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Background: Clinical guidelines recommend ≥12 examined lymph nodes (ELNs) for colon cancer staging, 
but more may be necessary for accuracy. This study utilized nodal staging scores (NSS) to identity the 
optimal number of ELNs based on tumor location and T stage, and to assess its prognostic impact.
Methods: Data from 80,792 patients in the Surveillance, Epidemiology, and End Results (SEER) database 
(2004–2014) and 2,300 patients from the West China Hospital (WCH) cohort (2008–2014) with stage I–
III resected colon cancer were analyzed. Optimal ELNs was estimated using a β-binomial distribution 
model, stratified by tumor location (left-sided, LS; right-sided, RS) and T stage. The primary outcome was 
overall survival (OS). The association between sufficient nodal staging and OS in node-negative patients was 
validated by multivariate Cox models. 
Results: The mean number of ELN was 18.75 in the SEER and 14.58 in the WCH database. There were 
57.8% and 48.8% patients who had RS colon cancer in the SEER and WCH database. Fewer T3-4 tumors 
were observed in the SEER cohort compared to the WCH cohort (68.4% vs. 87.2%). Sufficient nodal 
staging required ≥24 ELNs for T3 tumors, ≥34 nodes for T4 LS tumors, and ≥40 nodes for T4 RS tumors. 
For T3 lesions, examining 20–29 ELNs were more likely to have node-positive disease [odd ratio (OR) 1.07; 
95% confidence interval (CI): 1.01–1.12] compared to patients with 12–15 ELNs. In the T3N0 group, ELN 
≥24 was independently associated with better OS in the SEER database [hazard ratio (HR) 0.72; 95% CI: 
0.68–0.75], which was validated in the WCH cohort (HR 0.54; 95% CI: 0.38–0.76). 
Conclusions: Optimal ELNs for adequate colon cancer staging is related to both T stage and tumor 
location. We recommend that ≥24 lymph nodes be examined for T3 tumors, ≥34 for LS T4 tumors and ≥40 
for RS T4 tumors for sufficient staging.
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Introduction

Colon cancer is one of the most prevalent cancers and the 
second leading cause of cancer-related death worldwide (1).  
The current tumor-node-metastasis (TNM) staging system 
for colon cancer involves evaluating the invasive depth of 
the primary tumor, as well as metastasis to regional lymph 
nodes and distant organs (2). The presence of lymph 
node metastasis categorizes the disease as stage III and 
is significantly related to prognosis. Therefore, accurate 
nodal staging is critical for effective cancer management 
which directly influences subsequent use of adjuvant 
chemotherapy. 

The median number of examined lymph nodes (ELNs) 
has significantly increased through extended surgical 
procedures such as complete mesocolic excision and 
improved pathologic techniques such as the use of Patent 
blue V dye staining (3,4). However, some studies have 
failed to show a significant increase in detecting node-
positive colon cancer (stage III disease) (5,6). Despite this, 
several studies have demonstrated that patients with a 
higher number of ELNs are associated with an increased 
survival rate in colon cancer (7-10). For example, a study 
by Trepanier et al., which analyzed data from 261,423 colon 
cancer patients from the National Cancer Database, found 
that patients with ≥24 ELNs had better OS compared to 

those with <12 or between 12 and 23 ELNs (9). At the 
present, clinical guidelines recommend a minimum of  
12 ELNs to accurately determine the nodal status in colon 
cancer (11,12).

However, in some situations, 12-node standard may be 
insufficient in accurately identifying stage N0 colon cancer. 
For example, a pervious study has developed the nodal 
staging score (NSS) model to assess adequate staging of 
node-negative colon cancer and demonstrated that at least 
13 nodes for T3 tumor and 21 nodes for T4 tumor are 
needed to be examined for a 90% NSS (13), a principle that 
has also been applied to pancreatic cancer, thyroid cancer, 
and intrahepatic cholangiocarcinoma (14-16). Moreover, 
tumor location is another potential factor involved in the 
nodal staging. Since the distribution of lymph nodes in colon 
varies significantly according to the tumor sidedness (17),  
the current strategy of examining 12 lymph nodes may not 
be equally applicable in colon cancers of different primary 
sites (18). Collectively, regarding the optimized number of 
ELNs, tumor location and T stage should both be taken 
into consideration.

This study aimed to estimate the optimal number of 
ELNs in colon cancer, stratified by tumor location and T 
stage, based on the risk of false-negative staging. We then 
investigated the correlation of these findings with prognosis 
in two independent cohorts of colon cancer patients. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-24-576/rc).

Methods 

Data source and patient cohorts

We obtained data on patients diagnosed with colon cancer 
from 2004 to 2014 using the Surveillance, Epidemiology, 
and End Results (SEER) database via SEER*Stat software 
(version 8.3.5). 

Inclusion criteria were: (I) pathologically confirmed stage 
I–III colon cancer; (II) diagnosed between 2004 and 2014; 
(III) underwent radical surgery; and (IV) had valid follow-up 
data. Exclusion criteria included: (I) missing data of lymph 
nodes; (II) uncertain pathological stage or tumor location; 
(III) presence of distant metastasis prior to surgery; and 
(IV) lack of active follow-up or survival status. Information 
on the number of lymph nodes evaluated, the number of 
positive lymph nodes, and the site of primary tumor were 
included for mathematic calculation (hereafter referred to 

Highlight box

Key findings
•	 Sufficient nodal staging requires ≥24 examined lymph nodes 

(ELNs) for T3 tumors, ≥34 nodes for left-sided (LS) T4 and ≥40 
nodes for right-sided (RS) T4 colon cancer. 

•	 In T3N0 subgroup, ELN ≥24 was independently associated with 
better overall survival in both the Surveillance, Epidemiology, and 
End Results and the West China Hospital cohorts.

What is known and what is new?
•	 Current guidelines recommend examining at least 12 ELNs for 

colon cancer staging.
•	 This study provides new evidence that the optimal number 

of ELNs for accurate staging should be higher, with specific 
thresholds based on tumor location and T stage.

What is the implication, and what should change now?
•	 The optimal number of ELNs for colon cancer staging varies by T 

stage and tumor location. 
•	 The findings suggest that ≥24 lymph nodes should be examined for 

T3 tumors, ≥34 for LS T4 tumors and ≥40 for RS T4 tumors to 
improve staging accuracy and patient prognosis.

https://jgo.amegroups.com/article/view/10.21037/jgo-24-576/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-24-576/rc


Journal of Gastrointestinal Oncology, Vol 16, No 1 February 2025 117

© AME Publishing Company.   J Gastrointest Oncol 2025;16(1):115-127 | https://dx.doi.org/10.21037/jgo-24-576

as the SEER cohort). The NSS model was developed using 
the SEER database. The follow-up data for patients in the 
SEER cohort were served as internal validation. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). With the 
approval of the Biomedical Ethics Committee of West 
China Hospital, Sichuan University (2019 No. 194), we 
systematically reviewed medical records of patients who 
underwent radical surgeries for colon cancers between 
2008 and 2014 at West China Hospital. Informed consent 
was taken from all the patients. Patients with the same 
eligibility criteria as described above were included as an 
external validation cohort (hereafter referred to as the 
WCH cohort). Clinical features, including age, gender, 
year of diagnosis, tumor location, tumor differentiation, 
pathological T and N stage, number of ELNs, and number 
of positive lymph nodes, were extracted for analysis both 
from the SEER and WCH cohorts. Follow-up for WCH 
patients involved regular monitoring of carcinoembryonic 
antigen (CEA) and carbohydrate antigen 19-9 (CA19-9)  
levels, as well as chest and abdominopelvic CT scans 
every six months for the first three years after surgery and 
annually thereafter. Follow-up was conducted through 
outpatient visits, phone calls, and mail surveys. 

In both cohorts, patients were classified into the right-
sided (RS) colon cancer group (caecum, ascending colon, 
hepatic flexure, and transverse colon) and the left-sided 
(LS) colon cancer group (splenic flexure, descending colon, 
and sigmoid colon) based on the origin site of the primary 
tumor for subsequent analysis. The primary prognostic 
outcome was overall survival (OS), defined as the interval 
from the date of surgery to the date of death from any 
cause or date of last follow-up visit. Secondary outcome 
was cancer-specific survival, defined as the interval from the 
date of surgery to the date of death due to colon cancer or 
metastatic disease.

NSS model development

A previously described mathematical model was adopted 
to estimate the probability of false-negative staging as 
a function of the total number of ELNs (13). First, we 
estimated the probability of false-negative nodal staging, 
defined as the probability of removing only negative lymph 
nodes from a node-positive patient (defined as patients with 
at least one pathologically diagnosed positive nodes). The 
probability of positive ELNs among node-positive patients 
with increasing total number of evaluated lymph nodes 

was fitted using a β-binomial distribution. This method is 
commonly applied in the analysis of hierarchical binary data 
and has demonstrated good model fit in previous studies 
(13-16). Using the R package VGAM, the parameters of 
the β-distribution with shapes of α and β were estimated 
through a maximum likelihood approach. These α and β 
parameters were fitted across all node-positive patients 
in the SEER cohort. Subsequently, we calculated the 
probability of missing metastatic nodal disease P(FNm) at 
each possible number of ELN as follows:

( ) ( ) ( )
( )
,

0 , ,
,
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P FNm P m
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α β

α β
α β

+
= = 	 [1]

Here, m represents the number of ELN and Beta () 
represents the beta distribution function. 

Next, we calculated the number of false-negative patients 
in the SEER cohort. This was calculated as follows:
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Here, #FNm represents the number of false negative 
patients when m of ELNs. #TPm represents the number of 
true positive patients when m of ELNs. 

Then, the corrected prevalence of true node-positive 
patients was calculated by the number of false negative 
patients and the number of true positive patients. The 
corrective prevalence was determined as follows:
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where #TNm indicated the number of patients with true-
negative lymph nodes evaluation where m of ELNs.

Finally, we calculated NSS, the probability of a 
pathologically node-negative patient which is indeed free of 
lymph node metastasis P(TNm) by examined number of m 
as follows:

( ) ( )
1

1
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−
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	 [4]

Statistical analysis

Categorical data were presented as frequencies and 
percentages; continuous variables were presented as means 
with standard deviation (SD) or medians with interquartile 
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range (IQR). The Chi-squared test, in conjunction with 
Bonferroni corrections for pairwise analysis, was used to 
compare the difference of categorical variables across groups. 
Student’s t-test was used to compare the means of two 
groups. The correlation coefficient between two continuous 
variables was estimated using a linear model. Multivariate 
logistic regression was used to examine the diagnostic impact 
of patient clinicopathological characteristics, including 
lymph node evaluation, on the diagnosis of node-positive 
disease. Lymph node evaluation was categorized in two 
ways as previously described (19) with 12 or more ELNs 
or not, which is defined as adequate lymph node evaluation 
by current guidelines (model 1); and a series of continuous 
groups with small intervals (model 2), which enables a more 
comprehensive evaluation. Moreover, subgroup analyses 
were performed to examine the associations between node 
positivity and node evaluations in patients with different T 
stages instead of in the overall population. 

After determining the optimal cutoff for adequate ELN 
using the NSS model, patients were divided into two 
groups: those with inadequate ELN (below the cut-off) 
and those with adequate ELN (equal or above the cutoff). 
The survival curves between these patients were generated 
using the Kaplan-Meier method and compared using the 
log-rank test. A multivariate Cox proportional hazards 
model was used to calculate the hazard ratio (HR) and 95% 
confidence interval (CI). We used “VGAM” R package 
to develop this mathematical model. Statistical analysis 
was performed using R, version 3.4.1 (R, Foundation for 
Statistical Computing, Vienna, Austria). A P value <0.05 
was considered statistically significant.

Results

Patient characteristics

A total of 80,792 patients from the SEER database and 2,300 
patients from the WCH database who meet the eligible 
criteria were included in this study. The clinicopathological 
characteristics of patients in the two cohorts were shown in 
Table 1. The mean number of ELNs was 18.75±12.19 and 
14.58±10.24 in the SEER cohort and the WCH cohort, 
respectively. Of these, 31,217 (38.6%) and 884 (38.4%) 
node-positive cases were found in the SEER cohorts and 
the WCH cohorts, respectively. In the SEER cohort, 
the number of ELNs stratified by specific subgroups was 
detailed in Table S1. Colon cancer located in the hepatic 
flexure exhibited the highest mean number of ELNs (20.9), 

whereas those in the sigmoid colon demonstrated the 
lowest (16.7). Additionally, a significantly higher proportion 
of patients with ≥24 ELNs were found in RS colon cancers 
compared to LS (26.8% vs. 17.6%). 

Association between lymph nodes evaluation and nodal 
staging

To examine the impact of lymph node evaluation on the 
diagnosis of node-positive disease in the SEER cohort, two 
multivariate logistic models using different classifications 
of lymph node evaluations were adopted (Table 2). Overall, 
those with at least 12 ELNs (adequate lymph node 
evaluation in model 1) were more likely to be diagnosed 
with the node-positive disease regardless of the T stage 
(adjusted OR for ≥12 nodes vs. <12 nodes, ranging from 
1.10 to 1.36). Compared to patients with 12 to 15 ELNs 
(adequate lymph node evaluation in model 2), the further 
increased number of ELNs was not associated with more 
diagnosis of node-positive disease in T1 and T2 tumors 
(Table 2). In patients with T3 tumors, those with higher 
number of ELNs were more likely to have node-positive 
disease compared with those with adequate nodes evaluated 
(adjusted OR for 20–29 nodes vs. 12–15 nodes, 1.07; 95% 
CI: 1.01–1.12). Although not statistically significant, the 
same tendency was also observed in patients with T4 tumors 
(adjusted OR for ≥40 nodes vs. 12–15 nodes, 1.15; 95% CI: 
0.92–1.45). 

Estimation of adequacy of lymph node evaluation

To find the optimal number of ELNs necessary for 
sufficient nodal staging, we first estimated the probability 
of false-negative staging as a function of total node number 
examined using a previously described mathematical  
model (13). Briefly, two β-binomial distributions with model 
parameters of α=1.12 (95% CI: 1.15–1.22), 1.38 (95% CI: 
1.15–1.22) and β=3.88 (95% CI: 3.76–4.01), 4.37 (95% CI: 
4.21–4.54) were developed using the node-positive cases 
in the SEER cohort (n=31,217) to estimate the probability 
of false-negative nodal staging in patients with RS and LS, 
respectively. As shown in Figure 1A, for those with known 
node-positive disease, approximately 20% RS and 18% 
LS would be misclassified as node-negative disease when  
12  ELNs.  Next ,  we  s t ra t i f i ed  these  pa t ient s  by 
tumor location and T stage. As shown in Table 3, the 
underestimation of node-positive disease was observed in all 
T subgroups, and the prevalence increased by T stage. In 

https://cdn.amegroups.cn/static/public/JGO-24-576-Supplementary.pdf
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Table 1 Clinicopathological characteristics of patients

Variable SEER cohort (n=80,792) WCH cohort (n=2,300) P

Male, n (%) 42,246 (52.3) 1,317 (57.3) <0.001

Age (years), n (%) <0.001

<50 9,288 (11.5) 525 (22.8)

50–69 45,637 (56.5) 1,155 (50.2)

70+ 25,867 (32.0) 620 (27.0)

Year of surgery, n (%) <0.001

2004 6,924 (8.6) 0 (0.0)

2005 6,705 (8.3) 0 (0.0)

2006 7,084 (8.8) 0 (0.0)

2007 7,548 (9.3) 0 (0.0)

2008 7,625 (9.4) 20 (0.9)

2009 7,682 (9.5) 276 (12.0)

2010 7,243 (9.0) 348 (15.1)

2011 7,266 (9.0) 379 (16.5)

2012 7,421 (9.2) 383 (16.7)

2013 7,275 (9.0) 392 (17.0)

2014 8,019 (9.9) 502 (21.8)

T stage, n (%) <0.001

T1 12,193 (15.1) 71 (3.1)

T2 13,356 (16.5) 222 (9.7)

T3 46,267 (57.3) 1,167 (50.7)

T4 8,976 (11.1) 840 (36.5)

ELN, mean (SD) 18.75 (12.19) 14.58 (10.24) <0.001

LNM, mean (SD) 1.46 (3.17) 1.16 (2.47) <0.001

N stage, n (%) <0.001

N0 49,575 (61.4) 1,416 (61.6)

N1 20,235 (25.0) 653 (28.4)

N2 10,982 (13.6) 231 (10.0)

Tumor differentiation, n (%) <0.001

I 7,814 (9.7) 49 (2.1)

II 58,505 (72.4) 1,541 (67.0)

III 12,747 (15.8) 710 (30.9)

IV 1,726 (2.1) 0 (0.0)

Right-sided, n (%) 46,666 (57.8) 1,122 (48.8) <0.001

SEER, Surveillance, Epidemiology, and End Results; WCH, West China Hospital; ELN, examined lymph node; LNM, lymph node 
metastasis; SD, standard deviation.
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T3 and T4 stage, 8–10% of the patients were estimated to 
be misdiagnosed with node negative diseases. 

Finally, we estimated the probability of true node-negative 
in the overall cohort when different numbers of lymph nodes 
were examined (Figure 1B). Patients with T1 and T2 tumors, 
regardless of their tumor locations, will have more than 
90% probability of a correct pathological diagnosis of nodal 
staging with 12 ELNs. However, as also shown in Table S2, 
using the true node-negative staging with 90% confidence 

as the threshold, at least 24 lymph nodes were required in 
T3 patients (LS: 90%, 95% CI: 84.1–93.8%, RS: 90.1%, 
95% CI: 84–94%). To achieve the same levels of accuracy, 
it requires at least 34 ELNs in T4 patients with LS (90.2%, 
95% CI: 81.7–95.1%) and ≥40 ELNs for T4 patients with 
RS (87.1%, 95% CI: 74.2–94.3%). 

Risk stratification and validation

The prognostic effect of the optimal number of lymph 
nodes for sufficient staging was subsequently validated 
both in the SEER cohort and the WCH cohort. In the 
multivariate Cox proportional hazards model of OS shown 
in Table 4, the stratification based on at least 24 ELNs 
remains to be an independent prognostic factor in patients 
with T3N0 diseases (SEER cohort: HR 0.72, 95% CI: 
0.68–0.75, P<0.001; WCH cohort: HR 0.54, 95% CI: 0.38–
0.76, P<0.001). Kaplan-Meier curves illustrated the survival 
benefits from at least 24 ELNs in both cohorts (Figure 2). 
Furthermore, the multivariate Cox proportional hazards 
model of OS for subgroups consistently demonstrated 
favorable outcomes for T3N0 patients with ≥24 ELNs in 
the SEER cohort, regardless of gender, age, and tumor 
location (Figure S1).

For T4 patients, estimated prevalence of node positive 
disease was 65.9% and 69.8% in LS and RS (Table 3). 
Namely, patients with T4 tumors should be regarded 
at ultra-high risk for node-positive disease. As shown in 
Figure 3, survival analysis showed that T4N0 patients had 
comparable or even worse 5-year outcomes compared to 
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Figure 1 Probability of false-negative node diseases and prevalence of true-negative node diseases by tumor stage as a function of the 
number of examined lymph nodes. (A) Probability of false-negative node diseases by tumor locations. (B) Prevalence of true-negative node 
diseases as stratified by tumor locations.

Table 3 Apparent and corrected prevalence of node-positive disease 
by T stage and tumor locations in the SEER cohort

Group T stage
Apparent  

prevalence
Corrected  
prevalence

Left-sided T1 0.143 0.203

T2 0.247 0.317

T3 0.484 0.570

T4 0.578 0.659

Right-sided T1 0.100 0.131

T2 0.178 0.221

T3 0.434 0.511

T4 0.606 0.698

Apparent prevalence was based on the final pathologic stage 
of the SEER database. Corrected prevalence also considered 
the probability of false-negative findings based on the number 
of negative nodes. SEER, Surveillance, Epidemiology, and End 
Results.

https://cdn.amegroups.cn/static/public/JGO-24-576-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-24-576-Supplementary.pdf
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Table 4 Multivariate Cox proportional hazards model of overall survival for patients with T3N0 diseases

Variable SEER cohort (n=24,796) WCH cohort (n=730)

ELNs (vs. <24)

≥24 0.72 (0.68–0.75) 0.54 (0.38–0.76)

Tumor location (vs. left-sided)

Right-sided 1.01 (0.98–1.05) 1.29 (1.03–1.63)

Tumor grade (vs. grade 1)

Grade 2 1.09 (1.02–1.16) 0.55 (0.17–1.72)

Grade 3 1.19 (1.11–1.29) 0.73 (0.23–2.30)

Grade 4 1.19 (1.03–1.38) N/A

Chemotherapy (vs. no)

Yes 0.64 (0.61–0.67) N/A

Data are presented as hazard ratio (95% confidence interval). SEER, Surveillance, Epidemiology, and End Results; WCH, West China 
Hospital; ELN, examined lymph node; N/A, not applicable.

Figure 2 Kaplan-Meier curves of overall survival in T3N0 patients in (A) SEER cohort and (B) WCH cohort. SEER, Surveillance, 
Epidemiology, and End Results; WCH, West China Hospital.
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those with T3N1 tumors. For patients with T4N0 tumors 
in the SEER cohort (Figure 3A,3B), those with sufficient 
lymph node evaluation (≥34 lymph nodes for LS; ≥40 lymph 
nodes for RS) were associated with significantly improved 
OS compared those with insufficient nodal staging. 
Moreover, as shown in Table S3, better cancer-specific 
survival outcomes were also observed in the multivariate 
Cox proportional hazards analysis (LS: HR 0.66, 95% CI: 
0.49–0.89; RS: HR 0.75, 95% CI: 0.55–1.03). However, 
as there were only 1% (2/200) patients with LS tumors 
and 3.6% (9/246) patients with RS tumors fulfilling the 
optimized nodes evaluation of T4N0 lesions in the WCH 
cohort, the survival difference was hard to be calculated for 
these patients due to the small sample size (Figure 3C,3D). 

Discussion

In this study, we evaluated the association between lymph 
node evaluation and nodal staging in patients with colon 
cancer from 2004 through 2014 using data from the SEER 
database and the West China Hospital database. While 
evaluating at least 12 ELNs might lead to more diagnosis of 
node-positive disease regardless of the T stages, the number 
of lymph nodes that needs to be evaluated for accurate nodal 
staging further increases in T3–T4 tumors. We employed 
a mathematic model based on the number of ELNs to 
estimate the prevalence of node-positive disease, stratified 
by tumor locations and T stages. Our results suggested that 
a cutoff number of 12 lymph nodes is sufficient for nodal 

https://cdn.amegroups.cn/static/public/JGO-24-576-Supplementary.pdf
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Figure 3 Kaplan-Meier curves of overall survival in T4N0 patients in (A,B) SEER cohort and (C,D) WCH cohort. SEER, Surveillance, 
Epidemiology, and End Results; WCH, West China Hospital.
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staging in T1 and T2 tumors, while a minimum of 24 lymph 
nodes would be needed to ensure accurate staging in T3 
tumors. Moreover, with a high prevalence of node-positive 
disease, at least 34 and 40 ELNs are needed for accurate 
staging in T4 disease for LS and RS tumors, respectively. 
In both the SEER cohort and WCH cohorts, patients with 
sufficient staging were associated with better OS. 

The relationship between lymph node yield and 
prognosis in colon cancer has been widely discussed  
(7,20-22), which support the notion that a higher level 
of lymph node evaluation is associated with improved 
survival, with the optimal number of ELNs ranging from 
16 to 22 nodes. However, most studies have investigated 
the optimal number of ELNs in the whole population 
without stratification or only based on single factors 
(7,20,21). Given the strong correlation between lymph node 
metastasis and clinicopathological factors (23,24), node 
evaluation should be optimized not only for the T stage but 
also for tumor-sidedness. Embryologically, the caecum to 
the proximal two-thirds of the transverse colon develops 

from the midgut, distal third of the transverse colon 
through the upper anal canal develops from the hindgut (25).  
The molecular features also differ among various locations 
in colon cancer (26). In addition, RS tumor location 
is associated with higher lymph node yield (17). The 
developmental division may lead to divergence in the 
lymphatic system in each location, implying the necessity 
for independently optimizing node evaluation. 

Postoperative adjuvant chemotherapy is recommended 
for all node-positive (TNM stage III) patients; however, the 
effect of adjuvant chemotherapy in stage II colon cancer 
patients remains controversial (27,28). The definition of 
high-risk stage II is crucial for postoperative treatment 
decision-making. Our results, based on the mathematic 
model, provided a reference for the risk stratification of 
stage II cases, For T3 lesions, the estimated prevalence of 
node-positive disease was 57% and 51.1% in LS and RS. 
The optimal cutoff number of ELNs was 24, based on the 
mathematic model with 90% confidence of true-negative 
disease. Subsequent validation also confirms the sensitivity 
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of this cutoff for risk stratification. 
Although the American Joint Committee on Cancer 

(AJCC) TNM staging system is originally designed to 
classify prognostic groups, emerging evidence has shown 
that patients with T4N0M0 (stage IIB–C) tumors have 
inferior OS compared to those with T1-2N1-2M0 (stage 
IIIA) tumors (29-31). This disparity has been attributed to 
the aggressive biology of T4 tumors and the preferential 
administration of adjuvant chemotherapy for stage IIIA 
patients due to lymph node metastasis. However, the 
mechanism underlying this survival paradox remains poorly 
understood. In this study, we estimated a high prevalence 
of false-negative staging in patients with T4N0M0 tumors, 
providing an additional explanation for the survival paradox. 
Our results suggest that patients with T4 tumors required 
at least 34 and 40 lymph nodes to achieve accurate nodal 
staging for LS and RS, respectively. Based on these findings, 
patients with T4 tumors, particularly those with RS, are at 
an ultra-high risk for node-positive disease and thus need to 
be managed appropriately. This may include the adoption of 
central mesocolic lymph node excision in RS, which yields 
a significantly higher number of lymph nodes and a lower 
risk of tumor recurrence, as observed in a population-based 
cohort study (32), and adjuvant chemotherapy, which has 
shown exclusively survival benefits in stage II patients with 
T4 disease rather than those with other high-risk factors 
(e.g., poor or undifferentiated tumor grade) (28). Further 
studies on risk stratification of T4N0M0 tumors should 
also include additional possible risk factors, such as the 
microsatellite instability (MSI) state and circulating tumor 
DNA (ctDNA), to facility more informed decision making. 

Our study also identified associations between the 
number of ELNs and patient-level factors, revealing higher 
ELNs counts among patients with RS tumours, and lower 
counts among older patients and males. However, non-
patient factors may also influence ELN counts. Given the 
high standardization of surgical techniques such as complete 
mesocolic excision and Japanese D3 dissection for both 
RS and LS colon cancer which may have a little impact on 
lymph node examination (3,33), variations in lymph node 
examination are more likely attributed to differences in 
pathological analysis. Indeed, a population-based cohort 
study highlighted that patients treated by pathologists who 
were poorer performers in lymph nodes examination were 
associated with worse prognoses (34).

Several limitations of this study should be noted. Firstly, 
due to the retrospective nature of this study, potential 

biases such as selection bias cannot be entirely ruled out, 
and data on surgical margin status were not available from 
the SEER database. Secondly, although we reported rates 
of adjuvant chemotherapy in the SEER cohort, detailed 
information regarding chemotherapy cycles, regimens and 
compliance was lacking, leading to uncertainties in the 
assessment of long-term survival outcomes. Thirdly, despite 
observing promising outcomes in patients with T4N0 
lesions and adequate nodes evaluation, the proportion of 
this subgroup was low both in the SEER cohort and our 
hospital, limiting broader clinical application. Additionally, 
data on tumor microsatellite status were unavailable in the 
databases. Patients with deficient mismatch repair genes 
typically exhibit a higher total lymph node yield but a lower 
likelihood of lymph node metastasis due to strong lymph 
node reactions (35,36). Higher harvested lymph nodes in 
such cohorts may also reflect enhanced tumor immune 
response, potentially favoring immune chemotherapy 
over standard oxaliplatin-based regimens (37). Finally, our 
study did not include information on lymph node stations. 
As Japanese guidelines recommend that metastasis nodes 
from D3 stations associated with advanced staging (38), 
analysis based on node locations should be addressed 
in further studies. Despites these limitations, our study 
provides valuable insights into the benefits of adequate 
nodes evaluation for colon cancer patients based on tumor 
location and stage. Nonetheless, large prospective cohorts 
or randomized controlled trials are necessary to further 
validate optimal cutoff values for required lymph nodes.

Conclusions

Although the lymph node distribution varies with tumor 
location, similar results indicated that similar findings can 
be achieved for both LS and RS colon cancers. Our analysis 
suggests that the current cutoff of 12 ELNs is adequate 
for T1–T2 tumors. However, for T3 tumors, a minimum 
of 24 ELNs may be necessary to meet standard quality 
assessment. For patients with T4 tumors, who are at an 
ultra-high risk for node-positive disease, at least 34 lymph 
nodes should be examined for LS tumors, and at least 40 
lymph nodes should be examined for RS tumors to ensure 
sufficient staging.
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