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Abstract

LIM in patients with early colon carcinoma.

0.832) for the LIM nomogram.

Surveillance, epidemiology, and end results

Background: Lymph node status and liver metastasis (LIM) are important in determining the prognosis of early
colon carcinoma. We attempted to develop and validate nomograms to predict lymph node metastasis (LNM) and

Methods: A total of 32,819 patients who underwent surgery for pT1 or pT2 colon carcinoma were enrolled in the
study based on their records in the SEER database. Risk factors for LNM and LIM were assessed based on univariate
and multivariate binary logistic regression. The C-index and calibration plots were used to evaluate LNM and LIM
model discrimination. The predictive accuracy and clinical values of the nomograms were measured by decision
curve analysis. The predictive nomograms were further validated in the internal testing set.

Results: The LNM nomogram, consisting of seven features, achieved the same favorable prediction efficacy as the
five-feature LIM nomogram. The calibration curves showed perfect agreement between nomogram predictions and
actual observations. The decision curves indicated the clinical usefulness of the prediction nomograms. Receiver
operating characteristic curves indicated good discrimination in the training set (area under the curve [AUC] =0.667,
95% C10.661-0.673) and the testing set (AUC =0.658, 95% Cl 0.649-0.667) for the LNM nomogram and encouraging
performance in the training set (AUC=0.766, 95% CI 0.760-0.771) and the testing set (AUC=10.825, 95% Cl 0.818-

Conclusion: Novel validated nomograms for patients with early colon carcinoma can effectively predict the individu-
alized risk of LNM and LIM, and this predictive power may help doctors formulate suitable individual treatments.

Keywords: Colon carcinoma, Lymph node metastasis, Liver metastasis, Nomogram, Decision curve analysis,

Background

Colorectal cancer (CRC) is estimated to be the third lead-
ing cancer type among new cancer cases and deaths in
the United States [1]. In 2018, among the two sexes com-
bined, an estimated 97,220 new cases of colon carcinoma
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(5.6% of all cancer cases) [2] and an estimated 50,630
(8.3%) deaths from that cause occurred [1]. The poor
prognosis and frequent recurrence of colon carcinoma
might be related to lymph node metastasis (LNM) and
distant metastasis [3]. According to the 7th American
Joint Committee on Cancer (AJCC) cancer staging sys-
tem [4], advanced colon carcinoma (stage III or IV) is
diagnosed when LNM or distant metastasis occurs,
regardless of the pathologic T (pT) classification. Stud-
ies have indicated that 27.3% of patients diagnosed with
colon carcinoma develop liver metastasis during the
course of their disease, and the proportions of patients
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with synchronous and metachronous liver metastasis
(LIM) were 14.5% and 12.8% [5], respectively. In addition,
we found that some advanced colon carcinoma patients
remained at pT1 or pT2 due to the migration and inva-
sion capabilities of early colon carcinoma.

When colon carcinoma is detected in a localized
stage, the 5-year relative survival is 91.1%. However, the
5-year relative survival of colon carcinoma patients with
regional metastasis or distant metastasis were 71.7%
and 13.3%, respectively [6]. Therefore, early detection of
colon carcinoma metastasis is important for modifying
therapeutic strategies and improving patient prognosis.

Most studies of colon cancer metastasis have used
lymph nodes to predict the prognosis and recurrence of
colon carcinoma [7-11]; research on LIM is much less
common. Additionally, there have been few reports or
methods to predict LNM and LIM of colon carcinoma.
Because the clinicopathological risk factors of LNM and
LIM in patients with early colon carcinoma are poorly
understood, we attempted to predict the risk factors
based on a statistical predictive model.

Nomograms are reliable graphical calculating models
that are used to accurately calculate and predict indi-
vidual risk events by combining all risk factors for tumor
development [12, 13]. An increasing number of nomo-
grams are being widely established to provide assistance
in formulating individual treatment and follow-up man-
agement strategies in several cancers, such as oropharyn-
geal cancer [14], gastrointestinal stromal tumors [15],
adenoid cystic carcinoma [16], bladder cancer [17], and
prostate cancer [18]. To the best of our knowledge, no
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nomograms have been carried out to predict LNM and
LIM using data gathered from patients with early colon
carcinoma in the Surveillance, Epidemiology, and End
Results (SEER) database. Here, we performed nomo-
grams to predict LNM and LIM of early colon carcinoma
by combining all relevant risk factors. In addition, deci-
sion curve analysis (DCA) and an assessment of clinical
impact were conducted to illustrate the clinical utility of
the model.

This study aims to evaluate patients with early colon
carcinoma using nomograms, discover patients with high
risk scores and help to modify therapeutic strategies in
clinical application.

Materials and methods

Patients and study design

The records of patients who underwent surgery for
pT1 or pT2 colon carcinoma from 2004 to 2015 were
retrieved from the SEER 18 registry database using
SEER*Stat 8.3.5 software. The flow chart used for data
selection is shown in Fig. 1. “The International Classifi-
cation of Diseases for Oncology (ICD-O-3) Hist/behav,
malignant” was used to screen colon carcinoma cases.
“Year of diagnosis” ranged from 2004 to 2015. “Derived
AJCC Stage Group 7th (20104)7 “RX Summ-Surg Prim
Site (1998+)’ and “Grading and differentiation codes in
ICD-0O-2” were used in the present study. The codes in
Collaborative Stage (CS) (2004+), including tumor size,
extension, lymph nodes and metastases, were also col-
lected. The inclusion criteria were as follows: diagnos-
tic confirmation was achieved based on microscopic

Patients diagnosed as colon cancer
between 2004 and 2015(n=321458)

Survival time zero or unknown and missing/unknown
dead information(n=24947, 7.76%)

Age<18 years(n=227, 0.07%)
Patients with unknown primary site surgery if
performed(n=45262, 14.08%)

» Race status unknown(n=1550, 0.48%)

Exclude
N
Training set (n=21880)
Testing set (n=10939)

Positive histology unknown(n=5897, 1.83%)
Histological grade unknown(n=8075, 2.51%)

Primary tumor stage except T1 and T2(n=64699, 20.13%)
Information of liver metastasis unknown(n=137982, 42.92%)

\

Build predictive nomograms of lymph nodes
metatasis and liver metatasis by Cox models screening

Nomograms estimation and clinical use

Fig. 1 Study flowchart




Yan et al. J Transl Med (2019) 17:193

analysis, and patient background characteristics (age,
gender, race and marital status), tumor-related factors
[i.e., tumor size and invasion, tumor numbers, histo-
logical grade, carcinoembryonic antigen (CEA), LIM,
lung metastasis] and survival information were known
and available. The exclusion criteria were as follows:
death certificate or autopsy only and age <18 years old.
A total of 32,819 cases in the SEER cohort were included
and analyzed. We further randomly divided the patients
in a 2-to-1 ratio, forming a training set (n=21,880) for
nomogram construction and a validation set (n=10,939)
for internal verification. The data obtained in this study
were rooted mainly in the public SEER database, which
is available as open-access data. The ethics committee
board of Sun Yat-sen Memorial Hospital, Sun Yat-sen
University, approved the use of patients with early colon
carcinoma for this study.

Construction and validation of nomograms

Univariable and multivariable analysis were used to
identify independent risk factors predictive of LNM and
LIM in early colon carcinoma in the SEER discovery set.
All variables were screened using the forward stepwise
selection method in a multivariate binary logistic regres-
sion model [19, 20]. The SEER internal testing set was
used to evaluate the predictive reliability and accuracy
of the nomograms developed to predict LNM and LIM.
For internal validation of the nomogram, we applied a
bootstrapping method with 1000 resamples. The predic-
tive performance of the nomograms was measured by a
receiver operating characteristic (ROC) curve. Calibra-
tion curves were plotted to validate the accuracy and reli-
ability of the nomograms by the Hosmer—Lemeshow test
[21].

Clinical utility

DCA was performed to determine the clinical applica-
tion value of the nomogram models by calculating the
net benefits at each risk threshold probability [22, 23].
The net benefit (NB) was determined by subtracting the
proportion of all false-positive patients from the propor-
tion of true positives and weighted by the relative harm
caused by forgoing treatment compared with the negative
consequences of unnecessary treatment, the NB to the
population of using the risk model together with highrisk
threshold R is: NB=TPR*P—*(1—R)*FPR*(1—P) (TPR:
true-positive rate; FPR: false-positive rate; P: prevalence
of the outcome; R: proportion of cases with risk above
risk threshold) [24]. Additionally, on the basis of the
DCAs, we plotted curves to evaluate the clinical impact
of the nomogram to help us more intuitively understand
its significant value. These curves display the number of
high-risk patients, along with the number of high-risk
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patients with outcomes of metastasis, at different thresh-
old probabilities in a given population [25].

Statistical analysis

All statistical analyses were performed using the software
IBM SPSS Statistics (version 24, SPSS Inc., Chicago, IL,
USA) and the programming language R (version 3.3.4,
http://www.R-project.org) for Windows. Patient clini-
cal characteristics are summarized as the mean (s.d.)
for continuous measures. The Chi squared test and Stu-
dent’s t-test were used to compare categorical variables
and continuous variables. The ROC curve, nomogram,
calibration plots, DCA and clinical impact curves were
calculated in R 3.3.4 with relevant packages, such as the
survival ROC, rms, calibrate and decision curve pack-
ages. The cutoff values of the risk scores from the pre-
dictive nomograms of LNM and LIM were determined
based on the maximum Youden index of the ROC curve
in the training set, and the patients were divided into
low- and high-risk groups. All statistical tests were two-
sided, and a P value<0.05 was considered statistically
significant.

Results

Clinical characteristics of patients

The demographic and clinical characteristics of colon
carcinoma patients in both cohorts are summarized
in Table 1, and there were no significant differences
between the two sets (P>0.05, Table 1). LNM was pre-
sent in 3111 of 21,880 patients (14.2%) and 30 of 10,939
patients (14.5%) in the training and testing sets, respec-
tively. LIM occurred in 1.5% of patients in the training
set and 1.2% of patients in the testing set. There was no
statistically significant difference in LNM rate (P =0.277)
or LIM rate (P =0.06) between the two sets. In the corre-
lation analysis, five variables, namely, histological grade,
T classification, tumor size, serum CEA level and over-
all survival, were significantly correlated (P <0.001) with
LNM (Table 2) and LIM (Table 3) in both the training
and testing sets.

Independent significant factors in the training set

To further identify candidate predictors of LNM and
LIM, we evaluated all clinicopathological features by
binary logistic regression analysis. Risk factors for
LNM and LIM were initially identified by univariate
logistic regression analysis in the training set (Table 4).
Marital status, histological grade, histological type,
T classification, tumor size and CEA were associated
with LNM. Additionally, there were eight clinicopatho-
logical variables related to LIM, namely, age, race,
histological grade, histological type, T classification,
tumor size, CEA and N classification. A multivariate
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Table 1 Demographic and clinical characteristics of colon carcinoma patients

Clinicopathological variables SEER cohort (n=32,819) P value
Entire cohort Training n=21,880 Validation n=10,939
Age 67.08 (13.40) 67.02 (13.38) 67.19(13.42) 0.826
Gender
Female 16,479 10,967 5512 0.659
Male 16,340 10,913 5427
Marital status
Married 18,093 12,046 6047 0.922
Single 12,668 8462 4206
Unknown 2058 1372 686
Race
American Indian/Alaska Native 223 154 69 0.735
Asian or Pacific Islander 2467 1650 817
Black 3956 2658 1298
White 26,173 17,418 8755
Histological grade
Well differentiated 6214 4158 2056 0.172
Moderately differentiated 23,529 15,634 7895
Poorly differentiated 2615 1761 854
Undifferentiated 461 327 134
Histological type
Adenocarcinoma 28,356 18917 9439 0.620
Carcinoid tumor 986 644 342
Neuroendocrine carcinoma 291 194 97
Mucinous adenocarcinoma 1585 1075 510
Other 1601 1050 551
TNM
| 27,708 18,482 9226 0.408
I 91 58 33
Il 4398 2906 1492
IV 619 431 188
T classification
T 17,017 11,344 5673 0.990
T2 15,802 10,536 5266
N classification
NO 28,114 18,769 9345 0277
N1 3971 2623 1348
N2 734 488 246
M classification
MO 32,200 21,449 10,751 0512
M1 619 431 188
Tumor size
<5cm 24,488 16,294 8194 0.536
>5cm 3565 2411 1154
Unknown 4766 3175 1591
Liver metastasis
Negative 32,364 21,557 10,807 0.06
Positive 455 323 132

Lung metastasis
Negative 32,713 21,801 10,912 0.09
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Table 1 (continued)
Clinicopathological variables SEER cohort (n=32,819) P value
Entire cohort Training n=21,880 Validation n=10,939
Positive 9 67 24
Unknown 14 12 2
Bone metastasis
Negative 32,793 21,861 10,932 0.227
Positive 14 12 2
Unknown 11 7 4
Brain metastasis
Negative 32,798 21,867 10,931 0.440
Positive 5 4 1
Unknown 15 9 6
CEA
Negative 12,156 8111 4045 0.943
Borderline 80 54 26
Positive 3385 2270 1115
Unknown 17,198 11,445 5753
Tumor number
1 22,789 15214 7575 0.898
2 7495 4989 2506
3 1914 1262 652
>3 621 415 206
Overall survival
Alive 28,206 18,797 9409 0.812
Dead 4613 3083 1530

CEA, carcinoembryonic antigen

regression analysis was performed on all factors to
verify the risk factors of LNM and LIM (Table 5).
Eight variables were actually associated with LNM:
age (45-65: odds ratio (OR) 0.83, 95% CI 0.692 to
0.996, P =0.045; > 65: 0.525, 0.438 to 0.63, P<0.001),
marital status (Single: 0.898, 0.826 to 0.976, P =0.012;
Unknown: 0.806, 0.675 to 0.962, P=0.017), race
(White: 0.732, 0.637 to 0.842, P<0.001), histological
grade (Moderately differentiated: 1.644, 1.442 to 1.875,
P <0.001; Poorly differentiated: 3.641, 3.088 to 4.292,
P <0.001; Undifferentiated: 3.462, 2.609 to 4.593,
P <0.001), histological type (Carcinoid tumor: 1.752,
1.328 to 2.311, P <0.001; Neuroendocrine carcinoma:
3.74, 2.613 to 5.534, P<0.001), T classification (T2:
2.221, 2.03 to 2.431, P<0.001), tumor size (>5 cm:
1.125, 1.003 to 1.262, P =0.045; Unknown: 0.84, 0.731
to 0.967, P=0.015) and CEA (Positive: 1.385, 1.228
to 1.561, P<0.001; Unknown: 0.74, 0.678 to 0.808,
P <0.001). Similarly, LIM was related to five variables:
age (>65: 0.532, 0.332 to 0.851, P=0.008), histologic
grade (Moderately differentiated: 1.501, 1.032 to 2.184,
P =0.034; Poorly differentiated: 1.670, 1.028 to 2.714,
P =0.038), tumor size (>5 cm: 2.886, 2.203 to 3.783,

P <0.001; Unknown: 2.463, 1.8 to 3.37, P<0.001), CEA
(positive: 10.436, 7.595 to 14.335, P<0.001) and N
classification (N1: 3.909, 2.999 to 5.095, P <0.001; N2:
12.131, 8.670 to 16.975, P <0.001).

Development of nomograms for LNM and LIM prediction
Based on the independent risk factors identified in the
multivariate regression analysis, two nomograms were
developed to predict the possibility of LNM (Fig. 2a) and
LIM (Fig. 2b) in patients with early colon carcinoma. Fur-
thermore, point assignments and predictive scores for
each variable in the nomogram models were calculated
in Table 6. According to the LNM nomogram, histologi-
cal grade made the largest contribution, followed by T
stage, age, marital status, serum CEA level and histologi-
cal type. N classification made the largest contribution
in the LIM nomogram, followed by histological grade,
tumor size, serum CEA level and age. The calibration
curves for predicting LNM and LIM in the training set
(Fig. 2c, e) showed good agreement between predictions
and observations.
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Table 2 Correlations between clinicopathological characteristics of patients and lymph node metastasis in the training
and validation sets

Clinicopathological variables Training set Validation set
Negative Positive P value Negative Positive P value
Age 67.36 (13.31) 64.97 (13.58) 0.023 67.52 (13.36) 65.18 (13.59) 0.357
Gender
Female 9421 1546 0.619 4704 808 0.815
Male 9348 1565 4641 786
Marital status
Married 10,260 1786 0.002 5141 906 0017
Single 7297 1165 3593 613
Unknown 1212 160 611 75
Race
American Indian/Alaska Native 132 22 58 11 0.001
Asian or Pacific Islander 1363 287 675 142
Black 2190 468 1074 224
White 15,084 2334 7538 1217
Histologic grade
Well differentiated 3790 368 <0.001 1885 171 <0.001
Moderately differentiated 13,445 2189 6747 1148
Poorly differentiated 1292 469 620 234
Undifferentiated 242 85 93 41
Histologic type
Adenocarcinoma 16,276 2641 <0.001 8060 1379 0.005
Carcinoid tumor 565 79 312 30
Neuroendocrine carcinoma 144 50 81 16
Mucinous adenocarcinoma 896 179 418 92
Other 888 162 474 77
T classification
T 10,313 1031 <0.001 5125 548 <0.001
T2 8456 2080 4220 1046
Tumor size
<5cm 13,949 2345 <0.001 6984 1210 <0.001
>5cm 1927 484 919 235
Unknown 2891 282 1442 149
CEA
Negative 6809 1302 <0.001 3405 640 <0.001
Borderline 43 11 22 4
Positive 1770 500 861 254
Unknown 10,147 1298 5057 696
Tumor number
1 12,996 2218 0.125 6423 1152 0.035
2 4315 674 2170 336
3 1100 162 572 80
>3 358 57 180 26
Overall survival
Alive 16,258 2539 <0.001 8087 1322 <0.001
Dead 2511 572 1258 272

Italic values: statistical differences are significant. CEA, carcinoembryonic antigen
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Table 3 Correlations between clinicopathological characteristics of patients and liver metastasis in the training
and validation sets

Clinicopathological variables Training set Validation set
Negative Positive P value Negative Positive P value
Age 67.07 (13.38) 63.70(12.88) 0.494 67.24 (13.42) 62.78 (13.15) 0481
Gender
Female 10,821 146 0.084 5464 48 0.001
Male 10,736 177 5343 84
Marriage
Married 11,881 165 0311 5970 77 0461
Single 8324 138 4156 50
Unknown 1352 20 681 5
Race
American Indian/Alaska Native 152 2 0.006 67 2 0.063
Asian or Pacific Islander 1634 16 803 14
Black 2600 58 1276 22
White 17,171 247 8661 94
Histological grade
Well differentiated 4124 34 <0.001 2043 13 <0.001
Moderately differentiated 15,394 240 7795 100
Poorly differentiated 1720 41 841 13
Undifferentiated 319 8 128 6
Histological type
Adenocarcinoma 18,632 285 0.067 9327 112 0.154
Carcinoid tumor 641 3 341 1
Neuroendocrine carcinoma 190 4 94 3
Mucinous adenocarcinoma 1054 21 501 9
Other 1040 10 544 7
T classification
T 11,222 122 <0.001 5631 42 <0.001
T2 10,335 201 5176 90
Tumor size
<5cm 16,310 164 <0.001 8120 74 <0.001
>5cm 2312 99 1118 36
Unknown 3115 60 1569 22
CEA
Negative 8057 54 <0.001 4019 26 <0.001
Borderline 53 1 25 1
Positive 2097 173 1057 58
Unknown 11,350 95 5706 47
Tumor number
1 15,001 213 0441 7482 93 0.687
2 4904 85 2474 32
3 1242 20 646 6
>3 410 5 205 1
Overall survival
Alive 18,646 151 <0.001 9342 67 <0.001
Dead 2911 172 1465 65

Italic values: differences are statistically significant

CEA, carcinoembryonic antigen
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Table 4 Risk factors for lymph node metastasis and liver metastasis identified by univariate logistic regression analysis

Clinicopathological variables Lymph node metastasis Liver metastasis
OR 95% ClI P value OR 95% ClI P value

Age

<45 1 1

45-65 0.86 0.729-1.016 0.76 0.774 05-1.2 0.253

>65 0.609 0517-0.717 0528 0.342-0.814 0.004
Gender

Female 1 1

Male 1.02 0.946-1.101 0.606 1.222 0.98-1.524 0.075
Marital status

Married 1 1

Single 0917 0.847-0.993 0.033 1.194 0.951-1.499 0.128

Unknown 0.758 0.638-0.901 0.002 1.065 0.667-1.7 0.791
Race

Asian or Pacific Islander 1 1

American Indian/Alaska Native 0.792 0495-1.265 0.328 1.344 0.306-5.899 0.695

White 0.735 0.642-0.841 1469 0.884-2.442 0.138

Black 1.015 0.863-1.193 0.858 2.278 1.305-3.976 0.004
Histological grade

Well differentiated 1 1

Moderately differentiated 1.667 1.493-1.883 <0.001 1.891 1.318-2.713 <0.001

Poorly differentiated 3739 3.217-4.345 <0.001 2.891 1.829-4.571 <0.001

Undifferentiated 3617 2.763-4.735 <0.001 3.043 1.396-6.626 0.005
Histological type

Adenocarcinoma 1 1

Carcinoid tumor 0.862 0.679-1.094 0.222 0.306 0.098-0.957 0.042

Neuroendocrine carcinoma 2.14 1.547-2.96 <0.001 1.376 0.508-3.371 0.53

Mucinous adenocarcinoma 1.231 1.043-1.453 0.014 1.303 0.833-2.308 0.247

Other 1.124 0.946-1.336 0.183 0.629 0.334-1.185 0.151
T classification

T1 1 1

T2 2461 2.271-2.665 <0.001 1.789 1426-2.244 <0.001
Tumor size

<5cm 1 1

>5cm 1494 1.34-1.666 <0.001 4212 3.269-5.425 <0.001

Unknown 0.58 0.509-0.66 <0.001 1.894 1.406-2.553 <0.001
CEA

Negative 1 1

Borderline 1.338 0.688-2.601 0391 2815 0.382-20.726 031

Positive 1477 1.316-1.658 <0.001 12.309 9.035-16.77 <0.001

Unknown 0.669 0.616-0.727 1.249 0.893-1.746 0.194

Tumor number
1 1 1

2 0915 0.834-1.004 0.061 1222 0.947-1.573 0123

3 0.863 0.727-1.024 0.091 1.134 0.714-1.8 0.593

>3 0933 0.703-1.238 0.631 0.859 0.352-2.096 0.738
N classification

NO 1 1

N1 NA NA NA 4.687 3.64-6.036 <0.001

N2 NA NA NA 17.35 12.761-23.59 <0.001

Italic values: differences are statistically significant. OR: odds ratio; 95% Cl, 95% confidence interval; CEA, carcinoembryonic antigen; NA, not available
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Table 5 Risk factors for lymph node metastasis and liver metastasis identified by multivariate logistic regression analysis

Clinicopathological variables

Lymph node metastasis

Liver metastasis

OR 95% Cl P value OR 95% Cl P value

Age

<45 1 1

45-65 0.83 0.692-0.996 0.045 0.751 0.468-1.206 0.236

>65 0.525 0.438-0.63 <0.001 0.532 0.332-0.851 0.008
Marriage

Married 1

Single 0.898 0.826-0.976 0.012

Unknown 0.806 0.675-0.962 0017
Race

Asian or Pacific Islander 1

American Indian/Alaska Native 0.759 0.469-1.227 0.261

White 0.732 0.637-0.842 <0.001

Black 1.022 0.863-1.21 0.799
Histological grade

Well differentiated 1 1

Moderately differentiated 1.644 1.442-1.875 <0.001 1.501 1.032-2.184 0.034

Poorly differentiated 3.641 3.088-4.292 <0.001 1.670 1.028-2.714 0.038

Undifferentiated 3462 2.609-4.593 <0.001 1.939 0.847-4.437 0.117
Histological type

Adenocarcinoma 1

Carcinoid tumor 1.752 1.328-2.311 <0.001

Neuroendocrine carcinoma 3.74 2.613-5.534 <0.001

Mucinous adenocarcinoma 1.046 0.881-1.241 0.607

Other 1.118 0.933-1.339 0.226
T classification

T 1

T2 2221 2.03-2431 <0.001
Tumor size

<5cm 1 1

>5cm 1.125 1.003-1.262 0.045 2.886 2.203-3.783 <0.001

Unknown 084 0.731-0.967 0.015 2463 1.8-3.37 <0.001
CEA

Negative 1 1

Borderline 1.468 0.743-29 0.269 2.763 0.367-20.815 0.324

Positive 1.385 1.228-1.561 <0.001 10436 7.595-14.335 <0.001

Unknown 0.74 0.678-0.808 <0.001 1.395 0.994-1.958 0.055
N classification

NO 1 1

N1 NA NA NA 3.909 2.999-5.095 <0.001

N2 NA NA NA 12.131 8.670-16.975 <0.001

OR, odds ratio; 95% Cl, 95% confidence interval; NA, not available

Italic values: differences are statistically significant

Performance and validation of nomograms for LNM

and LIM prediction

The calibration curves for predicting LNM and LIM
demonstrated that the nomograms were generally well

calibrated in the testing set (Fig. 2d, f). To compare the pre-
dictive values for LNM and LIM of the nomogram mod-
els and clinicopathological risk factors, we applied ROC
analysis. In the ROC curves of LNM in the training set
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(Fig. 3a) and the testing set (Fig. 3b), the area-under-the-
curve (AUC) values of the nomograms were 0.667 (95%
CI 0.661-0.673) and 0.658 (95% CI 0.649-0.667), respec-
tively; these values were significantly larger than the AUCs
of grade, tumor size and histological type in both sets
(P<0.0001). Similarly, the AUCs of nomograms of LIM in
the training set (Fig. 3c) and the testing set (Fig. 3d), with
values of 0.766 (95% CI, 0.760-0.771) and 0.825 (95% ClI,

0.818-0.832), respectively, were higher than those for his-
tological grade, histological type, tumor size and N clas-
sification. Moreover, we generated bar charts to evaluate
the discriminatory power of the nomograms in LNM and
LIM after calculating the risk scores from the nomograms.
Using the maximum Youden index in the training set, we
obtained cutoff values of 79 and 33 for the LNM and LIM
nomograms, respectively. All patients were divided into
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Table 6 Point assignments and predictive scores for each
variable in the nomogram models

Variables Classification Nomogram score
Lymph Liver
node metastasis
metastasis

Age <45 58 16

45-65 29 8
>65 0 0
Marriage Married 11 NA
Single 6 NA
Unknown 0 NA
Histological grade Well differentiated 0
Moderately differenti- 33 8
ated
Poorly differentiated 67 16
Undifferentiated 100 23
Histological type  Adenocarcinoma 0 NA
Carcinoid tumor 3 NA
Neuroendocrine carci- 5 NA
noma
Mucinous adenocarci- 8 NA
noma
Other 10 NA
T classification T1 0 NA
T2 54 NA
Tumor size <5cm 6 0
>5cm 3 17
Unknown 0 35
CEA Negative 14 0
Borderline 9 5
Positive 5 10
Unknown 0 15
N classification NO NA 0
N1 NA 50
N2 NA 100

CEA, carcinoembryonic antigen; NA, not available

low- and high-risk groups. Patients with predicted high-
risk LNM actually had a higher proportion of N1 and N2
classification than the low-risk group in the training set
(Fig. 4a). The proportion of N1 and N2 classification in
the testing set was near the proportions in the training
set (Fig. 4b). Similarly, the high-risk group had a greater
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possibility of LIM than the low-risk group in both the
training and testing sets (Fig. 4c, d).

Clinical utility

Kaplan—Meier survival curves of overall survival for
patients according to LNM (Fig. 5a) and LIM (Fig. 5b) in
the entire SEER cohort verified that patients who were
predicted to have LNM or LIM had a significant disadvan-
tage in overall survival (P <0.0001). DCAs were performed
on the nomograms for predicting LNM (Fig. 5¢) and LIM
(Fig. 5d) in the training set. Threshold probabilities of 0-0.3
for LNM or 0-0.2 for LIM were the most beneficial for
predicting LNM and LIM with our nomograms. Based on
these DCAs of LNM, we further plotted curves to evaluate
the clinical impact of the nomograms to help us more intu-
itively understand their substantial value. Clinical impact
curves of the LNM nomogram in the training set (Fig. 5e)
and testing set (Fig. 5f) showed that the model had remark-
able predictive power: the predicted number of high-risk
patients was always greater than the number of high-risk
patients with outcomes of metastasis when the risk thresh-
old was in the range of 0-0.3, and the cost—benefit ratios
would be acceptable in the same range.

Discussion
Colon carcinoma ranks fourth in terms of incidence but
fifth in terms of mortality worldwide in 2018. In 2018,
among both genders combined, the incidence of colon
carcinoma is approximately 1,096,601 new cases, and the
mortality is approximately 551,269 [26]. Death from colon
carcinoma typically occurs due to distant metastasis, while
lymph node metastases are thought to occur before distant
metastasis [3]. A study has reported that an increased num-
ber of lymph nodes evaluated is associated with increased
survival. Therefore, lymph node evaluation is important
for the prognosis and treatment of patients with colon can-
cer and may be a measure of quality care [9]. For distant
metastasis, a population-based cancer registry in Burgundy
reported that 27.3% of patients diagnosed with colon carci-
noma develop LIM during the course of their disease, and
the 5-year cumulative metachronous LIM rate was 14.5%
in general, 3.7% for TNM stage I tumors, and 13.3% for
stage II [5]. Metachronous LIM also contributed greatly to
the poor prognosis and recurrence of colon carcinoma.
When metastasis occurs, surgical treatments such as
en bloc resections of the affected segments of the bowel

(See figure on next page.)

Fig. 3 Receiver operating characteristic (ROC) curve analysis for lymph node metastasis and liver metastasis. Comparisons of the predictive values
of the nomogram models and clinicopathological risk factors for lymph node metastasis and liver metastasis according to ROC analysis. ROC curves
of lymph node metastasis in the training set (a) and the testing set (b); ROC curves of liver metastasis in the training set (c) and the testing set

(d). The AUC was calculated, and its 95% Cl was estimated by bootstrapping. The P values were two-sided. Abbreviations: LN, lymph nodes; ROC,

receiver operating characteristic; 95% Cl, 95% confidence interval
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Fig. 4 Discriminatory power of the nomograms for lymph node metastasis and liver metastasis, illustrated with bar charts. Risk classification for
the predictive nomograms was conducted by the maximum Youden index of the ROC curve, and their performance in distinguishing lymph node
metastasis and liver metastasis in the training set (a, ¢) and the testing set (b, d) were plotted

and the associated draining lymph nodes [27], as well as
adjuvant therapies, should be applied [28]. Partial or total
colectomy is performed in the majority of patients with
stage I and II colon cancer (84%), while 67% and 40% of
patients with stage III and stage IV, respectively, receive
chemotherapy in addition to colectomy to lower their
risk of recurrence [29]. Several studies have examined the
number [9], distribution and size of affected lymph nodes
[8] or the ratio of metastatic to examined lymph nodes
[7] to evaluate colon cancer survival. Some researchers
have focused on mRNA expression of genes related to
lymph nodes, such as guanylyl cyclase C (GCC) [11] and
metastasis associated in colon cancer 1 (MACC1) [10], to
evaluate colon cancer prognosis. It is unknown whether
LIM is derived from cancer cells that first colonize intes-
tinal lymph nodes or whether such metastases can form
without prior lymph node involvement in colorectal can-
cer. Enquist et al. found direct hematogenous spread as a
dissemination route contributing to CRC liver metastasis
in CRC mouse models [30]. Therefore, the correlations
between LNM, LIM and tumor recurrence should not
be ignored, and in order to modify therapeutic strategies
and improve patient prognosis, it is essential to estimate
the risks of LNM and LIM in early colon carcinoma.

¢-MET, a proto-oncogene that initiates a range of sig-
nals to regulate various cellular functions, has been
suggested to be associated with CRC progression [31] .
Hiroya Takeuchi and coworkers reported that ¢c-MET
copy numbers in primary CRC of N1/N2-stage patients
were significantly higher than the copy numbers in NO
cases (P <0.03) and that overexpression of ccMET mRNA
in primary CRC may be a predictor of tumor invasion
and lymph node metastases [32]. Zuo et al. found that
serum soluble lectin, which was increased in colon can-
cer patients with LIM compared to those without metas-
tases, might be a promising new target for intervention
in metastasis formation [33]. However, fundamental
studies are not a direct way to predict metastasis in daily
clinical practice and would be costly even if they could be
employed in the clinic. As a result, we focused on clinical
studies based on clinicopathological risk factors.

Some researchers have estimated the risk of metas-
tasis using clinicopathological variables and nomo-
grams. A study of 160 patients with early colorectal
cancer assessed CT and MRI data to establish imaging
criteria for LNM and concluded that a short-diameter
size criterion of >4.1 mm for metastatic lymph nodes
showed sensitivity of 78.6% and specificity of 75%
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Fig. 5 Kaplan-Meier survival curves, decision curve analyses, and clinical impact curves of overall survival for patients. Kaplan-Meier survival curves
representing the overall survival of patients with lymph node metastasis (a) and liver metastasis (b) in the entire SEER cohort. The decision curves

of the nomograms for predicting lymph node metastasis (c) and liver metastasis (d) in the training set were plotted. Clinical impact curves of the
nomogram to predict lymph node metastasis in the training set (e) and the testing set (f) are shown. The y-axis represents the net benefit. The x-axis
shows the threshold probability. The horizontal solid black line represents the hypothesis that no patients experienced lymph node metastasis or
liver metastasis, and the solid gray line represents the hypothesis that all patients met the endpoint (c, d). At different threshold probabilities within
a given population, the number of high-risk patients and the number of high-risk patients with the outcome were plotted (e, f)

[34]. In addition, Yan-qi Huang et al. developed and
validated a radiomics-based nomogram incorporating
the radiomics signature, CT-imaged lymph node sta-
tus, and clinical risk factors to facilitate the preopera-
tive individualized prediction of LNM in patients with
colorectal cancer [24]. Martin R. Weiser and colleagues
developed a colon cancer recurrence nomogram to pre-
dict relapse based on the number of positive and nega-
tive lymph nodes, lymphovascular invasion and other
risk factors [35]. Because nomograms are commonly
used tools for prognosis in oncology and medicine [22]
and straight scales are useful for relatively simple calcu-
lations, we decided to build a nomogram for LNM and
LIM prediction in early colon carcinoma. The scarcity
of studies examining liver metastasis in colon carci-
noma supported our decision to develop a nomogram
for predicting LIM in early colon carcinoma.

Two nomograms were constructed and validated for
predicting LNM and LIM in patients with early colon
carcinoma. The nomogram for LNM incorporates seven
factors, namely, age, marital status, CEA, histological

type, T classification, histological grade and tumor size,
while the nomogram for LIM includes five factors: age,
CEA, tumor size, histological grade and N classification.

Both of the nomograms demonstrated good agreement
between predictions and observations in the training
and testing sets. Furthermore, better diagnostic efficien-
cies were shown by ROC curves in comparison with
histologic grade, histologic type, tumor size and N clas-
sification. In particular, the AUCs of the LIM nomograms
were calculated with values of 0.766 (0.760-0.771) and
0.825 (0.818-0.832), respectively, in the training set and
the testing set.

However, the nomograms might not be useful with
greater AUCs and good agreement between predic-
tions and observations [13]. Therefore, decision curve
analyses were performed in the present study. DCA is a
novel method for evaluating diagnostic tests, prediction
models and molecular markers. This method can also be
easily extended to many of the applications common to
performance measures for prediction models [22]. Here,
good clinical utility was indicated in the proper range.
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Moreover, the clinical impact of the LNM nomogram
on the basis of DCA, Kaplan—Meier survival curves and
bar charts with Chi squared tests was used to improve
the discriminatory power of the nomograms. The nomo-
grams for predicting LNM and LIM actually possess good
prediction efficiencies as judged by the methods above.

In our study, a large number of cases in the SEER
dataset were chosen and randomly divided into a train-
ing set and an internal testing set. Our purpose was to
evaluate the prediction of LNM and LIM in early colon
carcinoma from large quantities of patient data, which
are convincing and readily available in clinical decision
making. For clinical application, it is important to make
the assessment of risk factors as convenient as possi-
ble. We considered the variables needed in our nomo-
gram to be prevalent in clinical practice and convenient
to acquire. The limitations of our study are the lack of
external validation for the nomogram and the absence
of genetic markers. Because the testing set in this study
was derived from the same SEER dataset as the train-
ing study, potentially leading to overfitting of the model,
external validation at our hospital or another institution
should be performed. Multicenter validation with a large
sample size is preferable because it yields high-level evi-
dence for clinical application. In addition, our research
did not incorporate genetic markers because clinical risk
factors are easier to collect. However, a combination of
clinical variables and genetic markers may improve the
prediction of LNM and LIM in patients with early colon
carcinoma.

Conclusions

In conclusion, based on the clinical risk factors identi-
fied in a large population-based cohort, we established
the first practical nomograms that can objectively and
accurately predict individualized risk of LNM and LIM.
Moreover, the internal cohort validation results demon-
strate that the two nomograms perform well and have
high accuracy and reliability. Our nomograms were dem-
onstrated to be clinically useful in DCAs, and they should
therefore help clinicians to improve individual treatment,
make clinical decisions and guide follow-up management
strategies for patients with early colon carcinoma.
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