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ABSTRACT

Background: The effect of lymph node (LN) dissection on the overall survival of patients with esophageal squamous cell carci-
noma (ESCC) treated by neoadjuvant chemoradiation therapy (nCRT) followed by esophagectomy has been controversial. This
study investigated the patterns of metastatic LNs after nCRT and the benefits of LN dissection using the efficacy index (EI).
Methods: The EI was calculated by multiplying the frequency (%) of metastases to a zone and the 5-year overall survival rate (%)
of patients with metastases to that zone and then dividing by 100. EIs were compared according to the primary lesion location,
response to nCRT, and preoperative radiation coverage.

Results: Among 573 patients, the mean age was 62.66 = 8.10years, and 533 (93.02%) were male. The mean number of dissected
LNs was 37.62+14.76. In all patients, bilateral recurrent laryngeal LNs and paracardial and left gastric LNs showed high EIs
compared with other LN stations, and these patterns were maintained regardless of the primary lesion location. The EIs of bi-
lateral recurrent laryngeal LNs and paracardial and left gastric LNs were still high in complete pathologic responders (ypT0) to
nCRT and regardless of preoperative radiation coverage.

Conclusion: In ESCC treated with nCRT followed by esophagectomy, the EI of LNs varied between stations. High EIs of bilat-
eral recurrent laryngeal LNs and paracardial and left gastric LNs after nCRT revealed the importance of adequate and complete
dissection of these LN stations regardless of the pathologic response to nCRT and the radiation coverage.
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1 | Introduction

Esophageal cancer ranks as the seventh most common cancer
and the sixth leading cause of cancer-related deaths worldwide.
It was responsible for 1 in every 18 cancer-related deaths in 2020
[1, 2]. Patients with locally advanced esophageal cancer (>T2
or node-positive disease) exhibit poor prognosis, with 5-year
survival rates ranging from 15% to 34% [3]. According to the
National Comprehensive Cancer Network (NCCN) guidelines,
the standard treatment for locally advanced esophageal cancer
is multimodality therapy, including neoadjuvant chemoradi-
ation therapy (nCRT) followed by surgery [4]. Although many
studies have confirmed the importance of neoadjuvant therapy
with preoperative tumor reduction and eradication of microme-
tastasis [5], esophagectomy and lymph node (LN) dissection re-
main the mainstay of treatment, and complete resection is one
of the most important prognostic factors in surgically treated
esophageal cancer.

The completeness of primary lesion resection can be evaluated
by the resection margin (RO or R1, R2 resection). However,
controversies persist regarding the definition and criteria for
assessing the quality and completeness of LN dissection in
esophageal cancer surgery. Despite being a quality indicator
for lymphadenectomy, the number of dissected LNs fails to ac-
count for the specific locations of the LN stations dissected. To
address this limitation, Sasako et al. [6] proposed the efficacy
index (EI), a hypothetical figure that represents the potential
effect of dissecting a particular LN region on improving the
5-year survival rate of an entire cohort. Thus, EI is considered
a measure of the effectiveness of LN dissection at a specific
station, and the LN station with high EI must be dissected.
Several studies have reported the EI in esophageal squamous
cell carcinoma (ESCC); however, these studies have analyzed
patients who underwent esophagectomy regardless of preop-
erative therapy (upfront and neoadjuvant therapy altogether),
and EI data after nCRT alone is lacking [7-10]. Because preop-
erative radiation therapy may eradicate tumor cells in both the
primary tumor and metastatic LNs, nCRT may significantly
affect the EI. Thus, we hypothesized that the EI after nCRT
might be different from the EI after upfront esophagectomy
or neoadjuvant chemotherapy followed by esophagectomy and
might provide insights into the extent of LN dissection after
nCRT. Therefore, this study aimed to investigate the EI in
ESCC treated by nCRT followed by esophagectomy.

2 | Methods
2.1 | Patients

The study included patients with intrathoracic ESCC who re-
ceived nCRT, followed by esophagectomy between 1996 and
2019, and were identified using the Registry for Thoracic
Cancer Surgery, which includes all patients who underwent
thoracic surgery at the Samsung Medical Center, Korea, since
1994. The exclusion criteria were as follows: (1) salvage or
palliative resection, (2) other types of preoperative therapy
such as neoadjuvant chemotherapy, (3) incomplete (R1 or
R2) resection, and (4) in-hospital mortality. Finally, 573 pa-
tients were analyzed (Figure 1). The study was approved by

the Institutional Review Board (2024-02-079), and the need
for patient consent was waived because of the retrospective
design.

Preoperative evaluation included contrasted chest computed
tomography (CT), esophagogastroduodenoscopy, endoscopic
ultrasonography, and whole-body positron emission tomogra-
phy-CT (PET-CT). Two nCRT regimens were used in various
periods: Conventional 5-fluorouracil plus cisplatin (FP) was
mainly performed and hypofractionated FP from March 2017
to 2018. Conventional FP consisted of 5-fluorouracil (5-FU)
1000 mg/m?/day for 4 consecutive days plus cisplatin 60 mg/m?/
day on Day 1 at 3-week intervals with 44 Gy daily dose of 2Gy
per fraction (BED10 52.8 Gy). Hypofractionated FP consisted
of 5-FU 1000 mg/m?/day for 4 consecutive days plus cisplatin
60mg/m?/day on Day 1 at 3-week intervals with 43Gy daily
dose of 2.15Gy per fraction (BED10 52.3 Gy). Involved-field RT
(IFRT) was used: The gross tumor volume (GTV) consisted of
the primary tumor and the involved LNs. The clinical target vol-
ume (CTV) was defined as the GTV plus 2-3cm margins in the
longitudinal directions, 0.5-1 cm radially for the primary tumor,
and 0.5-1cm margin in all directions for LNs. The planning tar-
get volume was applied 0.5cm from the CTV in all directions.
Esophagectomy and reconstruction were performed 4-6 weeks
after neoadjuvant therapy. Three-field LN dissection was per-
formed on patients with upper thoracic esophageal cancer. Neck
dissection was also performed when preoperative CT, PET, or
PET-CT indicated cervical LN metastasis in mid- to lower tho-
racic esophageal cancer.

All patients were regularly followed up at 3-4-month inter-
vals for the first 2years after surgery and then every 6 months
thereafter. Among those who were lost to follow-up, telephone
interviews were conducted to determine the most recent post-
operative outcomes. Chest and upper abdomen CTs were per-
formed at every follow-up appointment, and annual upper
endoscopies were performed to rule out disease recurrence.
Overall survival (OS) was calculated from the date of surgery to
the end of follow-up (date of death or last contact).

2.2 | Definition of LN Stations

Regional LNs were defined based on the 11th Japanese
Classification of Esophageal Cancer [11]. However, esophagec-
tomy and lymphadenectomy were performed en bloc as an
institutional policy; paracardial (1 and 2) and left gastric (7)
LNs were dissected together along the stomach. In addition,
all paraesophageal LNs were dissected with the esophagus at-
tached, even though the Japanese classification divided them
into upper (105), mid- (108) and lower paraesophageal (110)
LNs. Therefore, paraesophageal (105-108-110) and paracardial
and left gastric (1-2-7) LNs were analyzed as one LN station in
this study.

2.3 | Assessment of the Efficacy
of Lymphadenectomy at Each Regional LN Station

The EI was based on the hypothesis that patients with positive
nodes in one regional LN who survived 5years after the resection
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FIGURE1 | CONSORT diagram of patient selection.

of positive LNs would not have survived if these LNs were left
in situ because dissection of these regional LNs was omitted [6];
therefore, the EI can show the benefit of dissection at a specific
LN station. The metastatic rate of each LN station was defined
as the frequency of pathologically diagnosed metastases among
patients who underwent dissection at each LN station. To assess
the efficacy of dissection at each LN station, the EI was calcu-
lated by multiplying the metastatic rate (%) at an LN station by
the 5-year OS (%) of the patients who had metastasis at the LN
and then dividing by 100 [7, 8]. The 5-year OS rate of the patients
with positive LNs was calculated independently for each LN,
irrespective of metastasis to other LNs. The EI was calculated
according to the primary lesion location, response to nCRT, and
preoperative radiation coverage (in-field vs. out-field). Complete
pathologic response to nCRT was defined as ypTO of the primary
lesion.

2.4 | Statistical Analysis

Continuous variables were described as means + SDs, and cate-
gorical variables were described as frequencies with percentages.

In-hospital mortality;
20 patients

The median follow-up time was estimated using the Kaplan-
Meier method. The Cox proportional hazards model was used to
calculate the hazard ratios (HRs) and 95% confidence intervals
(CIs). The two-proportion z-test was applied to compare the dif-
ferences between groups for the positive and 5-year OS rates. All
statistical tests were two-sided, with the significance level set
at 0.05, and were performed using STATA 16 (StataCorp LLC,
College Station, TX), and R version 4.2.2 (R Project for Statistical
Computing).

3 | Results
3.1 | Basic Characteristics of the Patients

The basic characteristics of the patients are summarized in
Table 1. Of the 573 patients, 167 (29.2%), 234 (40.8%), and
172 (30.0%) had upper, middle, and lower ESCC, respec-
tively. In addition, 279 (48.7%) patients showed complete
response to nCRT (ypT0). The mean number of dissected
LNs was 37.62+14.76. The median follow-up period was
56.13 £45.90 months.
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TABLE1 | Basiccharacteristics of the patients.

Mean +SD/
Variables frequency (%)
Age 62.66£8.10
Male 533(93.02%)

Location of lesion

Upper 167 (29.2%)
Middle 234 (40.8%)
Lower 172 (30.0%)
ypT
ypTO 279 (48.7%)
ypTis 8 (1.4%)
ypT1 66 (11.5%)
ypT2 114 (20.0%)
ypT3 100 (17.4%)
ypT3 6 (1.0%)
ypN
ypNO 310 (54.1%)
ypN1 178 (31.1%)
ypN2 65 (11.3%)
ypN3 20 (3.5%)
Mean numbers of dissected LNs 37.62+14.76

Abbreviations: LN, lymph node; SD, standard deviation.

3.2 | Comparison of the EI According to
the Primary Lesion Location

The EIs in all patients and according to the primary lesion lo-
cation are summarized in Table 2. In all patients, 106recR and
106recL in the mediastinum showed high EI, and paracardial
and left gastric LNs in the abdomen also demonstrated high EI.
A high EI was observed in the cervical region; however, it must
be interpreted cautiously because the number of patients who
underwent neck dissection was relatively small, so the positive
rate and EI could be overestimated.

In upper and middle ESCC, bilateral recurrent laryngeal LNs
(106recR and 106recL) in the mediastinum and the paracardial
and left gastric LNs in the abdomen showed high EIs. The EIs
of paracardial and left gastric LNs increased when the primary
lesion is located in the lower esophagus. In lower ESCC, the EIs
for 104R and 104L were 0% because the 5-year OS rate in pa-
tients with metastasis at 104R and 104L was 0%.

3.3 | Comparison of the EI According to
the Response to nCRT

The EIs according to the response to nCRT are summarized
in Table 3. In 279 patients with ypT0, 106recR and 106recL

showed high EI (3.83 and 2.45, respectively). The EIs of 106recR
and 106recL were still high in the ypT+ group (2.63 and 2.35,
respectively). The positive rates of each LN station were high
in the ypT+ group, whereas the 5-year OS was higher in the

ypTO group.

3.4 | Comparison of the EI According to
the Radiation Field

The EIs according to the preoperative radiation coverage were
also investigated (Table 4). In addition, 214 (37.3%), 394 (68.7%),
and 189 (33.0%) patients received radiation therapy at the neck,
upper mediastinum, and abdominal region, respectively. In the
neck region, the EIs of patients who received radiation ther-
apy (in-field) showed high EI in bilateral 101 and 104. Patients
with metastasis at bilateral 104 without preoperative radiation
showed a 5-year OS rate of 0%; therefore, EIs were also 0. In the
upper mediastinal and abdominal regions, the EIs of bilateral
106rec and paracardial and left gastric LNs were high regardless
of the radiation coverage.

3.5 | Risk Factors for the OS

Multivariable analysis was performed to find the risk factors for
OS (Table 5). In all patients and subset analysis of the primary
lesion location, pathologic states such as ypT and ypN were as-
sociated with OS, whereas metastasis to a specific region was
not related to OS.

4 | Discussion

This study showed that the EIs of bilateral recurrent laryngeal
nerve LNs and paracardial and left gastric LNs were still high
after nCRT followed by surgery. The response to nCRT and ra-
diation therapy coverage appeared not to alter the EI patterns.
In addition, the metastasis to specific regions was not related to
poor survival after adjusting for the ypT and ypN.

The optimum extent of lymphadenectomy for esophageal can-
cer has been debated, and no consensus has been established
on the definition of optimal lymphadenectomy in esophagec-
tomy. The current NCCN guideline suggests that a minimum
of 15 LNs must be dissected during esophagectomy for accurate
staging and optimal survival [4]. Several studies have reported
that the number of dissected LNs is related to survival after neo-
adjuvant therapy followed by esophagectomy [12]. Although
many studies have reported the number of dissected LNs as a
quality parameter for LN dissection [13], this number cannot
reflect the location of the dissected LN station. If LN dissection
focuses exclusively on regions where metastasis is less common,
neglecting the sites where it frequently occurs, the total number
of LNs removed may still meet the criteria that are based on the
number of LNs.

Because the number of dissected LNs could not be a sufficient
indicator for optimal lymphadenectomy, the EI has been applied
in gastric and esophageal cancer. As mentioned in the methods
section, therefore, the EI can show the benefit of dissection at
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| Efficacy index according to the radiation field.

TABLE 4

Out-field

In-field

5-year

Positive

5-year

Positive Positive

Dissected

Positive Positive 5-year

Dissected

oS

rate

rate oS EI group group rate oS EI

group

group

Lymph node station

Neck region

0.00 0.011

0.00%

3.64%

55

8.50

22 17.74% 47.91%

124

104R (+102R)

0.00 0.058

0.00%

1.75%

57

3.70

9.52% 38.89%

12

126

104L (+102L)

5.32 0.816 0.497

50.54%

10.53%
10.26%

4.27 38

46.45%
47.06%

9.20%
17.14%

87

101R

0.500

5.25 0.330

51.15%

39

8.07

12

70

101L

Upper mediastinum

32 11.43% 16.67% 1.91 0.049 0.422
36.36%

280

4.79

32 17.98% 26.63%

178

106recR

0.301

0.738

3.93

268 29 10.82%

2.37

22 11.83% 20.00%

186

106recL

Abdominal region

0.359

8.89 0.258

73 25.80% 34.46%

8.95 283

42 21.32% 41.96%

197

Paracardial + left gastric

Abbreviations: EI, efficacy index; OS, overall survival.

a specific LN station, under the hypothesis that patients with
positive nodes in one regional LN who survived 5years after the
resection of positive LNs would not have survived if these LNs
were left in situ because dissection of these regional LNs was
omitted [6]. A handful of studies have reported the EI in ESCC
and the higher EI in bilateral recurrent laryngeal LNs (106recR
and 106recL) and paracardial LNs (1 and 2) than in other LN
stations [7-10]. Because the EI can be altered by dissection pat-
terns, treatment modalities, the definition of LN station, and pa-
tients' characteristics [8], the direct comparison of the absolute
EI within the published studies may be inappropriate, so it must
be interpreted within each study. However, previous studies
have reported similar patterns that bilateral recurrent laryngeal
nerve LNs and paracardial LNs showed high EI, and these re-
sults have been used as evidence to support the importance of
complete dissection of these LN stations.

Theoretically, the EI can be changed according to the preopera-
tive therapy. Neoadjuvant therapy has been reported to not only
decrease the frequency of LN metastases but also change the
distribution of LN metastases [14-16], and these effects could
change the EI compared with the EI of patients who received
upfront surgery. However, previous studies have analyzed up-
front esophagectomy and neoadjuvant therapy followed by
esophagectomy [7-10]; therefore, these studies could not verify
the potential changes of the EI according to the effect of preop-
erative therapy. The relationship between preoperative therapy
and the EI could be an important issue because it is related to the
extent of lymphadenectomy. Some investigators have proposed
that the extent of lymphadenectomy can be minimized after
neoadjuvant therapy for esophageal cancer [14, 17, 18]. Talsma
et al. [14] reported that the number of resected LNs correlated
with survival after surgery alone but not after nCRT and con-
cluded that the benefit of maximal LN dissection after preoper-
ative CRT is questionable by analyzing the results of the CROSS
study. Conversely, other studies have emphasized the clinical
importance of extensive lymphadenectomy on patient survival
even after neoadjuvant therapy [19-22]. Therefore, understand-
ing EI changes according to neoadjuvant therapy is important to
address controversies on whether less-extensive lymphadenec-
tomy can be appropriate after neoadjuvant therapy.

Miyata et al. [23] examined the EI of LN dissection for each
LN station in patients with ESCC who received neoadjuvant
chemotherapy. Even after neoadjuvant chemotherapy, bilateral
recurrent laryngeal LNs and paracardial LNs still showed high
EI, irrespective of the tumor location, similar to patients with-
out neoadjuvant therapy. In addition, the EI for each LN station
did not vary according to the response to neoadjuvant therapy.
They concluded that the EI of each LN was not affected by neo-
adjuvant chemotherapy; therefore, complete LN dissection is
important after neoadjuvant chemotherapy. In addition, they
suggested that the EI patterns after nCRT might be different to
the neoadjuvant chemotherapy or upfront esophagectomy be-
cause nCRT shows better locoregional controls than neoadju-
vant chemotherapy in general [23]. In this study that analyzed
patients who received nCRT only, bilateral recurrent laryngeal
nerve nodes (106recR and 106recL) and paracardial LNs (1 and
2) still showed high EI, and the EI was not changed according
to the pathologic response or radiation coverage. This finding
showed that even after nCRT, the EI patterns are similar to
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upfront surgery or neoadjuvant chemotherapy followed by sur-
gery, and the concept of “less-extensive lymphadenectomy after
nCRT” is not still valid.

Interestingly, in this study, we calculated the EI according to
the coverage of preoperative radiation therapy. When evaluating
the locoregional control of nCRT, considering the field of radi-
ation is critical. Radiation may include elective LN irradiation
(ENT) depending on the location of the primary tumor or may
be guided by delineating appropriate margins from the primary
tumor and involved LN, a practice referred to as IFRT, by the
references and policies of the radiation oncologist. Hanami et al.
analyzed 184 patients with ESCC who were treated with nCRT
followed by surgery, and ENI was used [24]. In this analysis, al-
though approximately 50% of patients who were clinically diag-
nosed with LN metastasis before treatment were downstaged by
nCRT, LN metastases were extensive in cervical, mediastinal,
and abdominal areas, even within the radiation field. They con-
cluded that systematic and adequate lymphadenectomy is essen-
tial after nCRT with ENI and esophagectomy, but they did not
calculate EI. In our institution, we applied IFRT, and extensive
lymphadenectomy was performed as an institutional policy. Our
results showed that the EI patterns were not different according
to the preoperative radiation coverage. In upper esophageal can-
cer, although the upper mediastinum was routinely covered by
preoperative radiation therapy, the EIs of 106recR and 106recL
were still high. These findings showed that even in the LN sta-
tion that received preoperative radiation with IFRT, extensive
and adequate lymphadenectomy is mandatory.

The definition of the N factor in ESCC, between the number of
LN metastases and the location of metastatic LNs, is still con-
troversial. If the survival rate varies depending on the presence
of metastases at specific regions or in specific LN stations, even
if these are defined as the same regional LNs, these LNs could
be defined as a high N stage or distant metastasis (M1) rather
than regional LNs. Regarding this problem, Kanemura et al. [9]
analyzed both the EI and recurrence patterns of each LN sta-
tion and suggested that the LN station with low EI and high
recurrence rate must be classified as M1 instead of regional
LNs. Miyata et al. [25] reported that metastasis to a specific LN
station such as the middle mediastinal region and celiac LNs is
related to the OS in patients with neoadjuvant chemotherapy
followed by surgery, whereas our results showed that metasta-
sis to specific regions was not related to survival. The definition
of the N stage and regional LNs must be studied with large data
in the future.

This study had some limitations. First, not all LN stations were
dissected in all patients. Specifically, because neck dissection
was performed in cases in which clinically metastatic LNs are
suspicious, the positivity rate can be overestimated; therefore,
the EI of the neck nodes can also be overestimated. Second,
the definition of the LN station in this study is slightly differ-
ent from the Japanese classification [11], particularly regarding
paraesophageal and left gastric, and paracardial LNs. Third, the
response to nCRT was classified only by the pathologic response
in the primary tumors; accurate assessment of the response in
metastatic LNs appears challenging. Finally, changes in EIs
after nCRT must be compared with EIs after upfront surgery;
however, it is not possible because neoadjuvant therapy followed

by surgery is the standard therapy in locally advanced ESCC.
Despite these limitations, this is the first study that analyzed
patients who received nCRT followed by esophagectomy only
and compared the EIs according to the response to nCRT and
radiation field.

In conclusion, this study showed that the EIs of bilateral recur-
rent laryngeal LNs and paracardial and left gastric LNs were
high after nCRT followed by surgery. The response to nCRT and
radiation field did not alter the EI patterns, high EIs of bilateral
recurrent laryngeal LNs and paracardial and left gastric LNs
after nCRT revealed the importance of adequate and complete
dissection of these LN stations regardless of the pathologic re-
sponse to nCRT and the radiation coverage. It also indicated that
the concept of “less-extensive lymphadenectomy after nCRT”
might not be valid.
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