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Abstract 

Background:  We aimed to develop and validate a nomogram model, which could predict metachronous liver 
metastasis in colorectal cancer within two years after diagnosis.

Methods:  A retrospective study was performed on colorectal cancer patients who were admitted to Beijing Shijitan 
Hospital from January 1, 2016 to June 30, 2019. The least absolute shrinkage and selection operator (LASSO) regres-
sion model was used to optimize feature selection for susceptibility to metachronous liver metastasis in colorectal 
cancer. Multivariable logistic regression analysis was applied to establish a predictive model through incorporating 
features selected in the LASSO regression model. C-index, receiver operating characteristic (ROC) curve, calibration 
plot, and decision curve analysis (DCA) were employed to assess discrimination, distinctiveness, consistency with 
actual occurrence risk, and clinical utility of candidate predictive model. Internal validation was assessed with boot-
strapping method.

Results:  Predictors contained in candidate prediction nomogram included age, CEA, vascular invasion, T stage, N 
stage, family history of cancer, and KRAS mutation. This model displayed good discrimination with a C-index of 0.787 
(95% confidence interval: 0.728–0.846) and good calibration, whereas area under the ROC curve (AUC) of 0.786. 
Internal validation obtained C-index of 0.786, and AUC of validation cohort is 0.784. Based on DCA, with threshold 
probability range from 1 to 60%; this predictive model might identify colorectal cancer metachronous liver metastasis 
to achieve a net clinical benefit.

Conclusion:  We have developed and validated a prognostic nomogram with good discriminative and high accuracy 
to predict metachronous liver metastasis in CRC patients.
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Background
Liver metastasis, as the most commonly involved organ 
by colorectal cancer, has been recognized as the leading 
causes of death. The WHO announced more than 1.9 
million new cases worldwide in 2020 [1], of which nearly 
half of patients develop liver metastasis during the course 

of the disease. Liver metastasis, with high incidence and 
mortality, has become the primary determinant of poor 
prognosis and frequent recurrence of colorectal can-
cer [2–4]. Although primary tumor and liver metasta-
sis can be detected by preoperative thoraco-abdominal 
computed tomography (CT) in time, and these patients 
can be treated with surgical intervention, neoadjuvant 
chemoradiotherapy, or adjuvant chemoradiotherapy, a 
significant proportion of colorectal cancer cases, approx-
imately 15–25%, would inevitably develop liver metasta-
sis during follow-up after primary tumor resection [5–7]. 
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Metachronous liver metastasis (MLM) is defined when 
liver involvement occurs after diagnosis/operation of pri-
mary colorectal cancer (cut-off point). Both prognosis 
and quality of life of patients with colorectal cancer who 
have undergone MLM are inferior to those with colorec-
tal localized tumors, regardless of secondary resection, 
or adjuvant chemotherapy or targeted therapy. However, 
molecular mechanism of MLM is not yet clear, its patho-
genesis can be affected by clinicopathological features, 
such as histological patterns, preoperative tumor mark-
ers, as well as genetics/epigenetics.

Nomograms are mainly used for risk prediction and 
prognostic evaluation. Currently, nomograms are widely 
applied in clinical studies on cancer patients. By assign-
ing scores to various predictive factors, calculating and 
evaluating the probability of dependent variables, com-
plex regression analysis can be converted into visual 
graphics [8–11]. A large number of studies have focused 
on potential factors that cause colorectal cancer and con-
tribute to distant metastasis, in particular liver metasta-
sis. For patients who have undergone primary resection 
without liver metastasis as demonstrated by preoperative 
imaging, postoperative MLM significantly affects prog-
nosis and quality of life.

Therefore, this study aims to establish a nomogram 
model to evaluate patients with colorectal cancer with 
a high-risk score for liver metastasis, so as to help clini-
cians predict prognosis and provide a more personal-
ized follow-up plan for colorectal cancer patients after 
surgery.

Methods
Study populations
This investigation was approved by Ethics Committee of 
Beijing Shijitan Hospital (#[ sjtky11-1x-2021(106)]) and 
performed in accordance with the Declaration of Hel-
sinki. Clinical data of patients diagnosed in the Depart-
ment of Oncology at Beijing Shijitan Hospital from 
January 1, 2016 to June 30, 2019 were retrospectively 
collected, including demographics (gender, age, ethnic-
ity), family history of cancer, body-mass index (BMI), 
preoperative serum indicators [albumin (ALB), alpha 
fetoprotein (AFP), carcinoembryonic antigen (CEA), 
carbohydrate antigen 19-9 (CA19-9)], primary tumor 
location, pathological features (differentiation grade, the 
maximum diameter, tissue infiltration, vascular inva-
sion, perineural invasion, T, N, Dukes’ staging), as well 
as gene expression profiling (e.g., KRAS, NRAS). A total 
of 293 patients were enrolled after screening (Fig.  1). 
All enrolled patients were followed up for 2 years. Fol-
low-up was terminated for patients with recurrent liver 
metastasis identified by thoraco-abdominal CT after 
primary tumor resection, and the remaining patients 

were followed up until June 30, 2021. Results of the last 
thoraco-abdominal CT were recorded. The occurrence 
of MLM within 2 years after diagnosis/operation was 
defined as an unfavorable event. Written informed con-
sent was obtained from each subject.

Inclusion and exclusion criteria
The inclusion criteria specified patients (1) evaluated as 
undergoing curative resection without any preoperative 
adjuvant therapy, (2) pathologically diagnosed as adeno-
carcinoma, (3) no signs of liver metastasis on preopera-
tive imaging, and (4) no history of other malignancies 
in the past 5 years. This study excluded patients who (1) 
were diagnosed as synchronous liver metastasis before 
resection, (2) underwent both bowel and metastasis 
resection, (3) received adjuvant therapy such as neoad-
juvant chemotherapy or radiotherapy before surgery, 
(4) had serious cardiac and/or brain diseases, (5) had a 
history of mental illness, or a family history of mental 
illness, (6) were not regularly reviewed with thoraco-
abdominal CT after operation, (7) had unclear status of 
liver metastasis, (8) were lost to follow-up, and (9) had 
missed clinical data.

Statistical analysis
All data were sorted and expressed as n (%). Categorical 
variables were analyzed using a chi-square test (or Fish-
er’s exact test under specific conditions) when compar-
ing differences between groups. Statistical analysis was 
performed with the SPSS 26.0 statistical package (SPSS 

Fig. 1  Study flowchart
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Inc., Chicago, IL, USA) and R software (Version:4.0.3 
http://​www.R-​proje​ct.​org). The LASSO [12–14] was 
used to select candidate risk factors for colorectal can-
cer MLM. Non-zero coefficient features were selected 
from LASSO regression models to describe odds ratios 
(ORs), 95% confidence intervals (CIs), and p values of 
selected predictors. Multivariate logistic regression 
analysis was used to verify selected predictors, com-
bined with results of LASSO regression analysis to 
establish a prediction model and to draw a nomogram 
model to predict individual risk of MLM in colorec-
tal cancer. All statistical tests were two-sided, and a p 
< 0.05 was considered statistically significant. Harrell’s 
C-index was calculated to quantify discrimination per-
formance, the larger the C index, the stronger the pre-
dictive ability of the model [15, 16]. Receiver operating 
characteristic (ROC) curve was plotted. The area under 
the curve (AUC) was calculated to evaluate predictive 
value for MLM [15]. We applied 1000 bootstrap resa-
mples to establish a calibration curve, so that consist-
ency between predicted value and actual value could 
be assessed. In order to explore clinical application 
value of candidate model, DCA was used to calculate 
net benefit under the probability of each risk threshold 
[17]. Finally, candidate model was verified internally, 
with its credibility determined by C-index, AUC and 
calibration curve.

Results
Clinicopathologic characteristics
A total of 293 patients with colorectal cancer were 
analyzed, including 171 males and 122 females. The 
elderly (> 60 years old) cases accounted for a large pro-
portion (232/293, 79.18%). Pre-operative serum CEA 
level was normal in 132 cases, borderline in 21 cases, 
and increased in 140 cases, respectively. The maximum 
diameter of primary tumor was ≤ 5 cm in 173 cases, 
whereas > 5 cm in 120 cases, respectively. Postoperative 
pathological stages were categorized as pT1 in 22 cases, 
pT2 in 65 cases, pT3 in 130 cases, whereas pT4 in 76 
cases. Lymph node was involved (pN+) in 210 patients, 
whereas spared (pN0) in 83 patients. According to 
presence vs. absence of liver metastasis on abdomi-
nal CT within 2 years, all patients were divided into 
two groups: MLM (n = 75) and non-MLM (n = 218). 
According to baseline characteristics of the included 
patients, we observed that there were significant dif-
ferences in CEA, vascular invasion, pT stage, Dukes’ 
staging, KRAS mutation (p < 0.05), and no significant 
differences in other factors. The basic demographic 
and clinicopathologic characteristics were presented in 
Table 1.

Feature selection
Among 19 variables, 7 potential risk factors with nonzero 
coefficients were identified by LASSO regression analy-
sis, including age, CEA, vascular invasion, T stage, N 
stage, family history of cancer, and KRAS mutation 
(Fig. 2A, B).

Multivariate logistic regression analysis identified CEA 
level, vascular invasion, pT4, pN+, KRAS mutation as 
independent risk factors for MLM (Table 2).

Development of an individualized prediction model
Based on regression analysis, a nomogram model pre-
dicting risk factors for MLM of colorectal cancer was 
developed (Fig.  3), with C-index of 0.787 (95% CI: 
0.728–0.846).

Performance and validation of nomograms for MLM 
prediction
In this study, calibration curve used to predict MLM in 
patients with colorectal cancer exhibited good consist-
ency (Fig.  4A). In order to evaluate discriminative and 
predictive capability of candidate nomogram model, 
ROC curve was drawn, with AUC of 0.786 (Fig.  5A). 
Based on DCA (Fig.  6), with the threshold probabil-
ity ranged from 1 to 60%, using this predictive model to 
identify colorectal cancer MLM could achieve a net clini-
cal benefit. In addition, bootstrap testing was applied to 
validate this model. C-index was 0.786 (95% CI 0.68702–
0.88498), further calibration curve (Fig.  4B) and ROC 
curve (AUC 0.784) were drawn (Fig.  5B), which proved 
good reliability of candidate predictive model.

Discussion
Colorectal cancer, as the third most common malignancy 
worldwide, has become a hot topic for clinical and scien-
tific research in recent years [1]. Especially liver metasta-
sis, the most common cause of death in colorectal cancer, 
poses a great threat to public health. For patients with 
no signal of liver metastasis at initial diagnosis, if liver 
metastasis occurs after primary resection, decreased 
survival rate and quality of life will be expected. There-
fore, it is particularly important to accurately evaluate 
each patient’s condition in all aspects before surgery and 
timely detect MLM, in order to adjust treatment strategy 
at an early stage and improve prognosis.

How do we define MLM? Currently, there is no inter-
national consensus on the time point for delineating 
‘synchronous’ and ‘metachronous’ metastasis. Most of 
the studies did not clearly distinguish between ‘synchro-
nous’ and ‘metachronous’ liver metastasis. And in the 
few studies that did distinguish between ‘synchronous’ 
and ‘metachronous,’ the authors included the time of 

http://www.r-project.org


Page 4 of 11Hao et al. World Journal of Surgical Oncology           (2022) 20:80 

Table 1  Differences between demographic and clinicopathologic characteristics of MLM and non-MLM groups

Clinicopathologic Characteristics n (%) P

MLM group (n = 75) Non-MLM group (n = 
218)

Total (n = 293)

Gender .306

  Male 40 (53.33) 131 (60.09) 171 (58.36)

  Female 35 (46.67) 87 (39.91) 122 (41.64)

Age (years) .595

  ≤60 14 (18.67) 47 (21.56) 61 (20.82)

  >60 61 (81.33) 171 (78.44) 232 (79.18)

Family history of cancer .246

  No 21 (28.00) 77 (35.32) 98 (33.45)

  Yes 54 (72.00) 141 (64.68) 195 (66.56)

BMI .965

  ≤ 25 47 (62.67) 136 (62.39) 183 (62.46)

  >25 28 (37.33) 82 (37.61) 110 (37.54)

ALB .554

  Normal 23 (30.67) 75 (34.40) 98 (33.45)

  Abnormal 52 (69.33) 143 (65.60) 195 (66.55)

CEA .001

  Normal 21 (28) 111 (50.92) 132 (45.05)

  Abnormal 44 (58.67) 96 (44.04) 140 (47.78)

  Borderline 10 (13.33) 11 (5.05) 21 (7.17)

AFP .973

  Normal 74 (98.67) 213 (97.71) 287 (97.95)

  Abnormal 1 (1.33) 5 (2.29) 6 (2.05)

CA199 .683

  Normal 5 (6.67) 12 (5.50) 17 (5.80)

  Abnormal 65 (86.67) 196 (89.91) 261 (89.08)

  Borderline 5 (6.67) 10 (4.59) 15 (5.12)

Tumor primary location .510

  Ascending colon 22 (29.33) 63 (28.90) 85 (29.01)

  Transverse colon 4 (5.33) 8 (3.67) 12 (4.10)

  Descending colon 30 (40.00) 70 (32.11) 100 (34.13)

  Sigmoideum 13 (17.33) 57 (26.14) 70 (23.89)

  Boundary 6 (8.00) 20 (9.17) 26 (8.87)

Differentiation degree .113

  High 6 (8.00) 15 (6.88) 21 (7.17)

  High–medium 3 (4.00) 32 (14.68) 35 (11.95)

  Medium 51 (68.00) 143 (65.60) 194 (66.21)

  Medium–low 11 (14.67) 20 (9.17) 31 (10.58)

  Low 4 (5.33) 8 (3.67) 12 (4.10)

Max (cm) .727

  ≤ 5 43 (57.33) 130 (59.63) 173 (59.04)

  >5 32 (42.67) 88 (40.37) 120 (40.96)

Tissue infiltration .312

  No 24 (32) 84 (38.53) 108 (36.86)

  Yes 51 (68) 134 (61.67) 185 (63.14)

Vascular invasion <.001

  No 40 (53.33) 165 (75.69) 205 (69.97)

  Yes 35 (46.67) 53 (24.32) 88 (30.03)
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Table 1  (continued)

Clinicopathologic Characteristics n (%) P

MLM group (n = 75) Non-MLM group (n = 
218)

Total (n = 293)

Perineural invasion .937

  No 53 (70.67) 153 (70.19) 206 (70.31)

  Yes 22 (29.33) 65 (29.82) 87 (29.69)

pT .002

  pT1 1 (1.33) 21 (9.63) 22 (7.51)

  pT2 12 (16.00) 53 (24.31) 65 (22.18)

  pT3 32 (42.67) 98 (44.95) 130 (44.37)

  pT4 30 (40.00) 46 (21.10) 76 (25.94)

pN .064

  pN0 15 (20.00) 68 (31.19) 83 (28.33)

  pN+ 60 (80.00) 150 (68.81) 210 (71.67)

Dukes .008

  A 13 (17.33) 74 (33.94) 87 (29.69)

  B 14 (18.67) 52 (23.85) 66 (22.52)

  C 46 (61.33) 86 (39.45) 132 (45.05)

  D 2 (2.67) 6 (2.75) 8 (2.73)

Kras mutation <.001

  Wild 45 (60.00) 176 (80.73) 221 (75.43)

  Mutation 30 (40.00) 42 (19.27) 72 (24.57)

Nras mutation .802

  Wild 48 (64.00) 143 (65.60) 191 (65.19)

  Mutation 27 (36.00) 75 (34.40) 102 (34.81)

MLM group metachronous liver metastasis group, non-MLM group non-metachronous liver metastasis group

Fig. 2  Demographic and clinicopathologic feature selection using the LASSO binary logistic regression model. A Screen the included 19 
clinical variables and a coefficient profile plot was produced against the log(lambda) sequence. B The smallest lambda is obtained by tenfold 
cross-validation. When the smallest lambda is equal to 0.024, lasso regression retains 7 non-zero coefficient independent variables
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diagnosis of liver metastasis and the interval of 3, 6, and 
12 months after the initial colorectal cancer diagnosis/
surgery as reference points in the MLM group, respec-
tively [18–23], which were allowed. A significant number 
of studies are more supportive of the initial colorectal 
cancer diagnosis/surgery as the dividing line between 
synchronous and MLM than the former [23–25]. Among 
them, Engstrand et al. [25] summarized previous studies 
and assessed prognosis at different defined time points, 
supporting the initial diagnosis/surgery as the standard 
cut-off point between the ‘synchronous’ and ‘metachro-
nous’ groups. The present study adopts this view and 
uses it as a reference for the grouping of the synchronous 
and MLM groups.

At present, nomogram model has been widely used in 
clinical medicine, particularly in colorectal surgery [26, 
27]. In view of the high morbidity and mortality charac-
teristics of colorectal cancer, various predictive models 
focusing on the prognosis of colorectal cancer have been 
developed in recent years [28–30], including a prognostic 
model related to liver metastasis [31–33]. Time-depend-
ent factors can effectively predict patient survival. In 

addition, there has been an increasing interest in explor-
ing the risk of developing liver metastasis. Ding et al. [34] 
applied the nomogram model to show us the risk factors 
for liver metastasis from colorectal neuroendocrine neo-
plasm. Mo et al. [35] analyzed the specific distant meta-
static sites of stage I–IV colorectal cancer by univariate 
and multivariate logistic regression analysis, supporting 
the application of the nomogram model based on clin-
icopathological features to predict the metastatic sites of 
colorectal cancer, while confirming to us that sex, tumor 
site, grade, age, histological type, tumor size, T stage, N 
stage, and lymph node harvested were important risk 
factors for liver metastasis from colorectal cancer. Tang 
et al. [36] analyzed clinical data from the SEER database 
of 203,998 colorectal cancer patients to establish a nomo-
gram to predict synchronous liver metastasis from colo-
rectal cancer and concluded that male, black, uninsured 
status, left colon, T4/T1, bone, and lung metastasis were 
positively associated with the risk of synchronous liver 
metastasis.

To our knowledge, more reports have focused on the 
prognosis of liver metastasis from colorectal cancer 
and the impact of surgical treatment on the survival of 
patients with synchronous liver metastasis from colorec-
tal cancer, and few studies have focused on MLM from 
colorectal cancer and no corresponding nomogram mod-
els have been developed. Therefore, this study focused on 
the risk and prognostic factors of MLM and developed 
and validated a nomogram model to predict the likeli-
hood and risk factors of MLM in colorectal cancer during 
the high-risk time period for the development of MLM, 
i.e., 2 years after surgery.

By screening variables and assigning scores to those 
variables, nomogram visualizes data from multivariable 
regression analysis and individually predicts suscepti-
bility to clinical events. In this study, LASSO regression 
analysis was adopted for variable selection. The LASSO 
regression model can not only combine selected fea-
tures into radiomic features, but also check correlation 
between predicted factors, reduce selection bias, and 
optimize prediction [12, 37, 38]. Of 21 clinical factors, 
7 variables were selected by LASSO regression analysis. 
Based on multiple logistic regression model, CEA level, 
vascular invasion, pT4, pN+, and KRAS mutation were 
independent risk factors for MLM of colorectal cancer. 
Combining the above two models, we established and 
verified a nomogram model for predicting potential risk 
of MLM within two years after diagnosis/operation.

As is known to all, compared with the young, the 
elderly is more likely to be diagnosed as malignant 
tumor, colorectal cancer is no exception. Studies 
have considered the mean age of the MLM group 
was younger than that of the synchronous liver 

Table 2  Prediction factors for metachronous liver metastasis in 
CRC​

Intercept and variable Prediction model

Odds ratio (OR) 95% CI P-value

Age

  ≤ 60 1

  >60 1.787 0.831–4.059 0.149

CEA

  Normal 1

  Abnormal 2.071 1.096–3.995 0.027

  Borderline 5.440 1.890–15.800 0.002

Vascular invasion

  No 1

  Yes 3.160 1.702–5.951 <0.001

pT

  pT1 1

  pT2 3.018 0.504–58.175 0.314

  pT3 4.724 0.858–88.602 0.146

  pT4 10.104 1.816–190.352 0.031

pN

  pN0 1

  pN+ 2.353 1.177–4.953 0.019

Family history of cancer

  No 1

  Yes 1.492 0.788–2.905 0.228

Kras mutation

  Wild 1

  Mutation 3.658 1.864–7.315 <0.001
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metastasis group [39]. The latter is outside this 
study, we therefore compared the MLM cohort and 
non-MLM cohort of age, 18.67% of the patients in 
the MLM cohort are younger than 60 years old, and 
21.56% were non-elderly patients in the non-MLM 

cohort. Age did not differ, but met the criteria for 
inclusion in the nomogram model, and we included 
it in the prediction model, with a score of 25 for the 
risk factor of > 60 years (Fig.  3), which is significant 
for predicting MLM.

Fig. 3  Nomogram for predicting metachronous liver metastasis in patients with colorectal cancer. The nomogram was developed in the cohort, 
with age, pre-op CEA level, vascular invasion, T stage, N stage, family history of tumor, Kras gene

Fig. 4  Calibration curves of the MLM nomogram prediction in the cohort. A Calibration curves of training cohort. B Calibration curves of validation 
cohort. Notes: The x-axis represents the predicted MLM risk. The y-axis represents the actual diagnosed MLM
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CEA is mainly cleared in the liver [40], and abnormal 
liver function caused by tumor implantation may lead 
to the increase of serum CEA. Similar to previous stud-
ies, CEA is recognized as an important tumor marker for 

colorectal cancer. Pre-operative CEA and post-operative 
CEA suggest an association with systemic disease [41], 
increased pre-operative CEA accelerating metastasis, and 
spread of tumors after surgery [42]. Generally, increase 
in serum CEA level may be associated with liver metas-
tasis of colorectal cancer [43–45]. Chuang et  al. [46] 
retrospectively analyzed 1099 patients who underwent 
curative resection MLM of colorectal cancer by conduct-
ing univariate and multivariate analyses. Interestingly, 
preoperative serum CEA level, positive tumor depth, 
lymph node metastasis, and vascular invasion predicted 
MLM after curative resection. In addition, Mohr et  al. 
[47] observed consistent trends. Although previous stud-
ies have suggested that postoperative serum CEA is a risk 
factor for liver metastasis of colorectal cancer [48], con-
troversy remains inconclusive. In our study, patients with 
high or borderline levels of preoperative serum CEA are 
more likely to develop MLM within 2 years than those 
with normal levels, which is not contrary to actual clini-
cal experience.

Genotypic differences of the primary tumor lead to 
differences in tumor behavior, causing MLM or syn-
chronous liver metastasis [49]. Among the many colo-
rectal cancer genes, RAS genetic alteration is the only 
recognized prognostic indicator of colorectal cancer. 
The KRAS mutation rate can reach 25–52% [50–52]. 
Previous studies [53] have shown that KRAS codon 13 
mutation is an independent factor for metachronous 

Fig. 5  Receiver operating characteristic (ROC) curve analysis for MLM. Comparisons of the predictive values of the nomogram models and 
clinicopathological risk factors for metachronous liver metastasis according to ROC analysis. AUC = 0.786 in training cohort (A) and AUC = 0.784 in 
validation cohort (B), both AUC > 0.7

Fig. 6  Decision curve analysis for the MLM nomogram. The Y-axis is 
net income. The dotted line represents the MLM nomogram. when 
the threshold probability is > 1% and < 60%, using this predictive 
model to identify colorectal cancer metachronous liver metastasis 
could achieve a net clinical benefit



Page 9 of 11Hao et al. World Journal of Surgical Oncology           (2022) 20:80 	

distant metastasis of colorectal cancer, but there is no 
conclusive evidence for MLM currently, so this study 
focuses on the effect of RAS genes on MLM. Of the 293 
patients enrolled in our cohort, 72 carried KRAS muta-
tions (24.57%). 40% of patients with MLM within 2 years 
harbored KRAS mutations, which is consistent with 
other centres. Nras mutation occurred in 34.81%, and of 
the 75 patients with metachronous liver metastasis, 64% 
were Nras wild type, and 36% were Nras mutation, with 
a lower probability of Nras mutation in patients with 
metachronous liver metastasis compared to Kras. The 
absence of statistically significant Nras mutation in our 
study cannot be ruled out as a limitation of the limited 
sample size. LASSO regression screened out KRAS gene 
as a predictor of MLM. Multivariate logistic regression 
verified KRAS mutation as an independent risk factor for 
liver metastasis of colorectal cancer (p value < 0.001) and 
was included in the nomogram prediction model, with 
Kras positivity scoring 58 points in the model, effectively 
predicting metachronous liver metastasis.

Currently, tumor-node-metastasis (TNM) is a well-
accepted staging system for colorectal cancer, with inva-
sion depth and lymph node involvement closely related to 
liver metastasis [54–56]. Khan et al. [48] retrospectively 
analyzed the clinicopathological data of 434 patients with 
rectal cancer, and concluded that T staging and lymph 
node metastasis were related to the MLM of rectal can-
cer. This is consistent with the opinion of Chuang et al. 
[46]. A recent Italian study highlighted that lymph node 
ratios (ratio of positive lymph nodes to the total number 
of lymph nodes retrieved) can be a predictor of MLM 
after surgery when lymph nodes are sampled in sufficient 
numbers [57]. In addition, lymph nodes are considered 
to be independent risk factors for vascular invasion [58], 
and the combined action of the three factors can accel-
erate the progression of postoperative MLM. There are, 
of course, still a few opposing views that support the dif-
ferent subtypes of lymph node metastasis and distant 
metastasis, and lymph node status should not be treated 
as a precursor of distant metastasis [39, 56]. Due to the 
limitations of the study subjects and the diverse molec-
ular subtypes of colorectal cancer patients, it is difficult 
to independently confirm whether T stage, N stage, and 
vascular invasion promote or inhibit liver metastasis. By 
Lasso regression analysis and logistic regression analy-
sis, pT, pN, and vascular invasion were considered as 
the more important predictors in candidate nomogram 
model, with pT4, pN+, and positive vascular invasion 
being independent risk factors for MLM from colorectal 
cancer (p < 0.05), a view that would be supported by the 
majority of studies.

Imaging evaluation of liver metastasis is the main-
stay to assess progression of colorectal cancer in clinical 

practice, especially CT and MRI, which are the most 
commonly used auxiliary methods for colorectal can-
cer patients. Thoraco-abdominal CT is mainly used to 
evaluate the depth of local invasion and distant staging. 
Although MRI can make up for the limited accuracy of 
CT scan and further stage distant metastasis, due to the 
limitations of objective factors such as cost and time cost, 
no matter preoperative diagnosis or postoperative review, 
thoraco-abdominal CT is still the most commonly used 
imaging examination for the diagnosis of distant metas-
tasis of colorectal cancer [59, 60]. Therefore, liver metas-
tasis with thoraco-abdominal CT was regarded as an 
outcome event in this study. If tumors have reached pT4 
and involved lymph nodes when undergoing curative 
resection, small liver metastatic lesions cannot be ruled 
out. Thus, accurate assessment can help identify poten-
tial risk of MLM in patients with colorectal cancer, and 
specify individual follow-up plan. Simultaneously, high-
risk patients can receive more effective treatment. This 
prediction model can be used as an auxiliary method for 
imaging to jointly predict MLM of colorectal cancer.

There are some limitations in the present study. First, 
only patients admitted to Beijing Shijitan hospital were 
recruited. Second, it is difficult to include all risk factors 
affecting liver metastasis, so our results may be biased to 
some extent. In addition, patients with colorectal can-
cer generally receive chemotherapy after surgery. Due 
to individual differences in sensitivity to chemotherapy, 
development of liver metastasis may be affected by dif-
ferent drugs. However, there is currently no definite 
evidence that chemotherapy has an impact on our obser-
vation. Third, due to the limitation of follow-up time, 
we only predicted the risk factors for MLM within two 
years, although this is the most common time for the 
occurrence of MLM, it is still necessary to further study 
the risk factors for MLM at different times in the addi-
tional study, which will provide greater help for doctors 
to predict liver metastasis from colorectal cancer. Finally, 
although bootstrap test was used for internal validation 
of candidate model, external validation was not per-
formed. Therefore, its applicability to colorectal cancer in 
other regions and countries remains unknown, and more 
extensive external verification should be carried out.

Conclusion
We have established a nomogram model for predicting 
potential risk of MLM from colorectal cancer, which has 
good discrimination and high accuracy. This model may 
help assess susceptibility to MLM in patients with colo-
rectal cancer after surgery and develop individualized 
treatment and follow-up plans. This model predicts clini-
cally liver metastasis, and thus provides an important ref-
erence for screening.
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