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ARTICLE INFO ABSTRACT
Keywords: Background: Extranodal extension (ENE) and log odds of positive lymph nodes (LODDS) are associated with the
Colorectal cancer aggressiveness of both colon and rectal cancers. The current study evaluated the clinicopathological significance

Extranodal extension
Log odds of positive lymph nodes
Lymph node-positive

Tumor location surgery were reviewed.

and the prognostic impact of ENE and LODDS in the colon and rectal patients independently.
Methods: The clinical and histological records of 389 colorectal cancer (CRC) patients who underwent curative

Resulits: For the ENE system, 244 patients were in the ENE1 group and 145 in the ENE2 system. Compared with
the ENE1 system, the patients included in the ENE2 system were prone to nerve invasion (P < 0.001) and vessel
invasion (P < 0.001) with higher TNM (P = 0.009), higher T category (P = 0.003), higher N category (P <
0.001), advanced differentiation (P = 0.013), more number of positive lymph nodes (NPLN) (P < 0.001), more
lymph node ratio (LNR) (P < 0.001), and a higher value of LODDS (P < 0.001). ENE was more frequent in
patients with left and rectal than right cancer. For the LODDS system, 280 patients were in the LODDS1 group,
and 109 in the LODDS2 group. Compared to the LODDS1 group, the patients included in the LODDS2 group were
more prone to nerve invasion (P = 0.0351) and vessel invasion (P < 0.001) with a higher rate of N2 stage, less
NDLN (P < 0.001), more NPLN (P < 0.001), more LNR (P < 0.001), and a higher value of ENE (P < 0.001). Based
on the results in the univariable analysis, the N, NPLN, LNR, LODDS, and ENE were separately incorporated into
five different Cox regression models combined with the same confounders. The multivariable Cox regression
analysis demonstrated that all the five staging systems were independent prognostic factors for overall survival.
Conclusion: The current study confirmed that the LODDS stage is an independent influence on the prognosis of
both CRC and CC patients. ENE is an independent influencing factor on the prognosis of both CRC and CC pa-
tients, and the prognostic impact of extracapsular lymph node was observed in both CRC and CC. The frequency
of ENE increases from the proximal (right) to the distal (left) colon as well as the rectum. Therefore, combining
ENE and LODDS into the current TNM system to compensate for the inadequacy of pN staging needs further

investigation.

Introduction

Colorectal cancer (CRC) is the leading cause of cancer-related deaths
worldwide because of its poor prognosis and many related complica-
tions. Also, it is the third highest incidence rate and the second highest
mortality rate among all tumors worldwide [1]. In China, the incidence
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of CRC is increasing every year [2]. In clinical practice, lymph node
metastasis is one of the major metastases of CRC and a major indicator
for evaluating recurrence and survival of CRC patients, as well as a key
prognostic factor in determining the development of postoperative
treatment plans and follow-up of patients with CRC [3,4].

Nodal status in surgical oncology is used to assist in prognostication
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Fig. 1. Flow chart of patient selection.

Fig. 2. Examples of ENE in lymph nodes of patients with CRC (hematoxylin and eosin stain, original magnification x 10). (a) Tumor cells infiltrating adipose tissue
(arrow) beyond the capsule of the lymph node (dotted line) (ENE-positive). (b) Tumor cells identified in the lymphatic channels (arrows) outside the capsule of the

lymph node were classified as ENE-negative.

[5] and guide decision-making regarding adjuvant chemotherapy [6],
the number of lymph nodes examined or the lymph node yield (LNY)
could be used as a marker for the quality of oncological resection [7].
The current lymph node staging is the pN staging proposed by the 8th
American Joint Committee on Cancer (AJCC) tumor node metastasis
(TNM) staging system. The staging is influenced by the number of lymph
nodes dissected and the prognosis of patients with the same number of
metastatic lymph nodes, thus affecting the accuracy of judging the
prognosis of CRC patients. The National Comprehensive Cancer
Network (NCCN) guidelines recommend a minimum of 12 lymph nodes
to be examined for staging, but the number of dissected lymph nodes
(NDLN) is greatly influenced by the surgeon’s skill, the extent of lymph
node dissection or pathologist’s thoroughness in retrieving the pNs, and
individual patient variation [8]. Tsai et al. found that NDLN was
significantly more effective in determining the accuracy of negative
lymph nodes in CRC showing that the 5-year survival rate of CRC pa-
tients with NDLN >18 was significantly higher than that of patients with
NDLN<18, indicating that the number of NDLN affects the accuracy of
detecting pN [9].

Lymph node ratio (LNR) (defined as the number of positive lymph
nodes divided by the total number of lymph nodes removed, pN as a
percentage of NDLN) has been investigated as an adjunct parameter to
conventional nodal staging. It aids in prognosis and identifying high-risk

patients [10]. In the node-negative colon cancer(CC) that accounts for
approximately 75% of the patients who have surgery for CC, LNR is zero
and is the same as the pNO classification and therefore does not provide
any additional prognostic information [11]. Huh et al. demonstrated
that LNR was statistically significant for the overall survival (OS) in CRC
patients irrespective of the number of NDLNs and an independent
prognostic factor for CRC patients that compensates for the pN staging
bias when NDLN is not adequate [12]. It has been shown that the rate of
lymph node metastasis as the factor reflecting the status of lymph nodes
is advantageous in predicting the prognosis of patients with gastric [13],
colorectal [14]and thyroid cancers [15]. Previous studies have demon-
strated that higher values of the number of positive lymph nodes
(NPLNs) and LNR were associated with poor survival outcomes in CRC
[16,17].

Recent studies found that tumor cells in lymph node metastases of
malignant tumors have both extracapsular and intracapsular growth
patterns. The extranodal extension (ENE) of nodal metastasis growth
refers to the proliferation of tumor cells within the lymph node capsule
and breaking through the capsule wall into the surrounding perinodal
adipose tissues. Intracapsular growth refers to the proliferation of tumor
cells only within but without breaking through the lymph node capsule
[18]. Reportedly, ENE of lymph node metastasis is significantly associ-
ated with the poor prognosis of CRC patients [19]. In the latest edition of
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Baseline characteristics of the study population stratified by LODDS and ENE systems.

Variable Colorectal cancer(n=389)

N LODDS1 LODDS2 p value N ENE1 ENE2 p value
Age(years) 0.332 0.911
<65 181 126 (45.0%) 55 (50.5%) 181 113(46.3%) 68(46.9%)
>65 208 154 (55.0%) 54 (49.5%) 208 131(53.7%) 77(53.1%)
Gender 0.925 0.772
Male 237 171(61.1%) 66(60.6%) 237 147(60.2%) 90(62.1%)
Female 152 109(38.9%) 43(39.4%) 152 97(39.8%) 55(37.9%)
Stage 0.769 0.009
I+II 16 11(3.9%) 5(4.6%) 16 15(6.1%) 1(0.7%)
TI+IV 373 269(96.1%) 104(95.4%) 373 229(93.9%) 144(99.3%)
Depth of invasion 0.614 0.003
T1+T2 28 19(6.8%) 9(8.3%) 28 25(10.2%) 3(2.1%)
T3+T4 361 261(93.2%) 100(91.7%) 361 219(89.9%) 142(97.9%)
LNM <0.001 <0.001
N1 236 223(79.6%) 13(11.9%) 236 215(88.1%) 21(14.5%)
N2 153 57(20.4%) 96(88.1%) 153 29(11.9%) 124(85.5%)
Nerve invasion 0.035 <0.001
NO 153 101(36.1%) 52(47.7%) 153 98(38.9%) 108(74.5%)
YES 236 179(63.9%) 57(52.3%) 236 149(61.1%) 37(25.5%)
Vessel invasion <0.001 <0.001
NO 203 122(43.6%) 81(74.3%) 203 95(38.9%) 108(74.5%)
YES 186 158(56.4%) 28(25.7%) 186 149(61.1%) 37(25.5%)
Differentiation status 0.024 0.013
Well 19 18(6.4%) 1(0.9%) 19 17(7.0%) 2(1.4%)
Moderate+poor 370 262(93.6%) 108(99.1%) 370 227(93.0%) 143(98.6%)
size 0.862 0.907
<5cm 240 172(61.4%) 68(62.4%) 240 150(61.5%) 90(62.1%)
>5cm 149 108(38.6%) 41(37.6%) 149 94(38.5%) 55(37.9%)
Tumor location 0.773 0.005
Right 122 89(31.8%) 33(30.3%) 122 89(36.5%) 33(22.8%)
Left and rectal 267 191(68.2%) 76(69.7%) 267 155(63.5%) 112(77.2%)
NPLN <0.001 <0.001
NPLN1 233 223(79.6%) 10(9.2%) 233 213(87.3%) 20(13.8%)
NPLN2 156 57(20.4%) 99(90.8%) 156 31(12.7%) 125(86.2%)
NDLN 0.003 0.215
NDLN1 48 26(9.3%) 22(20.2%) 48 34(13.9%) 14(9.7%)
NDLN2 341 254(90.7%) 87(79.8%) 341 210(86.1%) 131(90.3%)
LNR <0.001 <0.001
LNR1 282 280(100%) 2(1.8%) 282 224(91.8%) 58(40.0%)
LNR2 107 0(0%) 107(98.2%) 107 20(8.2%) 87(60.0%)
ENE <0.001
ENE1 244 222(79.3%) 22(20.2%)
ENE2 145 58(20.7%) 87(79.8%)
LODDS <0.001
LODDS1 280 222(91.0%) 58(40.0%)
LODDS2 109 22(9.0%) 87(60.0%)

Abbreviations: LNM, Lymph node metastasis; LNR, lymph node ratio; NPLN, number of positive lymph nodes; NDLN, number of dissected lymph nodes; LODDS, log

ODDS; ENE, Extranodal extension.

the AJCC malignancy staging manual, extracapsular growth is a major
indicator of head and neck cancer lymph node staging [20]. Link et al.
compared the expression of SOX9 in gastric cancer lymph node metas-
tases with extracapsular growth and intracapsular growth tumor cells
and found that the former had significantly higher expression than the
latter, suggesting that enhanced SOX9 expression is involved in driving
an extracapsular growth pattern with high invasive potential [21].
Traditionally, clinicians have relied solely on nodal disease
involvement (including the total number of positive lymph nodes) while
determining patient prognosis in CRC [22]. However, biologically
aggressive tumors can initially be placed in the same stage as less clin-
ically aggressive tumors, irrespective of the nodal disease. The log odds
of positive lymph nodes (LODDS) is a logistic transformation formula
that uses pathological lymph node data to stratify survival differences
among patients within a single stage of the disease. This formula allows
clinicians to identify whether patients with clinically aggressive tumors
fall into higher-risk groups regardless of nodal positivity and can
potentially guide adjuvant treatment modalities. Recently, LODDS has
been proposed as a novel prognostic index in colonic and non-colonic
cancers [23-25]. The previous studies also showed that the classifica-
tion of lymph node status by LODDS is a robust prognostic indicator with

a strong ability to identify patients with a homogeneous prognosis,
irrespective of lymph node status and count. Herein, we investigated the
prognostic impact of LODDS and compared the survival of patients in
LNR and LODDS groups who underwent a colonic cancer resection.
Based on the Shanghai General Hospital (SGH) database, our first
objective was to evaluate the prognostic role of ENE and LODDS staging
system for predicting the long-term prognosis of postoperative node-
positive colon and rectal cancer patients. Next, we aimed to compre-
hensively compare the prognostic performance of the AJCC N classifi-
cation, NPLN, LNR, ENE, and LODDS systems and identify a superior
staging system for predicting the survival outcomes of patients with
colon and rectal cancer. Finally, we attempted to establish two nomo-
grams to predict the long-term OS for patients with CRC and CC.

Methods
Patients
The data from this study were collected from the SGH database be-

tween January 2014 and December 2018. The patient eligibility criteria
were as follows: (1) Patients with CRC between 2014 and 2018, (2) CRC
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Fig. 3. (a) OS curves in patients with CC according to the tumor location (right colon vs. left colon) and extranodal extension (ENE) status (n = 230). (b) OS curves in
patients with colon and rectal cancer according to the tumor location (colon vs. rectum) and ENE status (n = 398).

as the first and only primary diagnosis, (3) CRC confirmed by histo-
logical examination, and (4) Complete curative resection (RO resection).
The exclusion criteria were as follows: (1) Survival information missing,
(2) Unknown clinicopathological data, nerve status, and vessel status,
(3) Lymph node-negative. Finally, 389 eligible patients with CRC were
selected from the database. The patient selection is illustrated in Fig. 1.
All CRC patients underwent standardized postoperative follow-up
regularly after radical surgery with respect to clinical examinations,
complete blood counts, blood chemistry tests, estimation of s-CEA levels,
and chest radiography. Typically, the patients were followed up every 3
months for the first 2 postoperative years and every 6 months thereafter
for 3-5 years. In the current study, the colorectal OS was used to eval-
uate the prognosis. It was defined as the duration from the date of sur-
gery to the date of death from any cause or the last follow-up (July 31,
2019) for censored observations.

Histological evaluation

The ENE status of all specimens was examined by two pathologists,
and the final diagnosis was based on intradepartmental consultations
with staff specialized in CRC. ENE was defined as cancer cells infiltrating
the extranodal adipose tissue beyond the capsule of the lymph node
(Fig. 2a). The tumor cells outside the LNs, continuous with the primary
tumor (Fig. 2b), were not considered ENE. A tumor was considered ENE-
positive when one or more of the metastatic LNs showed ENE, as
described previously [26].

Optimal cutoff values of the Variables

The optimal cutoff points of NDLN, NPLN, LNR, ENE, and LODDS
with the highest sensitivity and specificity were calculated using X-
tile3.6.1 software (Yale University School of Medicine, New Haven, CT,
USA) [27]. The study calculated LODDS by log (NPLN +0.050)/(NDLN
— NPLN + 0.050). We added 0.050 to both the numerator and denom-
inator to avoid an undefined number [28]. NDLN was divided into
NDLN1 (1 < NDLN1 < 10) and NDLN2 (11 < NDLN2 < 87), and NPLN
was grouped into NPLN1 (1 < NPLN1 < 3) and NPLN2 (4 < NPLN2 <
33). In addition, LNR was categorized into LNR1 (0.01 < LNR1< 0.028)
and LNR2 (0.28 < LNR2 < 1.00), ENE was classified into ENE1 (ENE1
was ENE-negative) and ENE2 (ENE2 was ENE-positive), and LODDS was
classified into LODDS1 (—1.70 < LODDS1 < -0.37) and LODDS2
(—0.37 < LODDS2 < 1.40). The notation “—” indicates that the value is

less than zero. The notation“<” means less or equal to the value, “<”
means less than the value.

Construction and validation of the ENE- and LODDS-based nomogram

We used univariate Cox regression analysis to determine whether N
status, NPLN, LNR, ENE, and LODDS served as independent factors for
predicting the OS of CRC and CC. We estimated the 95% confidence
interval (CI) and the adjusted hazard ratio (HR). The predictive effi-
ciency of N status, NPLN, LNR, ENE, and LODDS was compared using the
concordance index (C-index), the Akaike information criterion (AIC),
and the area under the receiver operating characteristic (ROC) curve
(AUQ).

The LN staging system with maximal accuracy was further identified
by the multivariate Cox proportional hazards model together with other
independent prognostic factors. The results of the multivariate analysis
were used to construct a nomogram for predicting 1-year OS in the CRC
cohort, and verified in the CC cohort.

The predictive performance of the nomogram was evaluated based
on the C-index, AUC and calibration plots (comparing the survival
probability predicted by the nomogram with the observed value by
Kaplan-Meier analysis). Additionally, the decision curve analysis (DCA)
confirmed the threshold probability range of the nomogram and
compared to the 8th AJCC TNM staging system.

Statistical analysis

Categorical variables were compared using chi-square tests, and
continuous variables were compared using independent sample t-tests
and were were presented with the mean [standard deviation (SD)] or the
median [interquartile range (IQR)]. The Kaplan-Meier method was used
to compare OS. The OS was defined as the time from the date of death
from any cause or the last follow-up. Univariate and multivariate ana-
lyses of factors associated with the OS rates were performed using Cox
proportional hazard regression models to estimate the HRs and 95% ClIs.
First, univariate analyses were performed to determine which of these
factors were statistically significant (p < 0.050). The statistically sig-
nificant variables were subsequently included in multivariate Cox
regression analyses. Second, we included N, NPLN, LNR, LODDS, and
ENE in five different multivariate Cox regression models (Table 2).
Third, all five staging systems and other potential predictors from the
univariate analysis were entered into the Cox regression models
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Fig. 4. Kaplan-Meier estimates of the OS for patients with N1/N2 stage CRC after surgery according to (a) N, (b) NPLN, (c) LNR, (d) LODDS, and (e) ENE staging
systems. CRC, colorectal cancer; NPLN, number of positive lymph nodes; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes; ENE, extra-

nodal extension.
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Table 2

Univariable Cox regression analysis of potential prognostic predictors for OS in patients with CRC and CC.
Variable CRC-0S CC-0s

HR (95% CI) p value HR (95% CI) p value

Age(years)
<65 1 1
>65 1.741 1.151-2.633 0.009 2.699 1.389-5.242 0.003
Gender
Male 1 1
Female 0.742 0.489-1.126 1.161 0.742 0.489-1.126 1.161
Stage
I+II 1 1
II+1vV 1.209 0.444-3.291 0.71 0.799 0.249-2.561 0.705
Depth of invasion
T1+T2 1 1
T3+T4 1.117 0.542-2.302 0.764 2.194 0.303-15.897 0.437
Lymph node metastasis
N1 1 1
N2 1.912 1.297-2.846 0.001 2.636 1.523-4.563 0.001
Nerve invasion
NO 1 1
YES 2.232 1.505-3.311 <0.001 1.994 1.161-3.424 0.012
Vessel invasion
NO 1 1
YES 1.58 1.060-2.356 0.025 1.828 1.053-3.175 0.032
Differentiation status
Well 1 1
Moderate+poor 3.504 0.863-14.225 0.079 4.723 0.652-34.192 0.124
size
<5cm 1 1
>5cm 1.382 0.913-2.052 0.109 1.544 0.901-2.648 0.114
Tumor location
Right 1 1
Left and rectal cancer 0.796 0.527-1.200 0.276 0.557 0.315-0.983 0.044
NPLN
NPLN1 1 1
NPLN2 1.949 1.315-2.888 <0.001 2.698 1.552-4.691 <0.001
NDLN
NDLN1 1 1
NDLN2 1.376 0.694-2.730 0.361 1.377 0.429-4.415 0.591
LNR
LNR1 1 1
LNR2 1.854 1.233-2.786 0.003 3.475 2.010-6.008 <0.001
LODDS
LODDS1 1 1
LODDS2 1.782 1.186-2.677 0.005 3.475 2.010-6.008 <0.001
ENE
ENE1 1 1
ENE2 1.716 1.157-2.546 0.007 1.698 0.987-2.921 0.056

Abbreviations: LNM, Lymph node metastasis; LNR, lymph node ratio; NPLN, number of positive lymph nodes; NDLN, number of dissected lymph nodes; LODDS, log

ODDS; ENE, Extranodal extension.

simultaneously (Tables 3 and 4). Linear trend y2 scores were used to
assess the discriminatory power and monotonicity of each model.
Likelihood ratios were used to assess homogeneity between groups using
the y2 test. The Akaike information criterion (AIC) was applied to test
the goodness of fit. The Harrell consistency index (C index) was calcu-
lated to assess the accuracy of the predictions. correlations between N,
NPLN, LNR, LODDS and ENE were shown by scatter plots and assessed
by Pearson correlation coefficients. All statistical tests were two-sided,
and P < 0.05 indicated statistical significance. All statistical analyses
were performed using SPSS ver. 21.0 for Windows (IBM Corp., Armonk,
NY, USA).

Results
Patients characteristics

The study consisted of 389 eligible CRC patients. Table 1 summarizes
the demographic and clinicopathological characteristics stratified by the
ENE and LODDS system. Among the 389 enrolled patients, 236(60.67%)
were diagnosed with N1 stage, and 153(39.37%) were diagnosed with
N2 stage; the mean age was 65 + 11.50 years. Moreover, the mean and

median NDLN was 19.28 + 10.14 and 17.00 (interquartile range (IQR):
7.00-27.00), the mean and median NPLN was 4.29 4 5.45 and 3.00
(IQR: —1.00 to 7.00), the mean and median LNR were 0.24 + 0.22 and
0.167 (IQR: -0.093 to 0.427), the mean and median LODDS were —0.57
4+ 0.51 and —0.623 (IQR: —1.303 to 0.057), and the mean and median
ENE were 0.28 £ 0.45 and 0 (IQR: —1 to 1), respectively. For the LODDS
system, 280(71.98%) patients constituted the LODDS1 group, and 109
(28.02%) patients were in the LODDS2 group. Compared to the LODDS1
group, the patients included in the LODDS2 group were more prone to
nerve invasion (P = 0.0351) and vessel invasion (P < 0.001) with a
higher rate of N2 stage, less NDLN (P < 0.001), more NPLN (P < 0.001),
more LNR (P < 0.001), and a higher value of ENE (P < 0.001). For the
ENE system, 244(62.72%) patients were in the ENE1 group, and 145
(37.28%) patients comprised the ENE2 system. Compared to the ENE1
system, the patients included in the ENE2 system were more likely to
experience nerve invasion (P < 0.001) and vessel invasion (P < 0.001)
with higher TNM (P = 0.009), higher T category (P = 0.003), higher N
category (P < 0.001), advanced differentiation (P = 0.013), more NPLN
(P < 0.001), more LNR (P < 0.001), and a higher value of LODDS (P <
0.001). Furthermore, we found that ENE was more frequent in patients
with left and rectal cancer than right cancer. Therefore, we classified
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Table 3
Multivariable Cox regression analysis of prognostic predictors for OS in patients with CRC
Variable N NPLN LNR LODDS ENE
HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) P
value value value value value
Age(years)
<65 1 1 1 1 1
>65 1.801 0.006 1.817 0.005 1.742 0.009 1.758 0.008 1.687 0.014

(1.186-2.734)
Nerve invasion

(1.197-2.760)

(1.150-2.641)

(1.279-3.092)

(0.665-1.668)

(1.159-2.666) (1.114-2.555)

1 1
0.002 1.985 0.002 1.907 0.005
(1.276-3.087) (1.216-2.990)

1 1
0.824 1.057 0.814 1.087 0.752
(0.667-1.676) (0.683-1.730)

0.013

(1.123-2.615)

NO 1 1 1

YES 1.958 0.003 1.914 0.003 1.988
(1.261-3.309) (1.255-3.027)

Vessel

invasion

NO 1 1 1

YES 1.120 0.62 1.118 0.627 1.503
(0.716-1.751) (0.714-1.749)

N stage

N1 1

N2 1.950 0.002
(1.279-2.837)

NPLN

NPLN1 1

NPLN2 1.934 0.001

(1.297-2.883)

LNR

LNR1 1

LNR2 1.714

LODDS

LODDS1

LODDS2

ENE

ENE1

ENE2

1
1.654 0.02
(1.082-2.530)

1
1.429 0.097
(0.938-2.177)

Abbreviations: LNM, Lymph node metastasis; LNR, lymph node ratio; NPLN, number of positive lymph nodes; NDLN, number of dissected lymph nodes; LODDS, log

ODDS; ENE, Extranodal extension.

CRCs into the right colon, left colon, and rectal cancers and evaluated
the clinicopathological significance and prognostic impact of ENE in
these patients. ENE in a metastatic LN detected in 90(39.13%) CC pa-
tients, including 33(27.0%) patients with right colon cancer(RCC), 57
(52.8%) with left colon cancer(LCC), and 55(34.6%) with rectal cancer
(RC) (Supplementary Tables 1 and 2). The 5-year OS rate in patients
with RCC and LCC differed significantly by ENE status: highest in pa-
tients with ENE-negative LCC (85.9%), followed by patients with ENE-
positive LCC (66.4%), and ENE-positive RCC (51.1%) (P = 0.005)
(Fig. 3a). However, the 5-year OS rate in patients with colon and rectal
cancer differed significantly with respect to the tumor site and ENE
status: the values were 69.6%, 64.1%, 60.8%, and 47.7% in patients
with ENE-negative CC, ENE-negative RC, ENE-positive CC, and ENE-
positive RC, respectively (P = 0.0353) (Fig. 3b).

Survival analysis

The median follow-up time for the entire cohort was 31 months (IQR,
1-61 months). As shown in Fig. 4, patients with N2 stage, a large number
of positive LNs dissected, or high values of LNR, LODDS, and ENE were
significantly correlated with poor OS (all log-rank P < 0.001). Uni-
variable Cox regression model suggested that age, N stage, nerve inva-
sion, vessel invasion, NPLN, LNR, LODDS, and ENE were potential
prognostic factors for OS in both CRC and CC. (all P < 0.05; Table 2).
Based on these results in the univariable analysis, the N, NPLN, LNR,
LODDS, and ENE were independently incorporated into five Cox
regression models combined with the same confounders. Multivariable
Cox regression analysis demonstrated that these five staging systems
except ENE were all independent prognostic factors for OS in CRC (P <
0.05; Table 3) and these five staging systems were all independent

prognostic factors for OS in CC (P < 0.05; Table 4) . The HRs and 95%
CIs were as follows: for N (CRC: HR=1.950; 95% CI: 1.279-2.837; CC:
HR=2.916; 95% CI: 1.660-5.121); for NPLN (CRC: HR=1.934; 95% CI:
1.297-2.883; CC: HR=3.062; 95% CI: 1.735-5.406); for LNR (CRC:
HR=1.714; 95% CI: 1.123-2.615; CC: HR=3.808; 95% CIL
2.111-6.869); for LODDS (CRC: HR =1.654; 95% CI, 1.082-2.530; CC:
HR =3.808; 95% CI: 2.111-6.869); for ENE (CRC: HR=1.429; 95% CI:
0.938-2.177; CC: HR=1.998; 95% CI: 0.987-4.47).

Correlation of LODDS with the clinicopathological characteristics of CRC

Age, nerve invasion, vessel invasion, tumor location, N stage, NPLN,
LNR, and ENE were significantly correlated with LODDS in CRC patients
after surgery. The older patients, especially those>65-years-old at
diagnosis, yielded notably higher LODDS values than younger patients
(P < 0.001, Kruskal-Wallis H test; Fig. 5a). Patients with nerve invasion,
vessel invasion, and those with left and right colon cancer tended to
have higher LODDS values than other patients (P < 0.05, Wilcoxon test;
Fig. 5b—d). The patients with high N stage, NPLN, and LNR had high
LODDS points (P < 0.001, Kruskal-Wallis H test; Fig. 5e-g). Moreover,
the LODDS value differed significantly among ENE-positive patients (P
< 0.001, Kruskal-Wallis H test; Fig. 5h).

Correlation between LODDS and N, NPLN, LNR, and ENE

To illustrate the reason for the superiority of LODDS over the other
systems, scatter plots were used to observe the correlation between
LODDS and the other four staging systems. LODDS was positively
correlated with N, NPLN, ENE, and LNR (r = 0.4699, 0.5123, 0.3846,
and 0.9418, respectively; P < 0.001 for all four variables) (Fig. 6a-d). To
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Table 4
Multivariable Cox regression analysis of prognostic predictors for OS in patients with CC.
Variable N NPLN LNR LODDS ENE
HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) p value
value value value value
Age(years)
<65 1 1 1 1 1
>65 2.909 0.002 2.979 0.002 2.716 0.003 2.716 0.003 2.559 0.006
(1.481-5.713) (1.515-5.857) (1.411-5.403) (1.411-5.403) (1.310-5.001)
Nerve invasion
NO 1 1 1 1 1
YES 11.602 0.129 1.605 0.129 1.828 0.057 1.828 0.057 1.423 0.268
(0.871-2.946) (0.872-2.954) (0.981-3.406) (0.981-3.406) (0.762-2.659)
Vessel
invasion
NO 1 1 1 1 1
YES 1.434 0.269 1.441 0.253 1.090 0.8 1.090 0.8 1.224 0.583
(0.767-2.681) (0.770-2.695) (0.561-2.118) (0.561-2.118) (0.595-2.519)
Tumor
location
Right 1 1 1
Left and 0.570 0.055 0.566 0.052 0.523 0.028 0.523 0.028 0.432 0.011
rectal (0.321-1.011) (0.319-1.005) (0.293-0.931) (0.293-0.931) (0.227-0.822)
N stage
N1 1
N2 2.916 0.001
(1.660-5.121)
NPLN
NPLN1 1
NPLN2 3.062 0.001
(1.735-5.406)
LNR
LNR1 1
LNR2 3.808 0.001
(2.111-6.869)
LODDS
LODDS1 1
LODDS2 3.808 0.001
(2.111-6.869)
ENE
ENE1 1 0.0055
ENE2 1.998
(0.987-4..47)

Abbreviations: LNM, Lymph node metastasis; LNR, lymph node ratio; NPLN, number of positive lymph nodes; LODDS, log ODDS; ENE, Extranodal extension.

elucidate the superiority of ENE over other systems, scatter plots were
used to visualize the correlation between ENE and the other four staging
systems. ENE was positively correlated with the N, NPLN, LNR, and
LODDS (r=0.2123, 0.2486, 0.4503, and 0.4503, respectively; P < 0.001
for all four variables)(Fig. 6e-h). Typically, the LODDS value increased
with the increasing LNR value, while the correlation was not completely
linear. When LNR was <0.1 or >0.9, the curves of LNR increased at a
slower rate compared to LODDS, especially when the value of LNR was
to 0 or 1, indicating that the LODDS system could detect heterogeneity.
In addition, when NPLN was <10, the LODDS system was heteroge-
neous, and it could distinguish different survival outcomes for patients
with the same NPLN.

Sensitivity analysis and subgroup analysis

The evaluation of survival according to lymph node metastasis status
is shown in Tables 3 and 4. In the multivariable analysis adjusted for
confounding variables, LODDS2 was associated with poor outcomes
(HR=1.654; 95% CI: 1.082-2.530) compared to the LODDS1 group (P =
0.02) in CRC (Table 3). Compared to ENE1, ENE2 exhibited a two-fold
hazard of death (HR=1.998; 95% CI: 0.987-4.47) (P = 0.0055) in CC
(Table 4). Among the CC cases, LODDS2 status was associated with more
than three-fold risk of death (HR=3.808; 95% CI. 2.111-6.869)
compared with LODDS1 (P < 0.0001) in CC (Table 4). These results
suggested that the hazard of death of LODDS2 is higher in CC than CRC.
Together, these findings indicated that the ENE status was significant in
CC (P = 0.0055) but not in CRC (P = 0.097). Thus, tumors in different

locations exhibit marked differences.

Construction and validation of the prognostic nomogram for OS in CRC
and CC

We selected LODDS over N status and NPLN as the LN staging system
in the multivariate Cox analysis due to its satisfactory performance in
predicting OS for CRC. On the other hand, ENE was used as the staging
system in the multivariate Cox analysis due to its satisfactory perfor-
mance in predicting OS for CC. The results showed that age, nerve in-
vasion, and the LODDS system were independent prognostic factors for
OS in CRC (Table 3) and that age, tumor location, and the ENE system
were independent prognostic factors for OS in CC (Table 4). The prog-
nostic performance of the four classification systems in CRC and CC. we
compared the power of discrimination and found that AUROC of LODDS
(0.609) and ENE (0.837) was higher than pN (0.591,0.588), respec-
tively, (Figs. 7a, 8a and Table 5) .Two nomograms for predicting 1-, 3-,
and 5-year OS were constructed based on the three key factors (Figs. 7b
and 8b).

The respective C-index values for the CRC using the nomogram was
0.674 (95% CI: 0.727-0.621). Similar results were obtained in the CC;
the C-index of the nomogram was 0.680 (95% CI: 0.748-0.611). A high
AUC confirmed the favorable sensitivity and specificity of the nomo-
gram in both CRC (0.609) and the CC (0.837), respectively, for 5-year OS
(Table 5).

The novel nomogram obtained a net clinical benefit than the 8th
AJCC TNM staging system and showed better performance in prognostic
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predictions for CRC and CC (Figs. 7c and 8c). In addition,the calibration
plot demonstrated the agreement between the optimal bootstrap-
predicted values and the actual observed values of CRC and CC, indi-
cating appreciable prognostic reliability of the nomogram (Figs. 7d-f
and 8d-f), and the DCA results showed a wide field of the threshold
probabilities, supporting the clinical applicability of the nomogram
system to predict OS for CRC and CC.

Discussion

Lymph node metastasis is the most common metastatic route for CRC
and a critical factor affecting patients’ prognosis, and accurate lymph
node staging is the key to determine postoperative adjuvant therapy.

Lymph node status predicts the prognosis of patients with CRC,
rendering it as the key factor post-surgery [29]. Currently, the 8th edi-
tion of the AJCC/UICC N-stage is the most widely used method for
staging lymph nodes, but the accuracy of this staging method is ques-
tionable [30,31]. However, the prognostic value of LODDS and ENE for
patients with CRC is unclear. In this study, for the first time, we studied
LODDS and ENE together and identified them as independent prognostic
factors for predicting long-term OS among N1/N2 stage CRC patients
after undergoing surgery. In addition, the current study demonstrated
that LODDS or ENE is an independent prognostic indicator for CRC or
CC, showing better prognostic performance than the N, NPLN, and LNR
staging systems.

Moreover, a significant correlation was established between pN and
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NDLN, while NDLN is influenced by the surgeon’s skills, the actual
number of regional lymph nodes and the number of lymph nodes
dissected and retrieved [32]. The LNR staging system integrates pLNs
and NDLN and is considered a critical prognostic factor for patients with
rectal cancer after neoadjuvant radiotherapy [33,34]. In addition to

10

lymph node status, the adequacy of lymph node detection is crucial in
the prognosis of patients with rectal cancer [35].

LNR is a ratio-based lymph node status evaluation method that takes
into account both the number of positive and negative lymph nodes.
Some findings suggested that LNR is a better independent prognostic
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Table 5

Comparison of discriminatory ability and AUROC in CRC and CC.
AUROC-CRC
Classifications AUROC SE Lower bound Upper bound p value
LODDS 0.609 0.037 0.536 0.682 0.003
LNR 0.607 0.037 0.534 0.68 0.003
NPLN 0.592 0.036 0.521 0.664 0.012
N 0.591 0.036 0.519 0.662 0.013
AUROC-CC
Classifications AUROC SE Lower bound Upper bound p value
ENE 0.837 0.028 0.783 0.892 0.001
LNR 0.596 0.034 0.529 0.663 0.005
NPLN 0.598 0.034 0.531 0.664 0.004
N 0.588 0.034 0.521 0.654 0.01

Abbreviations: AUROC, area under receiver operator curve.

parameter for rectal cancer compared to the 8th AJCC N staging system
and can classify patients with the same N stage into significantly
different prognostic groups [36].

The results of the study by Rausei et al. comprising 444 CRC patients
showed that LNR (NRO 0, NR1 1-19%, NR2>20%) was a simpler, reli-
able predictive tool and more valuable than the current pN staging
system because it was less dependent on the extent of lymph node
dissection [37]. LNR was a better predictor of OS and disease-free sur-
vival (DFS) in patients with rectal cancer compared with N stage. For
example, patients with 1 NPLN and 4 NDLN had an LNR of 0.25
compared to those with 4 NPLN and 16 NDLN. However, several studies
have questioned the prognostic accuracy of LNR when all retrieved
lymph nodes metastasized, as survival outcomes were inconsistent in
patients with identical LNR values [38]. The new LODDS system is based
on the findings of LNR researchers, and therefore can be further graded
for patients with identical LNR values but inconsistent survival
outcomes.

The predictive performance of LODDS was better than that of N-stage
and rN-stage, and when the overall number of metastatic lymph nodes
was 0, only the LODDS stage had predictive performance. The lymph
node status was applied as a continuous variable to assess prognosis. For
each pN stage, significant survival differences were observed among
patients with different LODDS stages, deeming it as a more reliable
prognostic indicator of OS than LNR. Kwon et al. found that LODDS was
an independent prognostic factor for DFS after adjuvant treatment post-
radical surgery in high-risk patients with cervical cancer, high LODDS
value, the low survival rate in patients [39]. LODDS is a novel prognostic
predictor that improves the accuracy of lymph node assessment for
prognostic assessment and is superior to LNR in many malignancies.

Nevertheless, the present study has some limitations. First, the
population was not universal and clinically representative in this single-
center retrospective study. Second, there is no standard staging method
for LNR and LODDS, and the staging of our group was based on the
retrospective analysis of 2561 lung squamous cell carcinoma patients in
the Surveillance, Epidemiology, and End Results (SEER) database by Yu
et al. [40]. The findings of this study on the prognosis assessment of
LODDS in lymph node-positive CRC patients are consistent with those of
Yu et al., but the basis of LODDS grouping deserves further investigation.
Finally, only lymph node-positive CRC patients were studied in this
group and the expected effect on lymph node-negative CRC patients
should be investigated in the future.

Since the 8th AJCC TNM classification relies on only three patho-
logical indicators (T, N, and M status) and neglects other vital factors, its
ability to evaluate the prognosis of CRC is limited. Based on LODDS,
ENE, and other prognosis-related parameters, we established two novel
prognostic models to predict OS for CRC or CC. Herein, we displayed the
nomogram, which integrates multiple prognostic parameters. As newly
added information in the nomogram, LODDS and ENE provide an in-
depth insight for clinicians to analyze the postoperative LN status and
evaluate the prognosis for CRC. To the best of our knowledge, this is the
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first study on LODDS and ENE together. The current study showed that
LODDS and ENE are liable prognostic parameters of CRC or CC. Based on
the relevant literature studies, combined with our own conclusions it is
known that LODDS and ENE showed the superior ability of CRC or CC in
predicting OS compared to the N status and the NPLN system. The
proposed nomogram based on LODDS and ENE had superior predictive
accuracy, calibration, and clinical applicability compared to the 8th
AJCC TNM staging system. Interestingly, this study showed that ENE
rates increased significantly from patients with right CC (27.0%) to left
CC (52.8%) to rectal cancer (34.6%) (right vs. left, P = 0.005; left vs.
rectum, P = 0.0353). These findings indicated that ENE was a common
aggressive feature of CRC; however, it might be related to the distal part
of CRC. Considering the continuum hypothesis of tumorigenesis, the
frequency of ENE increases from the proximal (right) to the distal (left)
colon as well as the rectum. This conclusion needs to be verified by
future experiments at the genetic and molecular levels.

Taken together, LODDS stage is an independent influence on the
prognosis of both CRC and CC patients, and higher the LODDS stage, the
lower the 5-year survival rate of patients. ENE is an independent influ-
ence on the prognosis of both CRC and CC patients; the more the
prognostic impact of extracapsular lymph node involvement in both
CRC and CC and the more positive ENE, the lower the 5-year survival
rate of patients. Therefore, combining ENE and LODDS into the current
TNM system to compensate for the inadequacy of pN staging should be
considered in future studies.
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