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Abstract 

Background Neoadjuvant therapy favors the prognosis of various cancers, including esophagogastric junction can‑
cer (EGC). However, the impacts of neoadjuvant therapy on the number of dissected lymph nodes (LNs) have not yet 
been evaluated in EGC.

Methods We selected EGC patients from the Surveillance, Epidemiology, and End Results (SEER) database (2006–
2017). The optimal number of resected LNs was determined using X‑tile software. Overall survival (OS) curves were 
plotted with the Kaplan–Meier method. Prognostic factors were evaluated using univariate and multivariate COX 
regression analyses.

Results Neoadjuvant radiotherapy significantly decreased the mean number of LN examination compared to the 
mean number of patients without neoadjuvant therapy (12.2 vs. 17.5, P = 0.003). The mean LN number of patients 
with neoadjuvant chemoradiotherapy was 16.3, which was also statistically lower than 17.5 (P = 0.001). In contrast, 
neoadjuvant chemotherapy caused a significant increase in the number of dissected LNs (21.0, P < 0.001). For patients 
with neoadjuvant chemotherapy, the optimal cutoff value was 19. Patients with > 19 LNs had a better prognosis than 
those with 1–19 LNs (P < 0.05). For patients with neoadjuvant chemoradiotherapy, the optimal cutoff value was 9. 
Patients with  > 9 LNs had a better prognosis than those with 1–9 LNs (P < 0.05).

Conclusions Neoadjuvant radiotherapy and chemoradiotherapy decreased the number of dissected LNs, while 
neoadjuvant chemotherapy increased it in EGC patients. Hence, at least 10 LNs should be dissected for neoadjuvant 
chemoradiotherapy and 20 for neoadjuvant chemotherapy, which could be applied in clinical practice.
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Introduction
Esophagogastric junction cancer (EGC) invades the 
esophagogastric junction and involves the anatomic 
border between the proximal stomach and esopha-
gus, with an increasing incidence worldwide [1, 2]. The 

number and location of metastatic lymph nodes (LNs) 
are considered independent prognostic predictors in 
EGC patients [3–5]. However, the extent of LN dissec-
tion remains controversial. Wang et  al. [6] showed that 
the dissection of parapyloric LN (No. 5 and 6 LNs, PLN) 
brought a survival benefit to Siewert type II/III EGC 
patients. Jun Peng et  al. [7] recommended that at least 
12 LNs should be examined to ensure accurate staging 
for Siewert type II EGC patients. In contrast, no signifi-
cant survival differences were observed between patients 
with loco LN dissection alone and those with extended 
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lymphadenectomy (including station 8/11) [8]. Different 
ethnicities might be the cause of these differences.

Due to strong invasive properties, a large fraction of 
EGC patients is detected at a locally advanced stage, and 
neoadjuvant therapy, including radiotherapy and chemo-
therapy, is required for most of them [9–11]. Accumu-
lating evidence has shown that neoadjuvant therapy can 
effectively improve the clinical outcomes of EGC patients 
such as large clinical trials CheckMate 577 [12], PRODIGY 
[13], and CROSS [14]. Combined neoadjuvant immuno-
therapy and chemoradiotherapy have also demonstrated 

favorable efficacy and safety [15]. However, whether neo-
adjuvant therapy affects the number of dissected LNs 
remains unclear. A single-center, retrospective study has 
shown that neoadjuvant therapy decreased the number of 
dissected LNs in esophageal cancer patients [16]. Never-
theless, another study based on the Surveillance, Epidemi-
ology, and End Results (SEER) database argued that there 
was no significant difference in the number of dissected 
LNs between esophageal cancer patients with preoperative 
radiotherapy and those without [17]. These inconsistent 
results imply that more studies are needed. Besides, these 

Table 1 Baseline characteristics of EGC patients

Characteristics No 
neoadjuvant therapy

Neoadjuvant therapy Neoadjuvant 
chemotherapy

Neoadjuvant 
radiotherapy

Neoadjuvant 
chemoradiotherapy

P-value (No treatment 
vs. treatment)

N 2020 2008 498 39 1471

Year of diagnosis  < 0.001

 2006–2011 1271 (62.9%) 905 (44.8%) 273 (54.8%) 18 (46.2%) 614 (41.7%)

 2012–2017 749 (37.1%) 1103 (55.2%) 225 (45.2%) 21 (53.8%) 857 (58.3%)

Race 0.425

 White 1726 (85.4%) 1799 (89.6%) 419 (84.1%) 33 (84.6%) 1347 (91.6%)

 Black 99 (4.9%) 77 (3.8%) 28 (5.6%) 4 (10.3%) 45 (3.0%)

 Others 195 (9.7%) 132 (6.6%) 51 (10.3%) 2 (5.1%) 79 (5.4%)

Marital status 0.004

 Married 1351 (66.9%) 1427 (71.1%) 357 (71.7%) 22 (56.4%) 1048 (71.2%)

 Others 669 (33.1%) 581 (28.9%) 141 (28.3%) 17 (43.6%) 423 (28.8%)

Age  < 0.001

 ≤ 60 656 (32.5%) 849 (42.3%) 220 (44.2%) 17 (43.6%) 612 (41.6%)

 > 60 1364 (67.5%) 1159 (57.7%) 278 (55.8%) 22 (56.4%) 859 (58.4%)

Sex  < 0.001

 Male 1570 (77.7%) 1702 (84.8%) 414 (83.1%) 36 (92.3%) 1252 (85.1%)

 Female 450 (22.3%) 306 (15.2%) 84 (16.9%) 3 (7.7%) 219 (14.9%)

Histology  < 0.001

 Adenocarcinoma 1731 (85.7%) 1602 (79.8%) 330 (66.3%) 31 (79.5%) 1241 (84.4%)

 Others 289 (14.3%) 406 (20.2%) 168 (33.7%) 8 (20.5%) 230 (15.6%)

T-category  < 0.001

 T1 757 (37.5%) 192 (9.5%) 52 (10.5%) 8 (20.5%) 132 (9.0%)

 T2 804 (39.8%) 1136 (56.6%) 271 (54.4%) 24 (61.5%) 841 (57.2%)

 T3 368 (18.2%) 592 (29.5%) 137 (27.5%) 6 (15.4%) 449 (30.5%)

 T4 91 (4.5%) 88 (4.4%) 38 (7.6%) 1 (2.6%) 49 (3.3%)

N-category  < 0.001

 N0 1022 (50.6%) 596 (29.7%) 121 (24.3%) 13 (33.3%) 462 (31.4%)

 N1 677 (33.5%) 1144 (57.0%) 271 (54.4%) 20 (51.3%) 853 (58.0%)

 N2 237 (11.7%) 209 (10.4%) 75 (15.1%) 4 (10.3%) 130 (8.8%)

 N3 84 (4.2%) 59 (2.9%) 31 (6.2%) 2 (5.1%) 26 (1.8%)

Grade  < 0.001

 Well/Moderately 
differentiated

907 (44.9%) 728 (36.3%) 137 (27.5%) 13 (33.3%) 578 (39.3%)

 Poorly differenti‑
ated/Undifferentiated

1053 (52.1%) 1114 (55.5%) 336 (67.5%) 21 (53.9%) 757 (51.5%)

 Others 60 (3.0%) 166 (8.2%) 25 (5.0%) 5 (12.8%) 136 (9.2%)

No. of LN examination 0.712

 Mean 17.5 17.3 21.0 12.2 16.3

 Median (range) 15 (1–79) 15 (1–81) 18 (1–81) 12 (1–31) 15 (1–68)
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studies mainly focused on esophageal cancer rather than 
EGC. The impact of neoadjuvant therapy on the number of 
dissected LNs is yet to be fully evaluated in EGC patients. 
Therefore, in the present study, we explored whether neo-
adjuvant therapy impacted the number of LN examina-
tion and evaluated the optimal number of LN examination 
using the SEER database.

Methods
Patients
We retrieved patients from the SEER database (2006–
2017). Patients between 2004 and 2005 were not included 
in the study because of the missing chemotherapy data in 
the SEER database. The inclusion criteria were as follows: 
(1) positive histology; (2) underwent radical surgery; (3) 
definite tumor stage (T-category) and nodal stage (N-cat-
egory), according to the 8th edition of the American Joint 
Committee on Cancer (AJCC) criteria; (4) first primary 
tumor; (5) at least one regional lymph node dissection 
based on pathologic evidence; (6) treatment with/with-
out preoperative radiotherapy and/or chemotherapy; and 
(7) no distant metastasis. The exclusion criteria were: (1) 
under 18  years old; (2) unavailable follow-up data; (3) 
unknown cause of death. We retrieved baseline charac-
teristics, including the year of diagnosis, race, age, sex, 
histology, grade, marital status, T-category and N-cate-
gory. The data from all subjects from the SEER database 
was obtained legally.

Statistical analysis
Differences between patients with neoadjuvant therapy 
and those without were analyzed by χ2 and t-tests. Uni-
variate and multivariate analysis were performed with a 
Cox proportional hazards regression model to explore 
prognostic factors for EGC patients with neoadjuvant 
therapy. The optimal number of LN examination was 
explored using X-tile software (Yale University, Version 
3.6.1). The overall survival (OS) was analyzed with a 
Kaplan–Meier analysis. Data were analyzed with PASW 
Statistics 18. A two-sided p-value < 0.05 was considered 
to indicate a significant difference.

Results
Baseline characteristics
We enrolled 4028 EGC patients, including 2020 without 
neoadjuvant therapy, 498 with neoadjuvant  chemother-
apy, 39 with neoadjuvant radiotherapy, and 1471 with 
neoadjuvant chemoradiotherapy. The baseline character-
istics are summarized in Table 1. The median age of the 
entire cohort was 64 years (range: 20–94 years), and more 
patients received neoadjuvant therapy during 2012–
2017 than in 2006–2011. Males and adenocarcinoma 

accounted for the majority in the cohort. The highest 
proportion of T-category was T1 and T2 among patients 
without neoadjuvant therapy, while T2 and T3 were pre-
dominant among patients with neoadjuvant therapy. The 
highest proportion of N-category was N0 among patients 
without neoadjuvant therapy, while N1 was predominant 
among patients with neoadjuvant therapy. These results 
indicated that patients with higher tumor stages tended 
to receive neoadjuvant therapy. The survival analysis 
showed that patients with neoadjuvant therapy had a 
worse prognosis than those without neoadjuvant therapy 
(Fig. 1, P < 0.05).

The mean number of dissected LNs was 17.5 among 
patients without neoadjuvant therapy and 17.3 among 
patients with neoadjuvant therapy (P > 0.05). In detail, 
patients with neoadjuvant  chemotherapy had the high-
est mean number of dissected LNs (21.0, P < 0.001), while 
those with neoadjuvant radiotherapy had the lowest mean 
number of dissected LNs (12.2, P = 0.003). The mean LN 
number of patients with neoadjuvant chemoradiotherapy 
was 16.3, which was still significantly lower than 17.5 for 
patients without neoadjuvant therapy (P = 0.001).

Optimal number of LN examination
We determined the optimal cutoff value for the number 
of dissected LNs using X-tile analysis. The optimal cutoff 
value was 11 for patients with neoadjuvant radiotherapy. 
However, the survival of patients with 1–11 LNs and those 
with > 11 LNs did not differ (Fig. 2A, P > 0.05). This negative 
result might be related to the small sample size (39 cases). 
For patients with neoadjuvant chemotherapy, the opti-
mal cutoff value was 19. Patients with > 19 LNs had a bet-
ter prognosis than those with 1–19 LNs (Fig. 2B, P < 0.05). 
For patients with neoadjuvant chemoradiotherapy, the 
optimal cutoff value was 9. Patients with > 9 LNs had a bet-
ter prognosis than those with 1–9 LNs (Fig. 2C, P < 0.05). 

Fig. 1 Survival curves of the entire cohort according to the 
treatment modality
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Therefore, we divided the entire cohort into three groups 
according to the optimal number of LN examination: 1–9, 
10–19, and > 19 LNs.

COX regression analyses
Furthermore, we performed univariate and multivariate 
COX regression analyses for patients with neoadjuvant 
chemotherapy and chemoradiotherapy. We did not include 
patients with neoadjuvant radiotherapy due to the low sam-
ple size. The univariate analysis demonstrated that grade 
(well/moderately differentiated vs. poorly differentiated/
undifferentiated), T-category, and N-category were prog-
nostic factors for patients with neoadjuvant chemotherapy 

(Table 2). The multivariate analysis demonstrated that the 
T-category (T1 vs. T3), N-category, and the number of LN 
examination (1–9 vs. > 19) were independent prognostic 
factors for them (Table 2). The univariate analysis demon-
strated that age, sex, grade (well/moderately differentiated 
vs. poorly differentiated/undifferentiated), marital status, 
T-category, N-category, and the number of LN examina-
tion were prognostic factors for patients with neoadjuvant 
chemoradiotherapy (Table 3). Further multivariate analysis 
demonstrated that age, sex, grade (well/moderately differ-
entiated vs. poorly differentiated/undifferentiated), mari-
tal status, N-category, and the number of LN examination 
were independent prognostic factors for them (Table 3).

Fig. 2 The optimal number of LN examination calculated using X‑tile. a patients with neoadjuvant radiotherapy; b patients with neoadjuvant 
chemotherapy; c patients with neoadjuvant chemoradiotherapy



Page 5 of 8Wang et al. BMC Gastroenterology           (2023) 23:64  

Discussion
EGC is a lethal disease with an increasing incidence 
and a poor prognosis [18]. Considering the location and 
histological characteristics, EGC does not completely 
resemble esophageal or gastric cancer, raising debates on 
surgical margins [19]. Therefore, distinguishing EGC as a 
specific type of malignant tumor of the digestive tract has 

become crucial to provide insights into its clinical prop-
erties. LN metastases occur in more than 20% of T1-cat-
egory patients and are considered a negative prognostic 
factor [20, 21]. Therefore, lymphadenectomy is a critical 
part of surgical treatment.

Herein, we evaluated the impact of neoadjuvant ther-
apy on the number of dissected LNs in EGC patients 

Table 2 Univariate and multivariate analyses for OS in EGC patients with neoadjuvant chemotherapy

a HR hazard ratio
b CI confidence interval

Characteristics Univariate Analysis Multivariate Analysis

HRa 95%CIb P -value HRa 95%CIb P -value

Age
 ≤ 60 Reference Reference

 > 60 1.033 0.826–1.291 0.778 1.210 0.959–1.528 0.109

Year of diagnosis
 2006–2011 Reference Reference

 2012–2017 0.900 0.717–1.130 0.363 0.871 0.687–1.103 0.250

Sex
 Male Reference Reference

 Female 0.930 0.690–1.252 0.631 0.922 0.676–1.256 0.605

Race
 White Reference Reference

 Black 0.775 0.461–1.305 0.338 0.635 0.369–1.091 0.100

 Others 0.848 0.578–1.244 0.400 0.827 0.555–1.232 0.351

Grade
 Well/moderately differentiated Reference Reference

 Poorly differentiated/undifferentiated 1.416 1.094–1.831 0.008 1.298 0.986–1.709 0.063

 Others 1.102 0.634–1.914 0.731 1.145 0.652–2.012 0.637

Histology
 Adenocarcinomas Reference Reference

 Others 1.270 0.972–1.659 0.080 1.107 0.831–1.473 0.487

Marital status
 Married Reference Reference

 Others 1.100 0.864–1.401 0.439 1.266 0.983–1.630 0.068

T-category
 T1 Reference Reference

 T2 1.659 1.079–2.550 0.021 1.484 0.946–2.328 0.086

 T3 2.674 1.713–4.173  < 0.001 2.019 1.255–3.246 0.004

 T4 2.292 1.299–4.043 0.004 1.815 0.993–3.317 0.053

N-category
 N0 Reference Reference

 N1 1.705 1.262–2.305 0.001 1.488 1.080–2.049 0.015

 N2 2.649 1.828–3.838  < 0.001 2.377 1.593–3.547  < 0.001

 N3 4.133 2.565–6.660  < 0.001 4.306 2.562–7.237  < 0.001

No. of LN examination
 1–9 Reference Reference

 10–19 1.248 0.891–1.747 0.198 0.933 0.655–1.329 0.701

 > 19 0.864 0.616–1.212 0.397 0.593 0.412–0.854 0.005
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using the SEER database. We found that neoadjuvant 
radiotherapy and chemoradiotherapy decreased the 
number of dissected LNs in EGC patients, while neoad-
juvant chemotherapy increased it. Our results were con-
sistent with previous studies regarding esophageal cancer 
in which radiotherapy/chemoradiotherapy would cause a 
decrease in LN number [22–24]. These results might be 

related to tumor and nodal down-staging, which also has 
been proved in other cancers, including rectal and non-
small cell lung cancer [25, 26]. However, the impact of 
neoadjuvant chemotherapy alone on the number of dis-
sected LNs in EGC or esophageal cancer has not been 
reported. In breast cancer, Boughey et al. [27] found that 
neoadjuvant chemotherapy increased the number of 

Table 3 Univariate and multivariate analyses for OS in EGC patients with neoadjuvant chemoradiotherapy

a HR hazard ratio
b CI confidence interval

Characteristics Univariate Analysis Multivariate Analysis

HRa 95%CIb P -value HRa 95%CIb P -value

Age
 ≤ 60 Reference Reference

 > 60 1.171 1.030–1.332 0.016 1.197 1.051–1.363 0.007

Year of diagnosis
 2006–2011 Reference Reference

 2012–2017 0.894 0.786–1.017 0.088 0.878 0.769–1.001 0.051

Sex
 Male Reference Reference

 Female 0.766 0.636–0.923 0.005 0.768 0.636–0.928 0.006

Race
 White Reference Reference

 Black 0.722 0.485–1.074 0.108 0.768 0.513–1.150 0.200

 Others 0.794 0.587–1.075 0.136 0.853 0.629–1.158 0.309

Grade
 Well/moderately differentiated Reference Reference

 Poorly differentiated/undifferentiated 1.360 1.190–1.553  < 0.001 1.331 1.158–1.530  < 0.001

 Others 0.863 0.674–1.105 0.244 0.872 0.680–1.117 0.278

Histology
 Adenocarcinomas Reference Reference

 Others 1.179 0.996–1.395 0.056 1.017 0.853–1.212 0.854

Marital status
 Married Reference Reference

 Others 1.212 1.058–1.390 0.006 1.296 1.129–1.488  < 0.001

T-category
 T1 Reference Reference

 T2 1.418 1.111–1.809 0.005 1.165 0.906–1.499 0.233

 T3 1.347 1.042–1.741 0.023 1.088 0.834–1.418 0.534

 T4 1.977 1.335–2.926 0.001 1.451 0.968–2.175 0.072

N-category
 N0 Reference Reference

 N1 1.538 1.329–1.779  < 0.001 1.530 1.315–1.780  < 0.001

 N2 1.853 1.462–2.349  < 0.001 1.951 1.527–2.494  < 0.001

 N3 2.994 1.951–4.593  < 0.001 2.821 1.824–4.363  < 0.001

No. of LN examination
 1–9 Reference Reference

 10–19 0.786 0.676–0.913 0.002 0.758 0.651–0.882  < 0.001

 > 19 0.736 0.622–0.871  < 0.001 0.672 0.566–0.797  < 0.001
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axillary LN dissection (21.9 vs. 20.2) although the differ-
ence did not achieve statistical significance. Additionally, 
other studies have shown that neoadjuvant chemother-
apy is associated with a lower axillary LN count in breast 
cancer [28, 29]. These inconsistent results indicated that 
the number of LN dissection might not be strongly asso-
ciated with chemotherapy. One possible explanation 
is that patients with neoadjuvant chemotherapy might 
have more severe nodal diseases. Based on our data from 
Table  1, N2 and N3 categories accounted for 21.3% of 
neoadjuvant chemotherapy while 10.6% in patients with 
neoadjuvant chemoradiotherapy. Moreover, the optimal 
cutoff value of LN dissection was 19 for patients with 
neoadjuvant chemotherapy, much higher than neoadju-
vant chemoradiotherapy. These findings indicated that 
patients with neoadjuvant chemotherapy alone might 
undergo appropriate or even radical procedures to obtain 
more LNs.

Numerous data, including National Comprehensive 
Cancer Network (NCCN) guidelines, have indicated that 
at least 15 LNs should be dissected for patients with-
out neoadjuvant therapy to guarantee accurate staging 
and survival benefits [23, 30–32]. However, the optimal 
number of LN dissection for patients with neoadjuvant 
chemoradiotherapy remains controversial. Samson et al. 
[23] found that removing 10–15 LNs brought additional 
survival benefits for esophageal cancer patients with 
neoadjuvant chemoradiotherapy. Another institutional 
analysis showed that esophageal cancer patients with > 7 
LN examination had a better prognosis than those with 
1–7 LNs [33]. Unfortunately, no relevant literature about 
the impact of neoadjuvant chemoradiotherapy on the LN 
count has been reported in EGC patients. In the present 
study, we recommended that at least 10 LNs be removed 
since the greatest survival difference was reached at 
the cut-off point (1–9 LNs vs. > 9 LNs). Different from 
patients with neoadjuvant chemotherapy alone, surgeons 
should avoid an extremely radical operation as much as 
possible for patients with neoadjuvant chemoradiother-
apy. The removal of more LNs might increase the risk of 
complications without adding survival benefits.

However, our current study also has some limitations. 
First, this was a retrospective study with inherent limi-
tations such as selection bias. Hence, a large prospec-
tive clinical trial is needed to validate our conclusions. 
Second, detailed chemoradiotherapy information was 
missing, including the type and dose of radiotherapy 
and chemotherapy, delivery methods, and duration of 
treatment, which might have some impact on the con-
clusions. Third, the SEER database has no quality-of-life 
information, which can not be ignored while treating 
malignant patients.

Conclusion
Neoadjuvant radiotherapy and chemoradiotherapy 
decreased the number of dissected LNs, while neoadju-
vant chemotherapy increased it in EGC patients. Hence, 
at least 10 LNs should be dissected for neoadjuvant 
chemoradiotherapy and 20 for neoadjuvant chemother-
apy, which could be applied in clinical practice.
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