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Conclusions T4 patients without M1 lym showed a rela-
tively good 4-year survival rate of approximately 33 %; 
however, the results did not show significant improvement 
after 2000.

Keywords Esophageal cancer · Chemoradiotherapy · T4 
and/or M1 lym

Introduction

Worldwide, esophageal cancer is the fifth most common 
cause of cancer-related death for men and the eighth most 
common cause of cancer-related death for women [1]. In 
Japan, esophageal cancer causes approximately 3–4 % 
of cancer-related deaths. The histological background in 
Japan is different from the West, with >90 % of all esopha-
geal malignancy causes being squamous cell carcinoma. 
Although surgery still remains a standard treatment, some 
recent studies revealed that results of definitive chemora-
diotherapy (CRT) were almost the same as results of sur-
gery in patients with operable esophageal cancer [2, 3], and 
definitive CRT has become recognized as one of the stand-
ard treatments for esophageal cancer. Results of definitive 
CRT have improved since the 1990s due to the establish-
ment of concurrent chemotherapy and improvements in 
radiotherapy technology [4, 5]. However, results for inop-
erable patients with T4 and/or M1 lymph node (lym) (dis-
tant lymph node metastasis) esophageal cancer have not 
improved [5].

Nishimura et al. reported that the results of definitive 
radiotherapy for esophageal cancer were influenced by the 
‘volume effect’, i.e., institutional experience [6, 7]. Our 
institution is one of the highest volume centers in Japan 
using definitive CRT for esophageal cancer.

Abstract 
Purpose To review data for patients with stage T4 and/or 
M1 lymph node (lym) esophageal cancer who have been 
treated with definitive chemoradiotherapy since 2000 at a 
high-volume center in Japan.
Patients and methods We retrospectively reviewed all 
patients with T4 and/or M1 lym esophageal cancer who 
were treated by definitive chemoradiotherapy between 
2000 and 2010. The eligibility criteria included (1) histo-
pathologically proven esophageal cancer, (2) T4 and/or 
M1 lym (UICC 2002), (3) 20−79 years of age, (4) having 
undergone at least 1 cycle of concomitant chemotherapy, 
(5) having been irradiated with ≥50 Gy, and (6) having no 
other active malignant tumor during treatment. Toxicity 
was graded according to the Common Terminology Criteria 
for Adverse Events (CTCAE v3.0).
Results Data from 128 patients (70 with clinical stage 
III, 58 with clinical stage IV) were used for analysis in 
this study. The median observation period for survivors 
was 46.3 months. The 2- and 4-year overall survival rates 
were 32.8 and 24.4 %, respectively. The overall survival of 
patients without M1 lym was significantly better than that 
of patients with Ml lym (4-year, 32.6 vs 11.7 %, log-rank 
test; p = 0.04). Overall survival in more recent patients 
(2006–2010) did not show improvement when compared 
with past patients (2000–2005). Eight patients had late tox-
icities of grade ≥3.
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We retrospectively reviewed data for all patients with T4 
and/or M1 lym esophageal cancer who had been treated by 
definitive CRT between 2000 and 2010 at our institution. 
Our aim was to determine whether results had improved 
after 2005 because 18F-fluorodeoxyglucose positron emis-
sion tomography (FDG-PET) was adopted by the national 
insurance program for use in esophageal cancer in Japan 
after 2006 and to reveal the prognostic factors for overall 
survival.

Materials and methods

We retrospectively reviewed data for 146 patients with T4 
and/or M1 lym esophageal cancer who had been treated by 
definitive CRT between 2000 and 2010 at our institution, 
and data for 128 patients who met the eligibility criteria 
described below were used for analysis in this study. All 
patients had histologically proven squamous cell carcinoma 
in the esophagus, and staging was evaluated by computed 
tomography (CT) scans of the chest and abdomen with/
without FDG-PET and esophageal ultrasound endoscopy.

Patient eligibility

Eligibility criteria included (1) histopathologically proven 
esophageal cancer, (2) T4 and/or M1 lym (UICC 2002), (3) 
20−79 years of age, (4) having undergone at least 1 cycle 
of concomitant chemotherapy, (5) having been irradiated 
with ≥50 Gy, and (6) having no other active malignant 
tumor during treatment.

Treatment

Radiotherapy

A linear accelerator (4 or 10 MV) was used as the X-ray 
source. The target volume was localized for radiotherapy 
in all patients by CT planning. The daily fractional dose of 
radiotherapy was 1.8–2.0 Gy, administered 5 days a week, 
and the total dose was 50.0–70.0 Gy. Before 2005, we 
often used 64–70 Gy as the initial planned total dose; how-
ever, after 2005 the initial planned total dose was changed 
to 60 Gy. The gross tumor volume (GTV) was defined as 
the primary tumor and any involved nodes on CT (>1 cm 
on short axis). The clinical target volume for the primary 
lesion (CTV-p) was defined as a GTV with a 3.0-cm margin 
in the cranio-caudal direction and with a 0.5-cm margin in 
the horizontal direction. The CTVs for subclinical regional 
lymph nodes (CTV-s) included the bilateral supraclavicu-
lar, mediastinal and abdominal regions, except for cervical 
esophageal cancer. For cervical esophageal cancer without 
a skip lesion, CTV-s included the bilateral supraclavicular 

and upper mediastinal regions. Planning target volume was 
defined as CTV with a 0.7–1.5-cm margin.

After 39.6–40 Gy, radiotherapy was performed for only 
the primary tumor with a 3-cm cranio-caudal margin and 
for metastatic lymph nodes with a 1-cm circular margin 
avoiding the spinal cord.

Concurrent chemotherapy

All patients underwent concurrent platinum-based chemo-
therapy with radiotherapy as described below.

1. Cisplatin (CDDP) + 5-fluorouracil (5-FU) + docetaxel 
(DOC): intravenous continuous infusion of 5-FU at a 
dose of 1,000 mg/m2/day on days 1–5 and 29–33, DOC 
at a dose of 50 mg/m2 on days 2 and 30, and CDDP at 
a dose of 60 mg/m2 on days 2 and 30.

2. CDDP + 5-FU: intravenous injection of CDDP at a 
dose of 70 mg/m2 on days 1 and 29 and continuous 
infusion of 5-FU at a dose of 700 mg/m2/day on days 
1–4 and 29–32.

3. Nedaplatin (CDGP) + 5-FU: intravenous injection of 
CDGP at a dose of 70 mg/m2 on days 1 and 29 and 
continuous infusion of 5-FU at 500 mg/m2 on days 1–5 
and 29–33.

Follow‑up

Follow-up evaluations for all patients were performed 
every 2–3 months for the first 2 years and every 6 months 
thereafter by endoscopy and/or CT.

Endpoints

Endpoints of the present study were overall survival 
rate (OS), progression-free survival rate (PFS) and late 
toxicities.

Toxicity

Toxicity was graded according to the Common Terminol-
ogy Criteria for Adverse Events (CTCAE v3.0). The grade 
was scored retrospectively based on the clinical chart. An 
adverse effect at >90 days after completion of CRT was 
defined as late toxicity.

Statistics

Statistical analysis for comparing patient characteristics 
between 2000–2005 and 2006–2010 was performed using 
the Kruskal–Wallis and Mann–Whitney test.

Survival estimates were calculated from the first day 
of radiotherapy using the Kaplan–Meier method, and 
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differences were evaluated by the log-rank test. In univari-
ate and multivariate analysis, Cox proportional hazards 
model was used.

Statistical significance was defined as a value of p < 0.05 
in the present study. SPSS software for Windows version 
20.0 was used for all calculations.

Ethics

The present study protocol was reviewed and approved 
by our institutional review board (2014-1-541), and writ-
ten informed consent for definitive CRT was obtained from 
each patient before treatment.

Results

The median age of the 128 patients was 67.0 years. The 
characteristics of the 128 patients recruited for this retro-
spective study are summarized in Table 1. Primary sites 
were in the cervical, upper thoracic, middle thoracic, 
lower thoracic and abdominal esophagus in 13 patients, 31 
patients, 69 patients, 14 patients and 1 patient, respectively. 
Clinical stages were III in 70 patients, IVa in 11 patients and 
IVb in 47 patients. Median total irradiation dose was 63 Gy 
(range 50–70 Gy). CDDP + 5-FU and CDGP + 5-FU were 
performed as concomitant chemotherapy with radiotherapy 

in 75 and 48 patients, respectively. CDDP + 5-FU + DOC 
was performed in 5 patients with cervical esophageal can-
cer. The median observation period for the survivors was 
46.3 months (range 5.0–127.0). 

Survival and prognostic factors

At the last observation date, there were 96 deaths includ-
ing 8 intercurrent deaths. Of patients without M1 lym, 25 
had recurrence or residual tumor in the irradiation field 
and 15 had distant metastatic recurrence. Nine patients 
had both locoregional recurrence of residual and distant 
organ metastases. Of patients with M1 lym, 23 had recur-
rence or residual tumor in the irradiation field and 12 had 
distant metastatic recurrence. Fifteen patients had both 
locoregional recurrence of residual and distant organ 
metastases. Three patients with perforation of the bron-
chus and two patients with perforation of the descend-
ing thoracic aorta during radiotherapy died soon after the 
events. These events occurred by rapid depopulation of the 
tumors invading the risk organs and were not considered as 
treatment-related toxicities. Another 4 patients had perfora-
tion of the bronchus or the mediastinum before or during 
treatment; however, the perforations in those patients were 
closed up by restarting definitive CRT after decline of fever 
with antibiotics and fasting. The 2- and 4-year OS rates 
were 32.8 % [95 % confidence interval (CI) 24.4–41.2 %] 

Table 1  Patient characteristics 
(n = 128)

PS (ECOG) performance status (Eastern Cooperative Oncology Group), UICC Union for International 
Cancer Control, n.s. not significant

Total (n = 128) 2000–2005 (n = 61) 2006–2010 (n = 67) Difference

Age

 Median (range) 67.0 (49–79) 68.0 (49–79) 66.0 (50–78) n.s.

Gender

 Male:female 111:17 56:5 55:12 n.s.

PS (ECOG)

 0:1:2:3 14:78:31:5 3:31:22:5 11:47:9:0 <0.001

Primary site

 Ce:Ut:Mt:Lt:Ae 913:31:69:14:1 6:14:34:6:1 7:17:35:8:0 n.s.

Stage (UICC 6th)

 III:IVa:IVb 70:11:47 40:8:13 30:3:34 0.004

FDG-PET

 Yes 60 8 52 <0.001 

 No 68 53 15

Chemotherapy

 CDDP + 5-FU 75 31 44 n.s.

 CDDP + 5-FU + DOC 5 2 3

 CDGP + 5-FU 48 28 20

Total dose (Gy)

 ≤60 61 16 46 <0.001

 >60 67 45 22
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and 24.4 % (95 % CI 16.4–32.4 %), respectively (Fig. 1). 
The 2- and 4-year PFS rates were 20.0 % (95 % CI 12.9–
27.1 %) and 14.6 % (95 % CI 8.3–20.9 %), respectively. 
The OS of patients without M1 lym was significantly bet-
ter than that of patients with Ml lym [4-year, 32.6 % (95 % 
CI 20.8–44.4 %) vs 11.7 % (95 % CI 2.1–21.3 %), log-rank 
test; p = 0.04] (Fig. 2). The OS in recent patients (2006–
2010) did not show improvement when compared with 
past patients (2000–2005) [4-year, 17.2 % (95 % CI 6.6–
27.8 %) vs 30.5 % (95 % CI 18.5–42.5 %), log-rank test; 
p = 0.84] (Fig. 3). There was no significant difference in 
survival rate between patients who underwent FDG-PET 
before treatment (n = 60) and patients who did not undergo 
FDG-PET (n = 68) [4-year, 25.5 % (95 % CI 13.3–37.7 %) 
vs 23.0 % (95 % CI 12.2–33.8 %), log-rank; p = 0.35]. 
There was no significant difference in survival rate between 
patients treated with ≤60 Gy and patients treated with 

>60 Gy [4-year, 24.9 % (95 % CI 12.6–37.2 %) vs 23.7 % 
(95 % CI 17.5–29.9 %), log-rank; p = 0.55]. In multivariate 
analysis, only stage, which meant with or without M1 lym 
(hazard ratio [HR] 0.654, 95 % CI 0.433–0.987, p = 0.043) 
and gender (HR 2.017, 95 % CI 1.013–4.017, p = 0.046) 
were selected as prognostic factors of OS (Table 2).   

Toxicity

The major toxicities in the acute phase are shown in 
Table 3. As late toxicities, 2 patients had grade 2 hypo-
thyroidism, 1 patient had grade 2 pleural effusion and 1 
patient had a thoracic vertebral compressed fracture in the 
irradiated field. Furthermore, 8 patients had late toxicities 
of grade ≥3. Four patients had grade 3 radiation pneu-
monitis and 1 patient died of radiation pneumonitis. One 
patient showed grade 3 pleural effusion. Heart-related 
death occurred in 2 patients (cardiac failure and ventricular 
fibrillation).

Table 2  Results of univariate 
and multivariate analysis for 
overall survival

CF cisplatin + 5-fluorouracil, n.a. not available, n.s. not significant

Factor Univariate Multivariate

HR (95 % CI) p value HR (95 % CI) p value

Age 0.977 (0.949–1.006) 0.113 n.a. n.s.

Gender 2.010 (1.009–4.004) 0.047 2.017 (1.013–4.017) 0.046

PS 0.976 (0.737–1.293) 0.866 n.a. n.s.

Stage (III vs IV) 0.655 (0.433–0.990) 0.045 0.654 (0.433–0.987) 0.043

Total dose (≤60 vs >60) 0.896 (0.602–1.334) 0.590 n.a. n.s.

Chemotherapy (1course vs 2courses) 1.220 (0.720–2.066) 0.460 n.a. n.s.

Regimen (CF vs other regimens) 0.622 (0.599–1.359) 0.479 n.a. n.s.

Period (2000–2005 vs 2006–2010) 1.042 (0.691–1.570) 0.845 n.a. n.s.

Fig. 1  Overall survival rate in patients with T4 and/or M1 lym 
esophageal cancer (Kaplan–Meier method)

Fig. 2  Overall survival rates in patients without M1 lym and with 
M1 lym (Kaplan–Meier method) showed a significant difference 
(4-year, 32.6 % [95 % CI 20.8–44.4 %] vs 11.7 % [95 % CI 2.1–
21.3 %], log-rank test; p = 0.04)
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Discussion

Some reports on definitive (chemo)radiotherapy, mainly 
from Japan, have been published. Although Higuchi et al. 
reported remarkably good results [8], findings from other 

institutions have remained unchanged [9–13] (Table 4). 
Our results also suggested that definitive CRT was effective 
and feasible. Indeed, there were 4 other patients with a per-
foration to the trachea, lung or mediastinum before or dur-
ing treatment besides the above-mentioned 5 patients who 
died early with perforation. These 4 patients continued or 
restarted CRT after the fever declined with antibiotics and 
fasting and completed the treatment and the perforations 
were then closed up.

In Japan, FDG-PET has been used for esophageal cancer 
since 2005. We expected FDG-PET to improve the results 
by excluding small distant organ metastasis; however, an 
improvement in results was not achieved. The best results 
in previous studies were obtained by using concurrent DCF 
(docetaxel, cisplatin and 5-FU) with radiotherapy in patients 
with relatively good performance status [8]. Based on accept-
able toxicities in the report [8], maybe more aggressive treat-
ment such as that performed by Higuchi et al. should be con-
sidered for improving treatment results in patients with good 
performance status. Because the DCF regimen in the present 
study was performed in only 5 patients, the superiority of the 
DCF regimen over other regimens is unknown; therefore, a 
randomized study is necessary.

Although performance status (PS) in the recent period 
of 2006–2010 was significantly better, long-term OS was 

Fig. 3  Overall survival rates in patients treated in 2000–2005 and in 
2006–2010 showed no significant difference (4-year, 25.5 % [95 % 
CI 13.3–37.7 %] vs 23.0 % [95 % CI 12.2–33.8 %], log-rank test; 
p = 0.84)

Table 3  Major toxicities in the 
acute phase

ALT alanine transaminase, AST aspartate transaminase

Grade 2 Grade 3 Grade 4

Leukocytopenia (%) 38.3 39.8 3.9

Anemia (%) 14.1 3.9 0.8

Thrombocytopenia (%) 7.8 3.9 0.8

Esophagitis (%) 16.1 17.2 0

Dermatitis (%) 4.9 1.6 0

Elevated serum glutamic transaminase (ALT or AST) (%) 10.9 0 0

Pneumonitis (%) 0 0.8 0

Table 4  Summary of previous reports on definitive chemoradiotherapy for advanced esophageal cancer

CF cisplatin + 5-fluorouracil, DCF cisplatin + 5-fluorouracil + docetaxel

Author Year No. (no. with M1 lym) Concurrent chemotherapy Median observation period 
(months)

Results

Current study 2000–2010 128 (58) CF: 75 46.3 Stage III: 4-year 32.6 %,
Stage IV: 4-year 11.7 %Others: 53

Higuchi et al. [8] 2006–2012 42 (22) DCF: 42 40.9 3-year 43.9 %

Sasamoto et al. [10] 1994–2001 38 (10) CF: 38 19 3-year 24 %

Ishida et al. [9] 1996–1998 60 (46) CF: 60 n.a. 2-year 31.5 %

Kaneko et al. [11] 1996–2000 39 (15) CF: 39 14 Stage IV: 3-year 10 %

Ohtsu et al. [12] 1992–1997 54 (32) CF: 54 43 Stage III: 3-year 21 %,
Stage IV: 3-year 37 %

Ishida et al. [13] 1992–1994 45 (24) CF: 45 n.a. 2-year 13.3 %
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poorer than in 2000–2005, although the difference was not 
significant. In patients with stage IV, OS was significantly 
improved [4-year, 15.2 % (95 % CI 1.1–29.9 %) vs 4.8 % 
(95 % CI 0–13.8 %), log-rank; p = 0.02]. In patients with 
stage III, OS was poor but not significant [4-year, 19.6 % 
(95 % CI 3.5–35.7 %) vs 45.3 % (95 % CI 29.2–61.4 %), 
log-rank; p = 0.20]. The reason for the difference is 
unknown. Although there was a significant difference in 
OS between patients who underwent only the first course 
of concomitant chemotherapy and patients who underwent 
the second course of concomitant chemotherapy in stage III 
(p = 0.028), the rate of completion of concomitant chemo-
therapy in 2006–2010 was not worse than in 2000–2005 
(5/30 vs 7/40).

The standard total irradiation dose worldwide is 50.4 Gy; 
however, in Japan, ≥60 Gy remains a standard dose except 
for a few institutions [6, 7, 14]. Before 2005, 64–70 Gy was 
often used as the initial planned total dose, but there was the 
impression of prolonged toxicities. However, irradiation with 
60 Gy has also recently been used at our institution. There-
fore, we compared the results for patients irradiated using 
>60 Gy with the results for patients irradiated with ≤60 Gy, 
but found no significant differences in OS or toxicities. One 
possible reason for the no difference is that some patients 
for whom second chemotherapy could not be performed 
due to decreasing PS or protracted myelosuppression were 
irradiated with >60 Gy despite the fact that irradiation with 
60 Gy was initially planned for those patients. The median 
irradiation dose in patients who could not perform a second 
course of chemotherapy was 64 Gy, and 60 Gy in patients 
who could perform a second course chemotherapy, although 
there was no significant difference (p = 0.179, Mann–Whit-
ney test). Furthermore, in multivariate analysis, irradiation 
dose was not selected as a prognostic factor of survival. Suh 
et al. reported that high-dose radiotherapy of ≥60 Gy with 
concurrent chemotherapy improved locoregional control and 
PFS in patients with stages II–III esophageal cancer [15]. 
Further prospective study is needed to determine whether 
50.4, 60 Gy or higher is superior for inoperable advanced 
squamous cell carcinoma in the esophagus.

In multivariate analysis, only stage (III being better) and 
gender (female being better) were selected as significant 
prognostic factors of survival. These factors are consist-
ent with previous reports. However, Ohtsu et al. reported 
that the results for patients with M1 lym were better than 
those for patients with T4 but without M1 lym [12]. In the 
present study, approximately 40 % of the patients with T4 
but without M1 lym survived for >3 years, although almost 
all of the patients with M1 lym died within 2 years. The 
difference between the results of the study by Ohtsu et al. 
and the present study might be due to overestimation of T 
stage because of poor image diagnosis as their study was 
performed between 1992 and 1997.

Conclusions

We showed the results of definitive CRT for T4 and/or M1 
lym esophageal cancer at a high-volume center after 2000 
in Japan. T4 patients without M1 lym showed a relatively 
good 4-year survival rate of 32.6 %; however, the results 
did not show improvement after 2000 and FDG-PET did 
not improve the results.
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