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 Background: Chemoradiotherapy (CRT) is widely accepted and is considered a standard treatment, particularly for unresect-
able and inoperable esophageal squamous cell carcinoma (ESCC). However, the optimal use of the combined 
modalities of chemotherapy (CT) and radiotherapy (RT) remains controversial. In addition, no consensus has 
been reached regarding the exact efficacy of consolidation chemotherapy (CCT) and the most appropriate ra-
diotherapy dose.

 Material/Methods: Clinical data from 262 ESCC patients treated with CRT (n=165) or RT alone (n=97) were collected and reviewed. 
The long-term outcomes were analyzed, and treatment related acute toxicity reactions were compared.

 Result: The 1-year, 3-year, and 5-year overall survival (OS) rates were 75.3%, 35.6%, and 25.3%, respectively, for the 
CRT group and 61.5%, 26.7%, and 17.6% for the RT-alone group (P=0.015). The concurrent chemoradiotherapy 
(CCRT) and sequential chemoradiotherapy (SCRT) groups exhibited similar survival outcomes (for OS, P=0.568; 
for progression-free survival (PFS,) P=0.145). CCT after CCRT did not influence OS (P=0.236) but was associat-
ed with a more favorable PFS (P=0.020). In addition, high-dose of 60–65 Gy tended to prolong OS compared 
with low-dose (<60 Gy) or excessive-dose (>65 Gy). The incidence of adverse reactions, such as esophagitis and 
leukopenia, in the CRT group were significantly higher than in the RT-alone group (P=0.019, P=0.001, respec-
tively), and no significant difference was observed between patients treated with CCRT and CCT after CCRT.

 Conclusions: Treating non-surgical ESCC patients with CCRT conferred a significant survival benefit compared with RT alone. 
CCT after CCRT prolongs PFS but does not increase acute toxicity. High-dose (60–65 Gy) CCRT could generate 
more favorable survival outcomes.
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 Abbreviations: ESCC – esophageal squamous cell carcinoma; RT – radiotherapy; CRT – chemoradiotherapy; 
SCRT – sequential chemoradiotherapy; CCRT – concurrent chemoradiotherapy; RTOG – Radiation 
Therapy Oncology Group; OS – overall survival; PFS – progression-free survival; CCT – consolidation che-
motherapy; 3DRT – three-dimensional conformal radiotherapy; IMRT – intensity-modulated radiation 
therapy
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Background

Esophageal cancer (EC) is a fatal upper gastrointestinal malig-
nancy with high morbidity and mortality in East Asia, especially 
in China, and the global burden of EC is expected to rise in the 
future [1,2]. Most EC patients are diagnosed at advanced stag-
es. Radical surgery is possible in only 15–20% cases as a result 
of tumor sites, comorbidities, or poor performance status [3]. 
Radiotherapy (RT) has played an important part in the manage-
ment of unresectable esophageal carcinoma, but this approach 
alone can rarely achieve sustained remission and long-term sur-
vival. Some studies have reported that combined chemothera-
py (CT) and RT appear to be as effective as esophagectomy for 
localized EC [4–6]. At present, neoadjuvant chemoradiothera-
py (CRT) followed by surgery is commonly used for locally ad-
vanced EC, and for patients with locally advanced unresectable 
disease; or medically fit patients who decline surgery, definitive 
CRT has been a standard treatment [7–10]. The RTOG 8501 trial 
showed that concurrent chemoradiotherapy (CCRT) is superior 
to radiation alone and generates a favorable long-term survival 
rate for non-surgical EC patients [7]. In addition, the histopa-
thology of EC varies based on geographic regions; more than 
90% of EC cases are squamous cell carcinoma (ESCC) in China. 
According to some studies in Japan, ESCC shows a higher lo-
coregional recurrence rate than adenocarcinoma and may re-
quire a higher RT dose (³60 Gy) [11–13]. Although CCRT has 
been recommended by the National Comprehensive Cancer 
Network (NCCN) as one of the standard treatments for locally 
advanced esophageal carcinoma [14], the role of CCRT and the 
optimal radiation dose remain controversial in China. Therefore, 
we retrospectively analyzed the survival of ESCC patients who 
were not candidates for surgery and received CCRT, sequen-
tial chemoradiotherapy (SCRT) or RT alone, and compared the 
safety and efficacy of different radiation doses. In addition, we 
considered the benefits of CCT following CCRT.

Material and Methods

Patients

Previously untreated patients with histopathologically con-
firmed primary ESCC at the Affiliated Tumor Hospital of Guangxi 
Medical University from 2004 to 2013 were retrospectively an-
alyzed. Patients enrolled were restaged according to the 6th 
edition of the 2002 UICC staging system. The hematological 
and biochemical parameters of the patients were suitable for 
RT or CT and patients had an ECOG status £1. All the patients 
were considered unsuitable for a radical surgery. Pre-treatment 
evaluations included a detailed clinical history, physical ex-
amination, barium swallow x-ray, upper gastrointestinal tract 
endoscopy, and computed tomography scans of the thorax 
and abdomen. None of the patients had distant metastasis, 

tracheoesophageal fistula, signs of bleeding or other primary 
cancers before and during the treatment.

Treatment regimens

Radiotherapy (RT)

2DRT

Patients who received 2DRT were irradiated using megavolt-
age photons (6 MV) in 2 phases. In the first phase, the treat-
ment was performed using an anterior/posterior opposed field 
with a dose of 34–40 Gy. The radiation field included a 3 cm 
to 5 cm margin with the primary tumor craniocaudal and ex-
tended 2 cm to 3 cm beyond the radial margins. In the second 
phase, the treatment field was changed to lateral or oblique 
fields to avoid the spinal cord. Total RT doses ranged from 56 
Gy to 74 Gy with a 1.8–2.0 Gy daily fraction.

3DRT and IMRT

The gross tumor volume (GTV) consisted of primary tumor 
(GTVnx) and enlarged mediastinal lymph nodes (GTVnd). 
Contrast-enhanced chest computed tomography scan, gas-
trointestinal barium x-ray, and esophageal endoscopy were 
performed to delineate the GTVnx and the GTVnd. The clini-
cal target volume (CTV) included the primary tumor with 3–5 
cm craniocaudal and 0.8–1 cm lateral margins and metastat-
ic lymph nodes with a 2 cm radial margin. CTV plus 5 cm to 8 
mm margins for uncertainty represented the planning target 
volume (PTV). RT plans were designed using the 5 to 7 ther-
apeutic field techniques, which limit the radiation dose to 
some organs at risk (OARs) such as the heart, lungs and spi-
nal cord. The total prescribed RT dose ranged from 50 Gy to 
70.4 Gy, and the daily fraction ranged from 1.8 Gy to 2.2 Gy 
(5 fractions/week).

Chemotherapy (CT)

Patients who received CT underwent 1 of 2 regimens, a cispl-
atin-based regimen combined with fluorouracil (5-FU) or a pa-
clitaxel regimen. 5-FU (500 mg/m2 per day) was infused for the 
first 5 days, paclitaxel (135/175 mg/m2) on day 1, and cisplatin 
(75–80 mg/m2) was administered for 3 days in a 21-day cycle. For 
frail and elderly (³80 years) patients, 75% of the standard dose 
was used. All regimens were administered in 1 to 3 cycles dur-
ing or after RT. An additional 2 to 4 cycles of platinum-based CCT 
were administered depending on patients’ conditions after CCRT.

Endpoints and toxicity assessments

The primary endpoints were overall survival (OS) and progres-
sion-free survival (PFS). OS referred to the duration from the 
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date of treatment to the date of death from any cause or the 
date of the last visit. In addition, PFS was the duration from 
the date of treatment to the date of death or tumor progres-
sion. The Response Evaluation Criteria in Solid Tumors (RECIST 
version 1.0) was applied for assessing treatment responses 
1–3 weeks after all treatments were completed. Acute radia-
tion toxicities were assessed by using the toxicity criteria of 
the RTOG, and the chemotherapeutic toxicities were evaluat-
ed according to the Common Terminology Criteria for Adverse 
Events (CTCAE, V 4.0).

Follow-up

All patients enrolled were followed by outpatient review and 
telephone follow-up after treatment completion. Patients 
were rechecked every 3 months for the first year and every 6 
months thereafter. The main inspection items included care-
ful physical examination of lymph nodes, esophageal endos-
copy, and computed tomography scanning. Bone scans were 
applied when necessary.

Statistical analysis

Continuous data conforming to a normal distribution are pre-
sented as the median ±SD, and the differences were analyzed 
using Student’s t-test. Categorical variables were analyzed by 
the c2 test or Fisher’s exact test. OS and PFS rates were calcu-
lated by the Kaplan-Meier method, and differences in survival 
curves were compared by log-rank tests. Multivariate analysis 
of prognostic factors was measured by a Cox proportional haz-
ards model, and toxic reactions were compared using the non-
parametric Kruskal-Wallis test or the Mann-Whitney U test. A 
P value <0.05 indicated a significant difference. All statistical 
analyses were performed with IBM SPSS 17.0.

Results

Patient characteristics and follow-up results

Among 262 EC patients, 124 cases received CCRT, 41 received 
SCRT, and 97 received RT alone. In the CCRT group, 65 re-
ceived CCT, and 59 cases did not. Detailed characteristics of 
the patients are shown in Table 1. The endpoint of the follow-
up was September 2017, and the median follow-up time was 
18.5 months (range, 3 to 106 months). The follow-up rate was 
96.9%, with 8 cases lost to follow-up.

Treatment response

For patients treated with CRT (CCRT+SCRT), 37.6% patients (62 
out of 165) achieved CR (complete response), 52.7% patients 
(87 out of 165) achieved PR (partial response), 6.7% (11 out of 

165) achieved stable disease, and 1.2% (2 out of 165) devel-
oped PD (progressive disease). For the patients who received 
RT alone, 29.9% (29 out of 97) achieved CR, 43.3% (42 out of 
97) achieved PR, 19.6% (19 out of 97) achieved stable disease, 
and 3.1% (3 out of 97) developed PD. The CRT group demon-
strated a significantly higher overall response rate (CR+PR) 
than the RT-alone group (90.3% vs. 73.2%, P<0.05).

Survival outcomes

For the entire group of patients, the 1-year, 3-year, and 5-year 
OS were 69.6%, 32.1%, and 22.5%, respectively. The median 
OS was 20 months (95% CI, 16.9 to 23.1 months). As shown 
in Figure 1, patients treated with CRT exhibited a significant-
ly better OS than patients treated with RT alone (1-year OS 
75.3% vs. 61.5%; 3-year OS 35.6% vs. 26.7%; 5-year OS 25.3% 
vs. 17.6%, P=0.015). The median OS was 22 months (95% CI, 
18.2 to 25.8 months) and 16 months (95% CI, 13.2 to 18.8 
months), respectively.

For CCRT group, 1-year, 3-year, and 5-year OS rates were 
78.2%, 36.1%, and 26.1%, respectively, while 65.6%, 34.4%, 
and 23.7% for SCRT group, respectively. The median OS was 
22 months (95% CI, 17.4 to 26.6 months) and 20 months (95% 
CI, 11.2 to 28.8 months), respectively. The 1-year, 3-year, and 
5-year PFS rates were 63.9%, 24.9%, and 17.4%, respective-
ly, for the CCRT group and 52.8%, 19.9%, and 11.2%, respec-
tively, for the SCRT group. The median OS for these 2 groups 
were 16 months (95% CI, 11.9 to 20.1 months) and 13 months 
(95% CI, 6.8 to 19.2 months), respectively. No obvious differ-
ence was found between the 2 groups in relation to either OS 
(P=0.568) or PFS (P=0.145). The results are shown in Figure 2.

We also evaluated the efficacy of CCT. Patients who under-
went CCRT (n=124) were divided into 2 groups: patients who 
received CCT after CCRT (n=65) and those who did not (n=59). 
As is shown in Figure 3, for CCRT with CCT (CCRT+CCT), 1-year, 
3-year, and 5-year OS were 83.7%, 41.9%, and 30.5%, respec-
tively, while 71.2%, 30.4%, and 21% for CCRT without CCT 
(CCRT alone), respectively (P=0.236). However, the CCRT+CCT 
group achieved better PFS (70.5%, 31.2%, and 21.8 vs. 57.6%, 
17.7%, and 12.1%, P=0.020). In addition, the median OS and 
PFS for the CCRT alone group were 19 months (95% CI, 14.9 
to 23.4 months) and 12 months (95% CI, 9.9 to 14.1 months), 
respectively, while for the CCRT+CCT group, the median OS 
and PFS were 25 months (95% CI, 17.4 to 32.6 months) and 
18 months (95% CI, 12.6 to 23.4 months).

As no consensus has been reached on the appropriate dose of 
RT for CCRT, in the current study, we compared the efficacies 
of different doses. Among the patients who received CCRT, 17 
received CCRT <60 Gy (median: 56.0 Gy, low-dose group), 51 
received 60–65 Gy CCRT (median: 63.0 Gy, high-dose group), 
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and 56 received >65 Gy CCRT (median: 66.6 Gy, excessive-
dose group). Our results indicated that high dose CCRT was 
significantly associated with higher OS (P=0.026) and PFS 
(P=0.037) compared with low-dose CCRT. Compared with the 
excessive-dose group, high-dose CCRT tended to prolong the 
OS (P=0.033), as shown in Figure 4.

Toxicity of treatment

The toxicity profile is presented in Tables 2 and 3. The most 
frequently observed acute toxicities included radiation esoph-
agitis, radiation pneumonitis, leukopenia and thrombocytope-
nia. There was no significant difference for CRT or RT alone be-
tween the low-dose (<60 Gy) and high-dose (60–65 Gy) groups 
with respect to radiation esophagitis, radiation pneumonitis 

and thrombocytopenia (all P>0.05). Almost all grade 4 acute 
toxicities were observed in patients who received excessive-
dose (> 65 Gy). However, patients who received CRT developed 
significantly more leukopenia above grade 2 (<60 Gy: 41.7% vs. 
6.7%, P=0.006; 60–65 Gy: 45.7% vs. 22.6%, P=0.014; >65 Gy: 
54.3% vs. 29.4%, P=0.001). There was no significant difference 
in radiation-esophagitis ³ grade 2 among the high- and low-
dose groups (P=0.739), but the excessive-dose group showed 
significantly more radiation-esophagitis ³ grade 2 than the 
high-dose group (P=0.021). Furthermore, no significant differ-
ence in toxicities ³ grade 2 was observed between patients 
treated with CCRT alone and CCRT with CCT.

RT alone 
(n=97)

CRT 
(n=165)

P- 
value

Gender 0.007

 Male 68 139

 Female 29 26

Age, years 0.000

 Range 41–84 40–80

 Median 64 55

Primary tumor site 0.516

 Cervical 6 20

 Upper thoracic 33 46

 Middle thoracic 44 71

 Low thoracic 11 22

 Diffuse 3 6

Primary tumor length 0.806

 Range 1.7–12 1.0–15.2

 Median 6 5.7

T stage 0.220

 T1 2 7

 T2 15 34

 T3 46 58

 T4 34 66

Table 1. Baseline patient characteristics.

RT – radiotherapy; CRT – concurrent chemoradiotherapy; 
2DRT – conventional radiotherapy; 3DRT – three-dimensional 
conformal radiotherapy; IMRT – intensity-modulated radiation 
therapy; GTV – gross tumor volume.

RT alone 
(n=97)

CRT 
(n=165)

P- 
value

N stage 0.200

 N0 35 47

 N1 62 118

M stage 0.278

 M0 72 112

 M1a 25 53

Clinical stage 0.188

 I + II 22 26

 III 52 85

 IV 23 54

Pathology differentiation 0.817

 Well 13 22

6Moderate 29 56

 Poor 42 67

Radiotherapy technique 0.062

 2DRT 20 17

 3DRT 32 57

 IMRT 45 91

Radiation dose for GTV 
(Gy)

0.176

 <60 Gy 15 24

 60–65 Gy 31 71

 >65 Gy 51 70
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Prognostic analysis

In the multivariate Cox regression analysis, our results dem-
onstrated that only weight loss and T stage were identified 
as having prognostic significance for OS (p<0.05), and treat-
ment group (RT alone), T stage (T3–4), N stage (N1) and clin-
ical stage (stage 3–4) were associated with a poor prognosis 
for PFS (Table 4).

Discussion

For EC patients treated with RT alone, the 5-year survival rate 
of EC was only approximately 2–20% [15]. The RTOG 85-01 ran-
domized phase 3 clinical trial compared the effective survival 
benefits of combined-modality therapy (CCRT) with definitive 
RT alone for non-surgical EC. In this report, the combined ther-
apy arm showed 5-, 8-, and 10-year survival benefits [16]. RT 
with a dose of 50 Gy combined with CCRT using cisplatin and 
5-FU is recommended as a standard treatment by the NCCN 
guidelines for patients with resectable EC who refused surgery 
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Figure 1.  The overall survival rates of esophageal squamous cell 
carcinoma patients treated with chemoradiotherapy or 
radiotherapy alone.
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Figure 2.  Kaplan-Meier curves of esophageal squamous cell carcinoma patients treated with concurrent chemoradiotherapy or 
sequential chemoradiotherapy. (A) Overall survival rate; (B) progress-free survival rate.
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Figure 3.  Kaplan-Meier curves of esophageal squamous cell carcinoma patients treated with or without consolidation chemotherapy 
after concurrent chemoradiotherapy. (A) Overall survival rate; (B) progress-free survival rate.
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Toxicities
RT alone (n=97) CRT(n=165)

P-value
Grade 0–1 Grade 2 Grade 3 Grade 4 Grade 0–1 Grade 2 Grade 3 Grade 4

<60 Gy

 Radiation esophagitis 13 2 0 0 20 4 0 0 0.436

 Radiation pneumonia 15 0 0 0 23 1 0 0 0.546

 Leukopenia 14 1 0 0 14 6 4 0 0.006

 Thrombocytopenia 15 0 0 0 22 2 0 0 0.345

60–65 Gy

 Radiation esophagitis 26 4 1 0 57 12 2 0 0.515

 Radiation pneumonia 29 1 1 0 65 5 1 0 0.680

 Leukopenia 24 5 2 0 39 17 14 1 0.014

 Thrombocytopenia 28 1 2 0 65 4 2 0 0.503

>65 Gy

 Radiation esophagitis 42 8 1 0 44 21 4 1 0.019

 Radiation pneumonia 45 4 2 0 57 8 4 1 0.167

 Leukopenia 36 11 3 1 32 25 12 1 0.001

 Thrombocytopenia 49 2 0 0 61 6 3 0 0.192

Table 2. Treatment related toxicities of RT alone and CRT groups.

RT – radiotherapy; CRT – concurrent chemoradiotherapy.
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Figure 4.  Kaplan-Meier curves of patients received different radiotherapy dose. (A) Overall survival rate; (B) progress-free survival rate.

Toxicities
CCRT alone (n=59) CCRT+CCT (n=65)

c2 P-value
Grade 0–1 Grade 2 Grade 0–1 Grade 2

Leukopenia 31 28 26 39 1.963 0.161

Thrombocytopenia 52 7 60 5 0.616 0.432

Radiation esophagitis 43 16 44 21 0.399 0.528

Radiation pneumonia 53 6 55 10 0.757 0.384

Table 3. Treatment related toxicities of CCRT alone and CCRT+CCT groups.

CCRT – concurrent chemoradiotherapy; CCT – consolidation chemotherapy.
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or for patients at an advanced stage or who are not candi-
dates for radical esophagectomy. Although CCRT has shown 
improved local control and long-term survival, other studies 
have reached different conclusions[17-19]. In addition, the radi-
ation dose administered to East Asian patients in series reports 
was higher than that administered to Western patients [20].

The results of our research indicated that CRT leads to sig-
nificantly better 3-year and 5-year OS rates than RT alone 
(35.6% vs. 26.7%; 5-year OS 25.3% vs. 17.6%, P=0.015), and 
this seemed consistent with some previous studies [11,16]. 
Our research found a better 5-year OS than Alsarraf et al. re-
ported (27% and 0%), although this discrepancy might be be-
cause the patients in that study were all treated with 2DRT, 
whereas in our study, the majority of enrolled patients received 
IMRT or 3DRT. In addition, the 3-year OS and 5-year OS for pa-
tients who received CCRT in our study were worse than those 
reported in a phase II prospective trial in Japan [11]. We sug-
gest that a major reason for this survival difference is differenc-
es in disease stage. Our study included 32.7% stage IVa ESCC 
patients; however, all patients in their trial were stage II to III.

Whether SCRT improves ESCC outcomes remains controver-
sial. Gupta et al. [21] reported that CCRT induced a better CR 
rate than SCRT (82.4% vs. 35%). Thus, CCRT significantly im-
proved local control of ESCC. Xing et al. [22] compared the ef-
ficacy and safety of CCRT and SCRT, and the results indicated 
response rates (RRs) for CCRT and SCRT of 91.6% and 67.7%, 
respectively (P=0.023). In addition, patients treated with CCRT 
exhibited higher degrees of acute toxicity reactions, but no sig-
nificant difference was observed. A meta-analysis containing 
including 19 randomized controlled trials revealed that SCRT 
did not improve local control and might cause more severe 
toxicity reactions [23]. In this study, SCRT slightly improved the 
3-year and 5-year OS and PFS, and CCRT led to a better OS than 
SCRT, but no significant difference was observed. We suggest 

2 major reasons for this survival difference. One may be the 
short CCRT treatment cycle, which might minimize the accel-
erated proliferation of tumor cells. Therefore, CCRT significant-
ly improves local control and short-term efficiency. However, 
the toxic effects of CCRT might supersede these effects, which 
could offset treatment benefits, resulting in no significant im-
provement in 5-year OS. The survival difference may also be 
related to fewer patients in the SCRT group.

CCT after initial treatment has shown efficacy and improved 
clinical outcomes in some cancers, such as cervical [24] and 
non-small-cell lung cancer (NSCLC) [25]. For EC patients who 
have achieved a maximum tumor response from CCRT, many 
oncologists recommend CCT in an attempt to improve disease 
control and possible survival benefits. However, the exact role 
of CCT following CCRT has not been defined. Di Fiore F et al. [26] 
compared the efficacy of CRT and additional CT after CRT, and 
their results suggested that patients who received addition-
al CT after CRT experienced less metastatic disease (P=0.03). 
Kim et al. [3] reported that 2–6 additional cycles of CT as CCT 
led to better survival outcomes, the median PFS and OS were 
25.5 months, 12.3 months (P=0.114) and 13.3 months, 7.4 
months in the 2 groups, respectively. However, in a recently 
published large retrospective study, Chen et al. did not find 
any OS benefit of consolidation CT. In our present study, 2–4 
additional cycles of CCT following CCRT tended to prolong OS 
(25 months vs 19 months, P=0.236) and PFS (18 months vs. 
12 months, P=0.020) compared with no consolidation group. 
These results underlined the potential benefit of CCT in reduc-
ing metastatic occurrence.

According to the RTOG 9405 prospective randomized clinical 
trial results, NCCN guidelines recommended the standard rad-
ical dose for EC as 50.0–50.4 Gy [27]. The trial also demon-
strated that high-dose RT (64.80 Gy) might lead to a higher 
treatment-related mortality rate. However, more than 60% of 

Factors
OS PFS

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

Pathology differentiation 0.813 (0.609–1.085) 0.160 0.896 (0.682–1.179) 0.433

Primary tumor site 1.086 (0.521–2.263) 0.826 0.676 (0.334–1.367) 0.276

Weight loss 0.747 (0.561–0.994) 0.046 1.107 (0.856–1.432) 0.440

Concurrent chemotherapy 1.208 (0.892–1.637) 0.221 1.405 (1.059–1.864) 0.018

T stage 0.584 (0.371–0.920) 0.020 0.635 (0.417–0.968) 0.035

Nstage 0.743 (0.530–1.044) 0.087 0.656 (0.480–0.896) 0.008

M stage 0.801 (0.575–1.113) 0.186 0.736 (0.538–1.008) 0.056

Clinical stage 0.746 (0.444–1.253) 0.268 0.563 (0.343–0.924) 0.023

Table 4. Multivariate analysis of prognostic factors for OS and PFS.

OS – overall survival; PFS – progression-free survival; HR – hazard ratio; 95% CI – 95% confidence interval.
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patients enrolled in the RTOG 9405 trial exhibited early clini-
cal stage disease. The pathological types included both squa-
mous cell carcinoma and adenocarcinoma, and gastroesoph-
ageal cancers were also included, all of which might have 
survival rates that differ from that of ESCC. Indeed, some stud-
ies have reported that the survival rate and efficiency differ 
between esophageal adenocarcinoma and squamous cell car-
cinoma patients receiving CCRT [13,28]. In addition, because 
the previous trial was performed earlier, 2DRT treatment was 
administered. Therefore, the heterogeneous inclusion criteria 
and the conventional RT techniques might not be sufficient 
for determining the optimal dose of radiotherapy for modern 
treatments of ESCC.

In recent years, due to the application of 3DRT and IMRT, high-
er doses can be administered, and greater biological effects 
can be achieved at the tumor area. The protection of normal 
tissue is also better compared with conventional conformal 
radiotherapy, which improves the curative effect and reduc-
es side effects [29–32]. In a retrospective study of 2061 pa-
tients, Chang et al. reported that IMRT-based high-dose CCRT 
(³60 Gy) yielded more favorable survival outcomes than stan-
dard-dose CCRT (<60 Gy), especially for ESCC patients at ad-
vanced stages [33]. Furthermore, a meta-analysis containing 
55 randomized controlled trials reported that IMRT-based high-
dose CCRT induced significant improvements in 5-year OS, CR 
and total efficiency [34]. In our current research, the majority of 
patients (85.9%) received IMRT or 3DRT, and a stratified anal-
ysis showed that a total dose of 60–65 Gy prolonged OS (20 
vs. 26 months, P=0.124) and PFS (19 vs. 24 months, P=0.168) 
compared with low-dose (<60 Gy), and an excessive-dose (>65 
Gy) radiation, which showed poor outcomes. Cancer type is 
important on response to multiple EC treatment [35]. Due to 
a higher local recurrence rate than adenocarcinoma, ESCC 
might require a higher RT dose (³60 Gy) [12]. All patients in 
our study were diagnosed with ESCC, and our results revealed 
that high-dose RT conferred significant survival benefit, which 
agreed with the conclusions of the aforementioned studies.

These results could be explained by the fact that high-dose 
3DRT or IMRT-based CCRT could increase the local control rate 
of patients with ESCC, resulting in improved survival outcomes 

without causing severe radiotherapy-related severe respira-
tory complications [6,16]; however, an excessive dose might 
lead to complications associated with a substantial reduction 
in survival. Limited by the retrospective nature of the study 
and the relatively small number of samples, as well as the fact 
that some patients received 2DRT, these results require fur-
ther prospective clinical studies to be confirmed.

Due to the better target conformity and normal tissue sparing 
of 3DRT and IMRT compared with those of conventional RT 
techniques, the irradiation toxicity reactions, including radia-
tion pneumonitis and esophagitis were reduced [17]. Our re-
sults indicated that most of the acute toxicity reactions among 
all patients were grade 1 and 2, although grade 3 or grade 4 
acute toxicity reactions occurred in a few cases, similar to pre-
vious relevant reports [21,22,36]. Although more toxicities, es-
pecially grade 3 and 4 hematological toxicities, were observed 
in the CRT group than in the RT alone group, most cases of tox-
icity were manageable, and no treatment-related death was 
observed. We suggest that the difference was mainly caused 
by CT. Favorable toxicity profiles were found for both the low-
dose (<60 Gy) and high-dose (60–65 Gy) CCRT groups, and no 
statistically significant differences were observed between the 
2 groups. However, more severe toxicities were found in the 
excessive dose (>65 Gy) CCRT group.

Conclusions

In conclusion, CRT yields more favorable efficacy and survival 
outcomes, suggesting the important role of CRT in the treat-
ment of non-surgical ESCC. The CCRT and SCRT groups exhibit-
ed similar survival outcomes. CCT after CCRT prolongs PFS but 
does not increase the incidence rate of acute toxicity. Based 
on these results, we recommend CCRT as the preferred treat-
ment for relatively healthy patients with non-surgical ESCC. In 
addition, compared with a standard or excessive CCRT dose, 
high-dose CCRT generates more favorable survival outcomes.
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