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Background: 3-field lymph node dissection (3FL) frequently lead to much more perioperative complications than 

2-field lymph node dissection (2FL). This study was designed as a non-inferiority trial to evaluate whether 3FL 

could be omitted without compromising overall survival (OS) and disease-free survival (DFS) in the patients with 

resectable thoracic esophageal squamous cell cancer (ESCC) and negative right recurrent laryngeal nerve lymph 

nodes (RRLN-LNs). 

Methods: cT1b-3N0–1M0 thoracic ESCC patients were managed in 3 arms during open or minimally invasive 

McKeown esophagectomy according to the results of frozen section examination for RRLN-LNs: if positive, direct 

3FL (RRLN[ + ]-3FL); if negative, 2FL (RRLN[-]-2FL) or 3FL (RRLN[-]-3FL) by randomization. 

Results: Based on frozen section, of the 829 finally recruited patients, 121 (13.6 %) had positive RRLN-LNs and 

direct 3FL (RRLN[ + ]-3FL); 766 had negative RRLN-LNs and were randomized into the RRLN [-]-2FL (386 cases) 

or RRLN[-]-3FL (380 cases) group. The cervical LN metastasis rate in the RRLN[ + ]-3FL group (28.9 %) was 

significantly higher than that in the RRLN[-]-3FL group (8.3 %) ( P < 0.001). The 5-year OS and DFS were 72.2 % 

and 65.1 % in the RRLN[-]-3FL group and 68.8 % and 62.8 % in the RRLN[-]-2FL group (OS, P = 0.163; DFS, 

P = 0.378), versus 50.3 % and 41.2 % in the RRLN[ + ]-3FL group (both P < 0.001), respectively. 
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. Introduction 

Surgery currently remains the most effective treatment in the pa-

ients with resectable esophageal cancer. Pathologic lymph node (LN)

etastasis status is the most important prognostic determinant of

utcome after curative surgery or multimodality therapies. 1 , 2 Once

sophageal cancer involves the submucosal layer of the esophagus, via

he longitudinal lymphatic network in the submucosa, cancer cells can

pread to the LN stations around the esophagus from the neck to the up-

er abdomen, especially from the upper mediastinum to the lower neck

long the recurrent nerves. 3 , 4 Accordingly, the extent and number of

ymphadenectomies significantly affect overall and disease free survival

n esophageal cancer patients. 2 , 5 , 6 

Although controversial, literature does suggest improved 5-year sur-

ival rates in patients with thoracic esophageal cancer who undergo a 3-

eld lymph node dissection (3FL) encompassing a cervical, thoracic, and

bdominal lymphadenectomy, compared with a 2-field lymph node dis-

ection (2FL) excluding a cervical LN (CLN) dissection. 7–10 The patho-

ogic rate of cervical lymph node metastasis is between 20 % and 41.6 %

n patients with thoracic esophageal squamous cell cancer (ESCC), 7 , 11 

ence over 50 % of patients may be exposed to the risk of recurrent la-

yngeal nerve (RLN) injury, respiratory complications, and anastomotic

eakage, for probably no oncologic benefit after 3FL. 9 , 12 , 13 There is

herefore a clear rationale for precise preoperative staging for assess-

ent of involvement of CLNs, including markers of risk; and in this

ontext, the application of intraoperative sentinel lymph node status by

rozen section to gauge the necessity of CLN dissection has logical ap-

eal. 

The right RLN LNs (RRLN-LNs) are located at the cervicothoracic

unction and connected to CLNs through lymphatic vessels. Previous

tudies have reported that RRLN-LNs have the highest frequency of

etastasis in thoracic ESCC patients. 2 , 16 Therefore, it is meaningful

o ascertain whether RRLN-LNs could be used as sentinel LNs to pre-

ict the status of CLNs and to determine the necessity of cervical lym-

hadenectomy. To the best of our knowledge, there are no prospective

linical studies that address this question. This prospective multicen-

er non-inferiority randomized study was therefore designed to verify

hether the patients who have negative RRLN-LNs need a 3FL, and the

redictive value of RRLN-LNs as sentinel LNs for the necessity of cer-

ical lymphadenectomy in the patients with resectable thoracic ESCCs

TESCCs) treated by upfront surgery. 

. Materials and methods 

.1. Trial design and patient enrollment 

Trial design: During esophagectomy via the right thoracic approach,

ll the RRLN-LNs were dissected first and sent for frozen section exam-

nation. The maximum surface sections of each node were stained with

ematoxylin and eosin (H&E) and examined intraoperatively by experi-

nced pathologists. The patients were then managed in 3 arms accord-

ng to the results of frozen section examination: if any of RRLN-LNs was

ositive, the patient would undergo 3-FL directly (RRLN[ + ]− 3FL) 7 , and

f negative, patients were randomized into either the 2-FL arm (RRN[-

− 2FL) or the 3-FL arm (RRLN[-]− 3FL). 

Participants enrollment: All hospitalized thoracic esophageal can-

er patients within stage of cT1b-3N0–1M0 who met the following in-

lusion criteria in 14 centers were recruited into this study. The stag-

ng system of the American Joint Committee on Cancer (AJCC) 7th
204
ymphadenectomy can be avoided in the patients with middle or lower thoracic

frozen section treated by upfront surgery. 

ov Identifier NCT02448953. 

dition for esophageal cancer was used for clinical TNM (cTNM) and

athological TNM (pTNM) staging. Inclusion criteria: (1) pathologically

roven ESCC; (2) no previous antitumor therapy, such as neoadjuvant

hemotherapy, radiotherapy, or chemoradiation; (3) no other previ-

us or simultaneous malignant tumors; (4) preoperative cTNM stage

ithin cT1b-3N0–1M0; (5) age of 18–75 years, with Eastern Coopera-

ive Oncology Group (ECOG)–World Health Organization (WHO) perfor-

ance status (0–1) to tolerate esophagectomy; (6) no suspicious cervical

ymph node metastasis by the cervical ultrasound/computed tomogra-

hy (CT; short diameter of lymph node < 0.8 cm or shortest diame-

er/longest diameter < 0.65); 15 (7) willingness to participate in the clin-

cal trial with a signed informed consent. Exclusion criteria: (1) patho-

ogically proven esophageal non-squamous cell carcinoma by preoper-

tive fiberoesophagoscopic biopsy or postoperative pathological exam-

nation; (2) receiving preoperative or postoperative adjuvant antitumor

herapies, such as chemotherapy, radiotherapy, or chemoradiation; (3)

ncomplete preoperative clinical TNM stage assessment or beyond the

tage of cT1b-3N0–1M0; (4) refusal of surgery or unwillingness to sign

he informed consent or to follow the treatment protocol; (5) having a

alliative resection or exploration alone. 

Randomization: Through an authorized computer in each selected

enter, all hospitalized eligible patients from the 14 authorized centers

ith resectable TESCCs consisting of upper, middle, and lower thoracic

sophageal cancers who met the above inclusion criteria were primarily

ecruited into this study. The RRLN(-) patients were randomized into

n RRLN[-]− 2FL or RRLN[-]− 3FL group by an online central automatic

andomizing program (stratified block randomization) from the plat-

orm run by a third party. Each random sequence was designed to con-

ain 20 patients, who had equal chance to be randomized into an RRLN

-]− 2FL or RRLN [-]− 3FL group. The actual enrollment and randomiza-

ion are presented in Fig. 1 . 

.2. Interventions 

Chest procedures: All recruited patients underwent a McKeown

sophagectomy by open or video-assisted thoracoscopic/laparoscopic

urgery (minimally invasive esophagectomy [MIE]), the procedures

ere via 3 conventional incisions (right posterolateral thoracic inci-

ion + midline abdominal incision + neck incision) or small MIE port

ncisions on the right chest and abdominal wall. During the thoracic

hase, the patients undergoing open surgery were usually placed in a

eft lateral position and intubated with a double-lumen tube, whereas

or MIE, a left semiprone position and intubation using a single-lumen

ube with or without an occluder in the right main bronchus were ap-

lied. After exploration for possible pleural metastasis and resectability

f the tumors, all RRLN-LNs were dissected and sent for frozen section

xamination. All LNs around the thoracic esophagus including the LNs

n the subcarinal area and along the left RLN from the left main bronchus

o the apex of the chest were dissected. 

Abdominal procedures: The stomach was completely mobilized with

reservation of the right gastroepiploic artery, and all LNs around the

astric cardia, left gastric artery, splenic artery, and common hepatic

rtery were dissected. The esophagus was then divided beyond the gas-

ric cardia or in the neck. The tumor was resected with at least 5-cm

roximal and distal clearance. Finally, the stomach was pulled out of

he abdomen, and a gastric conduit of approximately 4 cm in width was

ade with the edge being enhanced and embedded by continuous su-

uring using Porlene for prevention of leakage. 

Neck procedures: Based on the results of intraoperative frozen sec-

ions, those patients either with positive RRLN-LNs or with negative



Y. Mao, S. Liu, Y. Han et al. Journal of the National Cancer Center 5 (2025) 203–211

R  

s  

a  

“  

a  

c  

w

2

 

d  

c  

r

2

 

4  

t  

e  

a  

b  

v  

a

A  

n  

a  

s  

2  

]  

t  

g  

a  

c

2

 

A  

C  

t  

s  

u  

t  

y  

m  

M  

d

2

 

p  

c  

p  

t  

p  

r  

i  

c  

2

 

a  

t  

p  

p  

a  

s  

o  

p  

q  

d  

k  

s  

w  

c

2

 

2  

a  

s  

t  

d  

f  

r  

C  

e  

m  

i  

p  

e

 

m  

L  

fi  

c  

t  

w  

p

3

3

 

m  

1  

R  

r  

c  

i  

]  

f  

c  

t  

c  

p  

t  

y  

g  

g  

t  

s  

i  

b  

m  

f  
RLN-LNs but randomized into the 3FL cohort received a CLN dis-

ection. The inner CLNs consisting of paraesophageal and deep CLNs

nd the extra CLNs (supraclavicular LNs) were all dissected through a

U-shaped" lower neck incision. Finally, an end-to-side esophagogastric

nastomosis was made with a circular stapler or by hand sewing. On the

ontrary, for the RRLN[-]− 2FL patients, only a small left neck incision

as made for the anastomosis, with no cervical lymphadenectomy. 

.3. Outcomes 

The primary end point was 3- and 5-year overall survival (OS) and

isease-free survival (DFS); secondary end points included perioperative

omplications, rate of cervical lymph node metastasis after 3FL, recur-

ence rate after 2FL and 3FL. 

.4. Sample size calculation 

Reported CLN metastasis rate for thoracic ESCC is between 20 % and

1.6 %, 7–11 and a documented recurrence rate of CLN is 8.6–28.6 % af-

er a 3FL. 2 , 16 Therefore, for those patients who have resectable thoracic

sophageal cancer and no preoperative suspected CLN metastasis, it was

ssumed that the average local cervical recurrence rate after 3FL would

e about 10 % lower than that after 2FL. 2 , 7–11 , 16 The overall 5-year sur-

ival was reported to be 33–38 % after 2FL and 49–53 % after 3FL with

n average difference of OS was about 10 % between 2FL and 3FL. 8 , 9 , 16 

 non-inferiority design was applied for sample size estimation. The

on-inferiority margin was set at 10 % based on the above results, with

 significance level of 0.05 and a power of 90 %, ensuring sufficient

tatistical power to detect non-inferiority in OS and DFS between the

FL and 3FL groups. The sample size estimated for the whole RRLN [-

 group was 532 cases. If a rate of loss to follow-up was set at 10 %,

he number of cases required in the RRLN [-]− 2FL and RRLN [-]− 3FL

roups were about 586 cases in total, with about 293 in each group plus

bout 200 cases in the RRLN [ + ]− 3FL group. Thus, approximately 800

ases in total were planned for enrollment in this study. 

.5. Statistical analysis 

All statistical analysis were carried out using SPSS (IBM Corporation,

rmonk, NY, USA) and R version 3.6.2 (R Foundation for Statistical

omputing, Vienna, Austria). Baseline clinicopathological characteris-

ics were compared using Student’s t- tests and Chi-square tests (two-

ided). Univariate and multivariate logistic regression analysis were

sed to identify risk factors associated with cervical lymph node metas-

ases. The variables that were statistically significant in univariate anal-

sis were put into multivariate logistic regression analysis. Five-year cu-

ulative OS and DFS of different groups were calculated by the Kaplan-

eier method and compared by log-rank test. A P- value of < 0.05 was

eemed statistically significant. 

.6. Data verification 

All data points regarding clinical parameters and events on recruited

atients was recorded into the database in real time and was verified by

oordinators and database managers with medical reports. Intra- and

ostoperative complications were documented and classified according

o the Clavien-Dindo scoring system. 18 All major surgery-related com-

lications beyond Clavien-Dindo grade II, such as bleeding, chylotho-

ax, anastomotic leakage, empyema, RLN paralysis, and infection of the

ncision, were recorded and compared among the three groups. Other

omplications, such as arrhythmia and pneumonia, were also included.

.7. Surgery quality control 

All selected centers were required to be high volume centers with

 long history of performing esophagectomies ( ≥ 200 esophagec-

omies/year), and an agreement on quality control was signed before
205
articipation in the study. The esophagectomies were required to be

erformed by experienced senior surgeons in their preferred approach

s outlined in the trial protocol (see in Supplementary materials). All

elected centers and investigators were reviewed by live demonstration

f esophagectomy before enrolling patients and reassessed on site by the

rincipal investigator every 6 months after enrollment of patients. If the

uality of surgery at any center was compromised or did not meet stan-

ards, it was removed from the trial. Standard demonstration videos of

ey procedures and surgical techniques in dissecting LNs and anastomo-

is performed by authoritative surgeons from the high-volume centers

ere displayed on the trial platform as a standard for the continuous

heck and balance of the surgery quality control. 

.8. Follow-up 

The recruiting period was from April 15, 2015, to December 31,

018. All enrolled patients were followed up once every 3 months by

 fixed team through telephone calls after surgery. They were asked to

ee their surgeons for follow-ups and undergo routine examinations at

heir local hospitals where esophagectomies were performed. Follow-up

ata were obtained by telephone interview with patients and/or their

amily members. Oncologic follow-up examinations consisted of high-

esolution CT scans of the chest and abdomen, ultrasonography for the

LN, and upper gastrointestinal barium swallowing esophagogram or

sophagogastroscopy every 3 months in the first 2 years and every 6

onths in the remaining 3 years after the surgery. Other examinations

ncluding brain magnetic resonance imaging (MRI) and bone scans were

erformed to detect recurrence and/or metastasis, when clinically nec-

ssary. 

Postoperative adjuvant chemotherapy/radiotherapy was not recom-

ended routinely unless patients were confirmed to have recurrence.

ocoregional recurrence was defined as recurrence in the operation

eld, such as in the anastomotic or tumor bed area, or the LNs in neck,

hest, and abdomen. Distant metastases were defined as metastasis in

he distant organs or the LNs beyond the surgical fields. All recurrences

ere confirmed based on radiological evidence and/or biopsy, when

ossible. 

. Results 

.1. Patient enrollment and exclusion 

A total of 887 patients with thoracic esophageal cancers were pri-

arily recruited into this study from 14 centers across China. Of these,

21 had positive RRLN-LNs by frozen section and therefore underwent

RLN[ + ]− 3FL; 766 had negative RRLN-LNs by frozen section and were

andomized into the RRLN[-]− 2FL (386 cases) and RRLN[-]− 3FL (380

ases) groups. A total of 58 cases were ruled out for various reasons,

ncluding 7 cases in the RRLN[ + ]− 3FL group, 19 cases in the RRLN[-

− 2FL group, and 32 cases in the RRLN[-]− 3FL group. The reasons

or exclusion were as follows: incomplete cTNM staging assessment (5

ases), unwilling to stick to protocol (30 cases), unexpected termina-

ion of surgery (2 cases), non-squamous cell carcinoma (10 cases), car-

inoma in situ (7 cases), and frozen negative RRLN-LN but pathologic

ositive RRLN-LN (4 cases). Ultimately, 829 cases were enrolled into

he study, including 616 males and 213 females, with a mean age of 60

ears (range 41–74 years). There were 114 cases in the RRLN[ + ]− 3FL

roup, 367 in the RRLN[-]− 2FL group, and 348 in the RRLN[-]− 3FL

roup ( Fig. 1 ). The baseline demographic and clinicopathological fea-

ures are listed in Table 1 and Supplementary Table 1. There was no

ignificant difference in the basic demographic characteristics, includ-

ng age, sex, tumor location, tumor differentiation, and N classification

etween the RRLN[-]− 2FL and RRLN[-]− 3FL groups (all P > 0.05). Tu-

or differentiation showed a slight predominance of moderately dif-

erentiated lesions in both groups. No significant difference was found



Y. Mao, S. Liu, Y. Han et al. Journal of the National Cancer Center 5 (2025) 203–211

Fig. 1. CONSORT diagram of patient enrollment 

and randomization. cTNM, clinical tumor–node–

metastasis; LN, lymph node; RRLN-LN, right re- 

current laryngeal nerve lymph nodes; RRLN- 

LN(-): negative RRLN-LN; RRLN-LN( + ): positive 

RRLN-LN; RRLN[-]− 2FL, patients with negative 

right recurrent laryngeal nerve lymph nodes 

by frozen sections and 2-field lymph node dis- 

section; RRLN[-]− 3FL, patients with negative 

right recurrent laryngeal nerve lymph nodes by 

frozen sections and 3-field lymph node dissection; 

RRLN[ + ]− 3FL, patients with positive right recur- 

rent laryngeal nerve lymph nodes by frozen sec- 

tions and 3-field lymph node dissection. 
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n T classification or TNM stage. Similarly, the proportion of hand-

ewn and stapled anastomoses was balanced between the two groups

 P = 0.62). 

.2. Surgical resection 

Minimally invasive McKeown esophagectomies were performed in

95 (95.9 %) cases, open McKeown esophagectomies in 25 (3.0 %)

ases, and conversion of MIE to open esophagectomy in 9 cases (1.1 %)

ue to difficulty in resection of the lesions (7 cases) and severe pleural

dhesion (2 cases). 

.3. CLN metastasis and recurrence 

Of the 114 cases with positive RRLN-LNs according to intraoperative

rozen section examination, 33 cases (28.9 %) had CLN metastasis after

FL, including inner CLN metastasis in 19 cases (16.7 %) and extra CLN
206
etastasis in 21 cases (18.4 %). However, among the 348 cases with

egative RRLN-LNs by intraoperative frozen section examination, only

9 cases (8.3 %) were found to have CLN metastasis after 3FL, including

nner CLN metastasis in 21 cases (6.0 %) and extra CLN metastasis in

1 cases (3.2 %). The RRLN[ + ]− 3FL group had a significantly higher

LN metastasis rate than did the RRLN[-]− 3FL group (28.9% vs. 8.3 %;

 < 0.001), not only in the inner CLNs (16.7% vs. 6.0 %; P < 0.001) but

lso in the extra CLNs (18.4% vs. 3.2 %; P < 0.001). The comparison

f the CLN metastasis rates among the upper, middle, and lower tho-

acic esophageal cancers between the positive and negative RRLN-LNs

y frozen sections is listed in Table 2 . The specificity, negative predic-

ive value and accuracy of RRLN-LN frozen section was 77.3 %, 91.7 %

nd 74.3 %, respectively. Compared with the middle and lower thoracic

sophageal cancers, the upper thoracic esophageal cancers had a rela-

ively higher CLN metastasis rate whether the RRLN-LNs were positive

27.6 %) or negative (13.0 %) according to frozen sections ( Table 2 ).

he results of univariate and multivariate analysis on the association
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Table 1 

The baseline clinicopathological characteristics of patients in the RRLN[-]− 2FL 

and RRLN[-]− 3FL groups. 

Characteristics RRLN[-]− 2FL RRLN[-]− 3FL P 𝜒2 

Total cases, No. 367 348 

Age, mean ± SD, years 59.9 ± 7.0 59.7 ± 6.8 0.63 

Sex, No. (%) 

Male 270 (73.6) 258 (74.1) 0.86 0.030 

Female 97 (26.4) 90 (25.9) 

Tumor location, No. (%) 

Upper 51 (13.9) 46 (13.2) 0.96 0.076 

Middle 222 (60.5) 213 (61.2) 

Lower 94 (25.6) 89 (25.6) 

Tumor differentiation, No. (%) 

Well 80 (21.8) 83 (23.9) 0.47 1.495 

Moderate 218 (59.4) 211 (60.6) 

Poor 69 (18.8) 54 (15.5) 

T classification, No. (%) 

T1a 19 (5.2) 13 (3.7) 0.09 8.147 

T1b 88 (24.0) 65 (18.7) 

T2 62 (16.9) 83 (23.9) 

T3 187 (51.0) 180 (51.7) 

T4a 11 (3.0) 7 (2.0) 

M classification, No. (%) 

M0 367 348 

N classification, No. (%) 

N0 238 (64.9) 219 (62.9) 0.54 2.147 

N1 91 (24.8) 85 (24.4) 

N2 35 (9.5) 37 (10.6) 

N3 3 (0.8) 7 (2.0) 

TNM stage, No. (%) 

IA 24 (6.5) 16 (4.6) 0.49 5.472 

IB 77 (21.0) 56 (16.1) 

IIA 43 (11.7) 50 (14.4) 

IIB 117 (31.9) 122 (35.1) 

IIIA 68 (18.5) 65 (18.7) 

IIIB 27 (7.4) 30 (8.6) 

IIIC 11 (3.0) 9 (2.6) 

Anastomosis, No. (%) 

Handsewn 344 (93.7) 323 (92.8) 0.62 0.240 

Stapled 23 (6.3) 25 (7.2) 

Abbreviations: LN, lymph node; RRLN[-]− 2FL, 2-Field LN dissection group with 

negative right recurrent laryngeal nerve lymph nodes by frozen section; RRLN[- 

]− 3FL, 3-field LN dissection group with negative right recurrent laryngeal nerve 

lymph nodes by frozen section. 
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f CLN metastasis with the clinicopathological factors are listed in the

able 3 . 

Tumor differentiation, RRLN-LN status, LRLN-LN status, subcari-

al/left tracheobronchial LN metastasis, and abdominal LN status were

ound to be significantly associated with CLN metastasis in the uni-

ariate analysis. All significant univariate factors associated with CLN

etastasis were included in the multivariate regression analysis. The

ultivariate analysis revealed that the presence of positive RRLN-LN

OR, 2.67 [95 % CI, 1.45–4.92]; P = 0.002) remained an independent

ignificant factor correlating with CLN metastasis, in addition to tumor

ifferentiation (OR, 3.23 [95 % CI, 1.20–8.60]; P = 0.019) and sub-
able 2 

omparison of the cervical LN metastasis rate among the patients with thoracic esop

Location RRLN-LN CLN(-), No. (%) CLN( + ), No. (%) 

Upper ( + ) 21 (72.4) 8 (27.6) 

(-) 40 (87.0) 6 (13.0) 

Middle ( + ) 47 (74.6) 16 (25.4) 

(-) 197 (92.5) 16 (7.5) 

Lower ( + ) 13 (59.1) 9 (40.9) 

(-) 82 (92.1) 7 (7.9) 

Total ( + ) 81 (71.1) 33 (28.9) 

(-) 319 (91.7) 29 (8.3) 

bbreviations: (-), negative; ( + ), positive; CLN, cervical lymph node; LN, lymph node
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arinal/left tracheobronchial LN metastasis (OR, 3.02 [95 % CI, 1.36–

.68]; P = 0.007). Tumor stage (T1 vs. T2 + T3 + T4: OR, 1.6 [95 % CI,

.70–3.65]; P = 0.26), LRLN-LN status (OR, 1.8 [95 % CI, 0.88–3.71];

 = 0.11), and abdominal LN involvement (OR, 1.26; [95 % CI, 0.65–

.42]; P = 0.49) were not statistically significant predictors of CLN

etastasis in the multivariate analysis. The recurrence rate of CLN was

.4 % in the RRLN[-]− 2FL group, 2.5 % in the RRLN[-]− 3FL group and

.5 % in the RRLN [ + ]− 3FL group, there was no significant difference

mong three groups ( P = 0.746). 

.4. Peri-operative complication and mortality 

The complications of the RRLN[-]− 3FL group, the RRLN[-]− 2FL

roup and the RRLN[ + ]− 3FL group classified by ECCG definition were

isted and compared in Table 4 . There was no significant difference be-

ween the RRLN[-]− 3FL group and the RRLN[-]− 2FL group ( P = 0.35).

ompared with 2FL, 3FL had a significantly increased operating time

276.78 ± 85.505 min vs 254.01 ± 80.238 min, P < 0.001) and extra blood

oss volume of (23.85 ± 19.719 ml vs 0 ml). Of the 114 patients in the

RLN[ + ]− 3FL group, 2 (1.8 %) died of postoperative complications (1

cute myocardial infarction and 1 pneumonia). Among the 348 patients

n the RRLN[-]− 3FL group, 1 (0.3 %) died of postoperative intrathoracic

leeding, and of the 367 patents in the RRLN[-]− 2FL group, 1 (0.3 %)

ied of postoperative respiratory failure. 

.5. Survival 

Of the 829 eligible patients, 44 (5.3 %) were lost to follow-up, in-

luding 27 in the RRLN[-]− 3FL group, 16 in the RRLN[-]− 2FL group,

nd 1 in the RRLN [ + ]− 3FL group. In all, 785 patients (94.7 %)

ere successfully followed up until the last follow-up on April 30,

023. All patients were followed-up for > 5 years (range 60–82.3

onths). The 5-year OS and DFS were 72.2 % and 65.1 % in the

RLN[-]− 3FL group, respectively, and 68.8 % and 62.8 % in the

RLN[-]− 2FL group, respectively. This non-inferiority trial demon-

trated no significant difference between RRLN[-]− 2FL and RRLN[-

− 3FL in OS (HR, 0.82 [95 % CI, 0.61–1.08]; P = 0.163) and DFS

HR, 0.89 [95 % CI, 0.69–1.15]; P = 0.378). Compared with the

RLN[-]− 3FL and RRLN[-]− 2FL groups, the RRLN[ + ]− 3FL had the

orst 5-year OS (50.3 %; HR 2.16 [95 % CI, 1.57–3.04]; P < 0.001)

nd DFS (41.2 %; HR, 2.03 [95 % CI, 1.48–2.78]; P < 0.001; Figs 2

nd 3 ). 

. Discussion 

It is well established that the extent and number of metastatic LNs

egatively correlate with survival, and a high nodal yield is a positive

rognostic measure. 6–10 Theoretically, esophageal cancer can spread to

he LNs around esophagus and 3FL is recommended; however, addi-

ional CLN increase operative time and trauma, which usually lead to

ore complications. Some series, mainly from Japan, indicate that 3FL
hageal cancers at different locations and 3-field LN dissection. 

P value 𝜒2 RR 95 % CI 

0.120 2.478 0.473 0.183, 1.224 

< 0.001 15.173 0.296 0.157, 0.557 

< 0.001 15.613 0.192 0.081, 0.459 

< 0.001 31.405 0.288 0.183, 0.452 

; RRLN-LN, right recurrent laryngeal nerve lymph node. 
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Table 3 

Correlation of cervical LN metastasis and clinicopathological factors. 

Clinicopathological characteristics CLN ( + ) CLN (-) Univariate analysis Multivariate analysis 

P OR 95 % CI P OR 95 % CI 

Total cases, No. 62 400 

Age, No. (%), years 

≤ 60 33 (14.9) 189 (85.1) 0.41 1.23 0.77, 1.96 

> 60 29 (12.1) 211 (87.9) 

Gender, No. (%) 

Male 48 (13.9) 298 (86.1) 0.75 1.15 0.66, 2.00 

Female 14 ((12.1) 102 (87.9) 

Tumor length, No. (%) 

≤ 5 cm 54 (14.4) 322 (85.6) 0.29 1.54 0.76, 3.12 

> 5 cm 8 (9.3) 78 (90.7) 

Tumor location, No. (%) 

Upper 14 (18.7) 61 (81.3) 0.14 1.51 0.88, 2.59 

Middle & Lower 48 (12.4) 339 (87.6) 

Tumor differentiation, No. (%) 

Well 5 (5.1) 94 (94.9) 0.004 3.11 1.28, 7.55 0.019 3.23 1.20, 8.60 

Moderate & Poor 57 (15.7) 306 (84.3) 

Tumor stage, No. (%) 

T1 8 (8.2) 90 (91.8) 0.086 1.96 0.90, 4.27 0.260 1.60 0.70, 3.65 

T2 + T3 + T4 54 (14.8) 310 (85.2) 

RRLN-LNs, No. (%) 

Positive 33 (28.9) 81 (71.1) < 0.001 3.27 2.08, 5.17 0.002 2.67 1.45, 4.92 

Negative 29 (8.3) 319 (91.7) 

LRLN-LNs, No. (%) 

Positive 18 (30.0) 42 (70) < 0.001 3.48 1.84, 6.57 0.110 1.80 0.88, 3.71 

Negative 44 (10.9) 358 (89.1) 

Subcarinal & left tracheobronchial LN 

Positive 17 (40.5) 25 (59.5) < 0.001 3.78 2.39, 5.98 0.007 3.02 1.36, 6.68 

Negative 45 (10.7) 375 (89.3) 

Abdominal LN, No. (%) 

Positive 22 (21.0) 83 (79.0) 0.014 1.87 1.17, 3.00 0.490 1.26 0.65, 2.42 

Negative 40 (11.2) 317 (88.8) 

Abbreviations: (-), negative; ( + ), positive; CLN, cervical lymph node; LN, lymph node; LRLN-LN, left recurrent laryngeal nerve lymph nodes; RRLN-LNs, right recurrent 

laryngeal nerve lymph nodes. 

Table 4 

Comparison of complications among the RRLN[-]− 2FL, RRLN[-]− 3FL and RRLN[ + ]− 3FL groups. 

ECCG characteristics RRLN[-]− 2FL, % RRLN[-]− 3FL, % P -value RRLN[-]− 3FL, % RRLN[ + ]− 3FL, % P -value 

Anastomotic leakage 

No 88.8 (326/367) 86.8 (302/348) 0.43 86.8 (302/348) 81.6 (93/114) 0.17 

II 11.2 (41/367) 13.2 (46/348) 13.2 (46/348) 18.4 (21/114) 

RLN paralysis 

No 94.8 (348/367) 93.4 (325/348) 0.39 93.4 (325/348) 91.2 (104/114) 0.41 

IA 4.9 (18/367) 6.6 (23/348) 6.6 (23/348) 8.8 (10/114) 

IIIB 0.3 (1/367) 0.0 0.0 0.0 

Chylothorax 

No 99.4 (365/367) 98.3 (342/348) 0.23 98.3 (342/348) 95.6 (109/114) 0.15 

IIA 0.3 (1/367) 1.4 (5/348) 1.4 (5/348) 4.4 (5/114) 

IIIB 0.3 (1/367) 0.3 (1/367) 0.3 (1/367) 0.0 

Respiratory complications 

Yes 31.9 (117/367) 30.2 (105/348) 0.62 30.2 (105/348) 28.9 (33/114) 0.80 

No 68.1 (250/367) 69.8 (243/348) 69.8 (243/348) 71.1 (81/114) 

Wound infection 

Yes 3.8 (14/367) 5.7 (20/348) 0.23 5.7 (20/348) 2.6 (3/114) 0.18 

No 96.2 (353/367) 94.3 (328/348) 94.3 (328/348) 97.4 (111/114) 

Post-operative bleedig 

Yes 1.1 (4/367) 1.4 (5/348) 0.68 1.4 (5/348) 2.6 (3/114) 0.40 

No 98.9 (363/367) 98.6 (343/348) 98.6 (343/348) 97.4 (111/114) 

Arrhythmia 

Yes 3.0 (11/367) 5.5 (19/348) 0.10 5.5 (19/348) 2.6 (3/114) 0.22 

No 97.0 (356/367) 94.5 (329/348) 94.5 (329/348) 97.4 (111/114) 

Unplanned second surgery 

Yes 1.6 (6/367) 0.6 (2/348) 0.18 0.6 (2/348) 0.9 (1/114) 0.73 

No 98.4 (361/367) 99.4 (346/348) 99.4 (346/348) 99.1 (113/114) 

Total complications 

Yes 42.5 (156/367) 46.0 (160/348) 0.35 46.0 (160/348) 47.4 (54/114) 0.80 

No 57.5 (211/367) 54.0 (188/348) 54.0 (188/348) 52.6 (60/114) 

Abbreviations: ECCG, Esophagectomy Complication Consensus Group; LN, lymph node; RLN, recurrent laryngeal nerve; RRLN[-]− 2FL, 2FL group with negative right 

recurrent laryngeal nerve lymph nodes by frozen section; RRLN[-]− 3FL, 3FL group with negative right recurrent laryngeal nerve lymph nodes by frozen section; 

RRLN[ + ]− 3FL, 3FL group with positive right recurrent laryngeal nerve lymph nodes by frozen section. 
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Fig. 2. Comparison of overall survival among the RRLN [-]− 3FL, 

RRLN[-]− 2FL, and RRLN[ + ]− 3FL groups. CI, confidence inter- 

val; HR, hazard ratio; m, month; OS, overall survival; RRLN[- 

]− 2FL, patients with negative right recurrent laryngeal nerve 

lymph nodes by frozen sections and 2-field lymph node dissec- 

tion; RRLN[-]− 3FL, patients with negative right recurrent laryn- 

geal nerve lymph nodes by frozen sections and 3-field lymph node 

dissection; RRLN[ + ]− 3FL, patients with positive right recurrent 

laryngeal nerve lymph nodes by frozen sections and 3-field lymph 

node dissection. 

Fig. 3. Comparison of disease-free survival among the RRLN [- 

]− 3FL, RRLN [-]− 2FL, and RRLN [ + ]− 3FL groups. CI, confidence 

interval; DFS, disease-free survival; HR, hazard ratio; m, month; 

RRLN[-]− 2FL, patients with negative right recurrent laryngeal 

nerve lymph nodes by frozen sections and 2-field lymph node dis- 

section; RRLN[-]− 3FL, patients with negative right recurrent la- 

ryngeal nerve lymph nodes by frozen sections and 3-field lymph 

node dissection; RRLN[ + ]− 3FL, patients with positive right recur- 

rent laryngeal nerve lymph nodes by frozen sections and 3-field 

lymph node dissection. 
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ill achieve not only a higher nodal yield but also improved 5-year sur-

ival compared with 2FL. 7–10 Liu et al. 6 reported a retrospective com-

arison study of 1131 thoracic esophageal ESCC patients treated by 3FL

nd 420 patients treated by 2FL. The overall 5-year survival rate for N0,

1, N2, and N3 metastasis was 77.5 %, 41.2 %, 22.2 %, and 7.0 %, re-

pectively ( P < 0.0001). A subgroup analysis showed that the 5-year sur-

ival in N0 patients with middle and lower thoracic esophageal cancer

reated by 3FL and 2FL was 77.5 % and 70.7 % ( P = 0.235), respectively;

n the N1–2 subgroup it was 41.2 % and 32.8 % ( P = 0.006), respec-

ively; and in the N3 subgroup it was 19.4 % and 19.0 %, respectively.

ccordingly, only the group with limited LN metastasis (N1–2), and not

he N0 nor N3 patients, could benefit from 3FL. These results were con-

istent with those reported by several Japanese surgeons. 17 , 20 , 19 All

hese results indicated that 3FL may be beneficial only to a subgroup of

atients with limited LN metastasis (N1–2), which should be a selective

rocedure and is not necessary for all esophageal cancer patients who

ould undergo esophagectomy. The question whether selective use of

ervical lymph node dissection can be developed to optimize oncologic

utcomes, and meanwhile to reduce operative time, trauma and added

perative risk, is important and the main purpose of this study. Our

esults demonstrated that there was no significant survival advantage

n the RRLN[-]− 3FL group compared with the RRLN[-]− 2FL group for

hose with cT1b-3N0/N1 disease who underwent upfront surgery, align-

ng with the non-inferiority trial design. Therefore, our study demon-

trated that 2FL procedure is an effective surgical strategy without

ompromising long-term survival for the negative RRLN-LNs patients,

eanwhile, reducing surgical trauma and complications from extra CLN

issection. 

Although the RRLN[-]− 3FL group had a CLN metastasis rate of 8.3 %,

his rate did not exceed the predefined non-inferiority threshold for sur-

ival analysis in this study. Additionally, survival outcomes in ESCC are

nfluenced by multiple factors, including TNM stage, tumor differenti-

tion, treatment modalities and associated diseases, etc. On the whole,

he potential impact of CLN metastasis and additional CLN dissection on

urvival of the negative RRLN-LNs patients might be limited and miti-

ated by the above factors. 3FL increased not only operation time and

rauma, but also the risk of complications of recurrent nerves paralysis

nd anastomotic leakage. 9 , 16 , 17 Though the huge differences in trauma

nd complications between 3FL and 2FL in the era of OE have been re-

arkably reduced due to application of MIE, the 3FL is more safe than

efore and does not significantly increase perioperative complications

s this study showed; however, with increased risk of perioperative com-

lications caused by added trauma of 3FL and adverse effect of neoad-

uvant chemoradiation or chemoimmunotherapy received by more and

ore patients, it would be logical to limit CLN dissection to a selective

roup of patients based on precise CLN staging and intraoperative frozen

ection examination of sentinel LN. 

Literature indicates that the most frequent metastasis sites in the

hest and lower neck are the lymph nodes near the bilateral RLN, par-

icularly the right RLN in patients with thoracic esophageal cancers. 16 , 22 

ndeed, metastasis in these sites can exist even in stage T1b patients, 3 , 

 , 21 , 24 and is relatively easy to dissect. In contrast, metastases in the

ymph nodes near the left RLN (LRLN-LNs) usually occur in more ad-

anced stages and are more difficult to dissect. 6 , 22 Given the above ra-

ionale, we chose the right rather than left RLN-LNs as sentinel LNs for

rozen section examination in this study (Supplementary Fig. 1). 

Previously Shiozaki et al. 7 conducted a retrospective study and found

hat middle and lower thoracic esophageal cancer patients with pos-

tive LNs along the recurrent nerve chain had a significantly higher

LN metastasis rate than did those with negative LNs. Furthermore, the

RLN-LN–positive patients treated by 3FL had significantly higher sur-

ival than did those treated by 2FL, 8–10 , 23 but no significant difference

as found in the survival of the negative RRLN-LN patients whether

hey were treated by 3FL or 2FL. Retrospective studies from Li et al.

nd Ueda et al. 14 , 25 also demonstrated similar results to the above-

entioned study. In this study, the data is consistent with this premise,
210
nd moreover demonstrated that thoracic ESCC patients with positive

RLN-LNs have a significantly higher CLN metastasis rate and also much

orse survival even treated by 3FL than those with negative RRLN-LNs.

owever, the negative RRLN-LN patients treated by 3FL showed similar

urvival as the negative RRLN-LN patients treated by 2-FL ( P = 0.25).

urthermore, the CLN recurrence rate in the RRLN[-]− 3FL group and

RLN[-]− 2FL group was similar. Therefore, our study results support

hat RRLN-LNs can be used as sentinel lymph nodes to predict the neces-

ity of CLN dissection, especially for the patients with resectable middle

nd lower thoracic ESCC who undergo upfront surgery. If they have neg-

tive RRLN-LNs by intraoperative frozen section, 3FL can be omitted. If

hey have positive RRLN-LNs, even treated by additional cervical lym-

hadenectomy, their survival is still much worse than those with neg-

tive RRLN-LNs, which indicates that multimodality treatment might

e needed. Further, our data showed that patients with upper thoracic

SCC had a relatively higher rate of CLN metastasis regardless of RRLN-

N status, suggesting this cohort may need 3FL no matter RRLN-LN sta-

us is positive or negative. 26 , 27 

Even though our study was designed as a prospective and random-

zed non-inferiority trial, there were a few limitations that may confound

he results. First, because we intended to identify whether the RRLN-

Ns can be used as sentinel LN for ESCC as reported in the literature,

ur study enrolled some patients with cT3/N1 disease who may need

eoadjuvant therapy. Those patients did not receive it due to that neoad-

uvant therapy might affect this main purpose. Secondly, this study did

ot have a control group for the positive RLN-LN patients. This was

ecause retrospective studies have demonstrated that patients with pos-

tive RRLN-LNs do benefit from 3FL. 25–27 Thirdly, the RRLN[ + ]− 3FL

roup did not recruite 200 cases as proposed by protocol because only

atients with relatively early-stage diseases (cT1b-3N0–1M0) were in-

luded for surgical treatment alone. Fourthly, only high-volume centers

ere included in this trial due to technical requirement for 3FL, which

ould not be performed in the low-volume centers. Finally, though the

ncidence of CLN metastasis was significantly higher in the patients with

ositive RRLN-LNs than those with negative ones in this study, the sen-

itivity and positive predictive value of RRLN-LN frozen section were

elatively low. However, the negative predictive value and specificity

ere high and more meaningful for the negative RRLN-LN patients in

hom 3FL can be omitted. 

. Conclusions 

Our prospective randomized study first time demonstrated for the

atients with resectable middle and lower thoracic ESCC and negative

RLN-LNs by intraoperative frozen section, an additional cervical lym-

hadenectomy can be omitted during upfront surgery. 
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