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Traditionally, lymph node metastases (LNM) evaluation is essential to the

staging of colon cancer patients according to the TNM (tumor–node–

metastasis) system. However, in recent years evidence has accumulated

regarding the role of emerging pathological features, which could

significantly impact the prognosis of colorectal cancer patients. Lymph Node

Ratio (LNR) and Log Odds of Positive Lymph Nodes (LODDS) have been shown

to predict patients’ prognosis more accurately than traditional nodal staging

and it has been suggested that their implementation in existing classification

could help stratify further patients with overlapping TNM stage. Tumor deposits

(TD) are currently factored within the N1c category of the TNM classification in

the absence of lymph node metastases. However, studies have shown that

presence of TDs can affect patients’ survival regardless of LNM. Moreover,

evidence suggest that presence of TDs should not be evaluated as dichotomic

but rather as a quantitative variable. Extranodal extension (ENE) has been

shown to correlate with presence of other adverse prognostic features and

to impact survival of colorectal cancer patients. In this review we will describe

current staging systems and prognostic/predictive factors in colorectal cancer

and elaborate on available evidence supporting the implementation of LNR/

LODDS, TDs and ENE evaluation in existing classification to improve prognosis

estimation and patient selection for adjuvant treatment.
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Introduction

Colorectal cancer (CRC) represents the third most common

cancer and the second leading cause of cancer-related death in

the overall population, with nearly 1,148,515 new diagnosis and

576,858 deaths in 2020. Data have shown a slight difference

between the two sexes; indeed, it takes up the second place for

incidence and the third for mortality in women and the third for

both incidence and mortality in men (1).

Despite being considered for many years an age-related

neoplasia, in recent times there appears to be a decline in CRC

incidence in the population over 50-year-old, balanced by an

increase of new diagnosis in individuals younger than 50

years (2).

The 5-year survival rate has considerably increased during

the past decades, reaching 63% all stages combined in 2021.

There are however considerable variations amongst the 5-year

survival rate depending on the TNM stage of the disease at

moment of the diagnosis: as a matter of fact, it amounts to 91%

in the localized disease (stage I-II), 72% in the regional disease

(stage III) and it dramatically drops to 14% in the advanced

disease (stage IV) (3, 4).

Complete resection of the primary tumor and regional

lymph nodes remains the most effective therapy for early

colon cancer. Adequate surgery also allows for evaluation of

the resection specimen which is considered an essential step to

define prognostic factors and predict disease recurrence after

surgery, thus informing clinicians on potential benefits of

adjuvant treatment.
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Optimal management currently relies on the tumor-node-

metastasis (TNM) staging system proposed by the American

Joint Committee on Cancer (AJCC) and International Union

Against Cancer (UICC), which assesses primary tumor (T),

lymph node metastasis (N), and distant metastasis (M). This

classification has now reached its eight iteration (5). Lymph

node metastases, in particular, are considered a significant factor

for predicting disease-free survival (DFS) and overall survival

(OS) in patients with colorectal cancer without distant

metastasis (6).

Beyond the above-mentioned TNM staging, other risk

factors have shown an impact on the prognosis, particularly in

stage II: pT4; inadequate lymphadenectomy (<12 lymph nodes);

vascular invasion; lymphatic invasion; perineural invasion; high

grade tumor; high preoperative CEA levels; tumor presentation

with obstruction (7, 8). Moreover, MSI-H/MMRd status

represents a molecular marker that has demonstrated to be

related to a better prognosis in localized CRC and designates a

subgroup of patients with less expected response to 5-

fluorouracil-based chemotherapy (9).

However, definition of further pathological features can help

improve existing classifications, to better identify patients with

localized disease and a higher risk of relapse and to guide more

accurately the choice of optimal adjuvant treatment.

In this review we will explore how emerging pathological

characteristics, aside from existing biomarkers, can impact

patient prognosis and how their factoring can improve disease

management, and guide adjuvant strategies in colorectal

cancer patients.
FIGURE 1

Emerging pathological features in colorectal cancer. Abbreviations: LNR, Lymph Node Ratio; LODDS, Logarithm of Positive Lymph Nodes; ENE,
Extranodal extension.
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We will focus on the role of lymph node ratio, tumor

deposits, extracapsular node extension.

A descriptive illustration is available in Figure 1.
Methods

We reviewed the available literature on the use of lymph

node ratio, tumor deposits and extracapsular node extension in

CRC staging and overall management. We performed PubMed

and Embase searches focused on these topics, selecting primary

and review articles from peer-reviewed journals. Search terms

included “lymph node ratio”, “log odds of positive lymph

nodes”, “tumor deposits”, “extracapsular node extension”,

“colorectal cancer”. We also searched PubMed and major

oncology conferences for presentations pertinent to the matter

of this review.
Lymph node ratio and log odds of
positive lymph nodes

Lymph node ratio

Lymph Node Ratio (LNR) is defined as the ratio of

metastatic lymph nodes (LN) over total LN examined

(Figure 1). LNR has been established as a prognostic indicator

in several non-colorectal malignancies, such as breast cancer,

esophageal and gastric cancer, medullary and papillary thyroid

cancer, non-small cell lung cancer, oropharyngeal cancer

(10–16).

In colorectal cancer, even though pathological nodal stage

remains one of the most important predictors of patient

prognosis, several studies have tried to evaluate the potential

of LNR as a prognostic marker.

When examining these results, it is important to underline

that since 2002, three different American Joint Committee on

Cancer (AJCC) staging classifications have been issued, with

differences in stage grouping especially between 6th and 7th

edition (17, 18).

All the studies revised are summarized in Table 1.

Wang J et al. were among the first authors to show in 2008

the role of LNR as an independent predictor of survival in 24,477

stage III colon cancer patient from the SEER registry (19).

Patients were stratified in 4 groups according to three different

cutoffs (1/14, 0.25, 0.5) and LNR was deemed to be more

accurate then TNM staging for stage IIIB and IIIC patients.

In 2005, Berger AC et al. published an analysis on stage II

and III patients with colon cancer pooled from Intergroup trial

0089 of fluoropyrimidine-based adjuvant chemotherapy and

proved LNR to be the most significant prognostic factor for

both DFS and OS in patients with at least 10 LN sampled (22);
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interestingly, within the N1 and N2 classifications, dramatic

changes were observed in recurrence rates based on the LNR

value (less than 5%, 5% to 20%, 20% to 40%, or more than 40%).

This work has the benefit of clarifying the prognostic relevance

of LNR. Since all patients received adjuvant chemotherapy, it is

unlikely that the impact of improved nodal staging is explained

by more patients receiving intensified treatment. This means

that a lower LNR, and consequent better prognosis, could be

attributable to other variables, such as the quality of

surgery performed.

It is a matter of debate whether the number of examined

lymph nodes can influence the ability of LNR to stratify patients

according to prognosis.

While in fact some authors suggested that discrimination

provided by LNR is lost when less than 12 LN are examined (20,

23–25), work published by Rosenberg et al. showed that the LNR

remained an independent predictor of outcome even when less

than 12 nodes are examined and had better value than

pathological nodal stage in the multivariate analysis (26).

The same observation was made by Peschaud F et al. in

rectal cancer patients, where LNR predicted DFS and OS even

when fewer than 12 LN were examined (27).

Ceelen W et al. eventually published in 2010 a systematic

review based on 16 analyzed studies, including 33,984 patients

with stage III colon or rectal cancer (21). In all the studies

reviewed, LNR was an independent prognostic factor and

allowed for a prognostic separation that was superior to that

of the nodal stage alone in terms of OS, DFS and cancer

specific survival.

Several trials have since been reported reinforcing the

prognostic value of LNR in both early-stage colon and rectal

cancer (28–30, 55). However, there is no consensus on the cut-

off to use when applying LNR.

In 2014, a French regional study conducted by Sabbagh C

et al. identified a 10% cutoff as optimum to distinguish between

good and poor prognosis stage III colon cancer patients (31).

This stratification allowed for significant correlation with 3-year

OS and DFS.

Shinto E et al. proposed the use of different cut-offs to

predict the prognosis of right or left-side primary colon cancer;

by analyzing 5,463 patients with stage III colon cancer authors

were able to stratify patients using values of 0.16 and 0.22 for

right-sided and left-sided tumors, respectively (32).

Zhang CH et al. also designed a study to further validate the

prognostic significance of LNR by evaluating 218,314 patients

from the SEER database and 1,811 patients from three

independent cohorts (33). Patients were divided into 5 groups

according to LNR cutoffs previously investigated (0, 0.1-0.17,

0.18-0.41, 0.42-0.69, >0.7) and each group identified patients

with worsening prognosis regardless of LN sampling.

Several attempts have been made to propose updates to pre-

existing classifications by incorporating LNR information

(34, 35).
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Pei JP et al. developed a revised TLNR classification by

combing tumor stage and LNR based on data from 62,294 early-

stage colon cancer from the SEER registry and 3,327 additional

patients from an external validation cohort (36). The novel

classification was found to be superior to the AJCC 8th TNM

classification in predicting overall and disease-free survival.

Even though most efforts have focused on colon cancer, data

has accumulated in rectal cancer patients as well (38–40).

For example, Junginger et al. demonstrated that LNR can

provide prognostic information and thus compensate for

inadequate lymph node dissection in patients with stage III

rectal cancer who did not receive preoperative treatment (41).

Karjol U et al. recently published a systematic review and

meta-analysis on this topic, encompassing 18 trials and 4,486

node-positive rectal cancer patients, confirming that a higher

LNR was significantly correlated with worse OS and DFS (42).

However, not all the available evidence is in favor of LNR

implementation in current staging systems. Mohan HM et al.

suggested that LNR provides no additional information when

compared with nodal staging, while Jakob MO et al. determined

LNR to be inferior to pathological nodal staging in node-positive

colon cancer patients (46, 47).
Frontiers in Oncology 04
Lymph node ratio in metastatic CRC

LNR has been also evaluated as a prognostic marker in

patients with colorectal cancer and liver metastases.

High LNR was significantly associated with lower 3-year

relapse free survival (RFS) in patients with liver-limited disease

undergoing curative resection, as observed by Deng Y et al. (43).

Alexandrescu ST et al. evaluated the role of LNR in

predicting prognosis of patients with synchronous liver

metastases and found that LNR was the only independent

predictor of both DFS and OS (44).

LNR has been correlated with burden of liver metastases as

well, as shown by Ahmad A et al. in their analysis of 53 stage IV

colorectal cancer patients (45); authors found that high LNR

status predicted the presence of more than 3 liver lesions and

poorer OS.
Log odds of positive lymph nodes

Log Odds of Positive Lymph Nodes (LODDS) is defined as

the logarithm of the ratio of metastatic lymph nodes to negative

lymph node (Figure 1).
TABLE 1 Evidence regarding LNR/LODDS implementation.

Authors Subject Major Findings Reference

Wang J et al.; Chin CC et al.;
Ceelen W et al.

LNR LNR is an independent and more accurate prognostic method for stage III colon cancer patients than
AJCC TNM categories

(19–21)

Berger AC et al. LNR After curative resection for colorectal cancer, the LNR is an important prognostic factor and should be
used to stratify patients receiving adjuvant treatment

(22)

In JP et al, Shimomura M et al.,
Li Destri G et al.

LNR Adequate lymph node examination is important to ensure the prognostic value of LNR in patients with
stage III colorectal cancer

(23–25)

Rosenberg R et al., Peschaud F et al. LNR LNR remains an independent prognostic predictor in colorectal cancer even when fewer than 12 LN
are examined

(26, 27)

Isik A et al.; Parnaby CN et al.;
Sabbagh C et al.; Shinto E et al.;
Macedo F. et al; Zhang CH et al.

LNR LNR impacts both DFS and OS in colon cancer patients; several cut-offs have been proposed to stratify
patients

(28–33)

Sugimoto K et al; Wang LP et al.;
Pei JP et al.; Yang LV et al.

LNR/
LODDS

Implementation of LNR/LODDS improves prognostic accuracy of existing staging classifications (34–37)

Madbouly KM et al.; Chen L et al.;
Junginger et al.; Lykke J et al.;
Karjol U et al.;

LNR LNR can provide prognostic information in locally advanced rectal cancer and compensate for
inadequate lymph node dissection in patients who did not receive preoperative therapy

(38–42)

Deng Y et al.; Alexandrescu ST et al.;
Ahmad A et al.

LNR High LNR correlates with burden of liver metastatic disease and predicts shorter RFS in patients
undergoing curative resection

(43–45)

Mohan HM et al.;
Jakob MO et al.

LNR LNR is either equivalent or inferior to pathological nodal staging in patients with adequate LN
harvesting

(46, 47)

Wang J et al; Fang HY et al.; Li T et
al

LODDS LODDS accurately predicts prognosis of patients with early-stage colon cancer (19, 48, 49)

Occhionorelli S et al. LODDS LODDS is the only independent prognostic factor in patients with colon cancer receiving emergency
surgery

(50)

Lee CW et al.; Xu T et al. LODDS LODDS accurately predicts prognosis of patients with locally advanced rectal cancer (51, 52)

Baqar AR et al.; Song Y et al LODDS/
LNR

LODDS adds no prognostic information to LNR alone, which should be preferred due to ease of
application

(53, 54)
fro
DFS, Disease Free Survival; LN, Lymph Node; LNR, Lymph Node Ratio; LODDS, Logarithm of Positive Lymph Nodes; OS, Overall Survival.
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The LODDS classification system has been tested with success

in both breast and gastric cancer (56, 57). When applied to colon

cancer, LODDS was proven effective in discriminating between

patients with overlapping LNR values as shown by Wang J in a

work already reported in this review (19).

Fang HY et al. compared the prognostic assessment of

pathological nodal stage, LNR and LODDS using data collected

retrospectively from 192 patients with resected colorectal cancer

(48). All three variables correlated significantly with survival, yet

LODDS was superior to the other categories in the multivariate

analysis. Li T et al. confirmed the prognostic and clinic-

pathological value of LODDS in a cohort of 389 patients with

colorectal cancer undergoing curative surgery (49).

An interesting work by Occhionorelli et al. proved that

LODDS was the only nodal category able to independently

predict prognosis in 320 patients with colon cancer receiving

emergency surgery (50).

LODDS was a reliable prognosticator in locally advanced rectal

cancer as well, as reported in works by Lee CW et al. and Xu T et al.

(51, 52). In particular, the latter work highlighted once more the

importance of different staging approaches in improving the

definition of prognosis in patients with lower LN yield.

LODDS has been proposed to complement existing staging

classification, too. Pei JP et al. tried combining tumor stage with

LODDS to classify 45,558 patients from the SEER database and

found that the novel TLODDS classification has better

discriminatory ability than current TNM staging (37).

However, criticism has emerged regarding simplicity of

application of LODDS.

Baqar et al. compared LNR and LODDS in a cohort of 862

patients and found no difference in the prognostic impact of the

two categories, suggesting LNR use is preferrable due to its ease of

calculation (53). Song YX et al. analyzed data of 1,297 patients

with colorectal cancer and found the LNR classification was

superior to LODDS in assessing patient prognosis (54).

Summarizing, LNR is an independent and more accurate

prognostic method for early colon cancer patients than AJCC

TNM categories, even though no consensus has been reached on

minimum number of lymph nodes to examine and on the cut-off

to implement in existing staging systems. It can also be

informative in the metastatic setting, since it has shown

correlation to burden of liver metastases and survival in patients

undergoing curative resection. It is a matter of discussion whether

LODDS adds additional information to LNR and N staging.

In conclusion, both LNR and LODDS have been thoroughly

evaluated as prognostic markers and should be evaluated for

incorporation in upcoming staging classifications.
Tumor deposits

Tumor deposits (TDs) are defined as discrete nodules of

tumor cells in the bowel surrounding fat, lacking associated
Frontiers in Oncology 05
lymph node tissue and vascular or neural structures, which are

found in 20-25% of colon cancer patients (Figure 1) (58).

Since its inclusion in the AJCC TNM staging system, TDs

definition has changed considerably and, with every new edition,

there has been an upstaging for patients with TDs between in up

to 64% of cases (59). They were first defined as a separate entity

in the 7th edition of the TNM classification, with the

introduction of the pN1c category, categorizing the presence

of TDs in the absence of LNMs, whereas, in presence of lymph

node metastases, TD status is discarded.

However, presence of TDs seems to be prognostically of equal

importance to N status and its evaluation should not be restricted

to cases in which pathological lymph nodes are absent (60).

In fact, a retrospective analysis performed by Shen F on 19,991

patients with colorectal cancer pooled from the SEER database

found that the N1c category is associated with a prognosis similar

to that of the N1b category (61). Mayo et al. performed a different

analysis on the same database and showed that presence of TDs is

associated with lower 3-year OS in multivariable models (62).

Interestingly, presence of TDs is associated with worsening hazard

ratio in lower N stages. A phase III trial in colon cancer patients

receiving adjuvant chemotherapy (IDEA France) also

demonstrated a significantly higher risk of recurrence or death

in patients with TDs, regardless of LNM substatus (63).

Moreover, factoring of TDs should not be dichotomic. TDs

should rather be considered as a quantitative variable, with a

higher number of TDs predicting worse survival (58).

Aretrospective analysisperformedbyPricoloEVet al. in stage III

colon cancer patients showed how patients included in pN1c staging

categorywith≥3TDshadaworseoverall survival than thosewith<3

TDs, with a prognosis resembling that of pN2 patients (64). ZhengK

et al. identified a cutoff of 4 or more TDs to predict poorer disease

specific survival using data pooled from SEER database (65).

A similar conclusion was produced by Wang S et al. using data

from 39,155 colorectal cancer patients within the SEER database

(66). Authors found that the prognostic value of one TD is

equivalent to that of two metastatic LNs based on the comparison

of cause-specific survival rates and proposed this approach to be

superior to the N1c staging in stratifying patient prognosis.

Research produced by Mirkin KA et al. and Zheng P et al. in

patients with stage III colon cancer pooled from the National

Cancer Data Base and SEER registry found that the presence of

both TDs and LN metastases confers additive risk. Presence of

both elements was, in fact, associated with significantly worse

survival than each of these risk factors alone (67, 68).

A recent post hoc analysis of the CALGB/SWOG 80702 phase

III study by Cohen R et al. suggested that combining the number

of TDs to that of pathological lymph nodes improves the

prognostic accuracy of current TNM staging (69). Combining

TD and the number of lymph node metastases, 104 of the 1470

patients included in the analysis were re-staged as pN2 and

showed significantly worse outcomes than those patients

confirmed as pN1.
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Other features of TDs have been investigated beyond

their number.

A retrospective review classified TDs in invasive-type TD (iTD)

(vascular invasion, lymphatic invasion, perineural invasion and

undefined cancer clusters) or nodular-type TD (nTD) (cancer

aggregates without iTD component): DFS was significantly

shorter in both node-negative and node-positive, iTD/nTD+

patients compared to TD- patients. Among node-negative

patients, disease-specific survival (DSS) differed significantly

between the iTD/nTD+ and TD− groups, while in node-positive

patients presence of nTD had no impact on DSS (70).

A more accurate staging of these patients may also help to

improve adjuvant treatment strategies. Currently, in fact,

patients with TDs but no metastatic LNs are less likely to

receive adjuvant chemotherapy (52% vs 74%) and have longer

delay to treatment initiation, as shown by Wong-Chong N et al.

These patients are also reported to be younger and to have more

adverse tumor features (71).

Adequate selection for adjuvant treatment is even more

relevant, considering that the number of TDs reported does

not impact the benefit of adjuvant chemotherapy (72).

Finally, TDs have been evaluated as prognostic indicator in

metastatic CRC as well. Lin Q et al. evaluated 146 patients with

synchronous colorectal liver metastases undergoing simultaneous

resection of primary tumor and metastatic lesions. Authors found

that the presence of TDs was associated with significantly shorter

DFS, regardless of LN status (73).

All the evidence reviewed is summarized in Table 2.

Summarizing, presence of TDs is at least of equal importance

to N status and its factoring should not be restricted to cases in

which lymph node metastases are absent, considering also that

both features confer additive risk. Factoring of TDs should not be

dichotomic as higher count of deposits predicts poorer survival.

Presence of TDs is also informative in metastatic CRC, as it is

associated with worse survival in patients undergoing

simultaneous resection for liver colorectal metastases.

In conclusion, TDs can influence patient prognosis

significantly and should be highly considered when evaluating

patient prognosis and indications to adjuvant treatment.
Extranodal extension

Extranodal extension (ENE) is defined as the extension of

tumor cells through the nodal capsule into the perinodal fatty

tissue (Figure 1). Current AJCC TNM classification in colorectal

cancer does not account for presence of ENE, even though it

could theoretically identify a more aggressive disease (74).

Evidence has accumulated regarding its prognostic

significance in several malignancies, including breast, head and

neck, gastro-esophageal, prostate and bladder cancer (75–79).

Early evidence of its role in colorectal cancer was collected in

a systematic review of literature by Wind J et al. which included
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4 series of patients with lower gastrointestinal tract

malignancies, where presence of ENE identified patients with

significantly worse long-term prognosis (80).

More recently Veronese N et al. published a new systematic

review with meta-analysis evaluating 1,336 patients with

colorectal cancer from 13 different trials (81). Authors

reported ENE was associated significantly with higher stage

and grade of disease, increased risk of all-cause mortality

(HR = 1.69, 95% CI 1.32–2.17, P < 0.0001) and increased risk

of recurring disease (HR = 2.31, 95% CI 1.54–3.44, P < 0.0001).

Further evidence has since emerged. Ambe PC et al. reported

data from a cohort of 147 patient with node-positive colorectal

cancer, suggesting extranodal extension predicts higher risk of

cancer-related death (OR= 0.44, p = 0.021) and shorter median

OS (30.5 ± 42 months vs. 51.0 ± 33, p = 0.02).

Kim CW et al. reported the results of a single-institution

analysis of 2,346 patients with colorectal cancer receiving

curative surgery (6). Authors found that ENE was associated

with younger age, more advanced tumor stage, presence of both

lymphovascular invasion (LVI) and perineural invasion (PNI) in

both colon and rectal cancer. Interestingly, ENE frequency was

described to be increasing from the right colon to the left colon

and the presence of this pathological feature was reported to

independently predict DFS regardless of tumor location in

patients who do not receive adjuvant chemotherapy.

A paper produced by Li T et al., already mentioned in our

work in relation to LODDS, confirmed these findings in a

different cohort (49). ENE frequency was once more reported

to increase in distal tumors and its presence was associated with

worse prognosis in both colon and rectal cancer patients.

Summarizing, presence of ENE is associated with increased

risk of recurrence and worse survival. It is also frequently

associated with other “high-risk” features such as higher

tumor grade and stage.

All the evidence available is therefore in favor of ENE

implementation in current classifications to improve patient

stratification and selection for treatment intensification.
Conclusion

Current management of early colorectal cancer is based on

the existing 8th edition of the TNM classification. However,

emerging pathological features as described in this review, can

significantly modify the prognosis of patients within a same

stage group. It should be noted that most of the evidence

reviewed in this paper is based on retrospective analysis, which

carry intrinsic limitations. Nevertheless, until prospective

evidence is available to support implementation of LNR, TDs

and ENE in clinical practice, clinicians should evaluate these

features in addition to traditional staging system on a patient

basis in order to guide treatment and follow up in cases where

risk assessment is not straight-forward.
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In the era of precision medicine and amidst attempts to de-

escalate intensity of adjuvant treatments, it appears fundamental

to adequately select patients with worse prognosis who require a

more aggressive management.

We believe that both pathologist and clinicians should factor

LNR, LODDS, TD and ENE when assessing a patient’s outcome

and when selecting individuals for a more intensive treatment

and follow-up strategy.
Author contributions

GA contributed to conception and design of the review. GA,

MP, BF, and SF wrote the first draft of the manuscript. GA,MP, BF,

and SF wrote sections of the manuscript. All authors contributed to

manuscript revision, read, and approved the submitted version
Frontiers in Oncology 07
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.

Global cancer statistics 2020: globocan estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–
49. doi: 10.3322/caac.21660

2. Siegel RL, Miller KD, Fedewa SA, Ahnen DJ, Meester RGS, Barzi A, et al.
Colorectal cancer statistics, 2017. CA Cancer J Clin (2017) 67(3):177–93. doi:
10.3322/caac.21395

3. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer J
Clin (2021) 71(1):7–33. doi: 10.3322/caac.21654

4. Brierley JD, Gospodarowicz MK, Wittekind CUICC. TNM classification of
malignant tumours, 8 th edition due december 2016. Union Int Cancer Control
(2017) 1:73–76.

5. Weiser MR. AJCC 8th edition: colorectal cancer. Ann Surg Oncol United
States (2018) 25:1454–5. doi: 10.1245/s10434-018-6462-1

6. Kim CW, Kim J, Park Y, Cho DH, Lee JL, Yoon YS, et al. Prognostic
implications of extranodal extension in relation to colorectal cancer location.
Cancer Res Treat (2019) 51(3):1135–43. doi: 10.4143/crt.2018.392

7. Le Voyer TE, Sigurdson ER, Hanlon AL, Mayer RJ, Macdonald JS, Catalano
PJ, et al. Colon cancer survival is associated with increasing number of lymph
nodes analyzed: a secondary survey of intergroup trial INT-0089. J Clin Oncol
(2003) 21(15):2912–9. doi: 10.1200/JCO.2003.05.062

8. Roth AD, Delorenzi M, Tejpar S, Yan P, Klingbiel D, Fiocca R, et al. Integrated
analysis of molecular and clinical prognostic factors in stage II/III colon cancer. J
Natl Cancer Inst (2012) 104(21):1635–46. doi: 10.1093/jnci/djs427

9. Aparicio T. Tumor microsatellite-instability status as a predictor of benefit
from fluorouracil-based adjuvant chemotherapy for colon cancer. Colon Rectum
(2013) 7(1):46–8. doi: 10.1007/s11725-013-0437-y

10. Jin M-L, Gong Y, Pei Y-C, Ji P, Hu X, Shao Z-M. Modified lymph node ratio
improves the prognostic predictive ability for breast cancer patients compared with
other lymph node staging systems. Breast (2020) 49:93–100. doi: 10.1016/
j.breast.2019.11.003

11. Zhu J, Xue Z, Zhang S, Guo X, Zhai L, Shang S, et al. Integrated analysis of
the prognostic role of the lymph node ratio in node-positive gastric cancer: A meta-
analysis. Int J Surg (2018) :57:76–83. doi: 10.1016/j.ijsu.2018.08.002

12. Yukawa N, Aoyama T, Tamagawa H, Tamagawa A, Atsumi Y, Kawahara S,
et al. The lymph node ratio is an independent prognostic factor in esophageal
cancer patients who receive curative surgery. In Vivo (2020) 34(4):2087–93. doi:
10.21873/invivo.12012

13. Mansour J, Sagiv D, Alon E, Talmi Y. Prognostic value of lymph node ratio
in metastatic papillary thyroid carcinoma. J Laryngol Otol (2018) 132(1):8–13. doi:
10.1017/S0022215117002250
TABLE 2 Evidence regarding TDs implementation.

Authors Subject Major Findings Reference

Nagtegaal ID et al. Staging TDs Presence of TDs is at least of equal importance to N status and its factoring should not be
restricted to cases in which LN are absent.

(59, 60)

Shen F et al. Staging TDs Cancer specific survival difference between N1b and N1c is not statistically significant (61)

Mayo et al. Presence of TDs Presence of TDs predicts poorer survival, especially in lower N stages (62)

Pricolo VE et al.; Brouwer
NPM et al; Zheng K et al

Number of TDs TDs number is associated with worse survival (58, 64, 65)

Mirkin KA et al.; Zheng P et al. Presence of TDs and
LNMs

Presence of both TDs and LNM was associated with worse survival than with each factor
alone

(67, 68)

Nagtegaal ID et al.; Wang S et al.;
Cohen R et al.;

Number of TDs TDs should be added to final N count. According to Wang S et al. one TD should be
considered as two LNMs

(59, 60, 66,
69)

Yamano T et al. TDs subclassification Classifying TDs in invasive-type and nodular-type TDs may improve prognostic value (70)

Lin et al. TDs evaluation in
metastatic disease

Presence of TDs is associated with worse survival in patients undergoing simultaneous
resection for liver colorectal metastases

(73)
fro
LNM, Lymph Node Metastasis; TD, Tumor Deposit.
ntiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21395
https://doi.org/10.3322/caac.21654
https://doi.org/10.1245/s10434-018-6462-1
https://doi.org/10.4143/crt.2018.392
https://doi.org/10.1200/JCO.2003.05.062
https://doi.org/10.1093/jnci/djs427
https://doi.org/10.1007/s11725-013-0437-y
https://doi.org/10.1016/j.breast.2019.11.003
https://doi.org/10.1016/j.breast.2019.11.003
https://doi.org/10.1016/j.ijsu.2018.08.002
https://doi.org/10.21873/invivo.12012
https://doi.org/10.1017/S0022215117002250
https://doi.org/10.3389/fonc.2022.937114
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Arrichiello et al. 10.3389/fonc.2022.937114
14. Kim J, Park J, Park H, Choi MS, Jang HW, Kim TH, et al. Metastatic lymph
node ratio for predicting recurrence in medullary thyroid cancer. Cancers (2021)
13:5842. doi: 10.3390/cancers13225842

15. Zhou J, Lin Z, Lyu M, Chen N, Liao H, Wang Z, et al. Prognostic value of
lymph node ratio in non-small-cell lung cancer: a meta-analysis. Jpn J Clin Oncol
(2020) 50(1):44–57. doi: 10.1093/jjco/hyz120

16. Bu DD, Ferrandino R, Robinson EM, Liu S, Miles BA, Teng MS, et al.
Lymph node ratio in HPV-associated oropharyngeal cancer: identification of a
prognostic threshold. Laryngoscope (2021) 131(1):E184–9. doi: 10.1002/lary.28689

17. Tong GJ, Zhang GY, Liu J, Zheng ZZ, Chen Y, Niu PP, et al. Comparison of
the eighth version of the American joint committee on cancer manual to the
seventh version for colorectal cancer: A retrospective review of our data. World J
Clin Oncol (2018) 9(7):148–61. doi: 10.5306/wjco.v9.i7.148

18. Gao P, Song Y, Wang Z, Xu Y, Tong L, Sun J, et al. Is the prediction of
prognosis not improved by the seventh edition of the TNM classification for
colorectal cancer? analysis of the surveillance, epidemiology, and end results
(SEER) database. BMC Cancer (2013) 13:123. doi: 10.1186/1471-2407-13-123

19. Wang J, Hassett JM, Dayton MT, Kulaylat MN. Lymph node ratio: role in
the staging of node-positive colon cancer. Ann Surg Oncol (2008) 15(6):1600–8.
doi: 10.1245/s10434-007-9716-x

20. Chin CC, Wang JY, Yeh CY, Kuo YH, Huang WS, Yeh CH. Metastatic
lymph node ratio is a more precise predictor of prognosis than number of lymph
node metastases in stage III colon cancer. Int J Colorectal Dis (2009) 24(11):1297–
302. doi: 10.1007/s00384-009-0738-7

21. Ceelen W, Van Nieuwenhove Y, Pattyn P. Prognostic value of the lymph
node ratio in stage III colorectal cancer: a systematic review. Ann Surg Oncol (2010)
17(11):2847–55. doi: 10.1245/s10434-010-1158-1

22. Berger AC, Sigurdson ER, LeVoyer T, Hanlon A, Mayer RJ, Macdonald JS, et al.
Colon cancer survival is associated with decreasing ratio of metastatic to examined
lymph nodes. J Clin Oncol (2005) 23(34):8706–12. doi: 10.1200/JCO.2005.02.8852

23. Li Destri G, Barchitta M, Pesce A, Latteri S, Bosco D, Di Cataldo A, et al.
Predictive value of the number of harvested lymph nodes and cut-off for lymph
node ratio in the prognosis of stage ii and iii colorectal cancer patients. J Invest Surg
(2019) 32(1):1–7. doi: 10.1080/08941939.2017.1369605

24. Shimomura M, Ikeda S, Takakura Y, Kawaguchi Y, Tokunaga M, Egi H,
et al. Adequate lymph node examination is essential to ensure the prognostic value
of the lymph node ratio in patients with stage III colorectal cancer. Surg Today
(2011) 41(10):1370–9. doi: 10.1007/s00595-010-4446-2

25. In JP, Choi GS, Soo HJ. Nodal stage of stage III colon cancer: the impact of
metastatic lymph node ratio. J Surg Oncol (2009) 100(3):240–3. doi: 10.1002/
jso.21273

26. Rosenberg R, Friederichs J, Schuster T, Gertler R, Maak M, Becker K, et al.
Prognosis of patients with colorectal cancer is associated with lymph node ratio: a
single-center analysis of 3,026 patients over a 25-year time period. Ann Surg (2008)
248(6):968–78. doi: 10.1097/SLA.0b013e318190eddc
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