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Abstract
Background: The role of unresected small lymph nodes (LNs) which may contain metastases for thoracic esophageal squamous cell
carcinoma (TESCC) has not been addressed. The aim of the study was to investigate the role of unresected small LNs assessment using
computed tomography (CT) in prognostic estimates of pT3N0M0 TESCC patients.

Methods: Between January 2009 and December 2017, 294 patients who underwent esophagectomy with R0 resection at Sichuan Cancer
Hospital were retrospectively examined, and the last follow-up time was July 2018. Patients were classi�ed into CT-suspect and CT-
negative groups according to the shortest diameter and the shape (axial ratio) of the unresected small LNs on preoperative CT. The
Kaplan–Meier method was used to compare survival differences in prognostic factors. Univariate and multivariate analyses were
performed to identify prognostic factors for survival and recurrence.

Results: Eighty-four patients (42.5%) were classi�ed as CT-suspect group according to the diagnostic criteria, survival analysis suggested
that CT-suspect group of patients had a relatively poorer prognosis (P<0.05). Cox regression analysis indicated that unresected small
LNs status, tumor grade, and postoperative adjuvant therapy were independent prognostic factors for patients with pT3N0M0 TESCC
(P<0.05). Further analysis shown the rates of total recurrence (TR) and locoregional recurrence (LR) in the CT-suspect group were
signi�cantly higher than that in the CT-negative group (TR: P<0.000; LR: P<0.000). Among the LRs, the rate of supraclavicular lymph
node recurrence in the CT-suspect group was signi�cantly higher than that in the CT-negative group (P<0.000).

Conclusions: Unresected small lymph nodes assessment is critically important and predict prognosis for pT3N0M0 TESCC patients.

Background
Esophageal cancer (EC) is an aggressive disease with a poor prognosis and high mortality rate globally [1, 2]. In China, EC is the sixth
most common cancer and the fourth leading cause of cancer-related death. More than 90% of ECs are pathologically diagnosed as
esophageal squamous cell carcinoma (ESCC) [3–5]. The status of lymph nodes (LNs) has been considered as the most critical
prognostic factor affecting long-term survival of patients with ESCC [6]. For pathological T3 stage patients, there is a high possibility of
LN metastasis, as the likelihood of LN metastasis occurs with increasing T stage [7]. Thus, for patients with pathological T3 stage and
pathological N0 status, there is a high possibility of metastatic nodes to be present among unresected LNs when all removed LNs are
con�rmed to be pathologically cancer-negative.

Therefore, precise evaluation of these unresected LNs is the key to estimate the prognosis of patients. CT is the most commonly used
non-invasive method to evaluate metastatic in�ltration of lymph nodes in EC. Traditionally, LNs with a short diameter of ≥ 10 mm on CT
were considered to be metastases [8, 9]. Thus, only patients with unresected LNs in a short-axis diameter greater than 10 mm are
classi�ed as having undergone R2 resection according to“The Pathologist and the Residual Tumor (R) Classi�cation” [10, 11]. Patients
with unresected regional LNs in a short-axis diameter smaller than 10 mm would still be treated as having regional lymph nodes
completely removed. However, studies have suggested that only 8.0–37.5% of metastatic lymph nodes in EC were greater than 10 mm
[12, 13]. Evidently, there is a possibility that the residual tumor (R) classi�cation may underestimate the risk because of the inaccuracy of
CT diagnostic criteria of lymph node metastasis.

In addition, studies have reported that lymph nodes contain metastasis tend to be round, with the lymph node axial ratio (short-axis
diameter/long- axis diameter) approaching ‘1’ [14, 15]. Previously study has demonstrated that the combination of a smaller size and
axial ratio for LNs in CT as criteria improves the detection sensitivity for LN metastases in EC [16]. Hence, we aimed to observe whether
distinguish unresected small LNs (short diameters of < 10 mm) based on such criteria can affect prognosis in a homogeneous cohort of
patients who underwent radical (R0) resection for T3N0M0 TESCC.

Methods

Eligibility
The medical records of patients with pT3N0M0 TESCC who were treated at the Sichuan Cancer Hospital between January 2009 and
December 2017 were retrospectively reviewed. Patients with con�rmed pT3N0M0 TESCC according to the 8th edition of the American
Joint Committee on Cancer (AJCC) Tumor–Node–Metastasis (TNM) staging system who underwent initial transthoracic subtotal
esophagectomy plus lymphadenectomy with R0 resection were included. The exclusion criteria were (1) no CT records before surgery, (2)
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no postoperative CT records within 6 months postoperatively, (3) R1 or R2 surgery (including unresected LNs with short diameters of ≥ 
10 mm), (4) loss to follow-up within 3 months of surgery, (5) history of neoadjuvant therapy, or (6) death within 3 months of surgery. This
study was approved by the ethics committee of our institution. Written informed consent was obtained from all patients.

Surgery
The surgical approach and procedure were determined based on the tumor’s location and the surgeon’s preference. The surgical
approaches were standard McKeown esophagectomy with at least two-�eld (thoracic and abdominal) lymphadenectomy or Ivor–Lewis
esophagectomy with two-�eld (thoracic and abdominal) lymphadenectomy. Radical surgical resection consisted of a transthoracic
subtotal esophagectomy on the right side, including abdominal, mediastinal, and even cervical lymphadenectomy.

Adjuvant therapy
Since the standard for postoperative adjuvant therapy in patients with EC is controversial, the selection of postoperative adjuvant
chemotherapy (POCT) or adjuvant chemoradiotherapy/radiotherapy (aCRT/RT) was based on the physician’s preference and general
physical condition of the patient. Cisplatin-based chemotherapy was the most commonly used agent in POCT; the median number of
chemotherapy cycles was 3 (range, 1–6). Intensity-modulated radiotherapy (IMRT) was used for patients who received aCRT/RT. The
total dose for aCRT/RT was 45–60 Gy, and the daily fraction dose was 1.8–2.0 Gy.

Pre- and postoperative CT examination
All patients underwent enhanced neck, thorax, and upper abdomen CT scanning within 2 weeks before surgery and within 6 months
postoperatively. CT was performed with a 64-row helical CT scanner (General Electrical Medical Systems, Milwaukee, WI, Lightspeed
VCT) in the crania–caudal direction starting from the neck to the renal hilum level with a slice thickness of 3 mm.

Assessment of unresected small lymph nodes
CT images were analyzed on a PACS station by two independent radiologists with at least 8 years’ experience, who blinded to clinical
and histopathologic information. Unresected LNs were de�ned as regional LNs that were found on preoperative CT but still existed on
postoperative CT, independent of their size on postoperative CT. Unresected small LNs were diagnosed as clinically suspected metastatic
LNs if they had the shortest diameter exceeding 5 mm in the soft-tissue window and the shape of the nodes were round (axial ratio
exceeding 0.66) in transverse section on preoperative CT (Fig. 1), and the rest of unresected small LNs were considered to be negative
LNs. According to the unresected small LNs status, all patients were divided into two groups: CT-suspect group and CT-negative group.

Follow-up
Patients were assessed weekly during treatment. Follow-up was scheduled every 3–6 months for the �rst 2 years after treatment, every
6–12 months for the following 3 years, and annually thereafter. All relapses were con�rmed using CT, magnetic resonance imaging, or
endoscopy at the corresponding sites. Cytology or histology was performed if necessary. Total recurrence (TR), locoregional recurrence
(LR), distant metastasis (DM), and OS were analyzed in this study. Speci�cally, TR was de�ned as any recurrence or metastasis during
the follow-up period. LR was de�ned as any locoregional tumor recurrence and/or metastatic lymph node at cervical, mediastinal, and
upper abdomen regions de�ned by the 8th edition of the AJCC TNM staging system. DM was de�ned as any event of recurrence or
metastasis other than LR. OS was measured from the date of operation to the date of death or last follow-up and was censored at the
last contact date in surviving patients.

Statistical analysis
A chi-square test was used to compare categorical data, with or without correction for continuity. Actual survival was calculated and
compared between groups using the Kaplan–Meier method and log-rank test, respectively. Univariate and multivariate analyses of the
prognostic factors were performed using the log-rank test and Cox regression model, respectively. A con�dence value of 95% (P < 0.05)
was considered signi�cant. SPSS 22.0 for Windows was used for statistical analyses.

Results

Clinical data
A total of 294 patients with pT3N0M0 TESCC were eligible for this analysis with a median age of 61 years (range, 38–83), including 228
men (77.6%) and 66 women (22.4%). Regarding tumor location, 70 tumors (23.8%) were in the upper thoracic region, 163 (55.4%) in the
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middle thoracic region, and 61 (20.8%) in the lower thoracic region. Of these, the McKeown procedure was performed in 202 patients
(68.7%), and 92 patients (31.3%) underwent the Ivor–Lewis procedure. The median length of the lesion was 4 cm (range, 1–10 cm). The
median number of LNs removed was 20 (range, 1–55). A total of 63 patients (21.4%) had well-differentiated (G1) tumors, 136 (46.3%)
had moderately differentiated (G2) tumors, and 95 (32.3%) had poorly differentiated (G3) tumors. A total of 139 patients (47.3%)
underwent surgery alone, 132 (44.9%) underwent surgery with POCT, 5 (1.7%) underwent surgery with RT, and 18 (6.1%) underwent
surgery with aCRT. The patients’ demographic data are shown in Table 1. The median follow-up duration was 32 months (range, 1.7–
104.8), with 3- and 5‐year survival rates of 69.3%, and 61.1% for the overall study group, respectively.
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Table 1
General characteristics of patients with pT3N0M0 stage thoracic esophageal squamous cell carcinoma

Characteristic Total (n = 294) CT-suspect group (n = 84) CT-negative group (n = 210) P value

Sex       0.070

Male 228 (77.6%) 71 (84.5%) 157 (74.8%)  

Female 66 (22.4%) 13 (15.5%) 53 (25.2%)  

Age (years)       0.396

< 60 141 (48.0%) 37 (44.0%) 104 (49.5%)  

≥ 60 153 (52.0%) 47 (56.0%) 106 (50.5%)  

Tumor location       0.814

Upper thoracic 70 (23.8%) 19 (22.6%) 51 (24.3%)  

Middle thoracic 163 (55.4%) 49 (58.3%) 114 (54.3%)  

Lower thoracic 61 (20.8%) 16 (19.0%) 45 (21.4%)  

Surgical approach       0.189

Ivor–Lewis 92 (31.3%) 31 (36.9%) 61 (29.0%)  

McKeown 202 (68.7%) 53 (63.1%) 149 (71.0%)  

Length of lesion       0.577

< 4 cm 171 (58.2%) 39 (46.4%) 90 (42.9%)  

≥ 4 cm 123 (41.8%) 45 (53.6%) 120 (57.1%)  

Angioinvasion       0.400

No 272 (92.5%) 76 (90.5%) 196 (93.3%)  

Yes 22 (7.5%) 8 (9.5%) 14 (6.7%)  

Perineural invasion       0.324

No 56 (19.0%) 65 (77.4%) 173 (82.4%)  

Yes 238 (81.0%) 19 (22.6%) 37 (77.4%)  

No. of removed LNs       0.171

< 15 88 (29.9%) 30 (35.7%) 58 (27.6%)  

≥ 15 206 (70.1%) 54 (64.3%) 152 (72.4%)  

No. of dissected LN stations       0.402

< 6 91 (31.0%) 29 (34.5%) 62 (29.5%)  

≥ 6 203 (69.0%) 55 (65.5%) 148 (70.5%)  

Tumor grade       0.999

Well-differentiated 63 (21.4%) 18 (21.4%) 45 (21.4%)

 

Moderately differentiated 136 (46.3%) 39 (46.4%) 97 (46.2%)  

Poorly differentiated 95 (32.3%) 27 (32.1%) 68 (32.4%)  

Note: CT: computed tomography; LN: lymph node
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Characteristic Total (n = 294) CT-suspect group (n = 84) CT-negative group (n = 210) P value

Adjuvant therapy       0.401

No 139 (47.3%) 41 (48.8%) 98 (46.7%)  

Chemotherapy 132 (44.9%) 34 (40.5%) 98 (46.7%)  

Radiotherapy/Chemoradiotherapy 23 (7.8%) 9 (10.7%) 14 (6.7%)  

Note: CT: computed tomography; LN: lymph node

According to pre-and-postoperative CT �ndings, 84 patients (28.6%) were suspected to have metastatic unresected small LNs and 210
patients (71.4%) were considered as LN metastasis-negative. Among the 84 patients with suspected metastatic unresected small LNs,
the number of supraclavicular, intrathoracic, abdominal, supraclavicular combined with intrathoracic and intrathoracic combined with
abdominal unresected small LNs was 14, 52, 3, 14, and 1, respectively. There were no signi�cant differences in clinicopathologic
characteristics between the CT-suspect and CT-negative groups (Table 1).

Univariate analysis of the prognostic factors
Univariate analysis of the clinical and pathological data of patients showed that 3- and 5-year TR rates of the CT-suspect group were
signi�cantly higher than those of the CT-negative group (P < 0.000) [Figure 2a and Table 2]). The univariate analysis also identi�ed that
the number of removed LNs, tumor grade, and postoperative adjuvant therapy were associated with TR (P < 0.05) (Table 2). The 3- and 5-
year LR rates of patients in the CT-suspect group were signi�cantly higher than those of patients in the CT-negative group (P < 0.000
[Figure 2b and Table 2]). Furthermore, the univariate analysis showed that the number of removed LNs, tumor grade, and postoperative
adjuvant therapy were associated with LR (P < 0.05) (Table 2). However, there was no difference between the CT-suspect and CT-negative
groups regarding the distant metastatic rate (P < 0.124 [Figure 2c and Table 2]). Only postoperative adjuvant therapy was identi�ed to be
associated with distant metastases (Table 2). The 3- and 5-year OS rates in the CT-suspect group were signi�cantly lower than those in
the CT-negative group (P < 0.001 [Figure 2d and Table 2]). In addition, the number of removed LNs, tumor grade, and postoperative
adjuvant therapy were shown to be associated with OS through the univariate analysis (P < 0.05) (Table 2).
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Table 2
Univariate analysis of prognostic factors of 294 patients with pT3N0M0 thoracic esophageal squamous cell carcinoma

Variable TR (%) P LR (%) P DM (%) P OS (%) P

3-yr 5-yr 3-yr 5-yr 3-yr 5-yr 3-yr 5-yr

Sex     0.664     0.962     0.477     0.204

Male 40.7 48.5   31.0 40.1   20.4 21.8   67.7 58.3  

Female 36.4 47.0   30.6 39.4   14.6 25.9   75.1 71.2  

Age (years)     0.830     0.548     0.474     0.962

< 60 40.3 44.1   34.0 38.2   16.8 19.1   67.7 62.3  

≥ 60 39.4 53.8   28.3 44.0   21.5 25.7   71.4 59.4  

Tumor location     0.336     0.476     0.277     0.579

Upper thoracic region 42.8 47.6   37.5 42.7   13.1 20.4   73.3 67.3  

Middle thoracic region 42.3 50.5   31.1 39.6   24.1 27.6   64.7 60.3  

Lower thoracic region 28.7 42.2   22.5 37.2   12.6 12.6   76.9 57.2  

Surgical approach     0.722     0.933     0.903     0.509

Ivor–Lewis 40.0 51.0   28.3 41.4   19.9 21.9   67.2 56.0  

McKeown 38.8 45.6   32.7 37.9   18.6 23.7   71.0 66.0  

Length of rumor     0.748     0.164     0.335     0.719

< 4 cm 40.8 49.4   34.8 44.2   18.0 20.1   69.8 59.7  

≥ 4 cm 38.4 46.5   25.8 34.0   20.7 25.7   69.1 62.0  

Angioinvasion     0.916     0.826     0.394     0.945

No 39.9 47.7   30.9 40.4   19.0 22.6   69.6 60.8  

Yes 37.9 37.9   31.5 31.5   21.5 21.5   67.1 67.1  

Perineural invasion     0.947     0.802     0.761     0.315

No 39.3 48.9   30.7 40.9   19.0 22.9   71.4 61.9  

Yes 41.1 41.1   31.8 31.8   19.5 19.5   61.0 61.0  

No. of removed LNs     0.020     0.027     0.241     0.026

< 15 46.2 64.1   33.5 55.7   25.9 33.8   62.4 50.0  

≥ 15 36.9 40.0   29.7 32.2   16.4 17.7   72.4 66.4  

No. of dissected LN stations     0.126     0.176     0.346     0.190

< 6 43.9 61.9   31.0 53.1   25.0 32.0   66.8 52.1  

≥ 6 37.8 40.2   30.9 32.4   16.5 17.9   70.5 66.8  

Tumor grade     0.016     0.013     0.118     0.025

Well-differentiated 28.9 45.0   14.5 31.2   18.7 27.0   77.3 67.2  

Moderately differentiated 36.0 41.4   30.6 36.4   14.9 14.9   72.3 65.4  

Poorly differentiated 52.1 59.1   42.6 51.0   25.8 29.9   59.8 51.1  

Adjuvant therapy     0.000     0.000     0.034     0.004

Note: CT: computed tomography; LN: lymph node
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Variable TR (%) P LR (%) P DM (%) P OS (%) P

3-yr 5-yr 3-yr 5-yr 3-yr 5-yr 3-yr 5-yr

No 54.8 66.1   46.7 58.0   25.7 38.1   60.1 48.6  

Chemotherapy 27.9 36.6   20.4 30.0   13.5 13.5   77.1 69.8  

Radiotherapy/Chemoradiotherapy 24.3 35.1   9.3 22.3   20.7 32.0   73.8 63.3  

Unresected small LNs status     0.000     0.000     0.124     0.001

CT-negative 33.7 38.8   25.6 30.4   15.3 18.7   74.8 68.8  

CT-suspect 54.3 70.9   44.1 64.4   29.9 29.9   56.3 42.5  

Note: CT: computed tomography; LN: lymph node

Multivariate analysis of the prognostic factors
The in�uencing factors for the prognosis of patients were placed in the Cox model for multivariate analysis. As shown in Table 3,
unresected small LNs status, tumor grade, and postoperative adjuvant therapy were independent prognostic factors for TR, except the
number of removed LNs. In addition, CT-suspect (HR = 1.813; 95% CI, 1.263–2.602; P < 0.001) and poorly differentiated (G3) tumor grade
(HR = 1.822; 95% CI, 1.118–2.968; P < 0.016) were factors for higher TR. Both adjuvant chemotherapy (HR = 0.466; 95% CI, 0.318–0.681;
P < 0.000) and aCRT/RT (HR = 0.349; 95% CI, 0.160–0.763; P < 0.008 ) were associated with lower TR. Unresected small LNs status,
tumor grade, and postoperative adjuvant therapy were also found as independent prognostic factors for LR, and CT-suspect (HR = 2.133;
95% CI, 1.407–3.233; P < 0.000) and poorly differentiated (G3) tumor grade (HR = 2.510; 95% CI, 1.334–4.723; P < 0.004) were factors for
higher LR. However, both POCT (HR = 0.437; 95% CI, 0.279–0.683; P < 0.000) and aCRT/RT (HR = 0.256; 95% CI, 0.092–0.711; P < 0.009)
could reduce LR. Only postoperative adjuvant therapy was found as an independent prognostic factor for DM, and adjuvant
chemotherapy was associated with lower DM (HR = 0.462; 95% CI, 0.255–0.836; P < 0.011). Unresected small LNs status, tumor grade,
and postoperative adjuvant therapy were independent prognostic factors for OS of patients. CT-suspect (HR = 1.807; 95% CI, 1.192–
2.740; P < 0.005) and poorly differentiated (G3) tumor grade (HR = 1.878; 95% CI, 1.070–3.296; P < 0.028) were factors for OS. Adjuvant
chemotherapy was associated with higher OS (HR = 0.516; 95% CI, 0.322–0.703; P < 0.003), but there was no association between
aCRT/RT (HR = 0.564; 95% CI, 0.255–1.248; P < 0.158) and OS.
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Table 3
Multivariate analysis of prognostic factors of 294 patients with pT3N0M0

thoracic esophageal squamous cell carcinoma
Item HR 95% CI P

    Lower Upper  

TR        

No. of removed LNs        

< 15 Reference      

≥ 15 0.708 0.491 1.022 0.065

Tumor grade       0.033

Well-differentiated Reference      

Moderately differentiated 1.253 0.767 2.050 0.368

Poorly differentiated 1.822 1.118 2.968 0.016

Adjuvant therapy       0.000

No Reference      

Chemotherapy 0.466 0.318 0.681 0.000

Radiotherapy/Chemoradiotherapy 0.349 0.160 0.763 0.008

Unresected small LNs status        

CT-negative Reference      

CT-suspect 1.813 1.263 2.602 0.001

LR        

No. of removed LNs        

< 15 Reference      

≥ 15 0.665 0.434 1.019 0.061

Tumor grade       0.017

Well-differentiated Reference      

Moderately differentiated 1.900 1.011 3.569 0.046

Poorly differentiated 2.510 1.334 4.723 0.004

Adjuvant therapy       0.000

No Reference      

Chemotherapy 0.437 0.279 0.683 0.000

Radiotherapy/Chemoradiotherapy 0.256 0.092 0.711 0.009

Unresected small LNs status        

CT-negative Reference      

CT-suspect 2.133 1.407 3.233 0.000

DM        

Adjuvant therapy       0.039

No Reference      

Note: CT: computed tomography; LN: lymph node
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Item HR 95% CI P

Chemotherapy 0.462 0.255 0.836 0.011

Radiotherapy/Chemoradiotherapy 0.675 0.259 1.764 0.423

OS        

No. of removed LNs        

< 15 Reference      

≥ 15 0.708 0.464 1.080 0.109

Tumor grade       0.043

Well-differentiated Reference      

Moderately differentiated 1.181 0.670 2.083 0.565

Poorly differentiated 1.878 1.070 3.296 0.028

Adjuvant therapy       0.010

No Reference      

Chemotherapy 0.516 0.332 0.803 0.003

Radiotherapy/Chemoradiotherapy 0.564 0.255 1.248 0.158

Unresected small LNs status        

CT-negative Reference      

CT-suspect 1.807 1.192 2.740 0.005

Note: CT: computed tomography; LN: lymph node

Recurrence pattern
A total of 127 out of 294 patients experienced recurrence by the end of follow-up. Among them, 74 (25.2%) had LR, 34 (11.6%) had DM,
and 19 (6.5%) had LR with DM. Overall, the rates of TR and LR in the CT-suspect group were signi�cantly higher than that in the CT-
negative group (TR: P < 0.000; LR: P < 0.000 [Table 4]). The rate of DM in the CT-suspect group was higher than that in the CT-negative
group, but the difference was not signi�cant (P < 0.337 [Table 4]). Among the LRs, the rate of supraclavicular LN recurrence in the CT-
suspect group was signi�cantly higher than that in the CT-negative group (P < 0.000 [Table 4]).

Table 4
Causes of treatment failure in different groups

No. of patients experiencing failure (%)

Disease recurrence CT-suspect group (n = 84) CT-negative group (n = 210) P value

Total   50 (59.5%) 77 (36.7%) 0.000

Local   40 (47.6%) 53 (25.2%) 0.000

  Sup.LN 19 (22.6%) 10 (4.8%) 0.000

  Med.LN 17 (20.2%) 37 (17.6%) 0.600

  Abd.LN 5 (6%) 5 (2.4%) 0.155

  Tumor bed 2 (2.4%) 4 (1.9%) 1.000

  Ana 4 (4.8%) 2 (1.0%) 0.058

Metastasis   18 (21.4%) 35 (16.7%) 0.337

Note: CT: computed tomography; Sup.: supraclavicular; Med.: mediastinal; Abd.: abdominal; Ana.: anastomotic; LN: lymph node
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Discussion
Surgical resection remains an essential cornerstone for patients with Thoracic esophageal squamous cell carcinoma (TESCC) [5]. TESCC
with pathological stage T3N0M0 (pT3N0M0) is a locally advanced disease with no regional lymph node or distant metastasis. Although
pT3N0M0 TESCC is a homogeneous subgroup of EC, notable differences in long-term survival and local-regional recurrence were
observed. The long-term 5-year overall survival (OS) of pT3N0M0 TESCC after radical (R0) resection ranges from 46–75.2%, with a local
and regional recurrence rate of 16.5–38% and distant metastasis rate of 7.6–20% [17–19]. Notably, the local and regional recurrence is
the major cause of treatment failure in patients with pT3N0M0 TESCC. Thus, determination of its prognostic factors is important.

In this study, we �rst emphasized the prognostic signi�cance of unresected small LNs assessment for patients with pT3N0M0 TESCC
who received esophagectomy. The results of univariate and multivariate factor analyses showed that unresected small LNs status,
tumor grade, and postoperative adjuvant therapy are independent prognostic factors. Unresected small LNs in CT-suspect status shown
a higher TR (P < 0.000) and LR (P < 0.000) rates compare with unresected small LNs in CT-negative status.

For the high lymph node spread of TESCC, the long-term survival of a patient is highly dependent on the extent of lymphadenectomy [20,
21]. Previous studies have proven that an increased extent of lymphadenectomy is associated with improved survival [22, 23]. Thus, a
wide range of thresholds ranging from 6 to 20 has been reported as the optimum number of removed LNs for patients with pT3N0M0
TESCC in previous studies [17, 19, 24, 25]. However, several studies found no association between the number of removed LNs and
improved survival in TESCC cases [26–29]. In this study, we used 15 LNs as a threshold to analyze the prognostic value of the number of
removed LNs in patients with pT3N0M0 TESCC, as recommended by the current National Comprehensive Cancer Network guidelines
[30]. The number of removed LNs was a signi�cant risk factor for survival in the univariate analysis but not in the multivariate analysis.
Evidence indicates that the survival bene�ts from a higher number of removed LNs can be partly attributed to stage migration (improved
staging rather than improved therapeutic bene�t of the dissection itself) [31–33]. With a higher number of removed LNs, the possibility
of discovering potential cancer-positive LNs will be improved, allowing more accurate staging and treatment protocols. This indicate that
metastatic nodes may be among the unresected LNs.

Additionally, setting a uni�ed threshold to represent optimum lymphadenectomy seems unreasonable for patients with different numbers
of LNs before surgery. Further, overtreatment may result in increased complications and mortality, and owing to the limitations of
surgical skills and the patient’s physical condition, there may still be unresected lymph nodes. Hence, the precise evaluation of
unresected LNs for cancer in�ltration was not only the primary determinant of accurate residual tumor (R) classi�cation [11], but also
meaningful for prognosis predicting and postoperative decision-making and management of EC [5].

Esophageal CT is currently the most commonly used method for lymph node assessment. However, the accuracy of CT is unsatisfactory
when LNs greater than 10-mm diameter are considered positive for metastasis [34, 35]. An important limitation was that metastatic
lymph nodes might present without an apparent enlargement in size. Furthermore, some enlarged nodes may contain no metastasis.
Past reports have shown that the accuracy of CT in the diagnosis of lymph node metastasis can be 46–58% [36], and a false-negative
rate of 11–56% was reported [37]. Even with PET/CT, a large number of small metastatic lesions can be di�cult to detect [34, 38, 39]. A
previous study has reported that lowering the size criteria and combining the axial ratio (short-axis diameter/long-axis diameter) would
increase sensitivity [16, 40, 41]. Therefore, in the present study, LNs were diagnosed as suspected metastatic nodes in the absence of
pathological con�rmation, when the short-axis diameter exceeding 5 mm and the shape of the node was round (axial ratio exceeding
0.66). However, further research is needed to determine the most accurate diagnostic method.

We retrospectively examined 294 patients with stage pT3N0M0 TESCC who received radical esophagectomy between 2009 and 2016.
Among them, 84 patients (42.5%) were suspected to have metastatic unresected lymph nodes evaluated using pre- and postoperative CT
and were classi�ed into the CT-suspect group. The CT-suspect group showed signi�cantly higher TR and LR than the CT-negative group.
Further analysis found that the presence of suspected metastatic unresected small LNs was an independent prognostic factor for TR, LR,
and OS. Therefore, compared with the number of removed LNs, unresected small LNs with suspected metastasis may be a better
re�ector for the thoroughness of lymphadenectomy and a more important prognostic factor for pT3N0M0 TESCC.

In addition, in the overall study cohort, the TR rate among pT3N0M0 thoracic ESCC patients was as high as 43.2%, and the LR, DM and
LR with DM rates were 25.2, 11.6 and 6.5%, respectively. These results are consistent with the previous �ndings [26, 42].Further analysis
showed that the most common area for LR was different in CT-suspect group and t CT-negative group. In contrast to previous studies
[26], the supraclavicular lymphatic area was the most common area for LR in the CT-suspect group with a recurrence rate of 22.6%, but
the mediastinal lymphatic area was the most common area for LR in the CT-negative group with a recurrence rate of 17.6%. We believe
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that this might be owing to the high proportion of unresected small LNs in the supraclavicular lymphatic area in the CT-suspect group.
These �ndings suggested that CT-suspect metastatic lymph nodes should be removed as extensively as possible during the operation, or
the major postoperative failure areas, such as the supraclavicular lymphatic recurrence area, and the mediastinal lymphatic recurrence
area should be carefully included in the clinical target area during postoperative radiotherapy.

Currently, there are still controversies about the value and pattern of postoperative adjuvant therapy in pT3N0M0 TESCC patients. Thus,
the use of postoperative chemotherapy or radiation in pT3N0M0 cases needs to be characterized in more detail, including the presence
of suspicious unresected small LNs. Our previous study compared surgery alone and POCT using a propensity score matching (PSM)
analysis for 582 patients with pT3N0M0 TESCC, retrospectively. After PSM, both groups had similar factors. Surgery + POCT signi�cantly
improved the 5-year OS and DFS (OS, 70.8% vs. 52.8%, P < 0.0001; DFS, 66.5% vs. 50.2%, P < 0.0001) [25]. However, other studies have
shown no survival bene�t for patients who received POCT. Ando et al. [43] reported no survival bene�t of 5-year OS for the Japan Clinical
Oncology Group, with a 5‐year OS rate of 48.1% for POCT and 44.9% for surgery alone (P = 0.26). For N1 ESCC patients, the 5‐year OS
was 43.7% for patients of POCT and 35.5% in surgery alone (P = 0.15). The value of adjuvant PORT in pT3N0M0 TESCC patients is also
controversial, this may be related to inclusion criteria, surgical methods, extent of exposure, and radiotherapy technologies. Yang et al.
[19] conducted a large sample-size retrospective study of PORT for pT3N0M0 TESCC, which showed that, compared with surgery alone,
surgery + PORT signi�cantly improved the 5-year OS (75.2% vs. 58.5%, P = 0.004) and DFS (71.8% vs. 49.2%, P = 0.001) rates. However, in
other reports, no bene�t of survival was observed. Xiao et al. [44] conducted a large phase III clinical trial of PORT in esophageal
carcinoma and showed an improved 3-year OS in patients with pT2–3N0M0 TESCC who received PORT (64.0%) versus those who
underwent surgery alone (56.0%); however, the difference was not signi�cant. One possible reason is the inaccuracy of N staging. In
most studies that show no survival bene�t from postoperative adjuvant treatment, the most common surgical approach is left
thoracotomy or two‐�eld esophagectomy. Previous studies have demonstrated that LN dissection is more complete using right
thoracotomy than left thoracotomy, especially for tracheoesophageal groove and para-recurrent laryngeal nerve LNs [45, 46]. Cervical
LNs were seldom resected during two‐�eld esophagectomy. LNs in the upper mediastinum (especially above the arch of the aorta) were
usually dissected incompletely. Therefore, potential metastasis of LNs in the cervical region and upper mediastinum could not be
removed intraoperatively in these studies. Therefore, postoperative chemotherapy may be insu�cient, on the contrary, postoperative
radiotherapy may be more effective at this time. Wang et al. [24] reported that postoperative adjuvant therapy (most of the patients
received POCT) was not associated with OS (P > 0.05), but the presence of small LNs on preoperative CT was an independent prognostic
factor for OS. In their study, all or most patients with small LNs on CT located in the upper mediastinum (especially above the arch of the
aorta) underwent a limited left thoracotomy in a two‐�eld esophagectomy; thus, these small LNs may be unresected after surgery,
indicating that no bene�t of postoperative adjuvant therapy was observed in this particular study because of the unresected lymph
nodes. These results suggest that unresected small LNs assessment for patients with pT3N0M0 TESCC receiving esophagectomy may
be important for further postoperative treatment decisions. However, the best pattern and indicator of postoperative adjuvant therapy
needs to be further studied in pT3N0M0 TESCC.

Conclusions
In summary, this study revealed that postoperative unresected LN assessment for ESCC patients is critically important. The unresected
small LNs status is the main in�uencing factor for prognosis and recurrence, and the recurrence rate of patients with unresected small
LNs in CT-suspect metastasis was signi�cantly higher than that in CT-negative EC. Therefore, the optimal postoperative treatment may
consider the pre- and postoperative CT assessment of unresected small LNs.

Abbreviations
EC, esophageal cancer; ESCC, esophageal squamous cell carcinoma; TESCC, thoracic esophageal squamous cell carcinoma; R0
resection, radical resection; LNs, lymph nodes; AJCC, American Joint Committee on Cancer; TNM, Tumor
Node–Metastasis; POCT, postoperative adjuvant chemotherapy; aCRT/RT, adjuvant chemoradiotherapy/radiotherapy; IMRT, Intensity-
modulated radiotherapy; CT, computed tomography; TR, total recurrence; LR, locoregional recurrence; DM, distant metastasis; OS, overall
survival; HR, hazard ratio; CI, con�dence interval; DFS, disease-free survival

Declarations
Ethics approval and consent to participate: 



Page 13/17

This study was approved by the ethics committee of Sichuan Cancer Hospital. 

Consent for publication: 

The study was undertaken with the patient’s consent. 

Availability of data and materials: 

Not applicable

Competing interests: 

The authors declare no actual or potential �nancial con�icts of interest.

Funding: 

This work was supported by grants from Sichuan Science and Technology Department Key Research and Development Project Fund
[2018SZ0210, 2019YFS0378, 2020YFS0424].

Authors' contributions: LP put forward the concept of the study. QW designed the study, prepared the manuscript. YW edited the
manuscript, and contributed to the statistical analysis. PX contributed to the quality control of data and algorithms. NY and WZ
analyzed CT images on a PACS station. XW, KM, LW, XZ, TX, QF and ML contributed to the data acquisition. QW put forward the
concept of the study, contributed to the data analysis and interpretation, and reviewed the manuscript. All authors read and
approved the �nal manuscript. YW, PX, and NY contributed equally to this work. QW and LP are Corresponding authors

Acknowledgements: 

Not applicable

Authors' information (optional): Department of Radiation Oncology, Sichuan Cancer Hospital and Institution, Sichuan Cancer Center,
School of Medicine, University of Electronic Science and Technology of China, Radiation Oncology Key Laboratory of Sichuan
Province, No.55,Section 4,South Renmin Road, Chengdu 610042 China

References
1. Rice TW, Gress DM, Patil DT, Hofstetter WL, Kelsen DP, Blackstone EH. Cancer of the esophagus and esophagogastric junction-Major

changes in the American Joint Committee on Cancer eighth edition cancer staging manual. CA Cancer J Clin. 2017;67:304–17.

2. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA Cancer J Clin. 2017;67:7–30.

3. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, Jemal A, Yu XQ, He J. Cancer statistics in China, 2015. CA Cancer J Clin.
2016;66:115–32.

4. Qiu ML, Lin JB, Li X, Luo RG, Liu B, Lin JW. Current state of esophageal cancer surgery in China: a national database analysis. BMC
Cancer. 2019;19:1064.

5. Smyth EC, Lagergren J, Fitzgerald RC, Lordick F, Shah MA, Lagergren P, Cunningham D. Oesophageal cancer. Nat Rev Dis Primers.
2017;3:17048.

�. Kelty CJ, Kennedy CW, Falk GL. Ratio of metastatic lymph nodes to total number of nodes resected is prognostic for survival in
esophageal carcinoma. J Thorac Oncol. 2010;5:1467–71.

7. Rice TW, Zuccaro G Jr, Adelstein DJ, Rybicki LA, Blackstone EH, Goldblum JR. Esophageal carcinoma: depth of tumor invasion is
predictive of regional lymph node status. Ann Thorac Surg. 1998;65:787–92.

�. Botet JF, Lightdale CJ, Zauber AG, Gerdes H, Urmacher C, Brennan MF. Preoperative staging of esophageal cancer: comparison of
endoscopic US and dynamic CT. Radiology. 1991;181:419–25.

9. Takashima S, Takeuchi N, Shiozaki H, Kobayashi K, Morimoto S, Ikezoe J, Tomiyama N, Harada K, Shogen K, Kozuka T. Carcinoma
of the esophagus: CT vs MR imaging in determining resectability. AJR Am J Roentgenol. 1991;156:297–302.

10. Hermanek P, Wittekind C. The pathologist and the residual tumor (R) classi�cation. Pathol Res Pract. 1994;190:115–23.

11. Hermanek P. pTNM and residual tumor classi�cations: problems of assessment and prognostic signi�cance. World J Surg.
1995;19:184–90.



Page 14/17

12. Schroder W, Baldus SE, Monig SP, Beckurts TK, Dienes HP, Holscher AH. Lymph node staging of esophageal squamous cell
carcinoma in patients with and without neoadjuvant radiochemotherapy: histomorphologic analysis. World J Surg. 2002;26:584–7.

13. Alper F, Turkyilmaz A, Kurtcan S, Aydin Y, Onbas O, Acemoglu H, Eroglu A. Effectiveness of the STIR turbo spin-echo sequence MR
imaging in evaluation of lymphadenopathy in esophageal cancer. Eur J Radiol. 2011;80:625–8.

14. Tohnosu N, Onoda S, Isono K. Ultrasonographic evaluation of cervical lymph node metastases in esophageal cancer with special
reference to the relationship between the short to long axis ratio (S/L) and the cancer content. J Clin Ultrasound. 1989;17:101–6.

15. Steinkamp HJ, Cornehl M, Hosten N, Pegios W, Vogl T, Felix R. Cervical lymphadenopathy: ratio of long- to short-axis diameter as a
predictor of malignancy. Br J Radiol. 1995;68:266–70.

1�. Liu J, Wang Z, Shao H, Qu D, Liu J, Yao L. Improving CT detection sensitivity for nodal metastases in oesophageal cancer with
combination of smaller size and lymph node axial ratio. Eur Radiol. 2018;28:188–95.

17. Situ D, Wei W, Lin P, Long H, Zhang L, Fu J, Rong T, Ma G. Do tumor grade and location affect survival in esophageal squamous cell
carcinoma? Survival analysis of 302 cases of pT3N0M0 esophageal squamous cell carcinoma. Ann Surg Oncol. 2013;20:580–5.

1�. Wang Y, Wang L, Yang Q, Li J, He M, Yao J, Qi Z, Li B, Qiao X. [Patterns of recurrence in patients with stage pT3N0M0 thoracic
esophageal squamous cell carcinoma after two-�eld esophagectomy]. Zhonghua Zhong Liu Za Zhi. 2016;38:48–54.

19. Yang J, Zhang W, Xiao Z, Wang Q, Zhou Z, Zhang H, Chen D, Feng Q, He J, Gao S, et al. The Impact of Postoperative Conformal
Radiotherapy after Radical Surgery on Survival and Recurrence in Pathologic T3N0M0 Esophageal Carcinoma: A Propensity Score-
Matched Analysis. J Thorac Oncol. 2017;12:1143–51.

20. Peyre CG, Hagen JA, DeMeester SR, Altorki NK, Ancona E, Gri�n SM, Holscher A, Lerut T, Law S, Rice TW, et al. The number of lymph
nodes removed predicts survival in esophageal cancer: an international study on the impact of extent of surgical resection. Ann
Surg. 2008;248:549–56.

21. Altorki NK, Zhou XK, Stiles B, Port JL, Paul S, Lee PC, Mazumdar M. Total number of resected lymph nodes predicts survival in
esophageal cancer. Ann Surg. 2008;248:221–6.

22. Rizk NP, Ishwaran H, Rice TW, Chen LQ, Schipper PH, Kesler KA, Law S, Lerut TE, Reed CE, Salo JA, et al. Optimum lymphadenectomy
for esophageal cancer. Ann Surg. 2010;251:46–50.

23. Park SY, Kim DJ, Son T, Lee YC, Lee CY, Lee JG, Chung KY. Extent of Mediastinal Lymphadenectomy and Survival in Super�cial
Esophageal Squamous Cell Carcinoma. J Gastrointest Surg. 2017;21:1584–90.

24. Wang Y, Wang L, Yang Q, Li J, Qi Z, He M, Yao J, Qiao X. Factors on prognosis in patients of stage pT3N0M0 thoracic esophageal
squamous cell carcinoma after two-�eld esophagectomy. J Cancer Res Ther. 2015;11(Suppl 1):C16–23.

25. Wang Q, Peng L, Li T, Dai W, Jiang Y, Xie T, Fang Q, Wang Y, Wu L, Cao B, et al. Postoperative Chemotherapy for Thoracic
Pathological T3N0M0 Esophageal Squamous Cell Carcinoma. Ann Surg Oncol. 2020;27:1488–95.

2�. Shen WB, Gao HM, Zhu SC, Li YM, Li SG, Xu JR. Analysis of the causes of failure after radical surgery in patients with PT3N0M0
thoracic esophageal squamous cell carcinoma and consideration of postoperative radiotherapy. World J Surg Oncol. 2017;15:192.

27. Zhang X, Yang Y, Sun Y, Ye B, Guo X, Mao T, Hua R, Li B, Gu H, Liu J, Li Z. Adjuvant therapy for pathological T3N0M0 esophageal
squamous cell carcinoma. J Thorac Dis. 2019;11:2512–22.

2�. Lagergren J, Mattsson F, Zylstra J, Chang F, Gossage J, Mason R, Lagergren P, Davies A. Extent of Lymphadenectomy and Prognosis
After Esophageal Cancer Surgery. JAMA Surg. 2016;151:32–9.

29. Lin Z, Chen W, Chen Y, Peng X, Yan S, He F, Fu R, Jiang Y, Hu Z. Achieving adequate lymph node dissection in treating esophageal
squamous cell carcinomas by radical lymphadenectomy: Beyond the scope of numbers of harvested lymph nodes. Oncol Lett.
2019;18:1617–30.

30. Ajani JA, D'Amico TA, Bentrem DJ, Chao J, Corvera C, Das P, Denlinger CS, Enzinger PC, Fanta P, Farjah F, et al. Esophageal and
Esophagogastric Junction Cancers, Version 2.2019, NCCN Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw.
2019;17:855–83.

31. Rizk N, Venkatraman E, Park B, Flores R, Bains MS, Rusch V. American Joint Committee on Cancer staging s: The prognostic
importance of the number of involved lymph nodes in esophageal cancer: implications for revisions of the American Joint
Committee on Cancer staging system. J Thorac Cardiovasc Surg. 2006;132:1374–81.

32. Lerut T, Nafteux P, Moons J, Coosemans W, Decker G, De Leyn P, Van Raemdonck D, Ectors N. Three-�eld lymphadenectomy for
carcinoma of the esophagus and gastroesophageal junction in 174 R0 resections: impact on staging, disease-free survival, and
outcome: a plea for adaptation of TNM classi�cation in upper-half esophageal carcinoma. Ann Surg. 2004;240:962–72. discussion
972 – 964.



Page 15/17

33. Barbour AP, Rizk NP, Gonen M, Tang L, Bains MS, Rusch VW, Coit DG, Brennan MF. Lymphadenectomy for adenocarcinoma of the
gastroesophageal junction (GEJ): impact of adequate staging on outcome. Ann Surg Oncol. 2007;14:306–16.

34. Kato H, Kuwano H, Nakajima M, Miyazaki T, Yoshikawa M, Ojima H, Tsukada K, Oriuchi N, Inoue T, Endo K. Comparison between
positron emission tomography and computed tomography in the use of the assessment of esophageal carcinoma. Cancer.
2002;94:921–8.

35. Kim K, Park SJ, Kim BT, Lee KS, Shim YM. Evaluation of lymph node metastases in squamous cell carcinoma of the esophagus with
positron emission tomography. Ann Thorac Surg. 2001;71:290–4.

3�. Tio TL, Cohen P, Coene PP, Udding J, den Hartog Jager FC, Tytgat GN. Endosonography and computed tomography of esophageal
carcinoma. Preoperative classi�cation compared to the new (1987) TNM system. Gastroenterology. 1989;96:1478–86.

37. McGuill MJ, Byrne P, Ravi N, Reynolds J. The prognostic impact of occult lymph node metastasis in cancer of the esophagus or
esophago-gastric junction: systematic review and meta-analysis. Dis Esophagus. 2008;21:236–40.

3�. Yamada H, Hosokawa M, Itoh K, Takenouchi T, Kinoshita Y, Kikkawa T, Sakashita K, Uemura S, Nishida Y, Kusumi T, Sasaki S.
Diagnostic value of (1)(8)F-FDG PET/CT for lymph node metastasis of esophageal squamous cell carcinoma. Surg Today.
2014;44:1258–65.

39. Higuchi I, Yasuda T, Yano M, Doki Y, Miyata H, Tatsumi M, Fukunaga H, Takiguchi S, Fujiwara Y, Hatazawa J, Monden M. Lack of
�udeoxyglucose F 18 uptake in posttreatment positron emission tomography as a signi�cant predictor of survival after subsequent
surgery in multimodality treatment for patients with locally advanced esophageal squamous cell carcinoma. J Thorac Cardiovasc
Surg. 2008;136:205–12. 212 e201-203.

40. Wakita A, Motoyama S, Sato Y, Kawakita Y, Nagaki Y, Terata K, Imai K, Minamiya Y. Evaluation of metastatic lymph nodes in cN0
thoracic esophageal cancer patients with inconsistent pathological lymph node diagnosis. World J Surg Oncol. 2020;18:111.

41. Mizowaki T, Nishimura Y, Shimada Y, Nakano Y, Imamura M, Konishi J, Hiraoka M. Optimal size criteria of malignant lymph nodes in
the treatment planning of radiotherapy for esophageal cancer: evaluation by computed tomography and magnetic resonance
imaging. Int J Radiat Oncol Biol Phys. 1996;36:1091–8.

42. Feng W, Qi Z, Qiu R, Li ZS, Dong SL, Li YK, Hu YP, He M, Wang YX. Risk factors for tumor recurrence in patients with pT3N0M0
thoracic esophageal squamous cell carcinoma after esophagectomy. J Int Med Res. 2020;48:300060520977403.

43. Ando N, Iizuka T, Kakegawa T, Isono K, Watanabe H, Ide H, Tanaka O, Shinoda M, Takiyama W, Arimori M, et al. A randomized trial of
surgery with and without chemotherapy for localized squamous carcinoma of the thoracic esophagus: the Japan Clinical Oncology
Group Study. J Thorac Cardiovasc Surg. 1997;114:205–9.

44. Xiao ZF, Yang ZY, Liang J, Miao YJ, Wang M, Yin WB, Gu XZ, Zhang DC, Zhang RG, Wang LJ. Value of radiotherapy after radical
surgery for esophageal carcinoma: a report of 495 patients. Ann Thorac Surg. 2003;75:331–6.

45. Mao YS, He J, Dong JS, Cheng GY, Sun KL, Liu XY, Fang DK, Li J, Wang YG. [Comparison of the results of lymph node dissection via
left versus right thoracotomy]. Zhonghua Zhong Liu Za Zhi. 2012;34:296–300.

4�. Wang Q, Wu Z, Zhan T, Fang S, Zhang S, Shen G, Wu M. Comparison of minimally invasive Ivor Lewis esophagectomy and left
transthoracic esophagectomy in esophageal squamous cell carcinoma patients: a propensity score-matched analysis. BMC Cancer.
2019;19:500.

Figures



Page 16/17

Figure 1

Contrast-enhanced CT image of a 47-year-old man shows a small lymph node in the right upper paratracheal. The short and long
diameters are 8 mm and 10 mm in the transverse section on the preoperative CT, with an axial ratio of 0.8 (8/10) (A), this small lymph
node was con�rmed unresected on postoperative CT two months later, with a larger size of 10*12mm in the transverse section (B), and
shrunk after radiotherapy with a size of 5*7 mm in the transverse section (C).
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Figure 2

Kaplan-Meier curves for TR, LR, DM, and OS in patients with different unresected LNs status. TR: Total recurrence; LR: Locoregional
recurrence; DM: Distant metastasis; OS: Overall survival; LN, lymph node; CT, computed tomography.


