

[image: Prognosis of resectable colorectal liver metastases after surgery associated with pathological features of primary tumor]
Prognosis of resectable colorectal liver metastases after surgery associated with pathological features of primary tumor





ORIGINAL RESEARCH

published: 25 May 2023

doi: 10.3389/fonc.2023.1181522

[image: image2]


Prognosis of resectable colorectal liver metastases after surgery associated with pathological features of primary tumor


Dawei Chen 1,2, Qingshan Li 2 and Haibo Yu 1,2*


1 Department of Hepatobiliary Surgery, People’s Hospital of Zhengzhou University, Zhengzhou, China, 2 Department of Hepatobiliary Surgery, Henan Provincial People’s Hospital, Zhengzhou, China




Edited by: 

Angelica Petrillo, Centro Sanitario Locale Napoli 1 Centro, Italy

Reviewed by: 

Sonia Tewani Orcutt, University of Arkansas for Medical Sciences, United States

Andrew Gumbs, Centre Hospitalier Intercommunal de Poissy, France

Alessandro Parisi, University of L’Aquila, Italy

*Correspondence: 

Haibo Yu
 yhb2101661@163.com


Received: 07 March 2023

Accepted: 11 May 2023

Published: 25 May 2023

Citation:
Chen D, Li Q and Yu H (2023) Prognosis of resectable colorectal liver metastases after surgery associated with pathological features of primary tumor. Front. Oncol. 13:1181522. doi: 10.3389/fonc.2023.1181522






Background

Surgery is an important means for patients with colorectal liver metastases (CRLM) to improve their long-term survival, and accurate screening of high-risk factors is crucial to guiding postoperative monitoring and treatment. With this in mind, the aim of this study was to investigate the expression levels and prognostic roles of Mismatch Repair (MMR), Ki67, and Lymphovascular invasion(LVI) in the tumor tissues of colorectal of CRLM.





Methods

85 Patients with CRLM who received surgical treatment for liver metastases after colorectal cancer resection from June, 2017 and Jan, 2020 were included in this study. Independent risk factors affecting the survival of patients with CRLM were investigated using a Cox regression model and the Kaplan-Meier method, and a nomogram for predicting the OS of patients with CRLM was established according to a Cox multivariate regression model. Calibration plots and Kaplan-Meier curves were used to assess the performance of the nomogram.





Results

The median survival time was 39 months (95% CI: 32.05-45.950), and MMR, Ki67 and LVI were significantly correlated with prognosis. Univariate analysis indicated that larger metastasis size (p=0.028), more than one liver metastases (p=0.001),higher serum CA199 (p<0.001), N1-2 stage (p<0.001), the presence of LVI (p=0.001), higher Ki67 (p<0.001), and pMMR predicted worse OS. In addition, synchronous liver metastasis (p = 0.008), larger metastasis size (p=0.02), more than one liver metastases (p<0.001),higher serum CA199 (p<0.001), the presence of LVI (p=0.001), nerve invasion (p=0.042) higher Ki67 (p=0.014), and pMMR (p=0.038) were each associated with worse DFS. Multivariate analysis indicated that higher serum CA199 (HR = 2.275, 95%CI: 1.302-3.975 p=0.004), N1-2 stage(HR = 2.232, 95%CI: 1.239-4.020 p=0.008), the presence of LVI (HR = 1.793, 95%CI: 1.030-3.121 p=0.039), higher Ki67 (HR = 2.700, 95%CI: 1.388-5.253\ p=0.003), and pMMR (HR = 2.213, 95%CI: 1.181-4.993 p=0.046) all predicted worse OS. Finally, synchronous liver metastasis (HR = 2.059, 95%CI: 1.087-3.901 p=0.027), more than one liver metastases ((HR =2.025, 95%CI: 1.120-3.662 p=0.020),higher serum CA199 (HR =2.914, 95%CI: 1.497-5.674 p=0.002), present LVI (HR = 2.055, 95%CI: 1.183-4.299 p=0.001), higher Ki67 (HR = 3.190, 95%CI: 1.648-6.175 p=0.001) and pMMR(HR = 1.676, 95%CI: 1.772-3.637 p=0.047) predicted worse DFS, and the nomogram achieved an effective level of predictive ability.





Conclusion

This study showed that MMR, Ki67, and Lymphovascular invasion were independent risk factors for the postoperative survival of CRLM patients, and a nomogram model was constructed to predict the OS of these patients after liver metastasis surgery. These results can help surgeons and patients to develop more accurate and individualized follow-up strategies and treatment plans after this surgery.
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1 Introduction

The liver is the main target organ for hematogenous metastasis of colorectal cancer (CRC), which is the most common malignant tumor of the digestive tract. According to Global Cancer Epidemiology Statistics published by the International Agency for Research on Cancer (IACR), colorectal cancer has become the second leading cause of death among all malignant tumors, with 935,200 deaths estimated in 2020 (1), and colorectal liver metastases (CRLM) is one of the main causes of death in patients with CRC (2). The median survival time of patients with liver metastases without surgical resection is only 6.9 months, with a 5-year survival rate of less than 5% (3), but the median survival time of CRLM patients with liver metastases who undergo surgical resection is 35 months, with a 5-year survival in the range of 30%-57% (4–7). Thus, colorectal liver metastasis (CRLM) is of critical importance in the treatment of CRC (8, 9). The object of this study is to find new risk factors of CRLM, and to establish an effective model for predicting the prognosis of initially resectable CRLM.




2 Materials and methods



2.1 Patients

We retrospectively assessed adult patients from the People’s Hospital of Zhengzhou University between June, 2017 and Jan, 2020. This retrospective study was approved by the Ethics Committee of the People’s Hospital of Zhengzhou University. The inclusion criteria were as follows: (1) diagnosis of CRLM by ultrasound, CT, magnetic resonance imaging (MRI), or colorectal endoscopy; (2) primary lesion of colorectal cancer having undergone radical resection; (3) age ≥ 18 years old; (4) no history of other tumors; (5) no treatment received before admission. The exclusion criteria were: (1) receipt of emergency surgical treatment; (2) no complete clinicopathological information; (3) extrahepatic metastasis. Finally, 85 patients were enrolled in this study (Figure 1). The criteria for resectable CRLM were defined as follows: (1) the primary lesion having been resected with curative intent; (2) the function of remnant liver volume after hepatectomy meeting the needs of patients(The CRLM can be completely resected, two adjacent liver segments can be spared, adequate vascular inflow and outflow and biliary drainage can be preserved, and the volume of the future liver remnant will be adequate); (3) the patient having been able to tolerate hepatectomy.




Figure 1 | Flow chart of patient enrollment.



The clinical characteristics of CRLM patients were collected, including age (years), sex, viral hepatitis status, timing of liver metastasis, primary lesion site, size of primary tumor (mm), size of metastases (mm), number of liver metastases, sCEA(ng/ml), sCA-199(ng/ml), N stage and T stage, degree of differentiation, tumor type, the presence of LVI (LVI), the presence of nerve invasion, ki67(%), MMR, chemotherapy regimen (5-Fu-based or Capecitabine -based).




2.2 Treatment and follow-up

All patients had surgical resection of liver metastases and continued to receive systemic adjuvant chemotherapy postoperatively, and all patients also received 5-FU-based or capecitabine-based systemic chemotherapy regimens such as XELOX, FOLFOX, and FOLFIRI after surgery. Surveillance for recurrence was performed every 3 to 6 months for 5 years after surgery and annually thereafter. Serum tumor markers and CT scans of the chest and abdomen were included. Local tumor recurrence was defined as the appearance of a new lesion at the margin after hepatectomy, and distant recurrence was defined as metastasis to other organs. In addition to medical records, imaging data were reviewed to determine patterns of recurrence.




2.3 Outcome definitions

The primary outcome event was overall survival (OS), defined as the interval from the day of liver surgery to the time of the last visit or death from any cause. Another important outcome event was disease-free survival (DFS), which was defined as the time from the day of surgery to recurrence or death, whichever occurred first.




2.4 Immunohistochemistry

Pathological sections of the primary lesions of CRLM were routinely stained with H&E and immunohistochemical staining. Pathological examinations were performed by two pathologists individually, and different conclusions were resolved by discussion with a third expert. Interpretation of LVI went thusly: when cancer cells entered the tumor or the vascular or lymphatic endothelium outside the tumor as detected under a light microscope, they were diagnosed as positive for vascular tumor thrombus (Figure 2).




Figure 2 | H&E staining results for CRLM primary tumor tissues. (A) LVI present. (B) LVI absent.



Ki67-positive cells were defined as those with pale yellow to brown-yellow nuclei, as examined under a light microscope at 200x. Ten visual fields were randomly selected, and 500 tumor cells were counted per visual field. The percentage (%) of ki67 positive cells in the total number of tumor cells in these visual fields was used as the ki67 proliferation fraction (Figures 3A, B).




Figure 3 | Immunohistochemistry (IHC) staining results for Ki67, MLH1, MSH2, MSH6, and PMS2 in CRLM primary tumor tissues. (A) high expression of Ki67; (B) low expression of Ki67; (C) normal expression of MLH1 protein; (D) lack of MLH1 protein expression; (E) normal expression of MSH2 protein; (F) lack of MSH2 protein expression; (G) normal expression of MSH6 protein; (H) lack of MSH6 protein expression; (I) normal expression of PMS2 protein; (J) lack of PMS2 protein expression.



The detection of MMR status was performed primarily by immunohistochemistry to detect the expressions of four key proteins: MLH1, MSH2, MSH6, and PMS2 in the surgically removed primary tumor tissue. Normal colorectal epithelium was used as a positive control, and phosphate buffer (PBS) was used as a negative control. The results showed that the MMR protein was localized in the nucleus, and positive cells were defined as brown or yellow-brown granules in the nucleus. Five fields were randomly selected under the microscope at 200× magnification, and 100 cells were counted in each field to calculate the average proportion of positive cells. Scores were assigned according to the proportion of positive cells and the intensity of cell staining as follows. For staining intensity, we recorded 0 points for no staining, 1 point for light yellow, 2 points for brown, and 3 points for tan. For the proportion of positive cells, no positive cells received 0 points, ≤ 10% 1 point; 10% -50% 2 points; 50% -75% 3 points; and >75% 4 points. A product of two scores > 3 indicated normal expression of MMR protein, and ≤3 indicated lack of MMR protein expression (Figures 3C–J). A Mismatch Repair proficiency (pMMR) score was defined as the expression of MLH1, MSH2, MSH6 and PMS2, and the absence of at least one of these proteins was defined as Mismatch Repair Deficiency (dMMR).




2.5 Statistical analysis

Prior to all analysis categorical variables were expressed as frequencies, and continuous variables were expressed as mean ± standard deviation (SD). The surv_cutpoint() function of the survminer package in R software was used to calculate the best cut-off value for ki67. A Cox proportional hazards regression model was then used for univariate and multivariate analysis of clinicopathological factors, and a nomogram was constructed from the Cox multivariate analysis. The predictive results of the nomogram then were evaluated using a calibration curve. All statistical analysis was performed using SPSS 25.0 (SPSS, Inc., Chicago, IL, USA) and R version 4.2.1 (http://www.r-project.org).





3 Results



3.1 Clinical characteristics

Among the 85 participants, 64.7% were male, and the median patient age was 57 (range 22-80) years. The primary tumor was located in the left colon in 64 patients (75.3%) and in the right in 21 (24.7%) patients. Liver metastases were confirmed in 32 patients (37.6%) at the same time that colorectal cancer was identified, with an average metastasis diameter of 32.12 ± 16.433. The postoperative 1-year OS rate was 88.2%, the postoperative 3-year OS rate was 57.6%, and the postoperative 1-year OS rate was 32.7%. Finally, the median OS was 39 ± 3.5 months after follow-up.

The relationship between the expression of Ki67, MMR and LVI in the primary tumor tissues of CRLM patients and clinicopathologic features: 26 patients had high Ki67 expression and 59 patients had low Ki67 expression; There were 20 patients with dMMR status and 65 patients with pMMR status. LVI was positive in 39 patients and negative in 46 patients. The expression of Ki67 in the Primary tumor tissues of patients is related to the primary lesion site, size of primary tumor and MMR. The expression of MMR was associated with N stage, LVI, and Ki67.LVI expression is associated with Nerve invasion and MMR status(Tables S1-S3).




3.2 Optimal cutoff value of Ki67

A proliferation index of Ki67 of 70% was determined to be the optimal cutoff value according to the correlation between the proliferation index of Ki67 and OS (Figure 4). The patients with CRLM were thus divided into high-Ki67(≥70%) and low-Ki67 (<70%) groups.




Figure 4 | The optimal Ki67 cutoff value was identified to be 70%.






3.3 Univariate and multivariate analysis of OS

Univariate analysis indicated that larger metastasis size (p=0.028), more than one liver metastases (p=0.001),higher serum CA199 (p<0.001), N1-2 stage (p<0.001), the presence of LVI (p=0.001), higher Ki67 (p<0.001), and pMMR predicted worse OS. Multivariate analysis showed that higher serum CA199 (HR = 2.2752.389, 95%CI: 1.302-3.9751.378-4.143 p=0.0040.003), N1-2 stage(HR = 2.2322.204, 95%CI: 1.239-4.0201.228-3.954 p=0.008), the presence of LVI (HR = 1.7931.955, 95%CI: 1.030-3.1211.136-3.362 p=0.0390.015), higher Ki67 (HR = 2.7002.931, 95%CI: 1.388-5.253\1.521-5.647 p=0.0030.001), and pMMR (HR = 2.2132.328, 95%CI: 1.181-4.9931.042-5.201 p=0.0460.039) were independent risk factors for OS (Table 1).


Table 1 | Univariate and multivariate analysis of risk factors in relation to OS in CRLM.



Kaplan–Meier analysis showed that patients with a high level of serum CA199, high expression of Ki67, the presence of LVI, and pMMR had significantly shorter OS duration than CRLM patients with low serum CA199, low expression of Ki67, the absence of LVI, and dMMR (Figure 5).




Figure 5 | Kaplan–Meier plots of OS contrasting high versus low expression of CA199, absence versus presence of LVI, high-Ki67 versus low-Ki67, and dMMR versus pMMR. (A) Association between OS and serum CA199 expression: patients with high serum CA199 expression had significantly shorter OS (p<0.001). (B) Association between OS and LVI expression: patients with LVI had significantly shorter OS (p<0.001). (C) Association between OS and Ki67 expression: patients with higher Ki67 metastasis expression had significantly shorter OS (p<0.001). (D) Association between OS and MMR expression: patients with pMMR had significantly shorter OS (p<0.001).






3.4 Univariate and multivariate analysis of DFS

Univariate analysis showed that synchronous liver metastasis (p = 0.010.008), larger metastasis size (p=0.02), more than one liver metastases (p<0.001),higher serum CA199 (p<0.001), the presence of LVI (p=0.001), nerve invasion (p=0.042) higher Ki67 (p=0.014), and pMMR (p=0.038) were associated with worse DFS (Table 2). synchronous liver metastasis (HR = 2.0590.475, 95%CI: 1.087-3.9010.258-0.876 p=0.0270.017), more than one liver metastases (HR =2.025, 95%CI: 1.120-3.662 p=0.020),higher serum CA199 (HR =2.9143.034, 95%CI: 1.497-5.674 1.607-5.730 p=0.0020.01), present LVI (HR = 2.0552.796, 95%CI: 1.183-4.2991.399-5.585 p=0.0010.004) and, higher Ki67 (HR = 3.1903.099, 95%CI: 1.648-6.1751.610-5.963 p=0.0010.001) and pMMR(HR = 1.676, 95%CI: 1.772-3.637 p=0.047)were independent risk factors for DFS in the multivariate analysis (Table 2).


Table 2 | Univariate and multivariate analysis of risk factors in relation to DFS in CRLM.



Kaplan–Meier analysis showed that patients with a high level of serum CA199, high expression of Ki67, LVI, and pMMR had significantly shorter DFS duration than CRLM patients with low serum CA199, absent LVI, low expression of Ki67, and dMMR (Figure 6).




Figure 6 | Kaplan–Meier plots of DFS contrasting high versus low expression of CA199, absence versus presence of LVI, high-Ki67 versus low-Ki67, and dMMR versus pMMR. (A) Association between DFS and serum CA199 expression: patients with high serum CA199 expression had significantly shorter DFS (p<0.001). (B) Association between DFS and LVI expression: patients with present LVI had significantly shorter DFS (p<0.001). (C) Association between DFS and Ki67 expression: patients in the high-Ki67 group had shorter DFS (p =0.01). (D) Association between DFS and MMR expression: patients with pMMR had significantly shorter DFS (p =0.031).






3.5 Construction of a prognostic nomogram for OS

A prognostic nomogram model was established based on the above independent risk factors for OS (Figure 7). Each factor was assigned a score according to the magnitude of its regression coefficient in the Cox model as described below: CA199≥35, 99 points; N1-2 stage, 75 points; Ki67≥70, 100 points; LVI, 61 points; and pMMR, 84 points; more than one liver metastases, 42 points. The total score was obtained by adding the scores of each variable and was then plotted on the total score axis. Subsequently, based on the relationship between the total score and the probability of the outcome events, the predictive value of OS after 3 years for each variable was calculated and plotted on the 3-year survival axis. Importantly, the calibration curve of 3-year OS probability showed a good fit between the nomogram prediction of 3-year OS and our actual observations, implying that the nomogram had a good predictive ability for 3-year OS(C-index:0.732,95CI%0.657-0.792).




Figure 7 | (A) The nomogram showing the results of a prognostic model using clinicopathological features to predict the OS of CRLM patients. (B). Calibration curves for 3-year OS based on prognostic models. The X-axis is the model-predicted OS probability, and the Y-axis is the actual OS. The reference lines are marked in gray, and the results are well calibrated.



After this, patients were stratified according to the quartile of the score predicted by the nomogram. Total scores of 0-201(0-25%) were placed into the Quartile 1 group, 203-358(25%-75%) into the Quartile 2 group, and 361-461(75%-100%) into the Quartile 3 group. Kaplan-Meier curves for OS showed significant differences in survival among the three groups (p<0.001), validating the predictive power of the nomogram model (Figure 8).




Figure 8 | The survival curves stratified by quartiles of the nomogram-predicted score. Patients in Quartile 3 exhibited substantially worse survival than those in Quartile 1 and Quartile 2 (p< 0.001).







4 Discussion

Until now, the best way to cure colorectal cancer liver metastases has been complete surgical resection. However, the high recurrence rate of patients with CRLM (75-79%) is a major challenge for postoperative treatment with this method and it seriously affects the postoperative prognosis of patients with CRLM (10, 11). Therefore, studying the genes and related expressed proteins in the development of CRLM and identifying the markers or clinicopathological features that may be related to the prognosis of CRLM after surgery are crucial to improving the prognosis of these patients. In this study, multivariate Cox regression analysis showed that in addition to CA199 and N stage, which have been found to be risk factors by many studies, Ki67, LVI and MMR were also independent prognostic factors for OS in patients with CRLM. Furthermore the type of liver metastasis, CA199, Ki67, and LVI were independent prognostic factors for DFS in patients with CRLM. We also developed a nomogram to predict OS in patients with resectable CRLM in this study. In this model, five variables were first identified as independent prognostic factors by multivariate Cox regression analysis, and each prognostic factor had a different predictive effect on patients with resectable CRLM.

MMR is a system that identifies and repairs errors that may occur during DNA replication and recombination, and it plays a crucial part in repairing DNA damage caused by any number of reasons (12, 13). The MMR system consists of a series of specific DNA mismatch repair enzymes, usually dependent on four key genes and corresponding proteins: MLH1, PMS2, MSH2, and MSH6. Although there is no consensus on the use of MMR status as a prognostic factor in patients with CRLM after surgery, studies from Fonzilas suggest that dMMR cannot be used as a prognostic factor to predict the survival of patients with CRC (14). Furthermore, Matteo’s study of microsatellite instability in the tumor tissues of CRLM patients showed that complete loss or partial expression of MMR proteins was not associated with DFS or OS. However, complete or partial expression of MMR protein is more likely to cause intrahepatic recurrence (15). In the genomic analysis of 137 CRLM patients’ tumor tissues by Wang Kun et al. (16), defects in DNA damage repair signaling pathways such as MMR were found to have a significant negative impact on the overall survival of patients. dMMR in particular was found to be a significant indicator for OS in patients with colorectal cancer after surgical treatment in the study of Wen-Yue Yan et al. (17), who found that patients with dMMR also had longer PFS and OS compared to those with pMMR.

In our study, patients with dMMR status had a longer postoperative survival time and a lower risk of recurrence, and this is consistent with some existing results. Previous studies (12, 13) have shown that tumors with dMMR status contain hundreds to thousands of mutations and neoantigens that stimulate the immune system to activate lymphocytes to kill and suppress tumor cells. Therefore, we conclude that MMR status can be used as a prognostic factor for CRLM patients after surgery to guide clinicians in choosing the best treatment and follow-up monitoring strategy to benefit patients.

Another prognostic factor, ki67, is also known as proliferation cell nuclear antigen, and its protein product is localized in the nucleus. It begins to appear in late G1, gradually increases in S and G2 phases, reaches its peak in the M phase, rapidly disappears after the end of mitosis, and is not expressed in the G0 phase (18, 19). Many previous studies have shown that ki67 is overexpressed in many malignant tumors, such as breast cancer, lung cancer, and colorectal cancer (CRC), and that it is related to the development, metastasis, and survival prognosis of tumors (20–22). The level of Ki67 expression is of great significance for evaluating cell proliferation activity, and therefore for studying the biological behavior and prognosis of tumors. Some studies have found that ki67 can provide a reliable proliferation evaluation method for the prognosis of liver metastatic NETs (23). In our study, we identified the best cut-off value of the ki67 proliferation index for predicting postoperative survival in patients with CRLM to be 70%. The survival curve showed that Ki67 was also a strong independent risk factor in CRLM patients, and high-Ki67 was associated with shorter OS and DFS. It may be that tumor cells that overexpress ki67 have a higher ability to divide, which promotes metastasis and results in a worse prognosis (24). It is also possible that tumors that overexpress ki67 are closely related to worse tumor differentiation (25).

Lymphovascular invasion (LVI) refers to the microscopic invasion of blood vessels and lymphatic vessels by tumor cells, which is considered to be closely related to the survival from a variety of malignant tumors (26–28). There is no consensus on the effect of LVI on the postoperative survival of patients with CRLM, however. In a large study from the Memorial Sloan-Kettering Cancer Center (29), multivariate analysis showed that vascular invasion and lymph node invasion of the primary tumor jointly affected the prognosis of CRLM patients. Positive vascular invasion and more lymph node involvement predicted worse prognoses. In another retrospective cohort study from the Chinese Academy of Medical Sciences (30), LVI was independently associated with worse survival as well. Some researchers believe that tumors with LVI have more aggressive behavior and higher recurrence risk, which leads to worse prognoses (31). In this study, we found that the presence of LVI predicted both worse OS and DFS. Patients with LVI were also more likely to relapse after surgery. This may be related to the formation of new formed lymphovascular. Maehara’s study (32) found that there is a high level of VEGF in tumors with LVI, which promotes angiogenesis and that neovascularization with incomplete basement membranes increases the chance of tumor cells invading the vascular system. Other researchers have also suggested that lymphangiogenesis is important in metastatic spread (33). Tumors with LVI may be good candidates for future lymphangiogenesis-related therapies.

In this study, we also found that the results of multivariate analysis showed that serum CA199 was also an independent risk factor affecting the postoperative survival of CRLM patients. The results provide a basis for the prognostic value of preoperative CA199 in CRLM. This is consistent with the results of previous studies. A study involving 691 patients with CRLM showed that when the preoperative CEA level was low, the RFS (P = 0.028) and OS (P = 0.011) of patients with high preoperative CA19-9 level were significantly worse than those with low preoperative CA19-9 level. However, there was no significant difference in RFS (P = 0.758) and OS (P = 0.866) between patients with high preoperative CEA level and patients with high preoperative CA19-9 level. There was no significant difference in prognosis between patients with elevated preoperative CA19-9 or CEA and those with both elevated preoperative CEA and CA19-9. There was also no difference in prognosis between patients with elevated CA19-9 alone and those with elevated CEA alone. This suggests that CA19-9 is a good complement to CEA.

We of course recognize that that our present study suffers from some limitations. First, all clinical data were from a single institution, which may have led to bias. In addition, because the result of the prediction model is based on the factors that have been collected, there is also some room for improvement in the nomogram; there may be other unknown factors that affect the results.




5 Conclusion

In this study we performed univariate and multivariate analysis of clinical pathological data and established a corresponding nomogram prediction model whereby we determined that Lymphovascular invasion(LVI), Ki67, and MMR were independent risk factors for the prognosis of patients with CRLM. Furthermore, postoperative recurrence of tumors can be accurately predicted by assessment of Ki67,lvi and MMR. Our findings provide a basis by which to evaluate the prognoses of patients with CRLM and their treatment for related high-risk factors.
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Parameter Univariate analysis Multivariate analysis

HR(95%Cl) p value HR(95%Cl) p value
Sex Female 30 1.597(0.950-2.685) 0.077
Male 55; Ref
Age(years) <60 45 Ref
=60 40 1.344(0.822-2.195) 0.238
Viral hepatitis positive 9 1.119(0.384-2.080) 0.795
‘ negative 76 Ref
Timing of liver metastases Synchronous liver metastases 53 2.096(1.210-3.631) *0.008 2.059(1.087-3.901) *0.027
Metachronous liver metastases 32 Ref
Primary lesion site Left hemi-colon 63 0.961(0.551-1.675) 0.888
Right hemi-colon 2 Ref
Size of primary tumor (mm) <50 53 ] Ref
250 32 1.359(0.826-2.235) 0.227
Size of metastases (mm) <30 48 Ref
=30 37 1.800(1.099-2.947) *0.020 1.441(0.814-2.553) 0.210
number of liver metastases 1 52 Ref
>1 33 2.595(1.544-4.360) *<0.001 2.025(1.120-3.662) *0.020
SCEA(ng/ml) <5 18 Ref
25 67 1.371(0.753-2.497) 0.302
sCA-199(ng/ml) <35 51 Ref
235 34 3.234(1.914-5.465) *<0.001 2.914(1.497-5.674) *0.002
N stage NO 31 Ref
N1-2 54 1.426(0.848-2.395) 0.180
T stage Ti:2 7 Ref
T3-4 78 1.357(0.534-3.450) 0.521
Degree of differentiation High or Moderately differentiation 77 Ref
Poorly differentiation 8 1.590(0.722-3.502) 0.250
Tumor types Uplift type 7 1.477(0.908-2.404) 0.116
Ulcer type 74
invasive 4 Ref
Lymphovascular invasion Absent 40 Ref
Present 45 2.610(1.519-4.485) *0.001 2.055(1.183-4.299) *0.001
Nerve invasion Negative 36 Ref
Positive 49 1.752(1.021-3.006) *0.042 1.313(0.729-2.363) 0.365
Ki67(%) <70% 51 Ref
270% 34 2.053(1.160-3.635) *0.014 3.190(1.648-6.175) *0.001
MMR dMMR 16 Ref
pMMR 69 1.864(1.034-3.360) *0.038 1.676(1.772-3.637) *0.047
Chemotherapy regimen 5-Fu-based 32 Ref
Capecitabine -based 53 1.335(0.803-2.219) 0.265

* Statistically significant correlation. sCEA, preoperative serum CEA; sAFP, preoperative serum CA199; pMMR, Mismatch Repair Proficiency; dMMR, Mismatch Repair Deficiency; Ref,
reference variables. Bold values means statistical differences.
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Parameter Univariate analysis Multivariate analysis

HR(95%Cl) p value HR(95%Cl) P value
Sex Female 30 1.099(0.681-1.771) 0.700
Male 55 Ref
Age(years) <60 45 Ref
=60 40 1.347(0.856-2.120) 0.198
Viral hepatitis positive 9 1.390(0.664-2.908) 0.383
negative 76 Ref
Timing of liver metastases Synchronous liver metastases 53 Ref
Metachronous liver metastases 32 0.674(0.419-1.084) 0.104
Primary lesion site Left hemi-colon 63 Ref
Right hemi-colon 22 1.584(0.961-2.610) 0.071
Size of primary tumor (mm) <50 53 Ref
250 32 1.564(0.987-2.480) 0.057
Size of metastases (mm) <30 48 Ref
230 37 1.670(1.057-2.636) *0.028 1.475(0.865-2.514) 0.153
number of liver metastases 1 52
>1 33 2.326(1.426-3.792) *0.001 1.522(0.911-2.542) 0.109
SCEA(ng/ml) <5 18 Ref
=5 67 1.456(0.813-2.607) 0.206
sCA-199(ng/ml) <35 51 Ref
=35 34 2.472(1,537-3.975) *< 0.001 2.275(1.302-3.975) *0.004
N stage NO 31 Ref
N1-2 54 3.007(1.722-5.250) *< 0.001 2.232(1.239-4.020) *0.008
T stage T1-2 7 Ref
T3-4 78 1.637(0.594-4.508) 0.559
Degree of differentiation High or Moderately differentiation 77 Ref
Poorly differentiation 8 1.464(0.667-3.214) 0.342
Tumor types Uplift type 7 1.331(0.862-2.056) 0.197
Ulcer type 74
invasive 4 Ref
Lymphovascular invasion Absent 40 Ref
Present 45 2.355(1.443-3.842) *0.001 1.793(1.030-3.121) *0.039
Nerve invasion Negative 36 Ref
Positive 49 1.558(0.964-2.517) 0.070
Ki67(%) <70% 51 Ref
270% 34 3.200(1.738-5.890) *<0.001 2.700(1.388-5.253) *0.003
MMR dMMR 16 Ref
pMMR 69 4.899(2.378-10.092) *< 0.001 2.213(1.181-4.993) *0.046
Chemotherapy regimen 5-Fu-based 32 Ref
Capecitabine -based 53 1.560(0.960-2.535) 0.073

* Statistically significant correlation. sCEA, preoperative serum CEA; SAFP, preoperative serum CA199 pMMR, Mismatch Repair Proficiency; dMMR, Mismatch Repair Deficiency; Ref,
reference variables. Bold values means statistical differences.





