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Simple Summary: In patients with colon cancer, the number of lymph nodes examined during
surgery can have a significant impact on their long-term survival. We conducted a study with
over 7000 patients and found that those who had at least 12 lymph nodes evaluated had better
survival rates. A younger age, specific cancer stages, and a right-sided tumor location were associ-
ated with a higher number of lymph nodes examined. Additionally, we discovered that the ratio
of metastatic to examined nodes (LNR) was a valuable predictor of survival and provided more
precise information than the conventional pN classification system. This research emphasizes the
importance of a thorough lymph node evaluation in colon cancer patients for accurate prognosis and
treatment decisions.

Abstract: Due to the impact of nodal metastasis on colon cancer prognosis, adequate regional lymph
node resection and accurate pathological evaluation are required. The ratio of metastatic to examined
nodes may bring an additional prognostic value to the actual staging system. This study analyzes the
identification of factors influencing a high lymph node yield and its impact on survival. The lymph
node ratio was determined in patients with fewer than 12 or at least 12 evaluated nodes. The study
included patients after radical colon cancer resection in UICC stages II and III. For the lymph node
ratio (LNR) analysis, node-positive patients were divided into four categories: i.e., LNR 1 (<0.05),
LNR 2 (>0.05; <0.2), LNR 3 (>0.2; <0.4), and LNR 4 (>0.4), and classified into two groups: i.e.,
those with <12 and >12 evaluated nodes. The study was conducted on 7012 patients who met the
set criteria and were included in the data analysis. The mean number of examined lymph nodes
was 22.08 (SD 10.64, median 20). Among the study subjects, 94.5% had 12 or more nodes evaluated.
These patients were more likely to be younger, women, with a lower ASA classification, pT3 and
PN2 categories. Also, they had no risk factors and frequently had a right-sided tumor. In the
multivariate analysis, a younger age, ASA classification of II and III, high pT and pN categories,
absence of risk factors, and right-sided location remained independent predictors for a lymph node
yield >12. The univariate survival analysis of the entire cohort demonstrated a better five-year
overall survival (OS) in patients with at least 12 lymph nodes examined (68% vs. 63%, p = 0.027).
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The LNR groups showed a significant association with OS, reaching from 75.5% for LNR 1 to 33.1%
for LNR 4 (p < 0.001) in the >12 cohort, and from 74.8% for LNR2 to 49.3% for LNR4 (p = 0.007) in
the <12 cohort. This influence remained significant and independent in multivariate analyses. The
hazard ratios ranged from 1.016 to 2.698 for patients with less than 12 nodes, and from 1.248 to 3.615
for those with at least 12 nodes. The LNR allowed for a more precise estimation of the OS compared
with the pN classification system. The metastatic lymph node ratio is an independent predictor for
survival and should be included in current staging and therapeutic decision-making processes.

Keywords: colon cancer; lymph nodes; lymph node yield; lymph node ratio; five-year overall survival

1. Introduction

Colorectal cancer (CRC) is a complex and multifactorial disease with a significant
global impact. It ranks as the third most frequently diagnosed cancer and the second
leading cause of cancer-related mortality worldwide. Based on the site of onset, rectal cancer
comprises 49.66% of cases, whereas colon cancer accounts for 49.09%. When considering
both sites together, they collectively represent 1.25% of all cases.

The exact causes of CRC remain uncertain, although they may be associated with
various factors such as genetic and dietary elements, as well as noncancerous health
conditions. The risk of CRC rises with advancing age. Incidence and mortality rates for
CRC are relatively low up to the age of 45; however, later they significantly increase. The
highest incidence is observed in the age group over 80 years. Nonetheless, a noteworthy
number of cases may still be observed among adolescents.

The epithelial cells of the mucosa in the colon and rectum can go through various
stages of development, including hyperplasia, atypical hyperplasia, and adenomas. These
adenomas have the potential to progress into carcinomas. In the early stages of CRC, the
disease is usually limited to the mucosa and submucosa of the intestinal wall, and lymphatic
metastasis is rare at this point. However, when the tumor penetrates the submucosal layer,
lymphatic metastasis can occur. CRC usually metastasizes to the liver, lungs, lymph nodes
of the abdominal cavity, and the peritoneum [1-4].

CRC is a complex, multi-step disease whose development depends on the accumu-
lation of genetic and epigenetic alterations. These include the loss of tumor suppressor
function (including APC and p53) and activation of proto-oncogenes (including KRAS and
BRAF). Such molecular derangements ultimately lead to dysregulated cell proliferation,
inhibited apoptosis, and the activation of growth-promoting signaling pathways [5-7].

Circulating tumor DNA (ctDNA) refers to fragmented DNA from tumor cells that
is released into the bloodstream. In metastatic CRC, ctDNA enables noninvasive molec-
ular profiling to identify actionable biomarkers and guide targeted therapy decisions.
Specifically, ctDNA analysis can effectively determine the mutation status, microsatellite in-
stability, and tumor mutational burden. However, tissue biopsy remains the gold standard,
with a higher sensitivity for detecting certain genomic alterations. But for CRC, ctDNA
has high detection rates nearing 100% in metastatic disease. Ongoing studies continue
to evaluate concordance between ctDNA and tissue sequencing across various genomic
biomarkers. Overall, ctDNA is becoming an invaluable tool for genotyping and tracking
tumor dynamics in CRC [8-10].

Early stages of CRC often give no symptoms. As the disease progresses, patients
typically experience symptoms such as hematochezia, intestinal obstruction, abdominal
mass, and various systemic symptoms. The five-year overall survival (OS) rate varies
depending on the disease stage, with a rate of 90% at stage I, 70-80% at stage II, and 40-65%
at stage III. The risk of progression also correlates with the stage of the primary tumor;
namely, it is 30% for stage II and 50% for stage III. Additionally, the risk is higher in the
first two years following radical surgery [11,12].
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This work focuses on colon cancer patients. The management of colon cancer patients
is primarily determined by the stage of the disease at diagnosis, underscoring the need
for a thorough approach to diagnosing, assessing, and treating the condition. Adequate
lymphadenectomy, recently described in the concept of a complete mesocolic excision
(CME), remains a crucial element of surgical treatment in nonmetastatic colon cancer [13].
The removal and analysis of lymph nodes play both a therapeutic and prognostic role. The
involvement of the lymph nodes determines the stage of the disease, its prognosis and
potential indication for adjuvant strategies [11,14].

The current standard of care for stage III colon cancer is immediate resection followed
by adjuvant chemotherapy. Adjuvant chemotherapy has been shown to reduce the risk of
recurrence and improve the OS in this patient population. Over the past decades, several
landmark trials have established the efficacy of various chemotherapeutic regimens in the
adjuvant setting [15-17]. Initially, studies demonstrated the efficacy of adjuvant fluorouracil
(5-FU) and folinic acid in colon cancer. IMPACT investigators demonstrated the benefits
of using 5-FU and folinic acid, increasing the OS from 78% to 83% [18]. The addition of
oxaliplatin to 5-FU/folinic acid (FOLFOX regimen) was then validated as more effective
than 5-FU regimens alone, becoming the new standard of care. The addition of oxaliplatin
was first suggested with the MOSAIC trial, showing a significantly improved six-year OS
rate of 78.5% compared to 72.9% with 5-FU alone [19]. More recently, oral fluoropyrimidines
like capecitabine combined with oxaliplatin (CAPOX) have shown similar improvements
in patient outcomes. The XELOXA trial found that combination therapy with capecitabine
and oxaliplatin was superior to 5-FU alone, with a 5-year OS rate of 73% compared to
67% [20]. Thus, an oxaliplatin-based doublet therapy with 5-FU/folinic acid or capecitabine
is now the backbone of adjuvant treatment for resected stage III colon cancer [15-17].

Accurate lymph node resection, analysis, and examination (LNE) are crucial in predict-
ing the future outcomes of patients who underwent radical surgery for colon cancer [21].
According to the guidelines issued by the American Joint Committee on Cancer (AJCC), it
is recommended to assess a minimum of 12 lymph nodes in order to meet the threshold
requirement [22]. In the case of lymph node involvement (stage III colon cancer), there is a
risk of misclassification into stages I or 11, if the number of LNEs is insufficient. Such misclas-
sification may result in patients not receiving the appropriate adjuvant therapy. Therefore,
in recent reports, it has been indicated that an increased number of LNEs correlates with
improved prognosis [23-26].

In the seventh edition of classification of malignant tumors (TNM), the AJCC in-
troduced a subdivision of the N parameter for colon cancer, which includes N1a (only
1 metastatic node), N1b (2-3 positive nodes), N2a (4-6 positive lymph nodes), and N2b
(>7 positive lymph nodes). However, the number of LNEs is still not part of the TNM
staging system [27,28]. Therefore, there have been suggestions to use the lymph node ratio
(LNR) as an improvement in the staging of CRC. The LNR is determined by calculating
the ratio of metastatic lymph nodes to the total number of resected lymph nodes. It is be-
lieved that the LNR has the potential to serve as a more accurate prognostic factor for CRC
compared to the conventional N assessment within the current TNM staging system [29,30].

The present study investigated large real-life population-based cohorts undergoing
colectomies for cancer to evaluate factors influencing the achievement of the 12 lymph
node limit as well as the prognostic impact of the LNR, in comparison with the actual
N-classification within the TNM staging system.

2. Materials and Methods
2.1. Patient Population

The study analyzed the complete data of 7012 patients treated for colon cancer in
122 hospitals that participated in an observational study entitled “Quality Assurance in
Colorectal Cancer,” managed by the An-Institute at the Otto von Guericke University
Magdeburg, Germany in the years 2008-2012. Patients with UICC (Union Internationale
Contre le Cancer, Geneva, Switzerland) stage II and III colon adenocarcinoma who under-
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went radical tumor resection were included. The colon was defined as the segment of the
bowel between >16 cm from the anocutaneous line and ileocolic valve. Curative resection
was defined as the complete resection of a macroscopic tumor with negative pathological
margins, lymphadenectomy, and no evidence of metastases. Patients with rectal cancers,
multiple colon cancers, and second primary tumors were excluded from the study.

Since it was an observational study, no ethical approval was required, as confirmed
by the local ethics committee of the Otto von Guericke University Magdeburg. Written
informed consent was obtained from each patient.

2.2. Data Collection

The hospitals were required to deliver data on every patient treated for colon cancer.
The total number of reported patients was cross-checked with the hospital’s financial report
for insurance companies to avoid a selection bias. The enrolment questionnaire consisted
of 68 questions related to personal data, risk factors, reasons for hospitalization, diagnosis
prior to surgery, surgical procedure, surgery-related complications, results of pathology
tests, and discharge (total: 334 items). Risk factors were defined based on the assessment
prior to the surgical treatment and categorized as follows: none, cardiac, respiratory, renal,
hepatogenic, nicotine abuse, alcohol abuse, diabetes mellitus, varicosis, and others. Each pa-
tient’s body mass index (BMI) and American Society of Anesthesiologists (ASA) score were
also recorded. The surgical procedures were classified by a surgeon and divided into cate-
gories including right hemicolectomy, extended right hemicolectomy, left hemicolectomy,
extended left hemicolectomy, and sigmoid resection. The intraoperative course was de-
scribed by the duration of the surgery, presence and technique of anastomosis, and intraop-
erative complications (bladder injury, bleeding necessitating > 2 red blood cell concentrates,
ureter lesion, iatrogenic tumor perforation, spleen injury, intestinal injury, internal geni-
tal injury, problem regarding the capnoperitoneum, and anastomosis complication). The
postoperative complications included general and special ones. The general postoperative
complications were lung embolism, pulmonary problems (pleural effusion and atelectasis),
pneumonia, urinary tract infection, fever (>38 °C, >2 days), cardiac problems, multiple
organ failure, thrombosis, and renal problems. The postoperative special complications
were bleeding (necessitating surgery), wound abscess, sepsis, anastomosis insufficiency,
aseptic wound healing dysfunction, wound infection, intra-abdominal/tetrorectal abscess,
mechanical ileus (necessitating surgery), fecal fistula, peritonitis, atony lasting longer than
three days, peristalsis dysfunction (not necessitating surgery), wound dehiscence, and
colostomy complication. The number of resected regional lymph nodes and UICC classi-
fication were recorded based on the pathological report. Survival data were collected by
review of medical records and comparison with available registers.

2.3. Statistical Analysis

In this analysis, constant variables were used with appropriate measurements and
given as the mean with standard deviation, minimum and maximum or as the median,
minimum and maximum. Categorical variables were displayed as absolute or relative
frequencies. The chi-square test was used to proof the independency of categorical variables.
For small sample numbers (<5), cross-tabulation or Fisher’s exact test were used. For
estimations of systematic differences between the groups, a test of normal distribution was
performed (the Shapiro-Wilk test). In the first step, factors influencing lymph node yield
(LNY) were analyzed univariately. The independence of the significant factors was verified
in a multivariate regression and displayed as an odds ratio (OR) with a 95% confidence
interval. For survival analysis, the patient population was divided in two groups: i.e., those
with <12 and >12 examined lymph nodes, in order to exclude potential bias of a low LNY.
In univariate survival analysis, the previously identified significant factors influencing
LNY were tested according to the Kaplan-Meier method, using the log-rank test. The
nodal positive subgroup was divided into four categories: LNR 1 (<0.05), LNR 2 (>0.05;
<0.2), LNR 3 (>0.2; <0.4), and LNR 4 (>0.4), as initially proposed by Berger et al. [21]. For
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multivariate survival analysis, the method of Cox regression was used. The specified hazard
ratios (HR) were also given with 95% confidence intervals. All statistical comparisons were
performed at the significance level of 5%. Statistical analysis was performed using IBM®
SPSS® Statistics, Version 21.0.0, SPSS Inc. (New York, NY, USA).

3. Results

The main data analysis included 7012 patients with UICC stage II and III colon cancer
who met the set criteria. The mean number of examined lymph nodes was 22.08 (SD 10.64,
median 20). In the study group, 94.5% had 12 or more nodes evaluated. In patients with an
LNE < 12, an average of 8.99 (95% CI: 8.78-9.21) nodes were analyzed by the pathologist and
1.14 (95% CI: 0.96-1.32) identified as positive, while in those with an LNE > 12, an average
of 22.84 (95% CI: 22.58-23.09) lymph nodes were analyzed and 1.93 (95% CI: 1.83-2.03)
were found to be metastatic. Patients with 12 or more nodes were more likely to be younger,
women, with a lower ASA classification, pT3 and pN2 categories, and had no risk factors.
Additionally, an association with right-sided tumor location was observed as well (Table 1).

Table 1. Univariate analysis of lymph node harvest <12 and >12.

<12 =12 -Value
N (%) N (%) P
Age
<50 3(0.8) 278 (4.2)
50-60 44 (11.5) 842 (12.7)
61-70 101 (26.1) 1643 (24.8) 0.018
71-80 140 (36.3) 2425 (36.6) ’
81-90 91 (23.5) 1332 (20.1)
>90 7 (1.8) 106 (1.6)
Sex
Male 225 (58.4) 3472 (52.4) 0.027
Female 161 (41.6) 3154 (47.6) ’
ASA C(lassification
1 21 (5.4) 417 (6.3)
II 157 (40.6) 3114 (47.0)
1 181 (47.0) 2889 (43.6) <0.001
v 27 (7.0) 206 (3.1)
pT Category
pT1 20 (5.1) 80 (1.2)
pI2 29 (7.5) 278 (4.2)
pT3 264 (68.5) 5036 (76.0) <0.001
pT4 73 (18.9) 1232 (18.6)
pN Category
pNO 203 (52.5) 3545 (53.5)
pN1 147 (38.1) 1955 (29.5) <0.001
pN2 36 (9.4) 1126 (17.0)
Risk Factors
At least one 322 (83.4) 5115 (77.2) 0.004
None 64 (16.6) 1511 (22.8)
Tumor Location
Caecum 51 (13.1) 1199 (18.1) 0.011
Colon ascendens 36 (9.4) 1411 (21.3) <0.001
Colon descendens 36 (9.4) 378 (5.7) 0.005
Colon sigmoideum 187 (48.3) 2319 (35.0) <0.001
Flexura dextra 16 (4.2) 484 (7.3) 0.019
Flexura sinistra 21 (5.5) 305 (4.6) 0.449
Colon transversum 39 (10.1) 530 (8.0) 0.075
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Table 1. Cont.

<12 >12
N (%) N (%) p-Value
UICC
I 203 (52.5) 3545 (53.5) 0,682
I 183 (47.5) 3081 (46.5) ’
Grading
Gl 8 (2.1) 146 (2.2)
G2 288 (74.7) 4777 (72.1) 0.490
G3 88 (22.7) 1690 (25.5) )
G4 2 (0.5) 13 (0.2)
Access
Laparotomy 331 (85.6) 5599 (84.5)
Laparoscopy 25 (6.5) 411 (6.2) 0976
Laparoscopic-assisted 19 (5.0) 477 (7.2) )
conversion 11 (2.9) 139 (2.1)
Intraoperative Complications
At least one 11 (2.9) 166 (2.5) 0.661
None 375 (97.1) 6460 (97.5) )

In the multivariate analysis (Table 2), an age < 50, ASA classification of Il and III, pT2,
pT3, pT4, and pN2 categories, and absence of risk factors remained independent predictors
for a LNY > 12, as well as the right-sided location.

Table 2. Multivariate analysis of lymph node harvest >12.

Odds Ratio 95% CI p-Value
Age
>50 Referent
<50 4.687 1.474-14.900 0.009
ASA Classification
I 1.982 0.971-4.045 0.060
II 2.335 1.457-3.744 <0.001
III 1.994 1.261-3.152 0.003
v Referent
pT Category
pT1 Referent
pI2 2177 1.134-4.178 0.019
pT3 4.682 2.684-8.166 <0.001
pT4 3.490 1.934-6.297 <0.001
pN Category
pNO Referent
pN1 0.960 0.743-1.241 0.757
pN2 1.788 1.228-2.604 0.002
Risk Factor
At least one Referent
None 1.466 1.030-2.087 0.034
Tumor Location
Left side Referent
Right side 2.309 1.805-2.955 <0.001
Caecum transversum 1.042 0.721-1.508 0.825

A univariate survival analysis of the entire cohort (Table 3) demonstrated a better
five-year OS in patients with at least 12 lymph nodes examined (68% vs. 63%, p = 0.027,
Figure 1). The LNR groups (N = 183 for <12 LNY cohort: N = 85 for LNR 2, N = 56 for LNR
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3, and N = 42 for LNR 4; N = 3081 for >12 LNY cohort: N = 462 for LNR1, N = 1599 for
LNR 2, N =622 for LNR 3, and N = 398 for LNR 4) showed a significant association with
the OS reaching from 75.5% for LNR 1 to 33.1% for LNR 4 (p < 0.001) in the >12 cohort,
and from 74.8% for LNR 2 to 49.3% for LNR 4 (p = 0.007) in the <12 cohort (Figures 2 and 3).
This influence remained significant and independent from multivariate analyses.

Table 3. Univariate survival analysis for lymph node yield <12 and >12. Numbers in percentages.

<12 >12
5-Years-OSin %  p-Value 5-Years-OSin %  p-Value
LNR
LNR 1 - 75.5
LNR 2 74.8 69.5
LNR 3 583 0.007 54.5 <0.001
LNR 4 49.3 33.1
Sex
Male 60.9 67.2
Female 67.1 0.762 68.9 0.591
ASA Classification
I 64.8 81.6
1 ris 001 B om
v 42.8 45.7
pT Category
pT1 75.8 0.004
pI2 78.4 92.6 <0.001
pI3 67.0 80.7
pT4 39.9 71.4
pN Category
pN1 68.2 0.005 70.7 <0.001
pN2 46.7 49.0
Risk Factors
At least one 60.6 63.4
None 72.5 0.046 83.8 <0.001
Tumor Location
Right side 50.3 64.1
Left side 66.0 0.111 71.5 <0.001
Caecum transversum 73.8 70.8
Intraoperative Complications
At least one 53.6 64.4
None 63.3 0.492 68.1 0.329
Morbidity
No 67.6 71.4
Yes 553 0.049 61.3 <0.001

The hazard ratios ranged from 1.016 to 2.698 for patients with less than 12 lymph
nodes and from 1.248 to 3.615 for those with at least 12 lymph nodes. The LNR allowed a
more precise estimation of the OS compared with the pN classification system for LNR 4
in the group with <12 lymph nodes and LNR 3 and LNR 4 in the group with >12 lymph
nodes (Table 4).
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Figure 1. Overall survival in patients with <12 and >12 evaluated nodes.
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Figure 2. Overall survival in patients with <12 evaluated nodes.
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Figure 3. Overall survival in patients with > 12 evaluated nodes.
Table 4. Cox multivariate models for 5-year OS.
<12 Nodes >12 Nodes
Hazard Ratio (95% CI) p-Value Hazard Ratio (95% CI) p-Value
LNR

LNR 1 Referent
LNR 2 Referent 1.248 (0.922-1.828) 0.152
LNR 3 1.016 (0.363-2.840) 0.976 1.976 (1.428-2.734) <0.001
LNR 4 2.698 (1.083-6.718) 0.033 3.615 (2.589-5.047) <0.001
Age ns 1.046 (1.036-1.057) <0.001

ASA Classification

I Referent 0.102 Referent
II 0.273 (0.47-1.571) 0.146 1.120 (0.687-1.828) 0.649
III 0.672 (0.107—4.236) 0.672 1.720 (1.048-2.824) 0.032
v 0.731 (0.091-5.872) 0.768 2.527 (1.338-4.773) 0.004

pT Category

pT1 Referent Referent
pI2 0.969 (0.164-5.722) 0.972 2.113 (0.639-6.989) 0.220
pT3 0.813 (0.182-3.634) 0.787 3.316 (1.060-10.373) 0.039
pT4 3.578 (0.743-17.223) 0.112 5.997 (1.907-18.861) 0.002

pN Category

pN1 Referent Referent

pN2 2.957 (1.362-6.421) 0.006 1.832 (1.540-2.179) <0.001
Tumor Location

Left ns Referent
Right 1.384 (1.151-1.664) 0.001
Caecum transversum 1.177 (0.830-1.670) 0.361
Morbidity ns 1.324 (1.106-1.585) 0.002

ns = not significant (p > 0.05).
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4. Discussion

The LNR and pN classification system were independent prognostic factors in both
cohorts (<12 and >12 nodes). Comparing the HR and OS, the LNR in patients with
>12 lymph nodes appears to give a more accurate prognosis than the pN categories: HR
(LNR 4) = 3.615 vs. HR (pN2) = 1.832, while OS (LNR 4) = 33.1% vs. OS (pN2) = 49.0%.
LNR 4 better predicts the OS than the pN2 category when at least 12 nodes are evaluated.
These findings are complementary to previous references showing the LNR providing
additional staging information to the current staging system. Berger et al., whose cutoffs
were adopted in this study, showed the LNR to be a significant prognostic variable in
stage I and III if at least 10 nodes were evaluated [31]. However, this initial cohort was
significantly smaller (n = 3411) than in the present analysis, and the included patients
were part of a randomized controlled trial, not a cohort from a real-life treatment. When
analyzing 922 single-center colon cancer patients in stage III, Parnaby et al. demonstrated
the superiority of LNR cutoffs of 18%, 42%, and 70% compared to the pN classification
system using the Akaike information criterion [32]. In a Danish nationwide study including
8901 patients operated on for nonmetastatic colon cancer (incl. 1263 stage I cases), Lykke
et al. showed an association of a high LNY with improved survival, as well as a prognostic
advantage of the LNR compared to the pN classification system [33]. Chen et al. analyzed
36,712 colon cancer patients from the administrative National Cancer Institute Surveillance,
Epidemiology, and End Results (SEER) database for the years 1992-2004. Similar to our
findings, the authors noticed the best prognostic value of LNRs after an LNE > 12, whereas
the multivariate analysis suggested the ratio to be a better prognostic factor than the pN
classification system [34]. Silva et al. demonstrated that the LNR is a strong predictor
for tumor recurrence in stage III colon cancer [35]. Moreover, according to Jang et al.,
the LNR holds the potential to serve as an autonomous prognostic element for patients
with stage IV colon cancer who undergo resection [36]. Additional evidence comes from
Mirzaei et al. [37], who demonstrated that LNRs had significant prognostic value for
both overall and disease-free survival in stage III colon cancer. Amri et al. [38] reported
significant associations of LNRs with cancer-related mortality and recurrence in a cohort of
over 1000 patients. Occhionorelli et al. [39] found LNRs to predict the 5-year overall and
disease-free survival in emergency colon cancer surgery. In the study by Elbaiomy et al. [40],
a high LNR was significantly associated with poorer progression-free and overall survival.
Other authors, such as Jakob et al., Schiffman et al., or Mohan et al., could not find any
additional prognostic value of LNRs [30,41,42]. However, due to a low number of cases
(144-402 patients) and the subdivision of LNRs with only one cutoff, these results have a
limited impact.

In our patient cohort with UICC II-III colon cancer, on average, 22.08 (SD 10.645,
median 20) lymph nodes were examined. The correlation between LNE and a better OS
has already been shown by multiple studies [43]. Foo et al. suggest that the LNY shows
a substantial correlation with survival outcomes. A lymph node yield of 20 or more was
linked to improved survival. Conversely, a lymph node yield of less than 12 did not
demonstrate inferior survival outcomes when compared to those with node yields between
12 and 19 [44]. Lykke et al. propose that in UICC stage I-III colon cancer, a LNY exceeding
the recommended 12 lymph nodes was linked to enhanced survival [45]. Our results show
a significantly increased survival in patients with >12 nodes. Yet, the exact reason for
this phenomenon is still uncertain. The evaluation of at least 12 nodes, recommended
by numerous guidelines, is supposed to ensure accurate staging and prevent possible
understaging and undertreatment. Lykke et al. observed stage migration in UICC III
patients with more than 12 nodes evaluated [33]. Our results support this finding: node
positive patients were more likely to be ranked into the pN2 category when at least 12 nodes
were examined, while the pN1 category was more represented in patients with <12 nodes
(p < 0.001). Also, the OS in both pN categories was higher in >12 nodes. Other authors
reject this theory [46-50]. Budde et al. observed no improvement in staging despite the
increasing number of examined nodes from 2004 to 2010 [51]. Another theory is that an
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increased number of nodes is found in patients with a better immunologic response to the
tumor, which leads to increased survival [46,48,51-53]. Another additional explanation is
that the LNE serves as proxy for quality of surgery and pathology [6,54].

According to our analysis, a younger age was accompanied by OR 4.7 for a LNY > 12.
Other studies confirmed this finding [55-60]. Chou et al. demonstrated a 9% reduction in
LNY for each ten-year interval [59]. Lykke et al. and Nathan et al. observed a decreased
OR in older patients (OR 1 to 0.452 and OR 1 to 0.720) [57,58]. This phenomenon results
from an insufficient immune response in older patients [57,61]. Another explanation might
be the risk reduction of the surgery at the cost of the LNY, prioritizing the minimization of
anesthesia thanks to the shorter duration of the surgical procedure in older patients who
are often dealing with comorbidities [59]. ASA classifications of II and III were associated
with an adequate LNY, while Moro-Valdezate and Nash et al. did not find any statistical
correlation [62,63]. In our multivariate analyses, female patients had no statistical benefit for
a high LNY. Some authors showed a correlation with the female sex [57,58,61,64], whereas
others did not obtain such results [46,63,65—67]. In the present study, no difference was
found in the laparotomic and laparoscopic approaches, which confirmed the results of
Beccera and Lykke et al. [56,57]

According to our study, a right-sided tumor location was beneficial for a LNY > 12 (OR
2.3), which was congruent with other studies [56,57,63,68-72]. The left-sided tumor location
was described by Becerra et al. as a risk factor for a yield < 12 (OR 1.158), and with an OR of
5.7-6.7 and even a high-risk factor by Choi et al. [56,64]. Some authors believe it is related
to a variable lymphatic anatomy: lymph nodes are more likely to be found along the right-
sided ileocolic artery than along the left-sided vessels [57,59,63]. Genetic-immunological
causes are considered as well. Microsatellite instability was mainly associated with right-
sided tumors. These types of tumors are more amenable to the immune system, resulting
in higher yields [73,74].

In multivariate regression, a high pT category was associated with an LNE > 12:
especially pT3 tumors were found to have an OR of 4.6. Other studies report similar
conclusions. Lykke et al. as well as Nathan et al. showed an increasing OR with increasing
pT categories for an adequate yield [57,58]. In a Korean study, a low pT category was a risk
factor for inadequate yield [64]. A proposed explanation is that tumor necrosis, which is
more frequently found in a high pT category, leads to a higher antigen presentation for the
immune system, resulting in an increased lymph node yield [57].

This study has several limitations. A multicentric study is based on voluntary participa-
tion of hospitals and family physicians, without the discipline and resources of randomized
controlled trials. Also, due to the high rate of adequate LNEs, the cases < 12 nodes are low,
which must be taken into account when interpreting this part of the results. Our data do
not include information about oncological treatments administered after surgery-adjuvant
chemotherapy, further resections, or palliative chemotherapy for metastatic disease.

5. Conclusions

The LNR allows for a better estimation of the overall survival compared to the pN
status and shows remarkable differences in prognosis within nodal-positive patients. It is
unclear why the LNR still remains outside of the UICC stage classification for colon cancer
and is not included in the decision-making process concerning adjuvant therapies.

Author Contributions: Conceptualization, PM. and H.L.; methodology, S.K. and R.O.; software, R.Z.,
R.O., AM.--S. and K.Z,; validation, R.O., R.Z. and K.Z; formal analysis, PM. and S.K.; investigation,
PM., SK. and H.L.; data curation, PM., SK., HL,, R.O., AM.-S. and K.Z.; writing—original draft
preparation, PM. and S K.; writing—review and editing, A.M.-S. and R.Z,; visualization, A.M.-S. and
K.Z.; supervision, PM. and R.Z.; project administration, PM. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.



Cancers 2024, 16, 218 12 of 14

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Alzahrani, S.M.; Al Doghaither, H.A.; Al-Ghafari, A.B. General insight into cancer: An overview of colorectal cancer (Review).
Mol. Clin. Oncol. 2021, 15, 271. [CrossRef] [PubMed]

2. Marmol, I.; Sanchez-de-Diego, C.; Pradilla Dieste, A.; Cerrada, E.; Rodriguez Yoldi, M.]. Colorectal Carcinoma: A General
Overview and Future Perspectives in Colorectal Cancer. Int. J. Mol. Sci. 2017, 18, 197. [CrossRef] [PubMed]

3. Sung, H.; Ferlay, |J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

4.  Siegel, R.L.; Wagle, N.S.; Cercek, A.; Smith, R.A.; Jemal, A. Colorectal cancer statistics, 2023. CA Cancer J. Clin. 2023, 73, 233-254.
[CrossRef] [PubMed]

5. Labianca, R.; Beretta, G.D.; Kildani, B.; Milesi, L.; Merlin, F.; Mosconi, S.; Pessi, M.A.; Prochilo, T.; Quadri, A.; Gatta, G.; et al.
Colon cancer. Crit. Rev. Oncol. Hematol. 2010, 74, 106-133. [CrossRef] [PubMed]

6.  Slattery, M.L.; Herrick, J.S.; Mullany, L.E.; Samowitz, W.S.; Sevens, ].R.; Sakoda, L.; Wolff, R K. The co-regulatory networks of
tumor suppressor genes, oncogenes, and miRNAs in colorectal cancer. Genes. Chromosomes Cancer. 2017, 56, 769-787. [CrossRef]
[PubMed]

7. Armaghany, T.; Wilson, ].D.; Chu, Q.; Mills, G. Genetic alterations in colorectal cancer. Gastrointest. Cancer Res. 2012, 5, 19-27.

8.  de Abreu, A.R.; Op de Beeck, K.; Laurent-Puig, P; Taly, V.; Benhaim, L. The Position of Circulating Tumor DNA in the Clinical
Management of Colorectal Cancer. Cancers 2023, 15, 1284. [CrossRef]

9. Malla, M.; Loree, ].M.; Kasi, PM.; Parikh, A.R. Using Circulating Tumor DNA in Colorectal Cancer: Current and Evolving
Practices. |. Clin. Oncol. 2022, 40, 2846-2857. [CrossRef]

10. Dasari, A.; Morris, VK.; Allegra, C.J.; Atreya, C.; Benson, A.B.; Boland, P.; Chung, K.; Copur, M.S.; Corcoran, R.B.; Deming,
D.A,; et al. ctDNA applications and integration in colorectal cancer: An NCI Colon and Rectal-Anal Task Forces whitepaper. Nat.
Rev. Clin. Oncol. 2020, 17, 757-770. [CrossRef]

11. Evdokimova, S.; Kornietskaya, A.; Bolotina, L.; Sidorov, D.; Kaprin, A. Postoperative Chemotherapy After Surgical Resection of
Metachronous Metastases of Colorectal Cancer: A Systematic Review. World J. Oncol. 2023, 14, 26-31. [CrossRef] [PubMed]

12.  Holtedahl, K.; Borgquist, L.; Donker, G.A.; Buntinx, E; Weller, D.; Campbell, C.; Médnsson, J.; Hammersley, V.; Braaten, T.; Parajuli,
R. Symptoms and signs of colorectal cancer, with differences between proximal and distal colon cancer: A prospective cohort
study of diagnostic accuracy in primary care. BMC Fam. Pract. 2021, 22. [CrossRef] [PubMed]

13.  Dimitriou, N.; Griniatsos, ]. Complete mesocolic excision: Techniques and outcomes. World |. Gastrointest. Oncol. 2015, 7, 383-388.
[CrossRef] [PubMed]

14. Matsuda, T.; Yamashita, K.; Hasegawa, H.; Oshikiri, T.; Hosono, M.; Higashino, N.; Yamamoto, M.; Matsuda, Y.; Kanaji, S.;
Nakamura, T.; et al. Recent updates in the surgical treatment of colorectal cancer. Ann. Gastroenterol. Surg. 2018, 2, 129-136.
[CrossRef] [PubMed]

15. McCleary, N.J.; Benson, A.B.; Dienstmann, R. Personalizing Adjuvant Therapy for Stage II/III Colorectal Cancer. Am. Soc. Clin.
Oncol. Educ, B. 2017, 37, 232-245. [CrossRef]

16. Taieb, J.; Gallois, C. Adjuvant chemotherapy for stage iii colon cancer. Cancers 2020, 12, 2679. [CrossRef]

17.  Gonzalez-Angulo, A.M.; Fuloria, J. The role of chemotherapy in colon cancer. Ochsner J. 2002, 4, 163-167.

18. Efficacy of adjuvant fluorouracil and folinic acid in colon cancer. International Multicentre Pooled Analysis of Colon Cancer
Trials (IMPACT) investigators. Lancet 1995, 345, 939-944. [CrossRef]

19. André, T; Boni, C.; Navarro, M.; Tabernero, J.; Hickish, T.; Topham, C.; Bonetti, A.; Clingan, P.; Bridgewater, J.; Rivera, F.; et al.
Improved overall survival with oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment in stage II or III colon cancer in the
MOSAIC trial. J. Clin. Oncol. 2009, 27, 3109-3116. [CrossRef]

20. Schmoll, H.J.; Tabernero, J.; Maroun, J.; de Braud, F; Price, T.; Van Cutsem, E.; Hill, M.; Hoersch, S.; Rittweger, K.; Haller, D.G.
Capecitabine Plus Oxaliplatin Compared With Fluorouracil/Folinic Acid As Adjuvant Therapy for Stage III Colon Cancer: Final
Results of the NO16968 Randomized Controlled Phase III Trial. J. Clin. Oncol. 2015, 33, 3733-3740. [CrossRef]

21. Chang, G.J.; Rodriguez-Bigas, M.A.; Skibber, ].M.; Moyer, V.A. Lymph node evaluation and survival after curative resection of
colon cancer: Systematic review. J. Natl. Cancer Inst. 2007, 99, 433-441. [CrossRef] [PubMed]

22.  Weiser, M.R. AJCC 8th Edition: Colorectal Cancer. Ann. Surg. Oncol. 2018, 25, 1454-1455. [CrossRef] [PubMed]

23. Tsai, H.L.; Lu, C.Y.; Hsieh, ].S.; Wu, D.C.; Jan, C.M.; Chai, C.Y.; Chu, K.S.; Chan, H.M.; Wang, ].Y. The prognostic significance
of total lymph node harvest in patients with T2-4NOMO colorectal cancer. J. Gastrointest. Surg. 2007, 11, 660-665. [CrossRef]
[PubMed]

24. Choi, HK.; Law, W.L,; Poon, J.T.C. The optimal number of lymph nodes examined in stage II colorectal cancer and its impact of

on outcomes. BMC Cancer 2010, 10, 267. [CrossRef]


https://doi.org/10.3892/mco.2021.2433
https://www.ncbi.nlm.nih.gov/pubmed/34790355
https://doi.org/10.3390/ijms18010197
https://www.ncbi.nlm.nih.gov/pubmed/28106826
https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.3322/caac.21772
https://www.ncbi.nlm.nih.gov/pubmed/36856579
https://doi.org/10.1016/j.critrevonc.2010.01.010
https://www.ncbi.nlm.nih.gov/pubmed/20138539
https://doi.org/10.1002/gcc.22481
https://www.ncbi.nlm.nih.gov/pubmed/28675510
https://doi.org/10.3390/cancers15041284
https://doi.org/10.1200/JCO.21.02615
https://doi.org/10.1038/s41571-020-0392-0
https://doi.org/10.14740/wjon1568
https://www.ncbi.nlm.nih.gov/pubmed/36895991
https://doi.org/10.1186/s12875-021-01452-6
https://www.ncbi.nlm.nih.gov/pubmed/34238248
https://doi.org/10.4251/wjgo.v7.i12.383
https://www.ncbi.nlm.nih.gov/pubmed/26689921
https://doi.org/10.1002/ags3.12061
https://www.ncbi.nlm.nih.gov/pubmed/29863145
https://doi.org/10.1200/EDBK_175660
https://doi.org/10.3390/cancers12092679
https://doi.org/10.1016/S0140-6736(95)90696-7
https://doi.org/10.1200/JCO.2008.20.6771
https://doi.org/10.1200/JCO.2015.60.9107
https://doi.org/10.1093/jnci/djk092
https://www.ncbi.nlm.nih.gov/pubmed/17374833
https://doi.org/10.1245/s10434-018-6462-1
https://www.ncbi.nlm.nih.gov/pubmed/29616422
https://doi.org/10.1007/s11605-007-0119-x
https://www.ncbi.nlm.nih.gov/pubmed/17468927
https://doi.org/10.1186/1471-2407-10-267

Cancers 2024, 16, 218 13 of 14

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Trepanier, M.; Erkan, A.; Kouyoumdjian, A.; Nassif, G.; Albert, M.; Monson, ].; Lee, L. Examining the relationship between lymph
node harvest and survival in patients undergoing colectomy for colon adenocarcinoma. Surgery 2019, 166, 639-647. [CrossRef]
Norderval, S.; Solstad, &.B.; Hermansen, M.; Steigen, S.E. Increased lymph node retrieval decreases adjuvant chemotherapy rate
for stage II colon cancer. Scand. ]. Gastroenterol. 2016, 51, 949-955. [CrossRef]

Hari, D.M.; Leung, AM.; Lee, ] H.; Sim, M.S; Vuong, B.; Chiu, C.G.; Bilchik, A.]. AJCC cancer staging manual 7th edition criteria
for colon cancer: Do the complex modifications improve prognostic assessment? J. Am. Coll. Surg. 2013, 217, 181-190. [CrossRef]
Brierley, ].D. (Ed.) TNM Atlas, 7th ed.; Wiley-Blackwell: Hoboken, NJ, USA, 2021; pp. 112-121.

Wang, L.P.; Wang, H.Y.; Cao, R.; Zhu, C.; Wu, X.Z. Proposal of a new classification for stage iii colorectal cancer based on the
number and ratio of metastatic lymph nodes. World J. Surg. 2013, 37, 1094-1102. [CrossRef]

Schiffmann, L.; Eiken, A.K.; Gock, M.; Klar, E. Is the lymph node ratio superior to the Union for International Cancer Control
(UICC) TNM system in prognosis of colon cancer? World J. Surg. Oncol. 2013, 11, 79. [CrossRef]

Berger, A.C,; Sigurdson, E.R.; LeVoyer, T.; Hanlon, A.; Mayer, R.]J.; Macdonald, ].S.; Catalano, P.J.; Haller, D.G. Colon cancer
survival is associated with decreasing ratio of metastatic to examined lymph nodes. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol.
2005, 23, 8706—-8712. [CrossRef]

Parnaby, C.N.; Scott, N.W.; Ramsay, G.; MacKay, C.; Samuel, L.; Murray, G.I.; Loudon, M.A. Prognostic value of lymph node ratio
and extramural vascular invasion on survival for patients undergoing curative colon cancer resection. Br. J. Cancer 2015, 113,
212-219. [CrossRef] [PubMed]

Lykke, J.; Roikjaer, O.; Jess, P. The relation between lymph node status and survival in Stage I-III colon cancer: Results from a
prospective nationwide cohort study. Color. Dis. 2013, 15, 559-565. [CrossRef] [PubMed]

Chen, S.L.; Steele, S.R.; Eberhardyt, J.; Zhu, K.; Bilchik, A.; Stojadinovic, A. Lymph node ratio as a quality and prognostic indicator
in stage III colon cancer. Ann. Surg. 2011, 253, 82-87. [CrossRef] [PubMed]

Dedavid e Silva, T.L.; Damin, D.C. Lymph node ratio predicts tumor recurrence in stage III colon cancer. Rev. Col. Bras. Cir. 2013,
40, 463-470. [CrossRef] [PubMed]

Jiang, C.; Wang, F.; Guo, G.; Dong, |.; Liu, S.; He, W.; Zhang, B.; Xia, L. Metastatic lymph node ratio as a prognostic indicator in
patients with stage IV colon cancer undergoing resection. J. Cancer 2019, 10, 2534-2540. [CrossRef] [PubMed]

Zare Mirzaei, A.; Abdorrazaghi, F,; Lotfi, M.; Kazemi Nejad, B.; Shayanfar, N. Prognostic Value of Lymph Node Ratio in
Comparison to Lymph Node Metastases in Stage III Colon Cancer. Iran. J. Pathol. 2015, 10, 127-135. [PubMed]

Amri, R; Klos, C.L.; Bordeianou, L.; Berger, D.L. The prognostic value of lymph node ratio in colon cancer is independent of
resection length. Am. J. Surg. 2016, 212, 251-257. [CrossRef]

Occhionorelli, S.; Andreotti, D.; Vallese, P.; Morganti, L.; Lacavalla, D.; Forini, E.; Pascale, G. Evaluation on prognostic efficacy
of lymph nodes ratio (LNR) and log odds of positive lymph nodes (LODDS) in complicated colon cancer: The first study in
emergency surgery. World . Surg. Oncol. 2018, 16, 186. [CrossRef]

Elbaiomy, M.; Waheed, A.; Elkhodary, T. Prognostic value of lymph node ratio in lymph node-invaded colon cancer. Ann. Oncol.
2019, 30, IV34. [CrossRef]

Jakob, M.O,; Guller, U.; Ochsner, A.; Oertli, D.; Zuber, M.; Viehl, C.T. Lymph node ratio is inferior to pN-stage in predicting
outcome in colon cancer patients with high numbers of analyzed lymph nodes. BMC Surg. 2018, 18, 81. [CrossRef]

Mohan, H.M.; Walsh, C.; Kennelly, R.; Ng, C.H.; O’Connell, PR.; Hyland, ].M.; Hanly, A.; Martin, S.; Gibbons, D.; Sheahan, K,;
et al. The lymph node ratio does not provide additional prognostic information compared with the N1/N2 classification in Stage
III colon cancer. Color. Dis. 2017, 19, 165-171. [CrossRef] [PubMed]

McDonald, ].R.; Renehan, A.G.; O'Dwyer, S.T.; Haboubi, N.Y. Lymph node harvest in colon and rectal cancer: Current considera-
tions. World |. Gastrointest. Surg. 2012, 4, 9-19. [CrossRef] [PubMed]

Foo, C.C.; Ku, C.; Wei, R.; Yip, ].; Tsang, J.; Chan, T.Y.; Lo, O.; Law, W.L. How does lymph node yield affect survival outcomes of
stage I and II colon cancer? World J. Surg. Oncol. 2020, 18. [CrossRef] [PubMed]

Lykke, J.; Rosenberg, J.; Jess, P.; Roikjaer, O. Lymph node yield and tumour subsite are associated with survival in stage I-III colon
cancer: Results from a national cohort study. World J. Surg. Oncol. 2019, 17, 62. [CrossRef] [PubMed]

Parsons, H.M.; Tuttle, T.M.; Kuntz, K.M.; Begun, ].W.; McGovern, PM.; Virnig, B.A. Association Between Lymph Node Evaluation
for Colon Cancer and Node Positivity Over the Past 20 Years. JAMA 2011, 306, 1089-1097. [CrossRef] [PubMed]

Van Erning, EN.; Crolla, RM.P.H.; Rutten, H.].T.; Beerepoot, L.V.; van Krieken, J].H.].M.; Lemmens, V.E.P.P. No change in lymph
node positivity rate despite increased lymph node yield and improved survival in colon cancer. Eur. J. Cancer 2014, 50, 3221-3229.
[CrossRef]

Bui, L.; Rempel, E.; Reeson, D.; Simunovic, M. Lymph node counts, rates of positive lymph nodes, and patient survival for colon
cancer surgery in Ontario, Canada: A population-based study. J. Surg. Oncol. 2006, 93, 439-445. [CrossRef]

Wong, S.L.; Ji, H.; Hollenbeck, B.K.; Morris, A.M.; Baser, O.; Birkmeyer, ].D. Hospital lymph node examination rates and survival
after resection for colon cancer. JAMA 2007, 298, 2149-2154. [CrossRef]

Porter, G.A.; Urquhart, R.; Bu, J.; Johnson, P.; Rayson, D.; Grunfeld, E. Improving Nodal Harvest in Colorectal Cancer: So What?
Ann. Surg. Oncol. 2012, 19, 1066-1073. [CrossRef]

Budde, C.N; Tsikitis, V.L.; Deveney, K.E.; Diggs, B.S.; Lu, K.C.; Herzig, D.O. Increasing the number of lymph nodes examined
after colectomy does not improve colon cancer staging. J. Am. Coll. Surg. 2014, 218, 1004-1011. [CrossRef]


https://doi.org/10.1016/j.surg.2019.03.027
https://doi.org/10.3109/00365521.2016.1162326
https://doi.org/10.1016/j.jamcollsurg.2013.04.018
https://doi.org/10.1007/s00268-013-1940-x
https://doi.org/10.1186/1477-7819-11-79
https://doi.org/10.1200/JCO.2005.02.8852
https://doi.org/10.1038/bjc.2015.211
https://www.ncbi.nlm.nih.gov/pubmed/26079302
https://doi.org/10.1111/codi.12059
https://www.ncbi.nlm.nih.gov/pubmed/23061638
https://doi.org/10.1097/SLA.0b013e3181ffa780
https://www.ncbi.nlm.nih.gov/pubmed/21135690
https://doi.org/10.1590/s0100-69912013000600008
https://www.ncbi.nlm.nih.gov/pubmed/24573624
https://doi.org/10.7150/jca.29216
https://www.ncbi.nlm.nih.gov/pubmed/31258759
https://www.ncbi.nlm.nih.gov/pubmed/26351473
https://doi.org/10.1016/j.amjsurg.2015.10.037
https://doi.org/10.1186/s12957-018-1483-6
https://doi.org/10.1093/annonc/mdz155.126
https://doi.org/10.1186/s12893-018-0417-0
https://doi.org/10.1111/codi.13410
https://www.ncbi.nlm.nih.gov/pubmed/27317165
https://doi.org/10.4240/wjgs.v4.i1.9
https://www.ncbi.nlm.nih.gov/pubmed/22347537
https://doi.org/10.1186/s12957-020-1802-6
https://www.ncbi.nlm.nih.gov/pubmed/31996214
https://doi.org/10.1186/s12957-019-1604-x
https://www.ncbi.nlm.nih.gov/pubmed/30940175
https://doi.org/10.1001/jama.2011.1285
https://www.ncbi.nlm.nih.gov/pubmed/21917579
https://doi.org/10.1016/j.ejca.2014.10.011
https://doi.org/10.1002/jso.20499
https://doi.org/10.1001/jama.298.18.2149
https://doi.org/10.1245/s10434-011-2073-9
https://doi.org/10.1016/j.jamcollsurg.2014.01.039

Cancers 2024, 16, 218 14 of 14

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Hogan, N.M.; Winter, D.C. A nodal positivity constant: New perspectives in lymph node evaluation and colorectal cancer. World
J. Surg. 2013, 37, 878-882. [CrossRef] [PubMed]

Simunovic, M.; Baxter, N.N. Lymph node counts in colon cancer surgery: Lessons for users of quality indicators. JAMA 2007, 298,
2194-2195. [CrossRef]

Musselman, R.P,; Xie, M.; McLaughlin, K.; Moloo, H.; Boushey, R.P.; Auer, R.A.C. Should lymph node retrieval be a surgical
quality indicator in colon cancer? J. Clin. Oncol. 2012, 30, 648. [CrossRef]

Khan, H.; Olszewski, A.].; Somasundar, P. Lymph node involvement in colon cancer patients decreases with age; a population
based analysis. Eur. |. Surg. Oncol. 2014, 40, 1474-1480. [CrossRef] [PubMed]

Becerra, A.Z.; Aquina, C.T.; Berho, M.; Boscoe, F.P.; Schymura, M.].; Noyes, K.; Monson, ].R.; Fleming, FJ. Surgeon-, pathologist-,
and hospital-level variation in suboptimal lymph node examination after colectomy: Compartmentalizing quality improvement
strategies. Surgery 2017, 161, 1299-1306. [CrossRef] [PubMed]

Lykke, J.; Jess, P.; Roikjeer, O. A high lymph node yield in colon cancer is associated with age, tumour stage, tumour sub-site
and priority of surgery. Results from a prospective national cohort study. Int. J. Colorectal Dis. 2016, 31, 1299-1305. [CrossRef]
[PubMed]

Nathan, H.; Shore, A.D.; Anders, R.A.; Wick, E.C.; Gearhart, S.L.; Pawlik, TM. Variation in Lymph Node Assessment After Colon
Cancer Resection: Patient, Surgeon, Pathologist, or Hospital? |. Gastrointest. Surg. 2011, 15, 471-479. [CrossRef] [PubMed]
Chou, J.E; Row, D.; Gonen, M.; Liu, Y.H.; Schrag, D.; Weiser, M.R. Clinical and pathologic factors that predict lymph node yield
from surgical specimens in colorectal cancer: A population-based study. Cancer 2010, 116, 2560-2570. [CrossRef]

Stocchi, L.; Fazio, V.W.; Lavery, I.; Hammel, J. Individual Surgeon, Pathologist, and Other Factors Affecting Lymph Node Harvest
in Stage II Colon Carcinoma. Is a Minimum of 12 Examined Lymph Nodes Sufficient? Ann. Surg. Oncol. 2011, 18, 405-412.
[CrossRef]

Baxter, N.N.; Virnig, D.]J.; Rothenberger, D.A.; Morris, A.M.; Jessurun, J.; Virnig, B.A. Lymph Node Evaluation in Colorectal
Cancer Patients: A Population-Based Study. J. Natl. Cancer Inst. 2005, 97, 219-225. [CrossRef]

Moro-Valdezate, D.; Pla-Marti, V.; Martin-Arévalo, J.; Belenguer-Rodrigo, J.; Aragé-Chofre, P.; Ruiz-Carmona, M.D.; Checa-Ayet,
F. Factors related to lymph node harvest: Does a recovery of more than 12 improve the outcome of colorectal cancer? Color. Dis.
2013, 15, 1257-1266. [CrossRef] [PubMed]

Nash, G.M.; Row, D.; Weiss, A.; Shia, J.; Guillem, J.G.; Paty, P.B.; Gonen, M.; Weiser, M.R.; Temple, L.K.; Fitzmaurice, G.; et al. A
predictive model for lymph node yield in colon cancer resection specimens. Ann. Surg. 2011, 253, 318-322. [CrossRef] [PubMed]
Choi, J.P; Park, 1].; Lee, B.C.; Hong, S.M.; Lee, ].L.; Yoon, Y.S.; Kim, CW.,; Lim, S.-B.; Lee, ].B.; Yu, C.S,; et al. Variability in
the lymph node retrieval after resection of colon cancer: Influence of operative period and process. Medicine 2016, 95, e4199.
[CrossRef] [PubMed]

Yacoub, M.; Swistak, S.; Chan, S.; Chichester, T.; Dawood, S.; Berri, R.; Hawasli, A. Factors that influence lymph node retrieval
in the surgical treatment of colorectal cancer: A comparison of the laparoscopic versus open approach. Am. J. Surg. 2013, 205,
339-342, discussion 342. [CrossRef] [PubMed]

Morikawa, T.; Tanaka, N.; Kuchiba, A.; Nosho, K.; Yamauchi, M.; Hornick, ]J.L.; Swanson, R.S.; Chan, A.T.; Meyerhardt, J.A;
Huttenhower, C.; et al. Predictors of Lymph Node Count in Colorectal Cancer Resections Data From. Arch. Surg. 2012, 147,
715-723. [CrossRef] [PubMed]

Betge, J.; Harbaum, L.; Pollheimer, M.].; Lindtner, R.A.; Kornprat, P; Ebert, M.P.; Langner, C. Lymph node retrieval in colorectal
cancer: Determining factors and prognostic significance. Int. J. Colorectal Dis. 2017, 32, 991-998. [CrossRef]

Rajput, A.; Romanus, D.; Weiser, M.R.; Ter Veer, A ; Niland, J.; Wilson, J.; Skibber, ] M.; Wong, Y.-N.; Benson, A.; Earle, C.C.; et al.
Meeting the 12 lymph node (LN) benchmark in colon cancer. J. Surg. Oncol. 2010, 102, 3-9. [CrossRef]

Valsecchi, M.E.; Leighton, ].; Tester, W. Modifiable Factors That Influence Colon Cancer Lymph Node Sampling and Examination.
Clin. Colorectal Cancer. 2010, 9, 162-167. [CrossRef]

Nedrebg, B.S.; Sereide, K.; Nesbakken, A.; Eriksen, M.T.; Sereide, J.A.; Kerner, H. Risk factors associated with poor lymph node
harvest after colon cancer surgery in a national cohort. Color. Dis. 2013, 15, e301-e308. [CrossRef]

Scabini, S.; Rimini, E.; Romairone, E.; Scordamaglia, R.; Pertile, D.; Testino, G.; Ferrando, V. Factors that influence 12 or more
harvested lymph nodes in resective RO colorectal cancer. Hepatogastroenterology 2010, 57, 728-733.

Pappas, A.V.; Lagoudianakis, E.E.; Dallianoudis, I.G.; Kotzadimitriou, K.T.; Koronakis, N.E.; Chrysikos, I.D.; Koukoutsi, I.D.;
Markogiannakis, H.E.; Antonakis, P.T.; Manouras, A.]. Differences in colorectal cancer patterns between right and left sided
colorectal cancer lesions. J. BUON 2010, 15, 509-513. [PubMed]

Belt, E.J.T,; te Velde, E.A.; Krijgsman, O.; Brosens, R.PM.; Tijssen, M.; van Essen, H.F.; Stockmann, H.B.A.C.; Bril, H.; Carvalho,
B.; Ylstra, B.; et al. High Lymph Node Yield is Related to Microsatellite Instability in Colon Cancer. Ann. Surg. Oncol. 2012, 19,
1222-1230. [CrossRef] [PubMed]

Vilar, E.; Gruber, S.B. Microsatellite instability in colorectal cancer-the stable evidence. Nat. Rev. Clin. Oncol. 2010, 7, 153-162.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00268-012-1891-7
https://www.ncbi.nlm.nih.gov/pubmed/23242459
https://doi.org/10.1001/jama.298.18.2194
https://doi.org/10.1200/jco.2012.30.4_suppl.648
https://doi.org/10.1016/j.ejso.2014.06.002
https://www.ncbi.nlm.nih.gov/pubmed/25027280
https://doi.org/10.1016/j.surg.2016.11.029
https://www.ncbi.nlm.nih.gov/pubmed/28088321
https://doi.org/10.1007/s00384-016-2599-1
https://www.ncbi.nlm.nih.gov/pubmed/27220610
https://doi.org/10.1007/s11605-010-1410-9
https://www.ncbi.nlm.nih.gov/pubmed/21174232
https://doi.org/10.1002/cncr.25032
https://doi.org/10.1245/s10434-010-1308-5
https://doi.org/10.1093/jnci/dji020
https://doi.org/10.1111/codi.12424
https://www.ncbi.nlm.nih.gov/pubmed/24103076
https://doi.org/10.1097/SLA.0b013e318204e637
https://www.ncbi.nlm.nih.gov/pubmed/21169808
https://doi.org/10.1097/MD.0000000000004199
https://www.ncbi.nlm.nih.gov/pubmed/27495024
https://doi.org/10.1016/j.amjsurg.2012.11.003
https://www.ncbi.nlm.nih.gov/pubmed/23414957
https://doi.org/10.1001/archsurg.2012.353
https://www.ncbi.nlm.nih.gov/pubmed/22508672
https://doi.org/10.1007/s00384-017-2778-8
https://doi.org/10.1002/jso.21532
https://doi.org/10.3816/CCC.2010.n.022
https://doi.org/10.1111/codi.12245
https://www.ncbi.nlm.nih.gov/pubmed/20941819
https://doi.org/10.1245/s10434-011-2091-7
https://www.ncbi.nlm.nih.gov/pubmed/21989661
https://doi.org/10.1038/nrclinonc.2009.237
https://www.ncbi.nlm.nih.gov/pubmed/20142816

	Introduction 
	Materials and Methods 
	Patient Population 
	Data Collection 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

