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Aim: Lymph node ratio (LNR) seems to be more precise than classic N stage in classifying

cancer stage. Thus, we aim to construct a modified classification system based on LNR for

colon cancer without distant metastasis.

Methods: This study enrolled two independent cohorts of patients. The primary cohort

enrolled 2,152 patients from 2008 to 2013 in Zhongshan Hospital, Fudan University. The

validation cohort consisted of 77,406 patients from the Surveillance, Epidemiology, and End

Results (SEER) registry from 2004 to 2014. The inclusion criteria were: pathologically

confirmed colon cancer, and American Joint Committee on Cancer (AJCC) stage I/II/III.

The exclusion criteria included: incomplete follow-up information, rectal cancer, and multi-

ple primary sites. The prognostic value of LNR for overall survival was evaluated. The cutoff

value of LNR was determined by the X-tile. Predictive performance of modified classifica-

tion was determined by the concordance index.

Results: After analysis, 0.05 and 0.50 were determined as the best threshold values of LNR. A

value of <0.05, 0.05–0.50 and >0.50 was reclassified as the mN0, mN1 and mN2 stage. A

modified classification based on mN0, mN1, and mN2 was further constructed for stage I/II/III

colon cancer. C-index of the modified classification was statistically more precise than AJCC

classification (0.687 versus 0.605, P<0.001). The same results can also be determined in the

validation cohort (0.715 versus 0.640, P<0.001). Furthermore, a prognostic nomogram includ-

ing independent factors was constructed. The constructed nomogram showed good perfor-

mance according to the calibration curve.

Conclusion: The clinical value of LNR level was preferable to classic N stage in colon

cancer patients. Our proposed classification based on LNR and AJCC T category can

effectively differentiate patients with varied survival outcomes.
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Introduction
Colon cancer, as one of the most common malignancies in the digestive gastro-

intestinal tract,1 accounts for one-third of the estimated new digestive cancer cases.2

For colon cancer, positive histological confirmation of American Joint Committee

on Cancer (AJCC) stage is a significant indicator in managing the next therapeutic

strategy.3 However, classification of N stage (namely lymph node metastasis status)

depends on the resection range of surgical procedure and circumspective examina-

tion of pathologists, which may lead to inevitable bias and major error in evaluating

merely the positivity of lymph node metastasis. The false-negative nodal staging
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caused by inadequacy of lymph node retrieval exists in

AJCC stage I–III colon cancer on a broad scale.

Lymph node ratio (LNR), first reported by Berger in

2004,4 is defined as the number of positive lymph nodes

(PLNs) divided by the total examined lymph nodes. LNR

has been reported5–8 many times to be a robust predictor of

survival, better than traditional N stage; therefore, the

specific clinical advantage of LNR with respect to non-

TNM factors such as age, differentiation grade, has still

not been explored in colon cancer patients with a popula-

tion-based scale.9 Many reports have studied the clinical

value of LNR by only focusing on stage III colon cancer

(with lymph node metastasis) and demonstrated that LNR

has no clinically prognostic power to differentiate Stage I

and Stage II (colon cancer patients with no lymph node

metastasis).10 However, according to the current AJCC

classification on colon cancer, the same T categories with

or without lymph node metastasis were considered as

different prognosis groups, even in selective patients with

a low value of LNR (such as 1 PLN of 99 examined lymph

nodes). It may be assumed that such patients would be

considered to have a preferable prognosis compared to

non-lymph node metastasis patients. Thus, the specific

prognostic stratification of these patients should be further

reclassified.

Thus, in this study, we use data retrieved from a large

Chinese center to identify good cutoff values of LNR

affecting survival and to construct a modified stage for

prognosis prediction in colon cancer patients with no dis-

tant metastasis. The capability of the constructed model

was further determined through the validation of

Surveillance, Epidemiology, and End Results (SEER) reg-

istry performed to determine the specific prognostic cap-

ability. In addition, a novel nomogram including LNR

breaking through the traditional TNM system should be

established to assist in chemotherapy risk stratification and

survival predictor precisely.

Methods and materials
Patients and data resources
This study was approved by the ethics committee of

Zhongshan Hospital, Fudan University, and informed written

consent was obtained for each patient. For the primary cohort,

the clinical data of 2,152 colon cancer patients without distant

metastasis at Zhongshan Hospital between January 2008 and

December 2013 were derived from the single-institutional

database. Patients with colon adenocarcinoma, mucinous

adenocarcinoma, and signet-ring cell carcinomawere included

in this study. Patients with multiple primary cancer, preopera-

tive adjuvant therapy and missing follow-up information were

excluded (Figure 1). All cancers were described in the study

according to the TNM Classification of Malignant Tumors,

eighth edition (TNM 8th).

For the validation cohort, data of patients with colon

cancer (site code C18.2 – Ascending colon, C18.3 –

Hepatic flexure of colon, C18.4 – Transverse colon,

C18.5 – Splenic flexure of colon, C18.6 – Descending

colon, C18.7 – Sigmoid colon and C18.8 – Overlapping

lesion of colon) diagnosed from 2004 to 2014 were

retrieved from SEER database. The following

International Classification of Diseases for oncology,

third edition (ICD-O-3rd) histology codes were used to

determine colon cancer: carcinoma (8010/3) and adenocar-

cinoma (8140/3). All the diagnoses were made through the

positive histological examination, and data of unresectable

patients were excluded. Other data containing age at diag-

nosis, sex, date of initial diagnosis, tumor differentiation,

location of distant metastasis and cancer-specific survival

(CSS) were retrieved from databases. For the evaluation of

AJCC 8th edition TNM stage was performed basing on the

following codes: collaborative stage (CS) tumor size 2004,

CS metastases at DX 2004, CS lymph nodes 2004 and

derived AJCC stage group (7th edition). Colon cancer

patients with unknown characteristics or lacking survival

information were excluded in our study. After the retrieval

process, data of 122,227 colon cancer patients were

retrieved from the SEER database; the re-evaluation of

AJCC stage based on tumor size, distant metastases and

lymph nodes metastasis. Of 122,227 patients, 77,406 colon

cancer patients without distant metastasis were retrieved

from the database.

Statistical analysis
Statistical analyses were performed using the SPSS statis-

tical package. The chi-squared test and Fishers exact test

were used to compare proportions when appropriate,

whereas means were compared using a nonparametric

test. Pearson correlation and nonlinear exponential regres-

sion analysis were also carried out. Overall survival (OS)

analyses were carried out using the Kaplan–Meier method,

and the results were compared using a log-rank test. A

multivariable Cox proportional hazards model predicting

OS was performed using backward stepwise selection.

Risk factors were expressed as [HR, 95%CI]. Statistical

significance was defined as P-value less than 0.05. The
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cutoff value of the LNR was determined by the X-tile

(3.6.1, Yale University) from the primary cohort patients

with all ranges of LNR data. The predictive nomogram

was formulated on the basis of a multivariate analysis

using the package of rms in R version 3.3.0. The valida-

tion and discrimination of the nomogram were determined

by the Harrell concordance index (C-index) as an index of

model performance. Higher C-index values indicate better

discrimination.

Results
Clinicopathological characteristics of

colon cancer cases
The flow diagram of cohort selection is shown in

Figure 1. For the primary cohort, 2,152 patients with

stage I\II\III colon cancer were included (Table 1).

Approximately 33.69% of patients had a tumor located

at the sigmoid colon. More than 90% of patients had

poor and intermediate differentiated tumors. The med-

ian survival time was 50.0 months (5-year survival

rate, 37.77%). The median follow-up period was 83.2

months (range 1.3–124.5 months). For the validation

cohort, the clinical data of 122,224 colon cancer

patients diagnosed with histologically confirmed colon

cancer were retrieved from the SEER database from

2004 to 2014. In total, 77,406 patients with stage I\II

\III colon cancer were included in this study, and the

baseline characteristics are shown in Table 1. The

median age at the year of diagnosis was 68 (ranging

from 11 to 85). The primary site of colon cancer was

the sigmoid colon (38.89%). For the differentiation

grade of the primary site, approximately 7.10%,

74.43%, 16.60% and 1.87% of colon cancer patients

suffered from well, moderate, poor and nonneoplastic

differentiations, respectively.

Primary cohort
Departement of general surgery

Zhongshan Hospital, Fudan University
from 2008.1 to 2013.12

Pathological confirmed colorectal cancer
(adenocarcinoma/mucinous

adenocarcinoma/singet-ring cell carcinoma)

Pathologically confirmed colorectal cancer
(adenocarcinoma/mucinous

adenocarcinoma/singet-ring cell carcinoma)

Receiving primary tumor radical resection
N=3879

Receiving primary tumor radical resction
N=122224

Validation cohort

Surveillance, Epidemiology, and End Results
(SEER) registey

from 2004 to 2014

Colon cancer
(localized ≥ 15cm from anal verge)

N=3282

Colon cancer
(rectal primary tum or excluded)

N=118381

Pathological stage I/II/III disease
(without distant metastasis)

N=2904

Pathological stage I/II/III disease
(without distant metastasis)

N=101062

Exclusion of 752 patients:
Multiple primary sites: 35
Missing clinical data:165

Loss of follow-up data:532

Specimen unavailable:5

History of other tumor:10

Finally enrolled in primary cohort
N=2152

Finally enrolled in validation cohort
N=77406

Exclusion of 23656 patients:
LNR problem:567

Missing TNM information:3536
Loss of follow-up data:19553

Figure 1 Flow diagram of stage I\II\III colon cancer patients enrolled from our institution and the SEER database.

Abbreviations: LNR, lymph node ratio; SEER, surveillance, epidemiology, and end results.
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Determination of the cutoff value of LNR
In the primary cohort, the median examined lymph node

(ELN) was 13.8, ranging from 1 to 82. The median PLN

was 2.0, ranging from 1 to 42. The median LNR (PLN/ELN)

value was 0.12, ranging from 0 to 1. Xtile (Version 3.6.1) was

used to identify a survival-dependent cutoff in LNR values

such that the resulting subgroups had significantly different

survival courses. After the analysis, the cutoff values of LNR

were determined as 0.05 and 0.50 (details are shown in

Figure S1). A score of ≥0.50 was taken as the cut-off for

high LNR level (mN2), <0.05 was regarded as the low LNR

level (mN0); thus, the median LNR level was between 0.05

and 0.50 (mN1). For the validation cohort, the median ELN

was 17.0 (from 1 to 99). The median PLN was 3.0, ranging

from 1 to 98. The median LNR was 0.26, ranging from 0.01

to 1.00. The proportions of mN0, mN1, and mN2 were

54.45%, 25.24%, and 20.31%, respectively.

Prognostic comparison between the mN

stage and the classic N stage
In the primary cohort, through the analysis of Kaplan–

Meier curves, LNR values of different levels demon-

strated varied duration of survivals (P<0.001) com-

pared with classic N stage in the primary cohort

(Figure 2A and B). The median duration of survival

was 70.0 (mN0), 48.0 (mN1) and 10.0 (mN2) months,

respectively. For validation, the cutoff value con-

structed based on our data showed a similar result,

differentiating the survival outcomes in SEER colon

cancer patients (Figure 2C and D, P<0.001). The med-

ian survival was 44.0 (mN1), 43.0 (mN2) and 34.0

months (mN3), respectively. Comparing to the classic

N stage (C-index: 0.578, 95%CI: 0.428–0.893), the C-

index of the modified N stage (C-index: 0.701, 95%CI:

0.588–0.827) was statistically larger (0.701 versus

0.578, P<0.001 in the primary cohort), which demon-

strated a preferable performance for discrimination.

Similar statistical results can also be determined in

the validation cohort.

Preferable C-index has been observed for LNR

level compared to classic N stage. Based on these

findings, we further wonder whether there is a differ-

ence in the duration of survival between patients with-

out lymph node metastasis (N0) and 0<LNR<0.05.

Figure 3A and B shows that there is no difference in

survival outcomes between the two groups in the pri-

mary and validation cohorts, demonstrating that selec-

tive patients with smaller values of LNR, even with

lymph node metastasis, could have the same prognostic

survival outcome as their N0 counterparts. In addition,

Figure 3C and D demonstrated that in both primary and

validation cohorts the patients with 0<LNR<0.05 still

have better survival outcomes than mN1 and mN2

patients. Furthermore, we explore whether this staging

system is applicable to patient selection of adjuvant

chemotherapy. Chemotherapy status was also recorded.

Figure 4 demonstrates survival benefit for adjuvant

chemotherapy in each mN stage in primary (A, B,

and C) and validation (D, E, and F) cohort. From our

analysis, adjuvant chemotherapy shows no survival

benefit in mN0 patients, even in patients with positive

LN metastasis (P>0.05). In contrast, for mN1 and mN2

patients, patients receiving chemotherapy demonstrated

a better survival outcome than their no chemotherapy

counterpart.

Table 1 Baseline clinical characteristics

Characteristics Primary

cohort

Validation

cohort

No. % No %

Age, years

≥60 1,425 66.21% 55,504 71.71%

<60 627 33.79% 21,902 28.29%

Gender

Males 1,247 57.95% 39,366 50.86%

Females 905 42.05% 38,040 49.14%

Primary site

Sigmoid colon 725 33.69% 30,102 38.89%

Ascending colon 432 20.07% 19,981 25.81%

Transverse colon 478 22.21% 10,194 13.17%

Descending colon 207 9.62% 6,656 8.60%

Hepatic flexure of colon 147 6.83% 5,322 6.88%

Splenic flexure of colon 102 4.74% 3,899 5.04%

Overlapping lesion of colon 61 2.83% 1,252 1.61%

Differentiation

Low grade 1,305 60.64% 63,113 81.53%

High grade 847 39.36% 14,293 18.47%

AJCC stage

I 428 19.89% 14,605 18.87%

IIA 478 22.21% 27,549 35.59%

IIB 288 13.38% 2,100 2.71%

IIC 221 10.27% 2,187 2.83%

IIIA 245 11.38% 2,560 3.31%

IIIB 265 12.31% 18,418 23.79%

IIIC 227 10.54% 9,987 12.90%

Abbreviation: AJCC, american joint committee on cancer.
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Reclassification based on lymph node

ratio and tumor stage
As the AJCC 8th classification divides stage I\II\III

colon cancer into seven subgroups, I, IIA, IIB, IIC,

IIIA, IIIB and IIIC were regarded as the commonly

used stage for years. To determine the modified classi-

fication for stage I, II and III colon cancer, using mN0,

mN1, and mN2 to respectively replace N0, N1, and N2

in situ, we constructed a new stage based on LNR level

and tumor category (Table 2). The modified classifica-

tion included mI, mIIA, mIIB, mIIC, mIIIA, mIIIB, and

mIIIC. In the primary cohort, the proportion of mI,

mIIA, mIIB, mIIC, mIIIA, mIIIB, and mIIIC was,

respectively, 17.19%, 20.21%, 15.29%, 16.17%, 4.65%,

23.61%, and 2.88% (Figure 5A and B, P<0.001), the

performance of the novel stage was statistically better

than the classic stage (C-index: 0.687 versus 0.605).

SEER data were also retrieved into the classification to

validate the newly proposed classification. The propor-

tion of each stage was 18.36%, 38.05%, 22.4%, 4.96%,

0.84%, 3.45%, 33.54%, and 1.15%, respectively. Figure

5C and D provided the Kaplan–Meier analysis for the

validation of the newly proposed classification with

statistical significance (P<0.001).

While the number of ELN and PLN can be affected by

the experience of surgeons or pathologists, as well as the

operative procedures, we further investigated the value of

the proposed classification by using subgroup analysis.

Since the SEER database did not provide us with informa-

tion about the experience of pathologists or surgeons, we

divided the patients into two subgroups according to the

year of diagnosis (2004–2009 and 2010–2014), based on

an assumption that surgeons or pathologists in the latter

subgroup might be more experienced than those in the

former subgroup. Through our analysis, the ELN in the

latter period was statistically higher than the former period

(median ELN 18 vs 14, P<0.001). Based on the proposed

classification above, survival curves were also constructed

in different groups of diagnosis period. In patients diag-

nosed between 2004 and 2009, the LNR level and our

proposed classification could stratify patients with differ-

ent survival (Figure S2A and B). Furthermore, in patients

diagnosed after 2010, similar results could also be

obtained (Figure S3A and B).
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Figure 2 Kaplan–Meier overall survival curves for patients of stratified LNR levels (A and C) and survival outcomes of different classic N levels (B and D). P-values were
determined by the log-rank test.

Abbreviation: LNR, lymph node ratio.
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Figure 3 Kaplan–Meier overall survival curves for patients between N0 and 0<LNR<0.05 in primary (A) and validation cohort (B). Survival curves among 0<LNR<0.05,

mN1 and mN2 were also drawn in primary (C) and validation (D) cohort. P-values were determined by the log-rank test.

Abbreviation: LNR, lymph node ratio.
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Figure 4 In the primary cohort, the efficacy of postoperative adjuvant chemotherapy is shown for patients of (A) mN0, (B) mN1, and (C) mN2 stage in OS. In the validation

cohort, the efficacy of postoperative adjuvant chemotherapy is shown for patients of (D) mN0, (E) mN1, and (F) mN2 stage in OS.

Abbreviations: OS, overall survival; LNR, lymph node ratio.
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Prognostic nomogram for OS prediction
Data of both primary and validation cohort patients were

included in univariate and multivariate analyses to deter-

mine the prognosis-related factors, which is demonstrated

in Table 3. From the multivariable analysis of OS, tumor

differentiation grade (P=0.001, HR=1.144; 95%CI: 1.112–

1.659), modified stage (P=0.001, HR=1.078; 95%CI:

1.010–1.748), age level (P=0.000), chemotherapy status

(P=0.002, HR=0.604; 95%CI: 0.442–0.899) were regarded

as independent risk indicators for tumor OS.

To precisely predict the prognosis in those colon cancer

patients including non-TNM risk factors, one accurate

prognostic nomogram which integrated age levels, tumor

grade, modified stage classification, and chemotherapy

status was proposed by multivariate Cox regression

models according to the primary set (Figure S4). The C-

index for OS prediction with the formulated nomogram

was 0.696 (95%CI: 0.672–0.738), which was higher than

the C-index of the AJCC staging system (0.605; 95%CI:

0.485–1.223) in the whole cohort, as is shown in Table 4.

Table 4 demonstrates the specific C-index of each prog-

nostic model in primary and validation cohort. The higher

C-index, the better predictive accuracy for OS the system

achieved. Therefore, the nomogram containing our pro-

posed classification was formulated to predict survival

with superior performance. The internal and external vali-

dation curves were constructed to validate the performance

of the prognosis-prediction model. As shown in Figure S5,

the observed probability of 1-, 3-, and 5-year OS in the

primary cohort and 1-, 3-, and 5-year OS in the validation

Table 2 The AJCC N staging definitions and our proposed modified lymph node staging definitions based on LNR for stage I\II\III

colon cancer

AJCC N classification Modified lymph node classification based on LNR

N0: No regional lymph node metastasis mN0: LNR was less than 0.05

N1: 1 to 3 regional lymph nodes are positive mN1: LNR was between 0.05 to 0.50

N2: 4 or more regional lymph nodes are positive mN2: LNR was larger than 0.50

AJCC 8th stage I\II\III classification Modified stage I\II\III classification

T stage N stage M stage T stage mLN stage M stage

Stage Stage

I T1–T2 N0 M0 mI T1-T2 mN0 M0

IIA T3 N0 M0 mIIA T3 mN0 M0

IIB T4a N0 M0 mIIB T4a mN0 M0

IIC T4b N0 M0 mIIC T4b mN0 M0

IIIA T1–T2 N1 M0 mIIIA T1–T2 mN1 M0

T1 N2 M0 T1 mN2 M0

IIIB T3–T4a N1 M0 mIIIB T3–T4a mN1 M0

T1–T3 N2 M0 T1–T3 mN2 M0

IIIC T3–T4a N2 M0 mIIIC T3–T4a mN2 M0

T4b N1-N2 M0 T4b mN1-2 M0

AJCC 8th stage I\II\III classification Modified stage I\II\III classification

Cohort Primary Validation Primary Validation

Stage No % No % mStage No. % No %

I 428 19.89% 14,605 18.87% mI 370 17.19% 14,214 18.36%

IIA 478 22.21% 27,549 35.59% mIIA 435 20.21% 29,455 38.05%

IIB 288 13.38% 2,100 2.71% mIIB 329 15.29% 3,837 4.96%

IIC 221 10.27% 2,187 2.83% mIIC 348 16.17% 650 0.84%

IIIA 245 11.38% 2,560 3.31% mIIIA 100 4.65% 2,670 3.45%

IIIB 265 12.31% 18,418 23.79% mIIIB 508 23.61% 25,692 33.54%

IIIC 227 10.54% 9,987 12.90% mIIIC 62 2.88% 888 1.15%

Abbreviations: AJCC, american joint committee on cancer; LNR, lymph node ratio.
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cohort showed optimal consistency with the nomogram-

predicted OS.

Discussion
Surgery remains the curative treatment of choice for colon

cancer.11 However, prognosis in colon cancer is still based

on pathological criteria including TNM staging, and LNR

has been proposed to improve the prediction of outcomes.10

LNR is dependent on optimal retrieval of lymph nodes—

ELN and is defined as the number of PLN divided by the

total ELN.12 Traditionally, the number of PLN was consid-

ered as a determinant factor to determine N stage.

Compared with PLN (N stage), LNR was more independent

owing to specific resection range and is more suitable for

the clinical analysis in every case.13 On the other hand,

LNR reflects the number of dissected lymph nodes, which

may minimize stage migration and consequently allow

more accurate prediction of survival than using the number

of metastatic lymph nodes alone.14 In addition, with the

concept of TME being regarded as the preferred operation

in colon cancer and the increase in experiences of surgeons

and pathologists, the benefit of the recommended N stage

should be further explored.

In many other kinds of tumor, LNR was found to be a

prognostic factor in predicting the survival of patients.15–17

In colon cancer, this factor was also well analyzed.18,19 It

is also obvious that the number of LNR have no clinical

value in Stage I and Stage II colon cancer patients with no

lymph node metastasis. Previously, Ali18 reported that

LNR is a more accurate prognostic factor than lymph

node stage in stage III colon cancer patients; however,

this study only included 66 patients and has a relatively

low volume of the study group. Ramzi19 discussed the

relationship between the LNR and the resection length,

therefore, whether the prognostic classification was based

on the ELN and LNR was less explored. Hirotoshi20

reported that adding the concept of LNR and location of

lymph node metastasis to TNM staging could improve the

accuracy of evaluating nodal status in colorectal cancer

patients. However, this study included patients with rectal

cancer, which had quite different operation standards com-

pared with colon cancer. Mohan10 reported that N1/N2 and

LNR do not provide additional prognostic value to current

staging for OS, with an analysis of only 402 colon cancer

patients in one center. Thus, all current research about

LNR explored the value in stage III colon cancer.

However, some patients with a lower value of LNR may
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Figure 5 Kaplan–Meier overall survival curves for patients of modified classification (A and C) and survival outcomes of different classic AJCC stage levels (B and D).

Abbreviation: AJCC, american joint committee on cancer.
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have the same survival outcomes as the classic N0 (stage I

and stage II) patients. Thus, on the one hand, when explor-

ing the prognostic cutoff value of LNR, the factor of no

lymph node metastasis should be adjusted, and value of

proposed classification should be re-evaluated and vali-

dated by another large volume of colon cancer cases; on

the other hand, as 0.05 was determined as a cutoff value

for LNR, including the data of stage I and II patients can

also have similar survival outcome compared with patients

with 0<LNR<0.05, which can improve prognosis power

for this cutoff value.

In this study, 2,152 and 77,406 cases with stage I\II

\III colon cancer from one Chinese center and the SEER

database were enrolled in the analysis. Through analysis

of the clinical characteristics, three subgroups divided

based on the cutoff LNR value (mN0, mN1, and mN2)

Table 3 Characteristics of patients in stage I\II\III colon cancer patients: univariate and multivariate analysis

Characteristics Patients

(validation)

Overall survival Patients

(primary)

Overall survival

Uni HR (95%

CI)

Multi HR (95%

CI)

Uni HR (95%

CI)

Multi HR (95%

CI)

Total 77,406 2,152

Gender 0.456 0.965

(0.953–

1.086)

NA NA 0.797 0.712

(0.408–

1.247)

NA NA

Males 39,366 1,247

Females 38,040 905

Age (years) 0.001 0.947

(0.886–

0.989)

0.000 0.534

(0.488–

0.657 )

0.000 0.789

(0.768–

0.818)

0.000 0.945

(0.712–

0.936)

≥60 55,504 1,425

<60 21,902 727

Differentiation 0.000 1.201

(1.002–

1.349)

0.000 1.160

(1.082–

1.339 )

0.000 1.326

(1.132–

1.645)

0.001 1.144

(1.112–

1.659)

Low grade 63,113 1,305

High grade 14,293 847

Modified stage 0.0000 1.566

(1.528–

1.605)

0.0000 1.634

(1.563–

1.676 )

0.001 1.406

(1.054–

1.874)

0.001 1.078

(1.010–

1.748)

mI 14,214 370

mIIA 29,455 435

mIIB 3,837 329

mIIC 650 348

mIIIA 2,670 100

mIIIB 25,692 508

mIIIC 888 62

Chemotherapy 0.0000 0.525

(0.499–

0.542)

0.0000 0.488

(0.472–

0.527)

0.017 0.410

(0.347–

0.505)

0.020 0.604

(0.442–

0.899)

Yes 24,218 681

No 53,188 1,471
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were constructed and considered as the modified LNR

stage. LNR levels had significant correlations with the

duration of survival, as did age level, tumor grade, and

T classification, which are generally consistent with a

previous report.21 The mN stage demonstrated good

performance for differentiating different various survival

outcomes in both primary and validation cohort patients

(Figure 2). Retrospectively, duration of survival between

the patients without lymph node metastasis (N0) and

0<LNR<0.05 was compared, and the statistical differ-

ence was not observed in Kaplan–Meier analysis, as is

shown in Figure 3, demonstrating that it is necessary to

retrieve as many lymph nodes as possible during the

operation. The mN stage can also be a predictive indi-

cator for patients selection of adjuvant chemotherapy.

Furthermore, Table 2 shows a modified classification

based on LNR and classic AJCC T category in both

cohorts. To evaluate the clinical value of this novel

classification, the duration of survival demonstrated dif-

ferent survival outcomes in mI, mIIA, mIIB, mIIC,

mIIIA, mIIIB, and mIIIC. From the results, we consid-

ered that the stage constructed based on LNR was prog-

nostically preferable to the classic N stage. Classic N

stage did help to inform the prognostic outcome and

provide treatment reference in managing the colon

cancer.2 However, because ELN and PLN are largely

influenced by the experience of surgeons or pathologists,

as well as the operative procedures, random conditions

still exist that some patients with one lymph node

metastasis may actually have more lymph nodes metas-

tasis, while some patients who have only one metastasis

after retrieving as many as 99 lymph nodes may be

prognostically better than their 1 PLN counterpart.

Thus, the LNR, as an independent value, can improve

the power to determine these patients with better

accuracy.

In addition to TNM factors, we also construct a prog-

nostic nomogram containing our modified stage and non-

TNM factors such as age level, tumor grade, and adjuvant

chemotherapy status. The analysis demonstrated that our

proposed model manifested superior predictive value com-

pared to the TNM staging system alone. In addition, the

formulated nomogram staging system revealed better per-

formance in risk stratification for the prognosis of patients

with resected colon cancer than TNM stage system with a

better C-index. All these statistical results were verified in

the internal and external validation cohort.

Our study has some limitations. First, since molecular

examination results have already been added into the AJCC

8th stage system, several known molecular prognostic fac-

tors such as RAS and BRAF were not captured from the

SEER database, which may lead to the lack of further

analysis; the second limitation is the retrospective nature

of this study. In order to confirm the prognosis predictive

results, a large control trial may still be required.

Additionally, the C-index of the nomogram is good but

not excellent. Many other factors can also influence prog-

nosis, and further research is still warranted to improve the

accuracy of the nomogram. However, the size of the present

study, which we believe to be the largest in stage I\II\III

colon cancer, provides a comprehensive epidemiologic pic-

ture and a more accurate prognostic classification system.

In conclusion, lymphatic metastasis is very common in

patients with colon cancer. In colon cancer patients without

distant metastasis, LNR was preferable to classic N stage

for discriminating survival outcomes and prediction of che-

motherapy. Further, our newly proposed classification

based on LNR and AJCC T category effectively demon-

strated preferable risk stratification capability. Furthermore,

a nomogram including the novel classification and non-

TNM factors formulated in this study revealed better dis-

crimination capability to predict 1-, 3- and 5-year OS rates.

Table 4 Discriminatory capabilities of the classification system in primary and validation cohort

Variables Primary cohort Validation cohort

C-index 95%CI P-value C-index 95%CI P-value

AJCC N stage 0.578 0.428–0.693 Reference 0.601 0.528–0.676 Reference

mLNR stage 0.701 0.588–0.827 P<0.001 0.725 0.621–0.832 P<0.001

AJCC I\II\III classification 0.605 0.485–0.723 Reference 0.640 0.502–0.749 Reference

Modified I\II\III classification 0.687 0.526–0.832 P<0.001 0.715 0.649–0.868 P<0.001

Nomogram 0.696 0.672–0.738 NA NA NA NA

Abbreviations: AJCC, American Joint Committee on Cancer; C-index, concordance index; LN, lymph node; NA, not available.
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Figure S1 A demonstration of the result from the analysis of X-tile.
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Figure S2 SEER patients diagnosed between 2004 and 2009, (A) patients with LNR>0.50 had significantly worse prognosis than patients with LNR<0.05 and patients with

LNR between 0.05 and 0.50 (P<0.0001), and (B) survival analysis showed that modified stage mI, mIIA, mIIB, mIIC, mIIIA, mIIIB, and mIIIC had stratified survival (p<0.0001).
Abbreviations: LNR, lymph node ratio; SEER, Surveillance, Epidemiology, and End Results.
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Figure S3 SEER patients diagnosed after 2010, (A) patients with LNR>0.50 had significantly worse prognosis than patients with LNR<0.05 and patients with LNR between

0.05 and 0.50 (P<0.001), and (B) survival analysis showed that modified stage mI, mIIA, mIIB, mIIC, mIIIA, mIIIB, and mIIIC had stratified survival (p<0.001).
Abbreviations: LNR, lymph node ratio; SEER, Surveillance, Epidemiology, and End Results.

Figure S4 Nomogram to predict OS of patients with AJCC stage I\II\III colon cancer. To validate the nomogram, the sum of each predictor point was charted on the total

points axis. The 1-, 3-, and 5-year OS rates were estimated by plotting a straight vertical line from the charted total points axis to the same OS rate axis. For the “Age level”

line, 1 indicates “≥60 years” old and 0 indicates “<60 years old”. For the “Chemo” line, 1 refers to “adjuvant chemotherapy performed” and 0 refers to “not performed”.

For the “Grade” line, 0, 1, 2 and 3 refer to the well-differentiated, median-differentiated, poorly differentiated and undifferentiated, respectively. For the “modified stage”

line, 1 to 7 separately refer to mI to mIIIC stage.

Abbreviations: AJCC, American Joint Committee on Cancer; OS, overall survival.
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Abbreviation: OS, overall survival.
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