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Lymph node ratio is a prognostic indicator for locally
advanced esophageal squamous cell carcinoma after
neoadjuvant immunochemotherapy

Pengcheng Chen®?, Liang Wang ®2, Xun Yang ®2, and Jifeng Feng 23"

The lymph node ratio (LNR) is regarded as a prognostic indicator in esophageal cancer (EC), but its applicability to neoadjuvant
immunochemotherapy (NICT) in esophageal squamous cell carcinoma (ESCC) remains unexplored. This retrospective study, conducted
between 2019 and 2021, analyzed ESCC patients who underwent radical esophagectomy following NICT. Patients were divided into
two groups based on their LNR values according to the X-tile software: Low-LNR group (LNR 0%-10%) and High-LNR group (LNR
10%-100%). The association between LNR and clinical outcomes in ESCC after NICT were analyzed. A total of 212 ESCC patients who
underwent surgery after NICT were included in this study, among which, 169 (79.7%) and 43 (20.3%) cases were allocated to the Low-
and High-LNR groups, respectively. Pathologic complete response (PCR) was observed in 28.3% (60/212) of the overall cohort. Patients
in the Low-LNR group demonstrated a significantly improved 3-year overall survival (OS) (81.7% vs 55.3%; P < 0.001) and disease-free
survival (DFS) (79.9% vs 37.4%; P < 0.001). These findings were consistent among those with non-PCR (3-year DFS was 73.7% vs 37.4%;
P < 0.001, and the 3-year OS was 78.9% vs 55.3%; P < 0.001, respectively). High LNR was associated with a 4.013-fold increased risk of
relapse and a 7.026-fold elevated risk of death. Compared to the post-neoadjuvant therapy pathologic lymph nodes staging (ypN), LNR
exhibited similar prognostic capabilities for DFS and OS. To the best of our knowledge, this study is the first to investigate the
prognostic value of LNR in ESCC after NICT, suggesting that LNR may serve as a viable alternative to the ypN stage for prognostication

in ESCC patients treated with NICT.

Keywords: Neoadjuvantimmunochemotherapy (NICT), esophageal squamous cell carcinoma (ESCC), pathologic complete
response (PCR), overall survival (OS), disease-free survival (DFS), lymph node ratio (LNR).

Introduction

Esophageal cancer (EC) continues to be one of the leading cancer
types in the world with a high mortality and morbidity (ranking
sixth and seventh in terms of cancer mortality and morbidity,
respectively) [1]. Currently, surgical therapy, involving radi-
cal resection of the esophagus with lymph node (LN) dissec-
tion, is the primary treatment method for EC [2]. However,
many patients are diagnosed late and miss the opportunity
for surgery [2]. Recently, with the development in multidis-
ciplinary collaboration and the introduction of neoadjuvant
therapies (NATs), such as neoadjuvant chemotherapy (NCT)
and neoadjuvant chemoradiotherapy (NCRT), the treatment
approach for EC has changed offering new possibilities [3, 4].
However, since the real-world study results show a high relapse
rate, the outcomes after NAT for EC are still unsatisfactory [5].
Therefore, the exploration for more effective and safe NATSs in
EC is necessary and urgent.

Immunotherapy, represented by immune checkpoint
inhibitors (ICIs), has achieved remarkable results in several
studies in recent years, significantly affecting the therapeutic
strategies for those with advanced EC [6,7]. Due to the
enormous benefits of immunotherapy in the treatment of
the advanced cancer, an emerging hotspot—neoadjuvant
immunochemotherapy (NICT)—has garnered increased
attention [8]. To date, a variety of real-world evidences
demonstrate that NICT is both safe and effective in locally
advanced EC [9-11]. As an emerging treatment, however, the
prognosis after NICT in EC is still unclear and needs to be
further clarified.

Currently, the American Joint Committee on Cancer (AJCC)
8th version of the post-NAT pathologic TNM (ypTNM) staging
system is the most widely used tool to access the prognosis of
EC after NAT [12]. According to this EC staging system, the
post-neoadjuvant therapy pathologic lymph nodes (ypN) stage
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is determined by the number of positive lymph nodes (PLNs),
regardless of the total number of lymph nodes (TLNs) exam-
ined. Therefore, the accuracy of the ypN stage might be seri-
ously compromised due to the insufficient number of TLNs [13].
Moreover, several published studies have also shown a posi-
tive association between a higher number of TLNs and better
prognosis [14, 15]. Therefore, evaluating both the number of
TLNs and PLNs is important in cancer treatment.

Recently, the lymph node ratio (LNR), which is the ratio of
PLNs to TLNs, has been shown to be an important predictor in a
variety of cancers, including EC [16-18]. Additionally, the prog-
nostic role of LNR is also recognized in EC patients who have
received NAT [19, 20]. However, its applicability to NICT in
esophageal squamous cell carcinoma (ESCC) remains unknown.
Therefore, the present study aims to investigate the prognostic
value of LNR in relation to NICT in ESCC.

Materials and methods

Study design

The medical records of all patients who underwent radical
resection after NICT in Zhejiang Cancer Hospital from 2019
to 2021 were collected. The study included ESCC patients
aged 18-75 years, who were in clinical TNM stage II-IVA and
had undergone radical resection after NICT. Moreover, these
patients had not received any other anticancer therapy before
NICT. Additionally, patients with any concurrent or previous
cancers, hematologic or autoimmune diseases were excluded
from this study.

Treatments and follow-up

NICT was administered every 21 days, and a total of two
cycles were performed before surgery. During each cycle,
patients received an intravenous administration of either
sintilimab (200 mg), camrelizumab (200 mg), tislelizumab
(200 mg), nivolumab (3 mg/kg), or pembrolizumab (2 mg/kg)
on day 1. Additionally, albumin paclitaxel was given at a dose
of 100 mg/m? based to the body surface area on days 1 and 8.
Moreover, carboplatin calculated at 5 mg/mL/min based on the
area under the curve (AUC), was administered on day 1 [9-11]. In
general, the clinical effect evaluation was performed after two
cycles of NICT. For patients showing tumor shrinkage, a mul-
tidisciplinary discussion was conducted to determine whether
to proceed with the NICT or to opt for surgery. Typically,
4-6 weeks after the final NICT cycle, surgery following the
Ivor Lewis or McKeown procedure was scheduled. Procedures,
including the minimally invasive esophagectomy (MIE) or open
esophagectomy (OE) in two- or three-field LN dissection, were
carried out [21, 22]. The Clavien-Dindo classification was used
to refer to major complications [23]. Staging was based on the
8th AJCC/Union for International Cancer Control (UICC) TNM
classification system [12]. The pathological complete response
(PCR) was defined as the absence of viable tumor cells in both
the resected specimen and all TLNs [24]. To date, no consen-
sus has been reached regarding adjuvant treatment following
NICT. According to the CheckMate 577 study, patients could
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benefit from adjuvant immunotherapy after NCRT [25]. Gen-
erally, in our institute, two cycles of adjuvant immunotherapy
combined with chemotherapy are administered post-surgery,
though this is not mandatory. In addition, for patients exhibit-
ing the postoperative pathology of ypT3-T4a and/or ypN+,
adjuvant chemoradiotherapy was also recommended [26, 27].
The final follow-up period was set to be December 2022.

Lymph node ratio status

The ypN stage analyzed in this study was based on 8th AJC-
C/UICC staging system [12]. The LNR was calculated as the ratio
of the number of PLNs to the TLNs. Using PCR as the depen-
dent variable, the LNR was then categorized into two groups
based on the optimal cut-off value of 10%, as determined by
the X-tile software. By creating a two-dimensional projection of
each potential subpopulation, a graphical method demonstrates
the robustness of the association between a biomarker and the
outcome. Therefore, for the purpose of further analysis in this
study, the High-LNR group (LNR ranging from 10% to 100%)
and the Low-LNR group (LNR ranging from 0% to 10%) were
investigated.

Ethical statement

The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Zhejiang
Cancer Hospital (IRB-2020-320). Informed consent was signed
by each patient in the current study.

Statistical analysis

Statistical analyses were carried out using the SPSS 20.0, Med-
Calc 17.6 and R 4.1.2. Continuous variables were analyzed using
the Mann-Whitney U test or Student’s t-test, while categor-
ical variables were analyzed with the chi-square or Fisher’s
exact tests. AUCs were performed to better understand the
prognostic ability of LNR based on receiver operating charac-
teristic (ROC) curves. Predictors affecting prognosis, includ-
ing disease-free survival (DFS) and overall survival (0S), were
identified by the Cox regression analyses. The survival dif-
ferences were evaluated using the Kaplan-Meier curves and
compared with log-rank tests. All statistical tests were two-
sided, and a P value < 0.05 was considered to be statistically
significant.

Results

Patients characteristics

A total of 212 ESCC patients, who underwent radical resec-
tion after NICT, were included in the current study. The
mean age was 63.2 + 6.7 years, ranging from 47 to 75 years.
Among the patients, 20 (9.4%) were female and 192 (90.6%)
were male. A total of 181 (85.4%) patients underwent MIE,
with the remaining 31 (14.6%) cases undergoing an OE. The
mean number of total, positive, and negative LNs were 22.1
+ 8.9 (range: 8-57), 114 +2.17 (range: 0-12), and 21.0 +
8.7 (range: 6-53), respectively. The mean LNR was 0.054 +
0.105 (range: 0-0.538). The correlations between the LNR and
total, positive, and negative LNs are shown on Figure 1A-1C.
LNR exhibited a positive correlation with the positive LNs
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Figurel. The correlations between the LNR and different variables. (A) The correlation between the LNR and the total LNs; (B) The correlation between
the LNR and the positive LNs; (C) The correlation between the LNR and the negative LNs; (D) The correlation between the LNR and the tumor length.

LNR: Lymph node ratio; LNs: Lymph nodes.
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Figure 2.

Sankey diagram analyzing the associations between the LNR and TNM stages. The diagram is analyzing the association between the LNR and

cTNM (A), ypTNM (B), and the prognosis (C). LNR: Lymph node ratio; cTNM: Clinical TNM staging system; ypTNM: Post-neoadjuvant therapy pathologic TNM
staging system; PCR: Pathological complete response; ypT: Post-neoadjuvant therapy pathologic primary tumor staging; ypN: Post-neoadjuvant therapy
pathologic lymph nodes staging; DFS: Disease-free survival; OS: Overall survival.

(r = 0.992; P < 0.001), and a negative correlation with the
negative LNs (r = —0.152; P = 0.027). In addition, a posi-
tive correlation was found between LNR and tumor length
(r = 0.489; P < 0.001; Figure 1D). Among the patients, 12 (5.7%)
received immunotherapy with nivolumab, 29 (13.7%) with pem-
brolizumab, 116 (54.7%) with camrelizumab, 39 (18.4%) with
tislelizumab, and 16 (7.5%) with sintilimab. The associations
between the LNR and TNM stages were analyzed using a
Sankey diagram (Figure 2). The mean follow-up duration was
17 months, ranging from 7 to 36 months. A total of 56 (26.4%)
patients experienced relapse, and 30 (14.2%) patients died.
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Characteristics of patients grouped based on their lymph node
ratio value

The clinical and intraoperative characteristics, as well as the
postoperative complications, are shown in Table 1. Regarding
the clinical characteristics, the age in the Low-LNR group was
higher than that in the High-LNR group (63.8 & 6.5 vs 60.8 &
7.0 years; P = 0.008), while the tumor length was lower in the
Low-LNR group compared to the High-LNR group (0.15 & 0.36
vs 0.44 + 0.55 cm; P = 0.001). Moreover, LNR exhibited signif-
icant associations with the differentiation, location, neurovas-
cular invasion, and staging. In addition, all patients (60 cases)
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Table 1. Clinical and intraoperative characteristics, as well as postoperative complications in ESCC patients grouped by their LNR values,
after the NICT

Total (n = 212) Low-LNR (n = 169) High-LNR (n = 43) P value
Clinical characteristics
Sex (female/male, n) 20/192 17/152 3/40 0.745
Age (years, mean £ SD) 63.24+6.7 63.8+6.5 60.8+7.0 0.008
ECOG score (0/1, n) 183/29 149/20 34/9 0.121
Smoking history (yes/no, n) 146/66 114/55 32/11 0.379
Drinking history (yes/no, n) 149/63 115/54 34/9 0.158
BMI (kg/m?, mean + SD) 21.8+2.0 21.7+19 220+£2.6 0.533
Tumor location (n): 0.011
- Upper 20 15 5
- Middle 126 109 17
- Lower 66 45 21
Differentiation (n): 0.023
- Well 36 33 3
- Moderate 93 77 16
- Poor 83 59 24
Vessel invasion (yes/no, n) 23/189 9/160 14/29 <0.001
Perineural invasion (yes/no, n) 35/177 21/148 14/29 0.001
Tumor length (cm, mean & SD) 0.21+£0.41 0.15+0.36 0.44 +0.50 0.001
Surgical procedure (MIE/OE, n) 181/31 146/23 35/8 0.408
PCR (yes/no, n) 60/152 60/109 0/43 <0.001
ypT stage (n): <0.001
-TO 64 62 2
-T1 45 41 4
-T2 24 18 6
-T3 48 29 19
-T4a 31 19 12
ypN stage (n): <0.001
-NO 132 132 0
-N1 47 35 12
-N2 24 2 22
-N3 9 0 9
ypTNM stage (n): <0.001
0 60 60 0
-1 45 45 0
-1l 22 21 1
-1 56 32 24
- IVA 29 11 18
Intraoperative characteristics
Total LNs (n, mean % SD) 221489 219484 22.84+10.6 0.542
Positive LNs (n, mean & SD) 114 +£217 0.27 £0.58 4.56 + 2.69 <0.001
Negative LNs (n, mean + SD) 21.0+87 216483 18.3+9.9 0.024
Operating time (min, mean & SD) 2219 £ 325 218.2 +31.0 236.5+34.6 0.001
Blood loss (mL, mean + SD) 1329+ 46.2 127.7 £ 44.0 1533+ 493 0.001
Stay after surgery (day, mean % SD) 143+6.9 140+6.4 156+ 8.6 0.172
Postoperative complications
Respiratory complications (yes/no, n) 48/164 36/133 12/31 0.355

(Continued)
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Total (n = 212) Low-LNR (n = 169) High-LNR (n = 43) Pvalue
Anastomotic leakage (yes/no, n) 24/188 18/151 6/37 0.733
Vocal cord paralysis (yes/no, n) 23/189 13/156 10/33 0.008
Chylothorax (yes/no, n) 5/207 4/165 1/42 0.987

The patients were categorized into two groups based on their LNR values using the optimal cut-off value of 10%, as determined by the X-tile
software. These groups were defined as the High-LNR group (with LNR ranging from 10% to 100%) and the Low-LNR group (with LNR ranging
from 0% to 10%). LNR: Lymph node ratio; ESCC: Esophageal squamous cell carcinoma; NICT: Neoadjuvant immunochemotherapy; ECOG: Eastern
Cooperative Oncology Group; BMI: Body mass index; PCR: Pathological complete response; MIE: Minimally invasive esophagectomy; OE: Open
esophagectomy; ypT: Post-neoadjuvant therapy pathologic primary tumor staging; ypN: Post-neoadjuvant therapy pathologic lymph nodes staging;
ypTNM: Post-neoadjuvant therapy pathologic TNM staging system; LNs: Lymph nodes.
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Figure 3. The predictive value of LNR for DFS and OS. (A) The predictive value of LNR for the DFS in all cohorts; (B) The predictive value of LNR for the
OSinall cohorts; (C) The predictive value of LNR for the DFS in non-PCR cohorts; (D) The predictive value of LNR for the OS in non-PCR cohorts. LNR: Lymph
node ratio; DFS: Disease-free survival; OS: Overall survival; PCR: Pathological complete response; AUC: Area under the curve.

who achieved a PCR were found within the Low-LNR cohort
(P < 0.001). In terms of intraoperative characteristics, LNR
demonstrated significant correlations to positive (P < 0.001)
and negative (P = 0.024) LNs, operating time (218.2 & 31.0 vs
236.5 & 34.6 min; P = 0.001) and blood loss (127.7 & 44.0 vs
153.3 £ 49.3 mL; P = 0.001). However, only vocal cord paralysis
(P = 0.008) exhibited a significant difference between the two
groups in relation to all complications.
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Predictive value of the lymph node ratio for disease-free
survival and overall survival in esophageal squamous cell
carcinoma

The predictive value of LNR for DFS and OS is shown in Figure 3.
According to the ROC curves, the AUCs for survival prediction
were 0.688 (95% CI 0.621-0.750) for DFS and 0.733 (95% CI
0.668-0.791) for OS in ESCC after NICT. Similarly, subgroup
analysis in non-PCR also indicated that LNR had good predictive
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Figure 4. The comparisons of the predictive values between LNR and ypN stage. (A) The comparison of the predictive values between LNR and ypN
stage for DFSin all cohorts; (B) The comparison of the predictive values between LNR and ypN stage for OS in all cohorts; (C) The comparison of the predictive
values between LNR and ypN stage for DFS in non-PCR cohorts; (D) The comparison of the predictive values between LNR and ypN stage for OS in non-PCR
cohorts. LNR showcased a prognostic ability for DFS and OS that was similar to that of the ypN stage. LNR: Lymph node ratio; ypN: Post-neoadjuvant
therapy pathologic lymph nodes staging; DFS: Disease-free survival; OS: Overall survival; PCR: Pathological complete response; AUC: Area under

the curve.

values for OS (AUC = 0.699) and DFS (AUC = 0.651). To better
understand its prognostic role, the prognostic values of LNR
and ypN stage were compared. LNR showcased a prognostic
ability for DFS and OS that was similar to that of the ypN stage
(Figure 4). The results of the current study indicated that LNR
could serve as an alternative to ypN stage for prognostication in
ESCC after NICT. Figure 5 shows the outcomes categorized by
the LNR values. A better 3-year OS (81.7% vs 55.3%; P < 0.001)
and DFS (79.9% vs 37.4%; P < 0.001) was observed in patients
with low LNR. A similar result was also found in those with
non-PCR, where the 3-year DFS was 73.7% vs 37.4% (P < 0.001),
and the 3-year OS was 78.9% vs 55.3% (P < 0.001), between the
groups.

Predictors of overall survival and disease-free survival

The results from the univariate and multivariate Cox analyses
of prognostic factors associated with DFS and OS are shown in
Tables 2 and 3. Both LNR and ypN stage were similarly deter-
mined by the number of positive LNs. To avoid collinearity
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issues, we employed two separate models (LNR and ypN stage)
for the multivariate Cox analyses. The results indicated that
LNR was an independent prognostic factor for both DFS (HR
4.013, 95% CI 2.259-7.127; P < 0.001) and OS (HR 7.026, 95%
CI 3.203-15.413; P < 0.001). These results suggest that patients
with a high LNR face a 4.013-fold increased risk of relapse (DFS)
and a 7.026-fold elevated risk of death (0S). Additionally, the
immunotherapy regimen did not emerge as an independent
prognostic factor. The subgroup analysis revealed similar find-
ings for non-PCR patients in terms of both DFS and OS
(Table 4).

Discussion

The aim of this study was to evaluate the clinical impact of
LNR in ESCC patients who underwent radical resection after
NICT. The major result revealed that LNR serves as a significant
independent predictor in prognostication. Furthermore, when
prognosis was stratified by therapeutic response (PCR or
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The outcomes of patients grouped by their LNR values. The Kaplan-Meier curves for DFS (A) and OS (B) in all cohorts, grouped by their LNR

values. The Kaplan-Meier curves for DFS (C) and OS (D) in non-PCR cohorts, grouped by their LNR values. The patients were categorized into two groups
based on their LNR values using the optimal cut-off value of 10%, as determined by the X-tile software. These groups were defined as the High-LNR group
(with LNR ranging from 10% to 100%) and the Low-LNR group (with LNR ranging from 0% to 10%). A better 3-year OS (81.7% vs 55.3%; P < 0.001) and DFS
(79.9% vs 37.4%; P < 0.001) was observed in patients with low LNR values. A similar result was also found in those with non-PCR, where the 3-year DFS was
73.7% vs 37.4% (P < 0.001), and the 3-year OS was 78.9% vs 55.3% (P < 0.001), between the groups. LNR: Lymph node ratio; DFS: Disease-free survival;

0S: Overall survival; PCR: Pathological complete response.

non-PCR), LNR has also served as an independent predictor,
showcasing a better discrimination ability in those with non-
PCR. LNR had the similar prognostic ability for DFS and OS.
Therefore, LNR might be a useful tool for assessing the LN status
and could be considered as an alternative to the current ypN
stage in ESCC patients receiving NICT.

The prognostic value of LNR has been analyzed in a vari-
ety of cancers, including EC [16-18]. A study including 353
Chinese EC patients who underwent radical resection reported
that LNR, which demonstrated a superior predictive power
than the pathologic nodal stage (pN) based on ROC analysis,
was an independent risk factor for OS [17]. Another study also
confirmed the prognostic value of LNR concerning survival
in 120 EC patients who had curative surgery [18]. Moreover,
the prognostic value of LNR has also been confirmed in EC
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after NAT [19, 20]. One study involving 199 ESCC patients who
underwent radical resection post-NCT indicated that LNR’s
prognostic accuracy was generally superior to the pN stage [19].
Another study, which included 7195 EC patients from the
National Cancer Database who received NCRT, found that
LNR outperformed ypN in predicting OS for EC patients after
NCRT [20]. In the current study, LNR, as well as ypN stage, were
confirmed as independent predictors for both OS and DFS. The
ROC curve revealed a good predictive value of LNR in both DFS
and OS, and the predictive value was similar to the ypN stage.
Therefore, LNR could be regarded as an alternative to the ypN
stage when prognosticating outcomes for ESCC patients who
have undergone NICT.

Although the prognostic value of LNR has been confirmed,
the optimal threshold for LNR remains inconsistent. Most of
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DFS 0s
HR (95% CI) Pvalue HR (95% Cl1) Pvalue

Sex (male vs female) 1.366 (0.494 - 3.778) 0.547 0.847(0.257 - 2.796) 0.785
Age, years (>70 vs <70) 0.446 (0.191 - 1.040) 0.062 0.418 (0.127 - 1.379) 0.152
ECOG score (1vs 0) 0.929(0.421-2.052) 0.856 1.373(0.525 - 3.590) 0.518
Smoking history (yes vs no) 0.930(0.530 - 1.631) 0.800 0.929 (0.424 - 2.034) 0.854
Drinking history (yes vs no) 1.203(0.666 - 2.174) 0.540 1.488 (0.638 - 3.474) 0.358
BMI, kg/m? (>22.5 vs <22.5) 0.937(0.519 - 1.694) 0.830 0.520 (0.199 - 1.360) 0.183
Tumor location 0.002 0.047

- Upper Reference Reference

- Middle 0.279 (0.137 - 0.569) <0.001 0.311(0.119 - 0.814) 0.017

- Lower 0.455(0.218 - 0.953) 0.037 0.395(0.143 - 1.094) 0.074
Differentiation 0.813 0.14

- Well Reference Reference

- Moderate 1.271(0.573 - 2.819) 0.555 3.692 (0.855 - 15.931) 0.080

- Poor 1.285(0.575 - 2.874) 0.541 2.258 (0.494 - 10.315) 0.293
Vessel invasion (yes vs no) 3.841(2.088 - 7.068) <0.001 2.195(0.829 - 5.813) 0.114
Perineural invasion (yes vs no) 1.735(0.933 - 3.228) 0.082 2.352(1.075 - 5.145) 0.032
Tumor length, cm (>3 vs <3) 2.281(1.309 - 3.973) 0.004 1.971(0.897 - 4.331) 0.091
Surgical procedure (OF vs MIE) 0.759 (0.344 - 1.677) 0.496 0.342(0.081 - 1.440) 0.144
ypT stage 0.003 0.029

-TO Reference Reference

-T1-2 3.558 (1.436 - 8.819) 0.006 3.015(0.829 - 10.967) 0.094

-T3-4a 4595 (1.907 - 11.072) 0.001 5.030 (1.473 - 17.180) 0.010
ypN stage <0.001 <0.001

-NO Reference Reference

-N1 1.845(0.929 - 3.663) 0.080 3.170 (1.188 - 8.462) 0.021

-N2-3 6.147 (3.363 - 11.234) <0.001 9.735 (4.064 - 23.314) <0.001
Immunotherapy regimen 0.838

- Camrelizumab Reference Reference

- Nivolumab 0.541(0.130 - 2.257) 0.399 0.468 (0.062 - 3.515) 0.461

- Pembrolizumab 1.008 (0.464 - 2.187) 0.985 0.889(0.301 - 2.628) 0.831

- Sintilimab 0.627(0.192 - 2.049) 0.440 1.097(0.323 - 3.727) 0.882

- Tislelizumab 0.924 (0.466 - 1.835) 0.822 0.592(0.199 - 1.759) 0.345
PCR (yes vs no) 0.167 (0.060 - 0.462) 0.001 0.175 (0.042 - 0.735) 0.017
LNR (high vs low) 5.131(3.020 - 8.718) <0.001 5.968 (2.901 - 12.277) <0.001

DFS: Disease-free survival; OS: Overall survival; ESCC: Esophageal squamous cell carcinoma; NICT: Neoadjuvant immunochemotherapy; HR: Haz-
ard ratio; ECOG: Eastern Cooperative Oncology Group; BMI: Body mass index; OE: Open esophagectomy; MIE: Minimally invasive esophagectomy;
ypT: Post-neoadjuvant therapy pathologic primary tumor staging; ypN: Post-neoadjuvant therapy pathologic lymph nodes staging; PCR: Pathological
complete response; LNR: Lymph node ratio.

the published studies have determined the optimal thresh- value of 0.2 determined by the ROC analysis [28]. More-
old of LNR using the ROC curve or X-tile software based on over, another study, which included 120 EC patients who
prognosis [17-20]. One study, which included 536 EC patients underwent radical resection, suggested that the optimal LNR
who underwent curative resection, was conducted to inves- cut-off value was 10% based on the ROC analysis [18]. In addi-
tigate the prognostic significance of LNR, had a set cut-off tion, another study, which involved 199 patients with locally
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Table 3. Multivariate analyses of prognostic factors in ESCC after the NICT

DFS oS
HR (95% Cl1) P value HR (95% Cl1) Pvalue
LNR model Tumor location 0.002 0.04
- Upper Reference Reference
- Middle 0.290 (0.141 - 0.595) 0.001 0.402 (0.151 - 1.066) 0.067
- Lower 0.315(0.146 - 0.679) 0.003 0.257(0.089 - 0.741) 0.012
PCR (yes vs no) 0.276 (0.096 - 0.792) 0.017
LNR (high vs low) 4.013(2.259 - 7.127) <0.001 7.026 (3.203 - 15.413) <0.001
ypN model Tumor location 0.004 0.024
- Upper Reference Reference
- Middle 0.309 (0.151 - 0.633) 0.001 0.393(0.149 - 1.039) 0.06
- Lower 0.330(0.154 - 0.710) 0.005 0.228 (0.078 - 0.660) 0.006
PCR (yes vs no) 0.264 (0.089 - 0.781) 0.016
ypN stage <0.001 <0.001
NO Reference Reference
N1 1.189 (0.578 - 2.447) 0.639 3.236(1.231- 8.987) 0.018
N2-3 4.199 (2.144 - 8.226) <0.001 12.463 (4.895 - 31.732) <0.001

The results indicated that LNR was an independent prognostic factor for both DFS (HR 4.013, 95% Cl 2.259-7.127; P < 0.001) and OS (HR 7.026,
95% Cl 3.203-15.413; P < 0.001). These results suggest that patients with a high LNR face a 4.013-fold increased risk of relapse (DFS) and a 7.026-
fold elevated risk of death (OS). DFS: Disease-free survival; OS: Overall survival; ESCC: Esophageal squamous cell carcinoma; NICT: Neoadjuvant
immunochemotherapy; HR: Hazard ratio; PCR: Pathological complete response; LNR: Lymph node ratio; ypN: Post-neoadjuvant therapy pathologic lymph

nodes staging.

Table 4. Multivariate analyses for DFS and OS in non-PCR ESCC cohort,
after the NICT

HR (95% CI) Pvalue
DFS Tumor location 0.005
- Upper Reference
- Middle 0.303(0.143 - 0.643) 0.002
- Lower 0.326(0.146 - 0.726) 0.006
LNR (high vs low) 4.012 (2.255 - 7.140) <0.001
0S LNR (high vs low) 4.459 (2.101 - 9.462) <0.001

DFS: Disease-free survival; OS: Overall survival; ESCC: Esophageal squa-
mous cell carcinoma; NICT: Neoadjuvant immunochemotherapy; HR: Haz-
ard ratio; PCR: Pathological complete response; LNR: Lymph node ratio.

advanced ESCC who underwent radical resection after NCT,
revealed that 13% was the optimal cut-off value, as identified
by the X-tile software [19]. Several studies have shown that
the PCR after NAT is a good predictor in evaluating the
long-term survival in a variety of cancers [29, 30]. A growing
body of evidence also confirms that patients achieving PCR
could truly benefit from NAT. Otherwise, for patients with
non-PCR, the prognosis might be poorer than for those who
undergo surgery alone, given the postoperative complications
and the toxicity associated with NAT [31]. Therefore, in the
current study, the optimal cut-off value of LNR was deter-
mined using the X-tile software, with PCR as the dependent
variable.

It has previously been reported that fewer TLNs are removed
during dissection in ESCC patients who undergo NAT compared
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to those who do not receive NAT [32]. Furthermore, the LNR
is believed to address the potential bias related to an insuf-
ficient number of TLNs. There are some differences between
the present study and previous studies. Firstly, the treatment
methods varied. Most previous studies analyzed the patients
who either only underwent surgery alone or had surgery with
perioperative NCT or NCRT. In the present study, ESCC patients
who underwent surgery after NICT were analyzed. Secondly,
the median numbers of TLNs were different, which might affect
the cut-off value of LNR.

The present study has some limitations. Firstly, it was a ret-
rospective research conducted at a single institution. Secondly,
there may be a patient selection bias in the study. Thirdly, a
temporal bias might be present, as surgical procedures, periop-
erative care, and adjuvant treatments changed over the course
of the study. Fourthly, the follow-up duration in the current
study was too short, which could introduce bias when predict-
ing prognostic parameters. Therefore, these results should be
confirmed in future prospective multicenter studies.

Conclusion

To the best of our knowledge, this is the first study to
investigate the prognostic value of LNR in ESCC patients
who underwent radical resection following NICT. While
the duration of follow-up in this study is short, LNR has
emerged as a significant predictor for survival in ESCC
patients who underwent radical surgery post-NICT. This
real-world data could provide valuable evidence to guide
effective postoperative adjuvant therapy for ESCC patients
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after the NICT. Consequently, LNR may serve as a useful tool
for assessing the LN status and might be considered as an
alternative to the ypN stage for ESCC patients undergoing
NICT.
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