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Abstract: Background: Lymph node metastases have a significant impact on the stage, treatment, and prognosis of patients with
Colorectal cancer. Lymph node metastasis (LNM), log odds of positive lymph nodes (LODDS), and lymph node ratio (LNR) are
independent prognostic factors for colon cancer. We are working to explore a more accurate prediction model and compare it with the
staging predictions proposed by the American Joint Committee on Cancer (AJCC). Methods: A total of 15,957 patients with colorectal
cancer who underwent surgical resection were included in the study, and they were randomly divided into training group (11,169 patients)
and validation group (4,788 patients). Univariate Cox analysis, random forest regression analysis and Lasso analysis were performed on
the training group. Based on the results of the analysis, the best independent prognostic factors were identified and integrated to construct
a nomogram. The concordance index (C-index) and calibration curves were used to evaluate the nomograms of the training group and the
validation group. Nomograms were compared to AJCC 8th edition TNM staging system using decision curve analysis (DCA) and area
under curve (AUC). Results: N, LODDS, and LNR are independent prognostic factors for colorectal cancer. The C-index of nomogram
predicting overall survival (OS) is higher than that of the AJCC 8th edition TNM staging system. Decision curve analysis (DCA) and ROC
curve suggested that the nomogram was better than AJCC 8th TNM stage in terms of clinical practicability. Conclusions: We constructed

a nomogram of the prognosis of patients with colorectal cancer, which may help clinicians provide individualized treatment.

Keywords: Nomogram, Log odds of positive lymph nodes (LODDS), Lymph node ratio (LNR), Colorectal cancer (CRC).

1. Background

Colorectal cancer (CRC) is the second leading cause of cancer
death in the United States, and in China, its incidence is also
increasing year by year, and it is currently the third largest
among all tumor types, posing a significant threat to people's
health [1-2]. The most effective treatment for CRC is based on
the TNM staging system developed by the American Joint
Committee on Cancer (AJCC) and the International Union
Against Cancer (UICC) [3]. In this system, lymph node
metastases (LNM) is considered one of the key prognostic
indicators to assess overall survival (OS) in colorectal cancer
patients [4-7].

In the 8th edition TNM staging system, N is divided into N1
(1~3 LNMs) and N2 (>4 LNMs). Lymph node ratio (LNR) is
the ratio between the number of positive lymph nodes and the
total number of lymph nodes detected. LNR has been shown
to be an important independent predictor of prognosis in
colorectal cancer patients in numerous studies [7-11].
Recently, log odds of positive lymph nodes (LODDS) has
begun to attract attention. LODDS, which refers to the
logarithm of the ratio of the number of positive lymph nodes
to the number of negative lymph nodes, has been included in
colorectal cancer studies and is considered a new prognostic
factor. Wang et al. [12] found that LODDS staging is a more
effective prognostic assessment tool in a prognostic analysis
of 24,477 patients with stage 111 colon cancer. A retrospective
study of 115 patients with stage IV colon cancer by Ozawa et
al. [13] reached similar conclusions. Other independent
prognostic factors, including sex, age, grade, tumor serum
biomarkers (carcinoembryonic antigen, CEA), tumor deposits
(TDs), and treatment-related factors, have also been shown to
play a significant role in personalized survival prediction
[14][15].

Nomogram is a tool for building statistical prediction models
by integrating key factors in tumor prognosis, which is
capable of calculating the probability of clinical events
occurring and has been widely used in clinical practice [16].
Compared with traditional TNM staging system or other
staging methods, nomograms have shown accuracy in
predicting a variety of tumors [17-19].

In this study, a predictive model was developed to assess
patient prognosis using the SEER database, taking into
account N stage, LNR, LODDS, and other risk factors related
to prognosis. This model is designed to provide clinicians
with an accurate prognostic assessment tool to improve
patients' quality of life and survival expectations.

2. Material and Methods
2.1 Patients Select

In this study, patients diagnosed with CRC between 2013 and
2015 were screened using version 8.4.3 of the SEER*Stat
software. Inclusion criteria included: (1) diagnosis limited to
2013 to 2015; (2) Colorectum is the primary site of the tumor,
and the pathological diagnosis is adenocarcinoma; (3)
Malignant tumor according to the International Classification
of Diseases of Oncology, Third Edition (ICD-0-3); (4) the
patient has only one primary tumor; (5) The patient underwent
surgical treatment and lymph node dissection; (6) Tumor
survival time is at least 1 month. Exclusion criteria include: (1)
multiple tumors; (2) non-colorectal primary tumors; (3)
Younger than 18 years old or over 80 years old; (4) There is a
lack of information on tumor size, grade, and marital status at
the time of diagnosis. We updated the TNM staging of
patients enrolled in the SEER database according to the AJCC
8th edition criteria. The primary observational endpoint of
this study is overall survival (OS), which is the time interval
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from the initial diagnosis of CRC to the last follow-up.

The clinical information included in this study included age,
sex, tumor site, grade, T stage, N stage, distant metastases (M),
total lymph node, LNR, LODDS, tumor size, CEA, TDs, and
marital status. X-tile software was used to divide the two
continuous variables of LODDS and LNR into three points.
LODDS was divided into LODDS0 (>-2.25, <-1.41),
LODDS1 (>-1.41, <-0.17), LODDS2 (>-0.17, <2.08), and
LNRO (<0.05), LNR1 (> 0.05, < 0.38), LNR2 (>0.38, <1).

2.2 Statistical Analysis

Patients were randomly assigned to the training and validation
groups in a ratio of 7:3. We use X-tile software to divide the
continuous variables into categorical variables and determine
the optimal cleavage point. Using the chi-square test, we
compared the baseline characteristics of patients in the
training and validation groups. Next, we used COX univariate
regression analysis, random forest regression analysis, and
lasso analysis to identify independent prognostic factors.
Based on these factors, we construct a multivariate Cox
proportional hazards model, and based on this model, a
prediction nomogram is established. C-index, area under
curve (AUC), calibration curve and decision curve analysis
(DCA) were used for internal and external verification. SPSS
(version 27.0) and R (version 4.4.1), X-tile (version 3.6.1)
were used for statistical analysis. P<0.05 was considered
statistically significant.

3. Results

A total of 15,957 patients were included in this study. 11,169
(70.0%) patients were randomly assigned to the training
group and 4,788 (30.0%) patients were assigned to the
validation group. The continuous variables were converted
into categorical variables, and the chi-square test was used to
compare the differences in clinical information between the
training and validation group. There was no significant
difference between the two groups (Tablel). There were 8570
males (53.71%) and 7387 females (46.29%). The tumors were
located in 8378 cases (52.50%) of the right colon, 4929 cases
(30.89%) of the left colon, and 2650 cases (16.61%) of the
rectum. There were 8227 patients (51.56%%) with NO stage,
4503 patients (28.22%) with N1 stage, and 3227 patients
(20.22%) with N2 stage. 9471 patients (59.35%%) had LNRO
stage, 4855 patients (30.43%%) had LNR1 stage, and 1631
patients (10.22%) had LNR2 stage. There were 7304 patients
(45.77%) with LODDS0, 7099 (44.49%) with LODDS1 and
1554 (9.74%) with LODDS2. There were 2626 cases (16.46%)
with TDs; There were 6373 cases (39.94%) positive for CEA.

Univariate Cox regression analysis revealed a number of
factors significantly associated with overall survival (OS),
including age, marital status, tumor site, grade, T stage, N
stage, chemotherapy, M, LNR, LODDS, TDs, CEA, Total
lymph nodes, and tumor size (P<0.05). However, there was no
statistically significant difference between sex in univariate
Cox regression analysis(P>0.05).

We further included these statistically significant variables in
random forest analysis and evaluated their importance, and
the importance ranking of the variables is shown in Figure 2.

The analysis found that N, LNR, and LODDS had high
importance. Subsequently, we removed the two least
important variables from the analysis and included the
remaining variables in the LASSO regression analysis. Using
the Lasso regression model, we determined the optimal
penalty coefficient A and screened the variables at A+S to
finally identify 12 OS-related factors, including age, tumor
size, grade, T stage, N stage, M stage, chemotherapy, CEA,
TDs, LNR, LODDS, and tumor size. Based on the results of
lasso regression, we constructed a multivariate Cox regression
prediction model for OS and presented it in the form of a
nomogram. Although the P value of N stage in Cox
multivariate regression analysis was greater than 0.05,
according to previous studies, N stage had an important
impact on the prognosis of tumor survival, so we still included
it in the regression model.

The results showed that the C- index of the nomogram was
0.793 (95%CIl: 0.786~0.800), and that of the validation group
was 0.786 (95% CI: 0.774~0.798), which was better than that
of TNM stage (C-index: training group, 0.752, 95%CI,
0.744~0.761; validation group 0.750, 95%CIl, 0.737~0.763).
The results show that the nomogram has higher predictive
power than TNM. The calibration curves of the training group
and the validation group were close to 45< which indicated
that the prediction results of the model were in good
agreement with the actual results, and the prediction
performance of the model was more reliable (Figure 5), which
was closer to the real situation. The DCA curves of the
training and validation groups (Figure 6) show that our
nomogram is superior to TNM staging system. At the same
time, the ROC curves of 1-year, 3-year, and 5-year OS in the
training group and the validation group were analyzed, and
the results showed that the AUC of 1-year, 3-year, and 5-year
OS in the training group was 0.836 (95%CI: 0.822~ 0.848),
0.845 (95%CIl: 0.836~ 0.852), and 0.832 (95%Cl: 0.824~
0.842), respectively, and the AUC of 1-year, 3-year, and
5-year OS in the validation group were 0.843 (95%) CI:
0.826~ 0.863), 0.840 (95%ClI: 0.824~ 0.854), 0.826 (95%Cl:
0.815~ 0.839), the larger the AUC, the higher the accuracy of
the model prediction (Figure 7).

4. Discussion

LNM has a significant impact on the prognosis of CRC
patients. Although N stage, LNR and LODDS all showed
significant effects on the survival prognosis of CRC patients
in univariate regression analysis, random forest analysis and
lasso regression analysis, in multivariate regression analysis,
N stage was not significantly associated with the survival
prognosis of CRC patients. This result is inconsistent with the
literature we have previously read. We hypothesize that since
the N stage, LNR, and LODDS are all node-based
classifications, there are similarities between them, which
may lead to the effect of N stage on OS being masked by the
LNR and LODDS. At the same time, Ben et al. [20] found a
significant correlation between LODDS and LNR. In addition,
the prognostic prediction accuracy of N stage was
significantly affected by the total number of lymph nodes
retrieved. The predictive accuracy of N stage can only be
guaranteed when the number of lymph nodes retrieved and
examined reaches 12 or more [21].
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LODDS and LNR are ratio-based approaches to lymph node
assessment, both of which include the total number of lymph
nodes dissected and the number of positive lymph nodes,
which can overcome the limitations of quantity-based
assessment to some extent [10-12]. At present, there is no
conclusive jury as to which LNR or LODDS is the best
predictor of survival in patients with CRC. The results of
Wang et al. [12] suggest that LODDS staging is a better
prognostic factor. However, it has also been suggested that
LNRs are better suited than LODDS for predicting survival
and prognosis in patients with CRC [22]. In our study sample,
LNR showed higher predictive value than LODDS, which
may be attributed to the study center, the -ethnicity
composition of the participants, the time frame of the study,
and the covariates included in the model. Previous studies
have focused on comparing the differences between N stage,
LODDS, and LNR, but in our study, these three staging
systems are combined into a same prognostic model, which
can make better use of the lymph node information obtained
during surgery and thus improve the accuracy of patient
survival prediction. As our study demonstrates, this
nomogram is more effective than TNM stage in terms of
prognostic prediction.

TDs have a significant impact on overall survival (OS) as an
independent prognostic factor. The presence of TDs usually
means that the patient's survival prognosis is poor. In the 8th
TNM stag staging system, the N1c classification was
introduced to specifically indicate the presence of TDs even in
the absence of LNMs, but the effect of TDs on survival
prognosis was discarded when lymph node metastases were
present. In fact, the presence of TDs should be as prognostic
as N stage, and their evaluation should not be limited to the
absence of lymph node metastases [24]. Mayo et al. [25]
performed different analyses in the same database and showed
that the presence of TDs was associated with a lower
three-year OS rate in a multivariate model.

In this study, we developed and externally validated a
prognostic nomogram predicting the probability of patient
survival based on the results of the Cox proportional hazards
model. This nomogram has a higher forecast accuracy.
Compared with TNM stage, nomograms can integrate
multiple prognostic factors to make more personalized
predictions for patients.

There are also some limitations to this study. First of all, the
SEER database lacks some important clinical information,
including complete information about chemotherapy
regimens, the presence or absence of immunity and targeted
therapy, etc. Secondly, there are differences in the optimal
cut-off values for LODDS and LNR in different studies, and if
these optimal cut-off values can be determined, their
predictive power in clinical practice may be further improved.
Then, the SEER data information used in this study was based
on colorectal cancer patients in the United States. Therefore,
for colorectal cancer patients in China, the applicability of the
nomogram needs to be clinically verified.

5. Conclusions

In summary, we developed a nomogram model including
LODDS and LNR to predict OS in patients with CRC. The

validation of the model shows that the model has good
discrimination and consistency, which can provide a reliable
reference value and theoretical basis for clinicians to carry out
personalized diagnosis and treatment models.

Table 1: Baseline characteristics of training cohort and
external validation cohort

. Total (n= train (n = test(n= _—
Variables 15957) 11169) 4788) Statistic P
Age, n(%) =146 0482

573 2402 (15.05) (11‘?%1) 745 (15.56)

<56 5185 (32.49) (g’g‘éi) 1539 (32.14)

56-73 8370 (52.45) (Sg‘;‘;) 2504 (52.30)

Sex, n(%) =143 0.232
Female 7387 (46.29) (351‘;%) 2251 (47.01)
Male 8570 (53.71) (gf%:;) 2537 (52.99)
Site, n(%) =439 0111
Left Colon 4929 (30.89) (,315%%) 1426 (29.78)
Rectum 2650 (16.61) (1168235;) 822 (17.17)
Right Colon 8378 (52.50) (3332%) 2540 (53.05)
Grade, n(%) ¥v?>=4.77 0.189
Grade | 1133 (7.10) 807 (723) 326 (6.81)
Grade Il 11862 (74.34) (%%3) 3609 (75.38)
Grade Il 2402 (15.05) (1157 213) 701 (14.64)
Grade IV 560 (351) 408 (3.65) 152 (3.17)
T, n(%) =425 0236
T1 1586 (9.94) 1080 (9.67) 506 (10.57)
1741
T2 210579 lr  770(160)
6263
TS 8009(5583) (oo 2646 (55.26)
T4 2951 (18.49) (fg?;) 866 (18.09)
N, (%) =798 _0.018
5690
NO  8227(5156)  o0e 2537 (52.99)
3161

NI as03(282) (O 1342(28.03)

N2 3227(20.22) (225’1785) 909 (18.98)

M. n(%) =262 0.106
9474

MO 13563 (85.12) (g0 4109 (85.82)
1695

ML 2374(1488) 1033 679(14.18)

Chemotherapy, _

o =135 0245
5813

No  8333(523) oo 2540(53.05)

Yes 7604 (47.65) (373%%) 2248 (46.95)

CEA, n(%) =1.64_ 0201
) 6672
Negative 9584 (80.06)  (o07  2912(0.82)
Posiive 6373 (39.94) (26‘%) 1876 (39.18)
TDs, n(%) =499 0025
9283
No  13331(8354) (o000 4048 (8454)
1886

Yes  2626(1646) o0 740(1546)

Lyﬂ?g}g"de‘ =004 0.839

<12 1461 (9.06) 1026 (9.19) 435 (9.09)

S12 14496 (90.84) é%lgf) 4353 (90.91)

LNR. n(%) =680 0033
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LNRO 9471 (59.35) (565?32) 2904 (60.65)
LNRL 4855 (30.43) (335‘%51) 1433 (29.93)
LNR2 1631 (10.22) (113%%) 451 (9.42)
LODDS, n(%) =678 0.034
LODDS0 7304 (45.77) (55052% 2248 (46.95)
LODDSL 7099 (44.49) (ﬁg) 2112 (44.11)
LODDS2 1554 (9.74) (1101%%) 428 (8.94)
Size, n(%) v=143 0.232
>3.7 9900 (62.04) (gggi) 2937 (61.34)
<37 6057 (37.96) (;‘72%%) 1851 (38.66)

Notes: y2: Chi-square test; LODDS log odds of positive lymph nodes; LNR lymph

node ratio; TDs tumor deposits; CEA carcinoembryonic antigen.

Table 2: Univariable analysis and multivariable cox
proportional hazards regression analysis

Univariable analysis

Multivariable analysis

Variables  — AR (95%Cl) P HR (95%Cl)
Age
>73 1.00 (Reference) 1.00 (Reference)
<56 <.001 0.51(0.47 ~0.57) <.001 0.46 (0.41~0.51)
56-73 <.001 0.67 (0.61 ~0.73) <.001 0.63(0.58 ~0.69)
Sex
Female 1.00 (Reference)
Male 0.007 1.10(1.03~1.17) 1
Site
Left Colon 1.00 (Reference) 1.00 (Reference)
Rectum 0.027 0.88(0.79 ~ 0.99) 0.272  1.06 (0.95~1.19)
Right Colon <.001 1.22 (1.13 ~1.31) <001 1.18(1.09 ~1.27)
Grade
Gradel 1.00 (Reference) 1.00 (Reference)
Gradell <001 1.31(1.13~153) 0.354  1.08(0.92 ~ 1.25)
Gradelll <.001 2.39(2.03 ~2.81) <.001 1.34(1.13~1.58)
GradelV <.001 2.85(2.33 ~3.49) <.001 1.43(1.17~1.76)
T
T1 1.00 (Reference) 1.00 (Reference)
T2 0.003 1.42(1.13~1.79) 0.166  1.18 (0.93~ 1.49)
T3 <001 3.40(2.78 ~4.14) <001 1.85(1.50 ~2.29)
T4 <.001 9.60 (7.85~11.74) <001 3.31(2.65~4.14)
N
NO 1.00 (Reference) 1.00 (Reference)
N1 <.001 2.25(2.06 ~ 2.45) 0.104 1.15(0.97 ~1.37)
N2 <.001 4.67 (4.30 ~5.07) 0.274  1.12(0.91 ~1.38)
M
MO 1.00 (Reference) 1.00 (Reference)
M1 <.001 6.82(6.36 ~7.32) <.001 3.66 (3.36 ~ 3.98)
Chemotherapy
No 1.00 (Reference) 1.00 (Reference)
Yes <.001 1.57(1.47~1.68) <.001  0.49 (0.45~0.53)
CEA
Negative 1.00 (Reference) 1.00 (Reference)
Positive ~ <.001 292 (2.72 ~3.13) <001 156 (1.44~ 1.68)
TDs
No 1.00 (Reference) 1.00 (Reference)
Yes <001 3.23(3.01~347) <001 1.35(1.24 ~ 1.46)
LNR
LNRO 1.00 (Reference) 1.00 (Reference)
LNR1 <.001 2.43(2.25~263) <001 1.30(1.12~151)
LNR2 <.001 6.72(6.15~7.33) <001 2.06(1.43~2.97)
LODDS
LODDS0 1.00 (Reference) 1.00 (Reference)
LODDS1  <.001 2.34(2.15~2.54) <001 1.34(1.15~155)
LODDS2 <.001 7.52(6.83 ~8.29) 0.007  1.65(1.15~2.36)
Lymphnode
<12 1.00 (Reference)
>12 <.001 0.58 (0.53 ~0.64)
Size
>3.7 1.00 (Reference) 1.00 (Reference)
<3.7 <.001 0.49 (0.46 ~0.53) <.001 0.84 (0.77 ~0.91)
Marital
Married 1.00 (Reference)
Others <.001 1.39(1.30 ~1.48)

Notes: Cl, confidence interval; HR, hazard regression LODDS log odds of positive
lymph nodes; LNR lymph node ratio; TDs tumor deposits; CEA carcinoembryonic

antigen.

Subgroup

Grade!
Gradel
Gradell

GradelN

Left Colon
Rectum

Right Colon

m
T2

T

Martal
Married

Others

HR (35% C1)

0.667 (0.611 t0 0.728

1.000 (1.000 to 1.000]

1313 (1.127 to 1.530)

2387 (2.026 to 2 38T

2848 (2327 to 3 487)

1.000 (1.000 to 1.000]
0834 (0.792 to 0586

1218 (1.000 to 1.315]

1.000 (1.000 to 1.000]

1.423 (112810 1.795)

1308 (27840 4140

1.000 (1.000 10 1.000

2247 (2,081 to 2 450

2918 (2723 o 3127

1.000 (1.000 ts 1.000]

1.000 (1.000 to 1.000]

0584 (0.529 to 0.844)

7.523 (6.831 to 8.285)

1.000 (1,000 to 1.000]

2336 (215210 2536

7523 (6.831 1o 8.285)

1.000 (1.000 to 1.000)

0493 (0.456 10 0.532

1.000 (1.000 to 1.000]

1.386 (1.296 to 1.482)
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