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Abstract 
Objective: To investigate the impact of local tumor factors on the prognosis 
of non-metastatic esophageal squamous cell carcinoma patients. Methods: 
We performed a retrospective analysis of data from 278 consecutive esopha-
geal squamous cell carcinoma patients between January 2009 and December 
2016. The prognosis factors such as the GTV volume, GTV maximum di-
ameter, and GTV length were analyzed. Results: The results of ROC curve 
analysis showed that prognosis critical values of the GTV volume, GTV 
maximum diameter, and GTV length were 27.98 cm3, 1.80 and 5.85 cm, re-
spectively. The result of the univariate analysis showed that the GTV volume 
(P = 0.0184), GTV maximum diameter (P = 0.0246), and GTV length (P = 
0.0035) were the prognostic factors for overall survival; the barium meal 
length (P = 0.0149) was the prognostic factor for local control. The multiva-
riate analysis showed that the barium meal length (P = 0.0013), GTV maxi-
mum diameter (P = 0.0047), and GTV length (P = 0.0032) as the independent 
prognostic factors associated with overall survival; the barium meal length (P 
= 0.0037) was the only independent prognostic factors for local control. Con-
clusion: The esophageal lesion length was the main prognosis factor for pa-
tients with non-metastatic esophageal squamous cell carcinoma. Therefore, 
we suggest that the physician must give enough attention to these patients in 
clinical practice, and give active treatment. 
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1. Introduction 

There are many prognostic factors in patients with esophageal squamous cell 
carcinoma (SCC) receiving radiotherapy. Among them, the local tumor factors 
of esophageal lesions, such as primary tumor, maximum diameter, lesion length, 
and depth of invasion are closely related to the prognosis of patients. According 
to Boggs, in sixty-seven patients treated for esophageal cancer with chemoradi-
otherapy followed by esophagectomy, the primary tumor volume was the only 
multivariate predictor for overall survival (P = 0.0012) and progression-free sur-
vival (P = 0.030) at 5-years, rather than traditional TNM staging [1]. Nowadays, 
related published data are common, but most of the patients in the literature 
have different stages, especially those with positive lymph node metastasis, 
which may affect the results of the data analysis. To clarify the predictive value 
of local tumor factors in esophageal SCC patients receiving radiotherapy, we 
analyzed 278 cases of consecutive non-metastatic esophageal SCC patients. 

2. Material and Method 
2.1. Eligibility Criteria 

The eligibility criteria included 1) Adults patients with newly diagnosed esopha-
geal SCC, 2) The Karnofsky performance status ≥ 70%, 3) Single and primary 
esophageal lesion, with a wall thickness of >5 mm on CT; 4) Patients with com-
plete CT scan of the chest, esogastroscopy, and barium meal esophagogram be-
fore receiving radiotherapy; 5) No supraclavicular, mediastinal or abdominal 
lymph node metastases or distant organ metastases detected on CT, MRI or 
PET/CT; 6) No prior cancer therapy. All patients with distant metastases or with 
any serious illnesses that would affect the treatment were excluded from this 
study. 

2.2. Patient Characteristics 

From January 2009 to December 2016, 278 consecutive patients with esophageal 
SCC received definitive radiotherapy in our radiotherapy department, of whom 
193 were male and 85 were female; their ages ranged from 37 to 89 years, with a 
median of 67 years; 16 patients had lesions in the cervical esophagus, 81 in the 
upper thoracic esophagus, 126 in the middle thoracic esophagus and 55 in the 
lower thoracic esophagus; they were graded according to the degree of dysphagia 
before treatment, 103 patient had grade 1 and 175 patients had grade 2. Among 
them, 205 patients received involved-field radiotherapy (IFRT) and 73 patients 
received elective nodal irradiation (ENI) (Table 1). The patients were staged ac-
cording to the 2010 AJCC staging criteria [2]. 
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Table 1. Patients clinical characteristics. 

Patients clinical characteristics n (%) 

Age (median, range) 67 years (37 - 89) 

Sex 2.3 

- Male 193 (69.4) 

- Female 85 (30.6) 

Primary site in esophagus  

- Cervical 16 (5.8) 

- Upper thoracic 81 (29.1) 

- Middle thoracic 126 (45.3) 

- Lower thoracic 55 (19.8) 

Dysphagia  

- Grade 1 103 (37.1) 

- Grade 2 175 (62.9) 

Tumor stage  

- Stage I 26 (9.4) 

- Stage II 201 (72.3) 

- Stage III 51 (18.3) 

Radiotherapy  

- IFRT 205 (73.7) 

- ENI 73 (26.3) 

Chemotherapy  

- cCRT 44 (15.8) 

- sCRT 28 (10.1) 

- No 206 (74.1) 

cCRT: Concurrent chemoradiotherapy; sCRT: Sequential chemoradiotherapy; IFRT: In-
volved field radiotherapy; ENI: Elective nodal irradiation. 

2.3. Chemotherapy 

In the whole group, 72 (25.9%) patients underwent chemotherapy, including 
concurrent chemotherapy 44 cases and sequential chemotherapy 28 cases (Table 
1). Typically, patients received 2 - 6 cycles of platinum-based chemotherapy re-
gimen, mainly LFP regimen (calcium folinate 200 mg/time, 5-Fluorouracil 1 
g/session on day 1 to 5, Cisplatin 20 mg/time on day 1 to 5, Days 1 to 5) and TP 
regimen (paclitaxel 240 mg/time, on day 1, cisplatin 20 mg/time, on days 1 to 5). 

2.4. Radiotherapy Planning and Target Volume Definition 
2.4.1. IFRT Target Volume Definition 
All patients were scanned and positioned under a CT simulator from Siemens 
(Somatom Sensation Open, Germany). Radiation therapy was to be delivered 
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with three-dimensional conformal radiotherapy (3D-CRT) or Intensity Mod-
ulated Irradiation Therapy (IMRT). Treatment plans were generated with a 
three-dimensional planning system (ADAC Pinnacle3 8.0 m, Philips Medical 
Systems, USA). For IFRT, the gross tumor volume (GTV) was defined as any 
visible esophageal lesions shown on CT, barium esophagography, localizable CT 
or diagnostic CT images, and PET/CT scans if available, plus any involved 
lymph node (GTV-nd). The clinical tumor volume (CTV) was defined as GTV + 
2.0 - 3.0 cm margin superior and inferior to the primary tumor and 0.5 - 0.8 cm 
margin in the other four directions. The planning tumor volume (PTV) was de-
fined as CTV+ 0.5 to 1.0 cm margin uniformly in all directions. The maximum 
diameter and length of the GTV and its volume are obtained according to the 
patient treatment planning system, where the maximum transverse diameter of 
the GTV refers to the maximum diameter of the esophageal lesion shown on the 
cross-section of the CT image, the length of the GTV refers to the length of the 
esophageal lesion from the most upper to the most lower layer shown on the CT 
image, and the volume of the GTV is automatically calculated by the treatment 
planning system. The doses prescription required that 95% of PTV should re-
ceive a dose of 54 - 68 Gy in 27 - 34 fractions/5 - 7 weeks, with a median dose of 
62 Gy. 

2.4.2. ENI Target Volume Definition 
The delineation of the GTV, CTV, and PTV of patients is the same as that of 
IFRT patients. The lymph node drainage area is delineated according to the 
American Thoracic Association's classification of chest lymph nodes. The upper 
thoracic lymph node drainage area includes bilateral supraclavicular, area 2, and 
areas 4, 5, 6, 7, and 8, the lower boundary is 4 to 5 cm below the tracheal bifurca-
tion or carina; the lymph node drainage area in the middle thoracic area in-
cludes area 2, area 4, area 5, area 6, area 7 and area 8. The lower boundary is the 
cardia lymph node area; the lower thoracic drainage area includes area 4, area 5, 
area 6, area 7, area 8, paracardia, lesser gastric curvature, and left gastric lymph 
node area. The delineated lymph node drainage area is defined as CTV-nd. The 
PTV-nd was defined as CTV-nd + 0.3 - 0.5 cm in the anterior, posterior, left and 
right directions, and 1.0 - 1.5 cm in the up and down directions. The constraint 
doses prescription requires that 95% of PTV-nd received (45 - 50.4) Gy/(25 - 28) 
fractions/5 weeks, with the median dose of 50.4 Gy. After the first course of ra-
diotherapy, the field was reduced to PTV, the prescribed dose was (10 - 20) 
Gy/(5 - 10) fractions/(1 - 2) week, for the total prescribed dose range of 56 - 70 
Gy, and the median dose was 62 Gy. 

From all groups, 76 patients received IMRT and 202 patients received 
3D-CRT. IFRT and ENI patients are required to delineate the target area while 
delineating the adjacent important tissues and organs. The doses constraints to 
organs at risk were: V20 for both lungs < 25%, and the average dose < 14 Gy; the 
average heart dose < 24 Gy; the maximum spinal cord dose < 45 Gy. All treat-
ments were performed with Siemens linear accelerator 6 MVX. 
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2.5. Follow up 

Patients were followed up as of December 31, 2019. Radiotherapy patients were 
followed up for 3 to 123 months, with a median of 39 months. The follow-up 
rate was 98.1%. There were 136, 83, and 38 patients who survived 1, 3, and 5 
years, respectively. 

2.6. Statistical Methods 

All statistical analysis was performed using SPSS 21.0 statistical software, the 
Kaplan-Meier method was used for univariate analysis, and significance test was 
performed by two-tailed Log-rank method; ROC curve analysis in diagnostic 
tests was used to obtain the best tumor local factors predicting the prognosis of 
esophageal SCC patients. The optimal cut-off value, sensitivity, specificity, and 
area under the curve of the diagnostic test are calculated using the ROC curve, 
and the critical value of each tumor local factor to predict the prognosis of the 
patient was determined at the same time; the Cox proportional hazard. 

3. Results 
3.1. Tumor Local Factors Analysis 

The length of the patient’s esophageal barium meal contrast ranges from 1.8 to 
15.0 cm, with a median of 5.0 cm. According to the TPS system of the conformal 
radiotherapy plan, the target area of the esophageal lesion is delineated to obtain 
the GTV maximum transverse diameter, GTV length, and GTV volume. The 
GTV maximum transverse diameter was 0.75 - 7.14 cm, with a median of 2.52 
cm; GTV length was 1.8 - 17.10 cm, a median of 7.20 cm; GTV volume was 5.43 
- 265.21 cm3, a median of 39.11 cm3. 

3.2. ROC Curve Analysis of the Effectiveness of Tumor Local  
Factors in Predicting the Prognosis of Esophageal  
SCC Patients 

Take the local tumor factors as the detection variables, the patient’s survival 
status as the state variable, and set the value of the state variable as 0 to estab-
lish the ROC curve. The results showed that the lesion length, GTV maximum 
transverse diameter, GTV length, and GTV volume area under the curve of 
esophageal barium meal were 0.638, 0.662, 0.665, and 0.631, respectively. The 
above indicators can effectively predict the prognosis of patients with esopha-
geal SCC, and the difference is statistically significant (P < 0.05); their cut-off 
values were 4.25 cm, 1.80 cm, 5.85 cm, and 27.98 cm3, respectively. The sensi-
tivity of predicting the prognosis of the patient was 82.8%, 76.7%, 77.8%, and 
72.2%, and the specificity was 60.0%, 75.6%, 73.6% and 76.7% respectively 
(Table 2). 

3.3. The Impact of Treatment-Related Conditions on the  
Prognosis of Esophageal SCC Patients 

The patients were grouped according to whether they received chemotherapy,  
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Table 2. ROC curveanalysis. 

Variables Area 
Std.  

Error(a) 
P 

95% Confidence Interval 

Lower 
Bound 

Upper 
Bound 

Barium meal length 0.638 0.048 0.008 0.545 0.732 

GTV maximum 
diameter 

0.662 0.048 0.002 0.568 0.757 

GTV length GTV 0.665 0.048 0.002 0.571 0.760 

GTV volume GTV 0.631 0.049 0.013 0.535 0.727 

GTV: Gross Tumor Volume. 
 
ENI treatment, the prescribed dose, and whether they were intensity-modulated. 
The results showed that chemotherapy, prescribed dose, and treatment methods 
had no significant effect on the prognosis of patients, but the survival rate of ENI 
patients was significantly better than that of IFRT patients (P = 0.0394, Table 3). 

3.4. The Influence of Tumor Local Factors on the Prognosis  
of Esophageal SCC Patients 

The univariate analysis of 278 patients with esophageal cancer showed that the 
length of esophageal barium meal contrast (P = 0.0004), the maximum trans-
verse diameter of GTV (P = 0.0246), the length of GTV (P = 0.0035), and the 
volume of GTV (P = 0.0184) were all prognostic factor affecting the survival rate 
of esophageal SCC patients; the length of the esophageal barium meal contrast 
lesion (P = 0.0149) is a factor affecting the local control rate of the patient (Table 
4). Incorporating the above factors into the Cox model for multivariate analysis, 
the results showed that the length of esophageal barium meal contrast lesions (P = 
0.0013), GTV maximum transverse diameter (P = 0.0047) and GTV length (P = 
0.0032) are independent prognosis of patient survival rate Influencing factors; 
the length of esophageal barium meal contrast lesions (P = 0.0037) is an inde-
pendent prognostic factor of the patient's local control rate (Table 5). 

4. Discussion 

Radiation therapy is the main treatment for non-surgical treatment of patients 
with esophageal SCC, and radiotherapy mainly targets the local tumor and 
lymph node metastasis. Therefore, compared with distant metastasis, for 
non-surgical esophageal SCC patients receiving radiotherapy, it is more targeted 
to discuss the impact of tumor local factors on the survival rate of patients with 
esophageal SCC undergoing non-surgical treatment of radiotherapy. 

In this study, we analyzed the more routine local tumor factors that are clini-
cally concerned and easily available. To exclude the influence of lymph node 
metastasis on the survival rate of esophageal SCC patients, we only enrolled pa-
tients with clinically non-metastatic esophageal SCC. The analysis showed that 
the length of the esophageal barium meal contrast lesions, the maximum  
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Table 3. Treatment modality. 

Treatment status n 
Survival rate (%) 

χ2 P 
1-year 3-years 5-years 

Chemotherapy Yes 72 77.97 42.37 20.34 0.01 0.9431 
 No 206 78.92 38.24 20.59   

ENI Yes 73 81.13 52.83 28.03 4.24 0.0394 

 No 205 78.10 35.71 18.57   

Dose ≤60 Gy 105 77.36 33.02 16.98 2.03 0.1542 

 >60 Gy 173 79.62 43.31 22.73   
RT-technic IMRT 76 81.82 51.52 24.24 3.17 0.0748 

 3D-CRT 202 77.66 35.02 19.29   

ENI: Elective nodal irradiation; IMRT: Intensity-modulated radiation therapy; 3D-CRT: 3-Dimensional conformal radiothera-
py. 
 
Table 4. Univariate analysis of prognosis factors associate with survival and local control rate. 

Variables n 
Survival rate (%) 

χ2 P 
Local control rate (%) 

χ2 P 
1-year 3-years 5-years 1-year 3-years 5-years 

Barium meal length    12.54 0.0004    5.92 0.0149 

 ≤4.5 cm 71 88.54 53.22 29.17   85.09 67.69 63.27   
 >4.5 cm 207 73.05 31.14 15.57   77.44 54.82 42.79   

GTV maximum diameter    5.05 0.0246    1.44 0.2295 

 ≤1.8 cm 60 90.57 47.17 28.30   84.59 65.73 57.26   

 >1.8 cm 218 75.71 37.14 18.57   79.19 58.37 49.82   
GTV length     8.54 0.0035    2.80 0.0943 

 ≤6.0 cm 91 88.89 51.85 29.63   83.99 64.65 61.04   
 >6.0 cm 187 74.18 33.52 16.48   78.96 57.69 46.21   

GTV volume     5.56 0.0184    0.22 0.6411 

 ≤30.0 cm3 93 90.11 46.15 25.27   78.92 60.32 53.98   
 >30.0 cm3 185 72.67 35.47 18.02   81.19 59.59 49.47   

GTV: Gross Tumor Volume. 
 
Table 5. Multivariate analysis of prognosis factors associate with survival and local control rate. 

Item Variable B SE Wald P OR 
95% CI 

Lower Upper 

Survival rate 

Barium meal length 0.387 0.157 6.111 0.013 1.473 1.084 2.002 

GTV maximum diameter 0.378 0.190 3.963 0.047 1.460 1.006 2.118 

GTV length GTV 0.363 0.170 4.580 0.032 1.438 1.031 2.005 

GTV volume GTV 0.110 0.181 0.369 0.544 0.896 0.619 1.277 

Local control 
rate 

Barium meal length 0.494 0.236 4.370 0.037 1.639 1.031 2.603 
GTV maximum diameter 0.388 0.276 1.980 0.159 1.474 0.859 2.530 

GTV length GTV 0.356 0.255 1.956 0.162 1.428 0.867 2.353 

GTV volume GTV 0.404 0.258 2.462 0.117 0.667 0.403 1.106 

GTV: Gross Tumor Volume. 
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transverse diameter of GTV, and the GTV length, which are significantly related 
to the tumor, are independent factors affecting the survival rate of esophageal 
SCC patients, and the length of the esophageal barium meal contrast lesion is 
also the independence of affecting the patient’s local control rate. This is simi-
lar to previous reports. Li H. et al. [3] analyzed 72 patients with clinical stage 
N0 esophageal cancer, and the results showed that the length, maximum di-
ameter, and volume of esophageal cancer tumors have varying degrees of in-
fluence on the short-term efficacy and survival rate of radiotherapy. Among 
them, tumor length is the main factor affecting short-term efficacy and 
long-term survival. 

The length of the esophageal barium meal contrast is an important indicator 
of the prognosis of esophageal SCC patients. Previous reports [4] [5] believed 
that the length of esophageal lesions is closely related to the depth of esophageal 
invasion and lymph node metastasis. The longer the esophageal lesion, the dee-
per the tumor invasion, the lymph node, the risk of lymph node metastasis is al-
so greater. 

The length of the esophageal lesions is positively correlated with the probabil-
ity of lymph node metastasis, which may be related to the dislocation and dis-
tribution of esophageal lymphatic vessels. Therefore, the longer the lesion, the 
more corresponding lymph nodes will be affected, which increases the possi-
bility of metastasis and affects the prognosis of esophageal SCC patients. Tu-
mor length plays an important role in the clinical staging of patients with 
non-surgical esophageal SCC. In our previous studies on the clinical staging of 
esophageal cancer [6] [7], the length of esophageal lesions played an important 
role as an indicator of the clinical stage of patients. Although the current AJCC 
staging of esophageal cancer uses the depth of tumor invasion instead of the 
length of the esophagus for the T stage, the length of esophageal lesions in clini-
cal studies also plays an important role in predicting the prognosis of patients 
[8] [9]. In this study, to clarify the impact of the length of the esophageal lesions 
on the survival rate of patients, we applied the ROC curve analysis method to 
define the specific cut-off values of the patients in this group. The results show 
that when the patient’s lesion length is ≤4.5 cm, the patient survival rate, and lo-
cal control rate are better than those patients with esophageal lesion length > 4.5 
cm, which is similar to the results reported in the past [8] [9] [10] [11] [12]. 

There are many reports on the impact of esophageal tumor volume on the 
prognosis of patients. Most authors [13] [14] [15] [16] [17] believe that the tu-
mor volume of esophageal cancer is an important prognostic indicator of the pa-
tient’s prognosis. However, due to the large differences in the staging standards 
and stages of patients in related reports, the conditions for patient enrollment 
are uneven, and the standards are not the same when GTV is delineated, there is 
currently no unified opinion and standard for the classification of patients’ GTV 
volume. 

In this study, we also used the ROC curve analysis method to judge the GTV 
volume of this group of patients. The results showed that the best cut-off value 
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for the patient was 27.98 cm3, which was used as the standard to classify the pa-
tients. The results of the univariate analysis showed that tumor volume was one 
of the prognostic indicators of patient survival rate, while the results of the mul-
tivariate analysis did not show its significance in judging the prognosis of pa-
tients. The possible reasons for the analysis are: 1) The patients in this group are 
all clinically non-metastatic, compared with previous related reports, GTV in-
cludes enlarged lymph nodes, and its influence on the prognosis of patients may 
be weakened to a certain extent; 2) This study only performed single-factor and 
multi-factor analysis on the local tumor indicators of patients. When performing 
statistical analysis, collinearity may occur, which will affect the statistical results. 
The results from Li H. et al. [3] study, which is similar to our results, the univa-
riate analysis showed that tumor volume, length, and diameter significantly af-
fected the survival rate and short-term efficacy of patients. In multivariate analy-
sis, tumor volume was also not the patient’s factor affecting prognosis. 

5. Conclusion 

The main local tumor factor affecting the prognosis of clinically non-metastatic 
esophageal SCC is the length of the esophageal lesion. Therefore, in clinical 
practice physicians must pay sufficient attention to patients with long esopha-
geal lesions and provide active treatment. 
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