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Introduction

Esophageal carcinoma (EC) is one of the most frequent 

malignant tumors in the world. In China, more than 95% of 

the EC are found to be esophageal squamous cell carcinoma 

(ESCC) (1). Even though esophagectomy with lymph node 

dissection (LND) is a main surgical approach for locally-

advanced EC, the optimal surgical approach has not well 
established, especially for the extent of lymphadectomy. 
In other words, it remains unclear whether the addition of 
extensive LND improves the survival of EC patients (2). 
A study involving 4,627 surgically resected EC patients 
from the Worldwide Esophageal Cancer Collaboration 
database showed that extensive LND was associated with 
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better survival (3). However, some studies indicated that 
more extensive LND during operation could not improve 
the survival of EC patients (4,5). Other studies, comparing 
extended transthoracic resection with limited transhiatal 
resection for the mid/distal EC, showed that the 5-year 
overall survival rate only tended to improvement in the 
former (6,7). A retrospective study involving 391 patients 
undergoing McKeown procedure (136 with standard LND 
and 255 with extended LND) showed that the right upper 
mediastinal (RUM)-LND was not associated with the 5-year 
survival rate (8). Therefore, further study on the prognostic 
role of right upper mediastinal lymph node dissection 
(RUMLND) is necessary. 

To optimize the surgical procedure that can decrease 
early postoperative risk and improve long-term survival 
in middle or lower thoracic esophageal squamous cell 
carcinoma (ESCC-MLT) patients, experienced surgeons 
in our department have started to perform the Sweet 
procedure plus right upper mediastinal lymph node 
dissection (MS). The Sweet procedure is generally 
considered to be able to minimize early postoperative risk, 
but it is unclear whether it can improve long-term survival 
by the introduction of RUMLND. We retrospectively 
compared the MS procedure with the Sweet procedure with 
standard lymph node dissection (SS) in terms of long-term 
survival to evaluate the prognostic value of the RUMLND 
in Sweet procedure for treatment of ESCC-MLT.

Methods

Patients

We collected relevant data of the surgically treated patients 
who underwent Sweet procedure from the EC database 
at department of thoracic surgery in our hospital within 
the study period from January 2007 to September 2013. 
The patients received neo-adjuvant therapy or video-
assisted thoracic surgery (VATS), whose esophagus was not 
substituted by gastric tube, or who died in postoperative 
one month were excluded. Finally, a total of 1,477 ESCC-
MLT patients undergoing the Sweet procedure were 
enrolled with 186 patients in MS group and 1291 patients 
in SS group. Lymph node stations and clinical stages (T, 
N and TNM) were assessed according to the American 
Joint Committee on Cancer – Union for International 
Cancer Control (AJCC-UICC) system (edition 7). All 
patients were followed up until June 2015 or until death. 
The data collection and analysis were approved by the 

Ethics Committee at the West China Hospital of Sichuan 
University (No. 201649).

Surgical procedures

The SS procedure was carried out in a standard method 
with esophagogastric anastomosis above the aortic arch 
without RUMLND. The MS procedure was performed 
as the Sweet procedure with RUMLND through left 
posterolateral thoracotomy in the fifth or sixth intercostal. 
Extend of LND included mainly in the epigastrium around 
the stomach and the mediastina as well as right upper 
mediastina (2R, 3p and 4R). RUMLND was performed 
as follows: pulling up the proximal esophagus to expose 
the RUM region by an assistant, the surgeon touches 2R, 
3p or 4R lymph nodes along the right lateral wall of the 
trachea by right index finger, then clamps and pulls up the 
lymph nodes including surrounding tissues using lymph 
node forceps, finally resects stepwise the lymph nodes by 
medical electric knife. Though resecting in 2 L lymph node 
is slightly difficult owing to the left subclavian obstruction 
and a limited clearance above the aortic arch, resecting 2R 
lymph node via the left thorax becomes feasible because its 
deeper position relatively enlarges the small clearance of the 
anatomy.

The difference between MS and SS procedure was 
whether or not the RUM lymph nodes including stations 
2R, 3p and 4R were resected. RUMLND in Sweet 
procedure was only performed by sampling rather than 
systematic LND. The choice of surgical procedure was 
not randomized and only depended on the habits of the 
surgeons.

Propensity score matching (PSM)

According to the patient characteristics in the MS group 
(186 cases); the patients in the SS group (1,291 cases) were 
matched by PSM method. This method made similar 
baseline characteristics between two groups in order to 
create “quasi-random experiment” from retrospective 
data (9,10). Using a multivariable logistic regression 
model, we calculated the propensity scores in terms 
of clinicopathological characteristics (covariates: age, 
gender, tumor location, tumor grade, T stage, N stage and 
pathological stage). After 1:1 matching by the ‘Nearest 
Neighbor’ method (the caliper value: 0.1), 186 out of 1,291 
SS patients were matched with the 186 MS patients. 
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Statistical analysis

Statistical analysis was performed on SPSS 22 (IBM 
Corporation) and Stata/SE 12.0, with a significance level 
at two-sided P<0.05. Continuous variables were expressed 
as mean ± standard deviation. The baseline characteristics 
of continuous and dichotomous variables between groups 
were compared by the independent sample t-test and 
Pearson χ2 test, respectively. The associations of RUM-
lymph node metastasis (LNM) with clinicopathological 
characteristics were evaluated via logistic regression. 
Survival analyses were compared with the log rank test and 
Cox’s proportional hazard regression. The independent 
prognostic factors were identified by the multivariate 
stepwise Cox’s regression. Survival curves were drawn using 
Cox’s regression. Subgroup forest plots were analyzed and 
depicted on Stata/SE 12.0. 

Results

Patient characteristics

After excluding the 1,105 unmatched SS patients from the 
total of 1,477 patients, we finally enrolled and analyzed 186 
MS patients and matched 186 SS patients. These matched 
patients included 80 (21.5%) females and 292 (78.5%) 
males, whose median age was 60 years (range, 36–80 years). 
The clinical characteristics were not significantly different 
between groups (Table 1). 

Follow-up

All the enrolled patients were followed up for a median 
period of 45.8 months (range, 18.7–93.2 months) by 
telephone from the patient or her/his family members. Also 
71 MS patients and 61 SS patients received postoperative 
adjuvant chemotherapy and/or radiation therapy, but 
showed no significant difference between groups (P=0.329). 
By the end of follow-up, 153 of the 372 patients survived, 
with 35 missed patients (9.4%) and 184 dead patients 
(49.5%). The median survival time was 42.3 months and the 
5-OS rate was 42.8% for the all subjects. 

Associations of RUM-LNM with clinicopathological 
characteristics

Table 2 showed the associations of RUM-LNM with 
clinicopathological characteristics. The rate of RUM-
LNM in the MS group was 19.9% (37/186), of which, 2R, 

3p and 4R accounted for 18.8% (35/186), 6.6% (4/61) and 
12.5% (1/8), respectively. Of the 614 resected lymph nodes 
(3.30±2.688, range, 1–19), there were totally 60 RUM-
LNMs (0.32±0.864, range, 0–6). 

Survival analysis

For the MS versus SS patients, the median survival periods 
were 46.7 vs. 34.1 months and the 5-OS rates were 48.1% 
vs. 37.4%, respectively, with no significant differences 
tested by univariate analysis (P=0.055) (Table 3). However, 
multivariate Cox regression showed a significant difference 
between these two groups (P=0.041) (Figure 1 and Table 3).
 

Subgroup analyses for the survival between the MS and 
the SS group

The survival in MS group was significantly higher in 
subgroup including: age <60, TNM III stage, more than 15 
LNDs, and no postoperative adjuvant treatment (P=0.027, 
0.032, 0.014 and 0.030, respectively) as compared with 
SS group. There was a marginal difference in the middle 
thoracic EC between groups in favor of the MS group 
(P=0.076; OR =0.67; 95% CI, 0.43–1.04) (Figure 2).

Discussion

Whether or not RUMLND for ESCC-MLT patients 
can bring survival benefit remains controversial (2). 
Furthermore, it is unclear whether the new method by 
Sweet procedure to perform RUMLND can improve 
the survival of ESCC-MLT patients. Therefore, we 
retrospectively explored the factor and significance of 
RUMLNM in the MS group, and compared the survival 
of the MS and SS patients in different stratifications for 
ESCC-MLT. The important role and feasibility to improve 
survival of ESCC-MLT patients by RUMLND via Sweet 
procedure were demonstrated. To our knowledge, this was 
the first study to explore the prognostic value of RUMLND 
in Sweet procedure for the operation of esophageal cancer.

Previously, a meta-analysis showed that the LNM rate 
in the upper mediastina was 21.1% for thoracic middle EC 
and 10.5% for thoracic lower EC (11), which was similar 
to our result with 19.9% RUM-LNM rate. Therefore, 
it fitted for the notion of radical resection of esophageal 
cancer to achieve more survival benefits, despite a 
sampling lymph nodal resection for RUM. We found the 
higher RUM-LNM rate was related with poorer tumor 
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Table 1 Clinical characteristic of patients after matching

Factor MS (n=186) (%) SS (n=186) (%) P value

Age 60.68±7.906 59.92±7.707 0.349

Gender >0.999

Male 146 146

Female 40 40

Tumor location 0.877

Middle 161 163

Lower 25 23

Tumor grade 

G1 14 14 0.994

G2 79 80

G3 93 92

T stage 0.601

Tis + T1a + T1b 29 35

T2 25 28

T3 104 91

T4a + T4b 28 32

N stage 0.254

N0 101 89

N+ (N1 + N2 + N3) 85 97

Pathological stage 0.327

0 + IA + IB 21 31

IIA + IIB 77 72

IIIA + IIIB + IIIC 88 83

Postoperative adjuvant treatment 0.329

Yes 71 61

No 115 125

Total LND 24.07±9.627 20.22±8.159 <0.001

LND outside RUM 20.74±8.691 20.22±8.159 0.555

Total LNM numbers 1.67±2.852 1.27±1.861 0.107

Total LNM rates 85 (45.7) 97 (52.2) 0.254

LNM rates outside RUM 80 (43.0) 97 (52.2) 0.097

Middle-lower mediastinal LNM rates 52 (28.0) 60 (32.3) 0.429

Upper-abdominal LNM rates 58 (31.2) 54 (29.0) 0.735

MS, the Sweet procedure plus right upper mediastinal lymph node dissection; SS, the Sweet procedure with standard lymph node 
dissection; RUM, right upper mediastina; LNM, lymph node metastasis; LND, lymph node dissection.
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differentiation, deeper tumor invasion and more advanced 
pathological stage. This suggested that RUM lymph 
nodes should be removed for relatively advanced ESCC-
MLT patients. However, as previous report in N1 stage  
ESCC (12),  the LNM of upper mediast inum was 
significantly correlated with tumor location, which was 
inconsistent with our results maybe due to our study 
included N0 to N3 rather than only N1.

Whether extensive LND can improve 5-year survival rate 
remains debatable. Some studies showed that 5-year survival 
rates were not significantly different between the extended 
LND via transthoracic and limited LND via transhiatal for 

esophageal adenocarcinoma (13-15). Despite no significant 
difference, other studies showed a trend toward improved 
5-year survival with the extended transthoracic approach 
(6,7,16,17). Similarly, in our series of ESCC-MLT patients, 
5-year survival rates between MS and SS groups were 
not significantly different (48.1% vs. 37.4%) evaluated by 
univariate analysis (P=0.055), but a better trend in the MS 
group. Moreover, multivariate analysis showed that the 
RUMLND and TNM stage were important prognostic 
factors for the survival of ESCC-MLT patients, and that the 
MS procedure achieved a significantly higher lymph node 
resection and better survival than in the SS patients (P=0.041). 
These were similar with some previous literatures. For 
instance, the number of LND was an independent prognostic 
factor for the survival of ESCC patients with N0 (1) and 
the number of negative lymph nodes was an independent 
prognostic factor for ESCC patients (18).

In this study, no significant differences were found in the 

Table 2 The association for RUM-LNM with clinicopathological 
characteristics 

Clinical pathologic 
factor

Cases RUM-LNM (%) P value

Age 0.531

≤60 89 16 (18.0) 

>60 97 21 (21.6)

Gender 0.037

Male 146 34 (23.3)

Female 40 3 (7.5)

Tumor location 0.296

Middle 161 34 (21.1)

Lower 25 3 (12.0)

Tumor grade 0.018

G1 14 0 (0.0)

G2 79 13 (16.5)

G3 93 24 (25.8)

T stage 0.004

Tis + T1a + T1b 29 1 (3.4)

T2 25 5 (20.0)

T3 104 20 (19.2)

T4a + T4b 28 11 (39.3)

Pathological stage <0.001

0 + IA + IB 21 0 (0.0)

IIA + IIB 77 2 (2.6)

IIIA + IIIB + IIIC 88 35 (39.8)

RUM, right upper mediastina; LNM, lymph node metastasis.

Table 3 Survival analysis according to clinical characteristics 

Factor
Univariate 
analysis  
(P value)

Multivariate analysis

OR 95.0% CI P value

Age (≤60 vs. >60) 0.901 1.085 0.802–1.467 0.598

Gender  
(male vs. female) 

0.112 0.773 0.525–1.139 0.193

Location (middle 
vs. lower) 

0.830 0.954 0.624–1.459 0.828

Grade (G1 + G2  
vs. G3) 

0.016 1.223 0.944–1.584 0.128

T stage  
(Tis/T1/T2/T3)

<0.001 — — —

N stage  
(N0 vs. N+)

<0.001 — — —

Pathological  
stage (I/II/III) 

<0.001 2.024 1.579–2.595 <0.001

Total numbers of 
LND (<15 vs. ≥15) 

0.761 0.973 0.687–1.378 0.876

Adjuvant treatment 
(no vs. yes)

0.195 0.755 0.550–1.038 0.083

Groups  
(MS vs. SS)

0.055 1.362 1.013–1.831 0.041

N+, N1+N2+N3; MS, the Sweet procedure plus right upper 
mediastinal lymph node dissection; SS, the Sweet procedure 
with standard lymph node dissection; LND, lymph node 
dissection.
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long-term survival rates between patients at age ≤60 and at 
age >60 (P=0.598). However, with regard to patients aged 
≤60 years, the survival in the MS subgroup was significantly 
superior to that in the SS subgroup (P=0.027). This might 
be explained by the fact that the patients aged ≤60 years 
suffered from more advanced EC. For example, a study 
involving 18,118 EC patients or gastro-esophageal junction 
carcinoma in the Netherlands showed that despite the 
comparable survival rates, patients aged ≤50 years presented 
with more advanced disease stage compared with patients 
aged >50 years (19).

Tachimori et al. (20) recommended that all patients 
with thoracic ESCC, regardless of the location, should be 
performed resection of upper mediastinal lymph nodes that 
had the highest the index of estimated benefit from lymph 
node dissection (IEBLD) in patients with middle EC, 
followed by patients with lower EC. We also found that 
RUMLND played a more important role in middle versus 
lower ESCC. The survival of patients in middle ESCC was 
favorable in the MS group versus the SS group, despite no 
significant difference.

A study involving 468 patients with cT3NxM0 
esophageal cancer with 242 (51.7%) squamous cell 
carcinomas and 226 (48.3%) adenocarcinomas showed 
that the transthoracic procedure plus extended LND 
could prolong the survival of pT3, cT3, and node-positive 
patients compared with the transhiatal procedure plus 

limited LND (21). Although no survival differences were 
found between two groups (MS vs. SS group) in detailed 
stratifications by tumor location, tumor grade (G1 + G2 
and G3), T stage or N stage (N0 and N+), but favorable 
survival was identified in the MS patients with stage III. 
Therefore, RUMLND played an important role in locally-
advanced ESCC-MLT patients.

The latest National Comprehensive Cancer Network 
(NCCN) Guideline for EC recommended that the 
minimum number of LND was 15 (22). Our previous 
study on ESCC showed that at least six lymph nodal 
stations should be removed, and even for patients with 
G3 staging or tumor length >3 cm, the resection of seven 
lymph nodal stations was recommended (23). In the 
current study, there was no survival improvement even 
if the RUM lymph nodes were removed if total resected 
number was <15, but the survival was superior in patients 
with RUMLND when the number of LND was ≥15. 
Therefore, our opinion is the surgeon should remove at 
least 15 lymph nodes including the RUM lymph nodal 
stations and even the maximum possible radical LND for 
locally- advanced ESCC-MLT.

In our series, the survival rates were not significantly 
different between patients undergoing postoperative 
adjuvant radiotherapy and/or chemotherapy between two 
groups. These treatments might improve the survival of 
patients and thus weakened the comparability between two 
groups. However, for the patients without receiving these 
treatments due to many reasons (e.g., the doctor advised 
for patients with early tumor; the patients and/or the family 
members disagreed), the survival of MS patients was better 
than the SS patients. As far as our results are concerned, 
postoperative adjuvant radiotherapy and/or chemotherapy 
can improve the long-term survival in the ESCC-MLT 
patients without RUMLND.

There were several limitations in our study. First, 
the sample size was small in this retrospective study. 
Although total cases between the MS and SS groups were 
matched, comparisons of two groups in the each subgroup 
stratification were not matched by PSM, and therefore 
potential bias may exist in our study. In addition, we 
adjusted tumor grade (G1, G2, G3) into two subgroups  
(G1 + G2 vs. G3), N stage into node-negative (N0) and 
node-positive (N+) subgroups, and merged Tis into T1 and 
stage 0 into stage I due to a limited number of cases. Finally, 
the status for recurrent laryngeal nerve lymph node could 
not be identified owing to the lack of this name of lymph 
node station in retrospective data. 
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Figure 1 The survival for patients between MS and SS by 
multivariate cox regression. MS, the Sweet procedure plus right 
upper mediastinal lymph node dissection; SS, the Sweet procedure 
with standard lymph node dissection.
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In conclusion, The RUM-LND was the main prognostic 
factor for ESCC-MLT patients, especially for thoracic 
middle segment-located tumors, stage III tumor or younger 
patients. Even if the RUM lymph node was resected during 
operation, the surgeon should warrant that the number 
of resected lymph nodes was at least 15 and even the 
maximum possible radical lymphadenectomy for locally-
advanced ESCC-MLT. If a non-ideal LND was performed 
during operation, postoperative adjuvant radiotherapy and/
or chemotherapy may be beneficial.
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analysis (P=0.041). MS, the Sweet procedure plus right upper mediastinal lymph node dissection; SS, the Sweet procedure with standard 
lymph node dissection; LND, lymph node dissection.
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