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Table 2 Univariate analysis of the incidence of PE and SPE for heart and pericardial dosimetric factors (n = 86)

Variable Incidence of PE Incidence of SPE

P-value HR (95%CT) P-value HR (95%CT)
Maximal HT dose (Gy) 0.829 1(1-1) 0.111 1.001 (1-1.003)
Mean HT dose (Gy) <0.001 1 (1-1.001) 0.155 1.001 (1-1.002)
HT Vs (%) <0.001 1.022 (1.009-1.035) 0.293 1.024 (0.98-1.069)
HT Vio (%) <0.001 1.023 (1.01-1.036) 0.239 1.028 (0.982-1.075)
HT Vis5 (%) <0.001 1.023 (1.01-1.037) 0.238 1.027 (0.983-1.073)
HT V20 (%) <0.001 1.024 (1.011-1.037) 0.201 1.03 (0.984-1.078)
HT Va5 (%) <0.001 1.024 (1.011-1.038) 0.179 1.032 (0.985-1.082)
HT V30 (%) <0.001 1.025 (1.012-1.038) 0.175 1.032 (0.986-1.081)
HT V35 (%) <0.001 1.025 (1.012-1.039) 0.17 1.032 (0.987-1.08)
HTVa4o (%) <0.001 1.025 (1.012-1.038) 0.142 1.033 (0.989-1.078)
HT V45 (%) <0.001 1.024 (1.011-1.038) 0.157 1.029 (0.989-1.071)
HT Vso (%) 0.001 1.033 (1.013-1.053) 0.05 1.054 (1-1.11)
HT Vss (%) 0.016 1.029 (1.005-1.053) 0.106 1.048 (0.99-1.11)
HT Veo (%) 0.159 1.028 (0.989-1.069) 0.245 1.053 (0.965-1.15)
HT Ves (%) 0.555 0.737 (0.267-2.035) 0.859 0.737 (0.025-21.424)
HT Dio? (Gy) 0.052 1 (1-1) 0.057 1.002 (1-1.004)
Maximal PC dose (Gy) 0.924 1(1-1) 0.124 1.001 (1-1.003)
Mean PC dose (Gy) 0.002 1 (1-1.001) 0.166 1.001 (1-1.002)
PC Vs (%) <0.001 1.027 (1.013-1.042) 0.283 1.025 (0.98-1.072)
PC V1o (%) <0.001 1.029 (1.014-1.044) 0.242 1.03 (0.981-1.081)
PC Vis5 (%) <0.001 1.03 (1.014-1.046) 0.185 1.036 (0.983-1.091)
PC Va0 (%) <0.001 1.031 (1.014-1.047) 0.139 1.042 (0.987-1.099)
PC Va5 (%) <0.001 1.032 (1.015-1.05) 0.134 1.045 (0.987-1.106)
PC V30 (%) <0.001 1.033 (1.016-1.051) 0.131 1.046 (0.987-1.109)
PC V35 (%) <0.001 1.035 (1.017-1.053) 0.12 1.049 (0.988-1.113)
PC V40 (%) <0.001 1.036 (1.018-1.055) 0.099 1.051 (0.991-1.115)
PC Vs (%) 0.002 1.037 (1.014-1.06) 0.079 1.058 (0.994-1.126)
PC Vs0 (%) 0.007 1.042 (1.011-1.074) 0.024 1.097 (1.012-1.189)
PC Vss (%) 0.132 1.028 (0.992-1.065) 0.079 1.083 (0.991-1.184)
PC Veo (%) 0.447 1.027 (0.959-1.098) 0.153 1.117 (0.96-1.299)
PC Ves (%) 0.555 0.715 (0.234-2.182) 0.859 0.715 (0.018-28.998)
PC Dio* (Gy) 0.114 1 (1-1.001) 0.032 1.002 (1-1.004)

PFE pericardial effusion, SPE symptomatic pericardial effusion, HR hazard ratio, CI confidence interval, HT heart, PC pericardium
2The minimum dose to the hottest 10%

nia. The other patient with SPE later developed paroxysmal
atrial tachycardia and required catheter ablation.

Univariate analysis

Univariate analysis of the clinical factors possibly affecting
the incidence of PE and SPE are presented in Table 1. No
clinical factors, including risk factors for the development
of cardiac disease, were associated with the incidence of
PE and SPE.

Univariate analysis of the heart and PC dosimetric factors
possibly affecting the incidence of PE and SPE are shown
in Table 2. The mean heart dose, heart Vs—Vss, mean PC
dose, and PC Vs—Vs, were significantly correlated with the

@ Springer

incidence of PE. The HRs for these factors were close to
1, because the HRs were calculated per 1% increase in
the percentage volume of the heart and PC DVHs. The PC
V5o and PC Dy (the minimum dose to the hottest 10%)
significantly affected the incidence of SPE. The range of
the PC Vy, for patients with SPE was 17.1-21.7% (median
19.1). The cumulative incidence of SPE at 5 years was
32.1% in patients with a PC Vs, > 17% (Fig. 3). The range
of the PC V5, for all patients was 0-36.4% (median 9.1).
Of these, 69 (80.2%) had Vso < 17% and 17 (19.8%) had
Vso > 17%. The range of the PC Vs, for patients with PE
was 0-36.4% (median 12.5%). Of these, 36 (73.5%) had
Vso < 17% and 13 (26.5%) had Vso > 17%.
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Although the incidence of SPE was not significantly cor-
related with DVH factors for the heart, the P-value for in-
cidence of SPE was the lowest (=0.05) for the heart Vso.

Multivariate analysis

Dosimetric factors and body surface area (BSA), the other
independent factor with a P-value <0.1 in univariate analy-
sis, were analyzed in terms of the incidence of PE in multi-
variate analysis. The dosimetric parameters were correlated
with each other. The heart and PC V5, values had the high-
est HR in univariate analysis. Therefore, the heart and PC
Vs values were analyzed separately in multivariate anal-
ysis. In multivariate analysis, heart Vs, PC Vs, and BSA
significantly affected the incidence of PE (Table 3).

Different zones

For the incidence of PE, the highest HR for the significant
factors among Vs—Ves was the Vso. For the incidence of
SPE, a significantly higher incidence of SPE was found for
the PC V5, and the P-value was the lowest (=0.05) for the
heart Vso among Vs—Ves. Therefore, the heart and PC Vs
values were investigated by separating the zone near the
esophagus into two zones: the zone that includes the most
PTV and the zone that was mostly outside the PTV.

The Vs of the zones of the heart and PC separated from
the esophagus by 3 and 4 cm (Fig. 2b) were considered. The
results of a univariate analysis of these factors are presented

I I | I I
12 24 36 48 60

Time from CCRT (months)

15 14 12 6 5

in Table 4. For the heart, all zones of the Vs, separated by 3
and 4 cm affected the incidence of PE. For the PC, the zones
>3 and >4 cm away from esophagus did not affected the
incidence of PE. The incidence of SPE was influenced by
the Vs of the PC zones within 3 and 4 cm of the esophagus.
No heart factors of the Vs, zones affected the incidence of
SPE.

Discussion

A wide range of incidence rates for PE have been reported
in esophageal cancer patients [10, 13, 14]. A high incidence
(52.2%) of PE was reported by Tamari et al. at a median
follow-up of 37 months [14]. Whereas, a lower incidence
(27.7%) of PE was reported by Wei et al. at a median fol-
low-up of 8.4 months, although an actuarial incidence of
48% was reported at 18 months [10]. A long follow-up
period is important for investigating the true incidence of
PE. In the current study, patients were selected with CTs
obtained at least 24 months after radiotherapy, and PE was
found to occur within 24 months in 91.8%. Compared with
other reports, the median follow-up in this study was longer
(56.5 months) and the incidence of PE was higher (57.0%).
The median observed time to onset of PE in these reports
was 5.3-6 months, which was compatible with the cur-
rent finding of 6 months. Although PE was assessed from
the follow-up chest CT, previous reports did not describe
the criteria used to diagnose abnormal pericardial fluid.
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Table 3 Multivariate analysis of the incidence of PE (n = 86)

Factor P-value HR (95%CI)

BSA 0.006 16.505 (2.219-122.757)
Heart Vso <0.001 1.043 (1.022-1.065)
Factor P-value HR (95%CI)

BSA 0.009 14.891 (1.938-114.437)

Pericardium Vso <0.001 1.057 (1.024-1.09)

PE pericardial effusion, HR hazard ratio, CI confidence interval,
BSA body surface area

A normal pericardial sac contains approximately 15-50 ml
of fluid. PE occurs when there is a significant accumulation
of fluid (>50 mL) within the pericardial space [15]. There
is no consensus for the diagnosis of abnormal pericardial
fluid detected by a CT scan. This study defined the criteria
of PE by CT.

The incidence and median onset times of SPE after
CCRT in recent reports were 4.3-9.7% and 19-22 months,
respectively [13, 14, 16, 17]. This is compatible with the
present results, in which the incidence was 5.8% and the
median onset of symptoms was at 22 months. A longer
follow-up period is required for investigating SPE than for
PE.

In a multivariate analysis, Tamari et al. reported that
a body mass index (BMI) =19 kg/m? was significant corre-
lated with the development of PE [14]. In the current study,
BMI results strongly correlated with BSA (data not shown).
Here, BSA was investigated for correlation with the inci-
dence of PE and SPE, as it affects the dose of chemother-
apy agents. Besides DVH factors, only BSA was associated
with the incidence of PE. Although cisplatin and 5-FU were
associated with increased risks of thrombus formation [8],
no chemotherapy regimens were found to be related to the
incidence of PE or SPE.

Wei et al. reported that a wide range of DVH cutoff
points for the PC were associated with a significant risk
of PE, whereas there were fewer DVH cutoff points for

the heart associated with the risk of PE. Additionally, the
DVH parameters given to the PC were highly correlated
to those of the heart, making it difficult to distinguish be-
tween the importance of the individual parameters and their
effects [10]. The current study found that the Vso was the
most important DVH parameter and investigated it in sep-
arate zones. Except the V5o at the PC >3 cm away from the
esophagus and the PC >4 cm away from esophagus, all fac-
tors were significantly correlated with PE. Whether DVHs
of the PC are more reliable than those of the heart for de-
termining the risk of PE was difficult to conclude from this
study.

Only the Vs at the PC < 3cm and <4 cm away from
the esophagus was correlated with SPE in the separate zone
analysis. PC Dy significantly affected the incidence of SPE
in univariate analysis. SPE was affected the most by DVH
parameters that irradiated the PC near the PTV at a high
dose. There may be some differences in the mechanisms
between the development of PE and SPE. It was not pos-
sible to find factors in PE that significantly influenced the
development of SPE (no data shown).

Tayler et al. summarized subclinical vascular abnormali-
ties observed within months of irradiation for breast cancer
in myocardial perfusion imaging studies. They suggested
that defects in the irradiated heart initially occur more fre-
quently in patients that have received more than 25 Gy to
the heart excessively for 6 months after radiotherapy, and
that they are located preferentially in areas of expected high
dose. They suggested that irreversible and reversible my-
ocardial perfusion defects may result from dose-dependent
damage to the microvascular myocardium or blockage of
a coronary artery [18]. Hardenbergh et al. reported a radi-
ation dose-dependent perfusion defect in left breast cancer
seen at 6 months with minimal defects at 0-10 Gy, and
a 20% decrease in regional perfusion at 41-50 Gy [19]. Al-
though no any myocardial perfusion imaging studies were
performed in the present study, and it is difficult to com-
pare with these studies, the median interval of PE between

Table 4 Univariate analysis of volume factors with a dose of 50 Gy or more in different zones

Variable Incidence of PE Incidence of SPE
P-value HR (95%CI) P-value HR (95%CI)

Vs0 (%) at HT<3 cmE <0.001 1.021 (1.009-1.032) 0.085 1.031 (0.996-1.068)
Vs0 (%) at HT <4 cmE <0.001 1.025 (1.011-1.039) 0.082 1.036 (0.995-1.079)
Vs0 (%) at HT>3 cmE 0.004 1.04 (1.012-1.068) 0.378 1.036 (0.958-1.119)
Vs0 (%) at HT>4 cmE 0.009 1.04 (1.01-1.071) 0.671 1.021 (0.926-1.127)
Vs0 (%) at PC<3 cmE 0.002 1.022 (1.008-1.036) 0.045 1.045 (1.001-1.091)
Vs0 (%) at PC<4 cmE 0.003 1.026 (1.009-1.043) 0.045 1.054 (1.001-1.109)
Vs0 (%) at PC>3 cmE 0.099 1.05 (0.991-1.112) 0.413 1.068 (0.913-1.249)
V50 (%) at PC>4 cmE 0.118 1.05 (0.988-1.117) 0.659 1.043 (0.864-1.26)

PE pericardial effusion, SPE symptomatic pericardial effusion, HR hazard ratio, CI confidence interval, HT heart, PC pericardium, <3 cmE

within 3 cm of esophagus, >3 cmE more than 3 cm away from esophagus
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CCRT was 6 months, which was on the same timescale
as myocardial perfusion imaging studies. Chello et al. re-
ported that the total collagen concentration was significantly
increased in the ventricular tissue of patients undergoing
pericardiectomy for post-irradiative constrictive pericardi-
tis. They found the effect of fibrosis caused by radiotherapy
for patients with pericarditis was not only in the PC, but also
in the myocardium [20]. In the current study, the incidence
of PE was significantly affected by both the heart and PC
dose at a wide range from Vs—Vss, which may be related to
both microvascular damage to the myocardium and PC.

The V3 of the PC was found to be a risk factor for PE
[10, 14], whereas higher PC doses were relevant for the
incidence of SPE. Fukuda et al. revealed a mean PC Vs of
58% to be the optimal threshold, as analyzed by a receiver
operator characteristic curve, in which the time to event was
not considered [13]. There is still no consensus as to which
parameters of the PC and heart are the most important fac-
tors for radiotherapy treatment planning. All of the current
patients with SPE suffered from severe cardiac symptoms,
which may have had a significant medical impact. The re-
ported ratio of grade 3 or more SPE assessed using the
same criteria as CTCAE version 4.0 was 36.4-66.7% for all
>grade 3 late cardiac disease, and 30-50% for all =grade 3
late complications [11, 17, 21, 22]. The range of the PC Vs,
in the current patients with SPE was 17.1-21.7%. A PC
Vso <17% was thus considered to be the most important
dosimetric factor and this should be used as threshold for
avoiding SPE.

Intensification of the radiation dose did not increase sur-
vival or local/regional control in the RTOG 85-01 trial. For
patients with esophageal cancer treated with 5-FU/cisplatin-
based combined-modality therapy, the standard radiation
dose was concluded to be 50.4 Gy [23]. Regardless of these
results, a recent advanced radiotherapy technique, which
could deliver a dose above 50.4 Gy to tumors with de-
creased doses to critical organs, did not clarify whether
a dose above 50.4 Gy is unable to improve the treatment
outcomes [24-27].

Conclusion

In esophageal cancer patients treated with CCRT, it was
found that a wide range of radiation doses to the heart and
PC were related to the incidence of PE. It was also found
that a high dose to the PC affected the development of SPE
with severe cardiac symptoms and that a PC V5o <17% was
an important dosimetric factor.
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