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INTRODUCTION
Over 1.8 million new colorectal cancer (CRC) cases and 881,000 

deaths were observed in 2018 worldwide, accounting for almost 

one-tenth of all cancer cases and deaths (1). The mortality 

rate varies depending on tumor stage and/or the treatment 

availability (2). 

Accurate staging is essential for managing the disease. 

According to the 8th American Joint Committee on Cancer (AJCC) 

cancer staging guideline, the assessment for lymph node (LN) 

metastases in CRC is conducted via involved regional lymph 

nodes. This guideline is updated over time due to evolving needs 

and technical developments. Although the basic structure was 

preserved in the evaluation in AJCC 8, some new parameters 

such as status for micrometastasis and isolated tumor cells were 

added (3). For evaluating LN metastasis, a minimum of 12 lymph 

nodes must be removed (4,5). Less than this number of removed 

lymph nodes may cause false LN negativity or a lower N grade 

(5). 
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Objective: Every year, 1.8 million people are diagnosed with colon cancer. The presence of lymph node (LN) metastases is a key prognostic 
factor in adjuvant treatment planning and follow-up. The tumor-node-metastasis (TNM) classification can be used to assist in prognostic 
cancer staging. However, TNM-classification may not always compromise the necessary prognostic information. Therefore, guidelines are 
updated regarding prognostic value and new prognostic parameters are investigated. One of these parameters is metastatic lymph node ratio 
(mLNR), which is calculated by dividing the number of metastatic lymph nodes (mLNs) by the total number of lymph nodes excised. Similar 
publications have already reported on the prognostic value of the mLNR in gastric, pancreatic, and bladder cancer.

Methods: Pathology reports of 496 stage II and stage III patients treated for colorectal cancer (CRC) in our hospital in the last decade were 
retrospectively reviewed. Factors such as age, gender, tumor location, tumor size, T stage, lymphovascular invasion, perineural invasion, 
tumor budding, tumor deposit, total and mLN count were evaluated for overall survival.

Results: The mean tumor size was 53.8 mm. The patients who had an average of 2 LN involvement among those who had 23 lymph nodes 
excised were followed up for an average of 66.8 months. Receiver operating characteristic test presented the cut-off value of mLNR on overall 
survival was 0.028, with a sensitivity of 42% and a specificity of 71%. Gender, tumor’s localization, and size of ≥6 cm had no significant impact 
on survival. However, survival was related to age >60, lymphovascular, and perineural invasion, tumor deposit/budding, and mLNR >0.028 
(p≤0.05). Furthermore, multivariate analysis revealed that only mLNR (p=0.034) affected overall survival independently. 

Conclusion: We believe that mLNR that does not require additional costs will gain more value in diagnosis and treatment. Based on our 
results, mLNR may be a useful to assess prognosis in CRC patients.
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CRC is defined as stage III in the current staging method 
when there are regional LN metastases. Additional treatment 
alternatives, such as adjuvant chemotherapy, should be used 
at this stage (6). Although tumor staging according to the AJCC 
guide helps assess prognosis, prognosis estimation for IIIA and II 
stages cannot be performed precisely. According to the current 
staging method, the prognosis of stage IIIA can be better than 
that of the lower stages. According to several authors, stage IIIA 
has a better prognosis than stages IIB and IIC (2,4,6,7).

As a result, a more specific and thorough technique for assessing 
nodal metastasis would be beneficial. It has been discovered 
that the metastatic lymph node ratio (mLNR), defined as the 
ratio of the number of metastatic lymph nodes (mLNs) to the 
number of inspected  lymph nodes (LNs) and not included in 
the AJCC guidance, is crucial in assessing prognosis in gastric and 
pancreatic tumors (8,9).

Considering this information, we retrospectively investigated 
parameters such as age, gender and tumor size, stage, location, 
LN status, perivascular-perineural involvement, tumor deposit 
and tumor budding such as mLNR from pathology reports that 
may impact the overall survival of CRC patients without distant 
metastasis.

METHODS 
Patients’ data was collected from the archives of the department 
of pathology from 01/01/2011 to 01/01/2021. Approval was 
obtained on 24.11.2021 from the Local Ethics Committee of 
University of Health Sciences Turkey, Istanbul Prof. Dr. Cemil 
Tascioglu City Hospital with the number E-48670771-514.99. 
Retrospectively 496 patients with stage II and III were included 
with the following criteria: ≥ age 18, male/female, surgery due to 
CRC, adequate clinical record and follow-up, excision of at least 
12 lymph nodes. Stage I and IV patients, as well as those with 
postoperative mortality of at least one month or patients with 
multiple primary tumors and rectum cancer treated with neo-
adjuvant therapies were excluded. Patient staging was made 
after 8th AJCC cancer staging guideline and tumor budding in CRC 
was reported accordingly to The International Tumor Budding 
Consensus Conference (ITBCC) (10).

Statistical Analysis

Data are presented as the mean with interquartile range and 
minima and maxima, if not as stated in the figure legend. 
Categorical variables were compared using Fisher’s Exact test. 
Survival analysis was performed using the Kaplan-Meier method 
and Cox proportional hazards regression modeling.

The area under the receiver operating characteristic curve (ROC) 
was generated to define diagnostic test’s accuracy and a cut-

off point of age, tumor size, mLNR for survival. The log-rank 
test as a non-parametric test was used for comparing survival 
curves. Missing data were omitted when clinical records were 
not complete. An overall alpha value of p<0.05 was applied to 
reject the null hypothesis. SPSS [version 18.0, SPSS Inc, Chicago 
(IL), United States)] for Windows was used for statistical analysis.

RESULTS
Totally 496 patients are included in the study. The mean age 

of 197 (39.7%) female and 299 (60.3%) male patients was 61.5. 

For each patient, a mean of 23 LN was excised, on average 2 LN 

were metastatic. The mean tumor diameter was found to be 53.8 

mm in patients with a mean follow-up of 66.8 months (Table 

1). Of the total CRC, 171 (34.5%) were detected in the rectum, 

129 (26%) in the right colon, 98 (19.8%) in the sigmoid colon, 

68 (13.7%) in the left colon and 9 (1.8%) in the transverse colon. 

Multiple foci were detected in 21 (4.2%) patients (Table 2). It was 

observed that 403 (81.3%) patients were in T3 stage, 81 (16.3%) 

patients were in T4 and 12 (2.4%) patients were in T2 (Table 3). 

It was observed that 310 (62.5%) patients did not show a LN 

involvement, therefore rated stage II. The remaining 186 (37.5%) 

Table 1. General characteristics of patients

n Minimum Maximum Mean Standard 
deviation

Age/years 496 21.7 89.8 61.51 13.27

Longest 
diameter/mm

496 10 200 53.79 23.91

Survey/month 496 1 179 66.80 46.21

Total excised 
lymph node

496 12 73 23.09 11.48

Metastatic 
lymph node

496 0 66 2.14 5.73

Table 2. Tumor anatomical localization

Location Frequency (n) Percentage (%)

Right colon 129 26.0

Transverse colon 9 1.8

Left colon 68 13.7

Sigmoid colon 98 19.8

Rectum 171 34.5

Multifocal 21 4.2

Total 496 100

Table 3. T stage distribution 

T2 T3 T4 Total

Frequency (n) 12 403 81 496

Percentage (%) 2.4 81.3 16.3 100
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patients showed a LN involvement and reported as stage III.

While 355 (71.6%) patients showed lymphovascular invasion 
(LVI), 374 (75.4%) individuals exhibited perineural invasion. Out 
of 130 patients evaluated for extranodal tumor deposits, which 
was not addressed as a prognostic factor in the 8th AJCC despite 
its negative impact on overall survival and disease-free survival 
(11), 28 (21.5%) were positive. Another important prognostic 
factor tumor budding was reported in 35 patients via the scoring 
system according to ITBCC and 11 (31.4%) patients were positive 
for budding.

Since there is no consensus on the cut-off values including the 
age of the patient, the largest tumor size and the mLNR of the 
patients we determined these cut-off values for patients admitted 
to our hospital with a ROC test. These values were reported as 
60.2 years for age (sensitivity: 0.66; specificity: 0.56), 57.8 mm 
(sensitivity: 0.4; specificity: 0.63) for the largest tumor size and 
0.028 (sensitivity: 0.42; specificity: 0.71) for mLNR (Figure 1).

When survival analysis was performed for these factors; there was 

no statistically significant difference in overall survival in terms of 

gender, tumor diameter, tumor localization and tumor perforation 

(p>0.05). For patient age (60/year), tumor stage, LN metastasis, 

mLNR (0.028) (Figure 2), LVI, perineural invasion (p<0.0001), 

tumor deposit (p<0.001) and tumor budding (p=0.016) significant 

survival difference was detected (Table 4). There was a survival 

difference between stage IIIA and IIB and IIC, but it could not 

be statistically proven (p=0.078) (Figure 3). When multivariate 

analysis was performed for survival, only mLNR (p=0.034) was 

found to be an independent prognostic factor (Table 5). 

DISCUSSION
In a study with 1.837 patients diagnosed with CRC it was reported 

that there is no difference in survival rate in different sexes when 

the other causes of death than cancer are excluded. The same 

finding was also discovered in our study (12). 

Figure 1. Cut-off values for age, diameter and mLNR
mLNR: Metastatic lymph node ratio

Figure 3. Survival stage IIIA versus stage IIB-IIC
Figure 2. Survival mLNR stages
mLNR: Metastatic lymph node ratio

Table 4. Factors affecting survival with results of univariate 
analysis

Parameters (n) Negative 
(%)

Positive 
(%)

Log rank 
(Mantel-Cox) p

Age >60 years (496) 225 (45.4) 271 (54.6) p<0.0001

Longest diameter >60 
mm (496)

298 (60.1) 198 (39.9) p=0.120

Lymph node (496) 310 (62.5) 186 (37.5) p<0.0001

Lymphovascular 
invasion (496)

355 (71.6) 141 (28.4) p<0.0001

Perineural invasion 
(496)

374 (75.4) 122 (24.6) p<0.0001

Tumor deposit (130) 102 (78.5) 28 (21.5) p=0.001

Tumor budding (36) 24 (66.7) 12 (33.3) p=0.016

mLNR >0.028 (496) 311 (62.7) 185 ( 37.3) p<0.0001

mLNR: Metastatic lymph node ratio
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In a study from Kornprat et al. (13) with 369 patients, tumor size 

proved to be an independent prognostic parameter for patients 

with CRC. In this study it was also reported that the cut-off points 

differed among the colon locations. However, there was no 

certain coherence found between the tumor size and prognosis 

in other studies (14-16). 

Our cut-off value was found at 60 mm and at this level there was 

no difference in survival in our patients.

Some studies showed, that a cancer in the left colon had a worse 

prognosis than in the right colon, yet other studies could not 

support the same effect of tumor location on the prognosis (17). 

In a study from 2020, the general differences among survival 

rate was compared between the right and left colon cancers. 

Right and left colon cancers showed differences in microbiom, 

clinical presentation and molecular features. Separate therapy 

regimes were recommended (18). We did not see the effect of 

tumor location on the survival. 

Assessing the relationship between perforation and the survival 

rate did not show any significant difference in multivariate 

analysis, even if a tendency was inspected in univariate analysis 

(19-21). Our univariate analysis did not show a relationship 

between perforation and survival either. 

Patients of higher age are admitted and operated most of the 

time as emergency cases, hence they show a higher mortality 

(22). In a study from Steele et al. (23) in 2014 with 7.948 patients, 

the effect of age on overall survival was conducted and younger 

patients showed at the time of diagnosis higher grades of 

the cancer and higher recurrence, meanwhile no significant 

difference in survival compared to the older patients. In our 

study we observed a lower survival rate in patients older than 60 

(based on ROC analysis)

Staging is vital in the assessment of the prognosis and the 

therapeutic goals in CRC. Progress in the grade shows bad 

prognosis (24). A study of Zielinski et al. (20) proved higher age, 

advanced T stage and high American Society of Anesthesiologists 

score effected the survival independently. In our study the T stage 

showed significant effects on survival in univariate analysis. 

AJCC staging system is also essentially adopted by World Health 

Organization and updated regularly with the AJCC-8 version 

being the most up-to-date. A novelty in the latest edition is the 

detailed description of Tis dysplasia. It is lesions penetrating 

lamina propria with probable invasion of muscularis mucosa are 

defined as intramucosal carcinoma. While in other malignant 

entities only the basal membrane penetration is assessed as 

invasive, in CRCs even lesions advanced into the submucosa 

have the potential of metastasizing (3).

In a study from 2016, the survival rate differed between the 

patients in stages IIB-IIC and IIIA, in favor of IIIA, where the 

older AJCC-7 system was used for the staging (25). Isolated tumor 

cells, which had not been mentioned in the N grading of the 

colorectal tumors in the earlier editions, are also available in 

the AJCC-8. Isolated tumor cells in subcapsular or marginal 

sinus lymph nodes (<20 cells or <0.2 mm tumor cell group) 

and micro-metastasis (20 cells or more and metastasis diameter 

between 0.2-2 mm) are being described in detail. LN containing 
isolated tumor cells are being registered as N0 (or N0i) and these 
cells do not upstage the disease to stage III. Patients with micro-

Table 5. Factors affecting survival analysis via multivariate analysis/Cox regression)

B SE Wald df Sig. Exp (B) 95.0% Cl for Exp (B)

Lower Upper

Age >60 years -1.117 1.237 0.815 1 0.367 0.327 0.029 3.697

T stage  -  - 1.948 2 0.378  -  -  -

T stage (1) -2.311 194.926 0.000 1 0.991 0.099 0.000 8.277E+164

T stage (2) -4.019 194.931 0.000 1 0.984 0.018 0.000 1.513E+164

Lymph node positive -12.508 86.834 0.021 1 0.885 0.000 0.000 3.026E+68

Lymphovascuar invasion 16.167 86.834 0.035 1 0.852 10499330.74 0.000 8.940E+80

Perineural invasion 0.457 1.219 0.141 1 0.708 1.580 0.145 17.226

Tumor deposit  -  - 2.559 2 0.278  -  -  -

Tumor deposit (1) -21.781 115.592 0.036 1 0.851 0.000 0.000 8.559E+88

Tumor deposit (2) 2.566 1.614 2.527 1 0.112 13.016 0.550 308.031

Tumor budding -11.707 86.825 0.018 1 0.893 0.000 0.000 6.628E+68

mLNR (0.028) -3.376 1.595 4.479 1 0.034 0.034 0.002 0.779

mLNR: Metastatic lymph node ratio, CI: Confidence interval



77

Harman Kamalı and Kamalı. Metastatic Lymph Node Ratio in Colorectal CarcinomaEur Arch Med Res 2022;38(1):73-79

metastasis are registered as N1, as they show a worse prognosis. 
Since we did not have a patient diagnosed with micrometastasis 
and isolated tumor cell, these findings were not taken into 
account in our study.

Tumor deposits, being one of the important histopathological 
factors, are seen in 20% of the CRCs and are related to worse 
prognosis. The discussion of their consideration in the TNM 
staging is still not concluded (26). We found in our study that 
patients with tumor deposits showed lower survival rates. 

The definition of tumor deposit in AJCC-7 is a tumor forming 
a prominent nodule, independent of lymphatic tissue finding. 
AJCC-8 clarified the interpretation of the tumor nodules found in 
lymphatic drainage field of primary CRCs. Nodules not containing 
prominent lymph nodes or vascular/neural constructs are being 
defined as tumor deposit (N1c). Nodules shape, borders and size 
are not being taken into consideration. Tumor cells covered by 
smooth muscle or endothelial cells in contact with erythrocytes 
are being accepted as vascular invasion. If tumor nodules are 
seen in the proximity of neural constructs, it is being classified as 
perineural invasion (11,27-29). 

Studies describe a vascular invasion in 65% of the CRC cases. LVI 
is a significant indicator of advanced stage and is remarkably 
correlated with worse prognosis in CRC patients (30). LVI was 
an indicator of more aggressive biological behavior and poor 
prognosis in patients with stage III CRC (31). Vascular invasion 
showed a difference in survival in our univariate analysis. 

Perineural invasion is a sign of worse prognosis, progress of 
the disease and are seen in 22% of CRC cases. Studies show 
independently of other factors a positive perineural invasion 
reduced the 5-year survival from 75% to 25% (32).

In a meta-analysis of 38 studies and 12,661 patients from 2015 
perineural invasion lead to lower survival rates in CRC. Patients 
in grade 2 and 3 showed the perineural invasion independently 
an effect on the survival rate. In our study, perineural invasion 
reduced the survival rate as well (33).

N1c elevates disease to stage III, even in the absence of nodal 
metastases. The number of tumor deposits is recorded with 
site-specific factors but does not influence the designation (i.e. 
a patient with one tumor deposit and a patient with four tumor 
deposits are both staged as N1c). The number of tumor deposits 
is not added to the number of positive lymph nodes (34).

Among 20 patients we recruited in our study since 2018, 
none had the finding of a N1c grade. In this period 4 patients 
passed away, 2 of them without any lymphatic invasion (in IIA 
stage). Most our patients were assessed according to the AJCC-
7 system. We also found that the prognosis of IIIA stage being 

better than the II stage, yet showing no statistical significance. 
Limited invasion depth and early regional LN metastasis show 
the indecisive character of the stage IIIA colon cancer. These 
tumors are rather superficial and their mLNs are mostly in the 
proximity of their main lesion, making them treatable with 
surgical resection and show good prognosis. However, the fact 
that they show metastasis although being superficial shows how 
aggressive their biological character is (25). Hence, there are 
further parameters in need, in addition to the LN metastasis and 
tumor invasion depth, to describe their character properly.

Tumor budding is the tumor infiltration in form of single cells 
or a small cell cluster (<5 cells) in the invasive tumor border 
and is not being considered by AJCC but required by the College 
of American Pathologists in the pathological findings. It is 
accepted as a sign of advanced mobility, invasive phenotype 
transformation and tumor progression. It is also being considered 
because of epithelial/mesenchymal transformation of neoplastic 
cells and a special type of apoptotic escape (35). A multi-center 
prospective study with 991 patients from 2019 tumor budding 
correlated with the tumor stage, size and the lymphatic invasion 
and lowered the survival significantly (36). In a review and meta-
analysis from 2016 the value of tumor budding as a prognostic 
factor was studied. Out of 2.728 studies 34 were included and it 
was shown that the tumor budding affected the LN metastasis 
and local recurrence (37). 

In the previous studies factors such as surgeons’ experience, 
disease’s stage, sample size, tumor size, individual immune 
response and the pathologist’s ability to dissect lymph nodes 
causing a wide margin of dissected lymph nodes between 6 to 
40.

The number of positive lymph nodes has a strong influence on 
the prognosis of CRC patients. LN assessment in CRC will ensure 
accurate patient staging. LN metastasis rate was increased in 
poorly differentiated tumors. It was also shown that higher 
number of mLNs and their localization in the stems of major 
vessels reduced the survival rate (38). Another study described 
the number of harvested mLNs correlated with the possibility 
of LN metastasis (39). Since the number of minimum harvested 
lymph nodes plays a defining role in the staging, we only 
included patients with at least 12 lymph nodes in our study. We 
speculate that this might be lowering our LNR values sensitivity

LNR is recommended as an additional staging to the pN stage 
for cancer patients. It is defined as the ratio of positive nodes to 
LNH and is based on the observation that LNH can affect positive 
node count and survival. The LNR has been shown in multiple 
retrospective studies to be an independent prognostic factor in 
cancer (gastric, pancreatic, euosophagus, bladder) patients (5). 
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Deployment of LNR can help prevent an over- or understaging. 
However, the most significant discussion on LNR is the cut-off 
point. Different authors agree on different cut-off values and a it 
has not been come to a consensus.

However, both univariate and multivariate analysis (p=0.034) 
showed LNR efficient. We believe with more upcoming studies 
on LNR in colorectal and other cancers, LNR will receive an 
important place among the prognostic factors.

In our study, we found that patient age (more than 60 years); 
tumor, T stage, N stage, LVI, perineural invasion, deposits, 
budding and LNR were the factors that influenced prognosis 
of patients according to the univariate analysis. Patients with a 
better young age and earlier stage of T staging, N staging and 
absence of perineural-LVI, tumor deposit-budding, and a lower 
LNR have improved survival rates. 

However, when all eight factors are entered into the Cox 
proportional-hazards model, the multivariable analysis showed 
that only LNR showed statistical significance. LNR still had 
statistical significance in both the univariate and multivariable 
analysis. Neo-adjuvant therapies used especially in rectum cancer 
notably reduced the LN invasion. Therefore patients with rectum 
cancer treated with neo-adjuvant therapies are excluded in our 
studies and patients with stage II and III are being considered in 
the same group. Further research is required on only stage III or 
rectum cancer patients treated with neo-adjuvant therapies and 
its influence on the LNR should be regarded.

CONCLUSION
Currently, as in other malignities, the personalized approaches 
of diagnostics and therapies (consideration of somatic and 
germline mutations leading to microsatellite instabilities, RAS 
pathway (KRAS, BRAF, NRAS) mutations) come into prominence. 
We believe that prognostic factors, which do not require further 
expenses, such as LNR, peritoneal metastasis, tumor budding 
and tumor deposit are to gain further clinical value in diagnostics 
and therapy beside the innovative genetic analysis, mentioned 
earlier. Hence, with the upcoming publications, the mLNR, used 
already in other malignant diseases, will also become one of the 
indispensable prognostic factors.
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