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Background: The neutrophil-to-lymphocyte ratio (NLR) and lactate dehydrogenase (LDH) level are inflammatory markers related to tumor growth and metabolism. This study investigated the value of preoperative NLR, LDH and the combination of NLR and LDH (NLR-LDH) for predicting colorectal cancer liver metastasis (CRLM) and tumor prognosis in the early stages of colorectal cancer (CRC).

Materials and methods: Three hundred patients undergoing CRC resection were included. Logistic regression analysis was used to estimate the correlation between CRLM time and inflammatory markers, and Kaplan–Meier survival and Cox regression analyses were used to estimate overall survival (OS). Forest plots were prepared based on the multivariate Cox analysis model and evaluated by receiver operating characteristic (ROC) curve analysis.

Results: The NLR cut-off value was 2.071 according to the ROC curve. The multivariate analysis showed that the elevated LDH level and a high NLR-LDH level were independent predictors of synchronous CRLM and OS (p < 0.05). The combination of a high NLR and elevated LDH and NLR-LDH levels suggested a poor prognosis and a significantly shorter median survival time than a low NLR and low levels of LDH and NLR-LDH. The ROC curve analysis results illustrated that the predictive value of the NLR-LDH score for synchronous CRLM [area under the curve (AUC) = 0.623, p < 0.001] and OS (AUC = 0.614, p = 0.001) was superior to that of the NLR or LDH score used alone.

Conclusion: LDH and NLR-LDH are reliable, easy-to-use, independent biomarkers for predicting synchronous or metachronous CRLM and OS in CRC patients. The NLR is an important monitoring index for CRLM. Preoperative NLR, LDH and NLR-LDH may help to guide the use of therapeutic strategies and cancer surveillance.
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Introduction

Colorectal cancer (CRC) is the third most common cancer in the world and the second leading cause of cancer-related death (1, 2). The liver is the most common site of CRC metastases and is a leading cause of death in patients with CRC. Radical surgery significantly improves the survival of patients with colorectal cancer with liver metastasis (CRLM) (3, 4). However, it is estimated that currently R0 resection occurs in only 10–20% of patients (5). Therefore, there is increasing need to develop reliable and easy-to-use biomarkers that can identify patient groups at high-risk of CRLM before treatment. Patient stratification based on these predictive biomarkers will allow individualized treatment in the early stage to improve the resection rate of LM.

Inflammation is considered as one of the major hallmarks of cancer (6, 7). As early as 1863, Rudolf Virchow linked inflammation to cancer (8). Studies have shown that inflammation-related cytokines can affect the growth and proliferation of tumor cells and that tumor cells themselves can secrete proinflammatory cytokines to regulate and communicate with each other cells (9). A growing body of clinical and experimental evidence also suggests that inflammation can promote tumor development and predict survival in a variety of cancers (10–12). In recent years, the neutrophil-to-lymphocyte ratio (NLR), as an important indicator of systemic inflammation, has been found to be closely related to patient survival and has been used as a biomarker for cancer prognosis (13, 14).

Inflammation also promotes glycolysis and the production of lactic acid (15). In fact, most cancer cells are chronically hypoxic in the early stages of carcinogenesis, and these cells rely on glycolysis as a source of ATP (16). Warburg found that even when there is enough oxygen to support mitochondrial oxidative phosphorylation, cancer cells are still predominantly supported by glycolysis, also known as aerobic glycolysis (17). During the growth of solid tumors, rapidly proliferating cells require more sustained energy to grow and survive (18, 19). To support this high metabolic demand, glycolysis is highly active in various tumor tissues (20, 21). Therefore, the status of glycolysis is considered to have potential value in predicting the prognosis of patients. In addition, lactate dehydrogenase (LDH), as a key enzyme in glycolysis, catalyzes the conversion between pyruvate and lactic acid and is closely related to tumor angiogenesis (22, 23), which may be a marker of the rapid cell metabolism of highly proliferative tumor cells (24).

Blood is a rich source of tumor-related biomarkers (25). The advantages of easy and non-invasive access to peripheral blood make inflammation-related peripheral blood factors, such as different blood counts (white blood cells, etc.), the ratio of blood counts (NLR, PLR, etc.) and lactate dehydrogenase (LDH), attractive potential biomarkers (26–29). However, there is lack of study on the ability of the combined peripheral blood inflammatory index NLR-LDH to predict the LM and prognosis of CRC. To our knowledge, our study is the first to combine peripheral inflammatory cytokines, NLR, LDH and NLR-LDH combined indexes to predict the time of CRLM and tumor prognosis in the early stage of CRC.



Patients and methods


Patients

All patients were identified as having CRC and their samples were provided anonymously for clinical study.

A total of 9,514 patients with CRC who underwent radical resection in the Sixth Affiliated Hospital, Sun Yat-sen University from December 2013 to August 2018 were screened. Patients meeting the following criteria were enrolled: (1) The patient was diagnosed with CRC by histopathology and underwent primary radical resection of CRC. (2) The patient developed synchronous or metachronous CRLM. (3) The number of lymph node biopsies was greater than 12. (4) The patient had no blood diseases, infectious diseases, immune diseases, or other diseases caused by poor nutritional status. (5) The patient had no intestinal perforation and/or severe ileus. (6) The patient did not receive drugs that may affect markers of inflammation. (7) Death occurred only from tumor-related causes. (8) The patient had complete clinical data of laboratory examination, imaging examination and follow-up.



Data extraction and follow-up

Clinical data, including patient age at diagnosis, gender, location of primary tumor, histological differentiation, T stage, N stage, CRLM features and treatment regimens, were extracted from electronic medical records. The laboratory data, including neutrophils, lymphocytes, LDH, carcinoembryonic antigen (CEA), carbohydrate antigen 19–9 (CA19-9) and carbohydrate antigen-125 (CA-125), were collected from peripheral blood within 7 days before the surgical resection of their primary tumor. The pathological stage of CRC was classified according to the American Joint Committee on Cancer (AJCC) tumor-node-metastasis (TNM) staging system, eighth edition. All patients were followed up until August 2020 or until death. The primary endpoint was overall survival (OS).



Endpoints and time frame of LM

OS was defined as the time interval from the date of diagnosis to death from any cause or to the last known date of life. Synchronous CRLM was defined as metastasis that occurred at the time of diagnosis of CRC or within 6 months after radical resection of the primary CRC. Metachronous liver metastasis was defined as liver metastasis occurring more than 6 months after radical resection of CRC (30).



Blood sample analysis

Routine blood tests were performed to detect neutrophils and lymphocytes. The NLR was defined as the absolute count of neutrophils divided by the absolute count of lymphocytes. Markers of inflammation include neutrophil count, lymphocyte count, NLR, and LDH. Both CEA and CA 19–9 are tumor markers.



Statistical analysis

Variables were described by categorical variables, and the clinical and pathological characteristics of patients were summarized by descriptive analysis. The optimal cut-off value of the NLR for the OS analysis was calculated using a receiver operating characteristic (ROC) curve. The chi-square test of categorical variables was used to compare the differences between groups. Logistic regression analysis was used to analyze the risk factors for the time frame of CRLM. The probability of OS was estimated by the Kaplan–Meier method in the univariate survival analysis, and the log-rank test was used for comparison. A Cox proportional hazard regression model was used to obtain the survival risk hazard ratio (HR) and 95% confidence interval (CI). Significant predictors in the univariate analysis were further estimated by the forward stepwise (likelihood ratio) selection of multivariate analysis so that only significant variables had HR and 95% CI values within the threshold. Finally, area under the ROC curve (AUC) was used to evaluate the performance of the model. The above statistical analyses were conducted using SPSS version 25.0, R version 3.6.1 and GraphPad Prism9, and differences with a p < 0.05 were defined as statistically significant.




Results


Cut-off values of inflammatory markers

The optimal cut-off value for the NLR based on the time of liver metastasis was calculated by ROC curve analysis and was found to be 2.071 (AUC: 0.591, Figure 1). According to laboratory reference values, the normal ranges of CEA, CA19-9 and LDH are 0–5 ng/mL, 0–37 U/mL and 120–250 U/L, respectively. According to the NLR-LDH score, we categorized patients into three groups: high score [NLR ≤ 2.071 and LDH ≤ upper limit normal (ULN)], intermediate score (NLR > 2.071 or LDH > ULN) and low score (NLR > 2.071 and LDH > ULN).

[image: Figure 1]

FIGURE 1
 The ROC of preoperative NLR.




Baseline characteristics of patients

A total of 9,514 CRC patients were assessed and included, and 997 patients (10.5%) developed LM. Patients without key data on inflammatory markers, patients with infection or blood disease, and patients lost to follow-up were excluded. Finally, 300 patients with CRLM were included in the study (Figure 2). There were 197 males (65.7%) and 103 females (34.3%), with a median age of 60 years (23–91 years) at the time of diagnosis. The median survival time was 30 months. Overall, in the study cohort, according to the AJCC-TNM staging, there were 14 patients (4.6%) in stage I, 58 patients (19.0%) in stage II, 93 patients (30.5%) in stage III, and 124 patients (43.9%) in stage IV. During the study period, 152 patients died from cancer-related causes. Additional information, including clinical, pathological, and therapeutic characteristics, is summarized in Table 1.

[image: Figure 2]

FIGURE 2
 Flow diagram of patient disposition.




TABLE 1 Baseline characteristics of the study population.
[image: Table1]

The chi-square test showed significant differences in tumor location, R0 resection, NLR, CEA, CA19-9, LDH, NLR-LDH values, KRAS mutation with CRLM stage (p < 0.05) (Table 2).



TABLE 2 Baseline characteristics of patients.
[image: Table2]

The clinicopathological features grouped by NLR, LDH and NLR-LDH values are shown in Table 3. The values for NLR, LDH and NLR-LDH were significantly correlated with the LM time of CRC (p < 0.05). There were significantly more cases of synchronous LM in the high NLR group (p = 0.010), the high LDH group (p < 0.001) and the high NLR-LDH group (p < 0.001). NLR, LDH and NLR-LDH were also significantly correlated with age (p < 0.050).



TABLE 3 Correlations between clinical characteristics.
[image: Table3]



Univariate analysis of inflammatory markers and clinicopathologic factors

Table 4 shows the univariate analysis of synchronous CRLM. In the analysis, a high NLR indicated a high likelihood of synchronous CRLM (HR: 1.878, 95% CI: 1.159–3.049, p = 0.011), Patients with elevated LDH had a much higher incidence of synchronous CRLM (HR: 11.875, 95% CI: 2.803–50.306, p = 0.001). In addition, the NLR-LDH value showed significant prognostic effects on synchronous CRLM, especially high NLR-LDH score (synchronous CRLM, p = 0.002, HR = 24.868, 95% CI: 3.269–186.417), although the intermediate group failed to have significant prognostic value. Tumors located in the rectum (HR = 2.362, 95% CI: 1.449–3.851, p = 0.001) and with CEA > 5 (HR = 2.583, 95% CI: 1.581–4.219, p < 0.001), CA19-9 > 37 (HR = 3.587, 95% CI: 1.958–6.573, p < 0.001) and mutant KRAS (HR: 1.991, 95% CI: 1.113–3.564, p = 0.020) were more likely to have synchronous LM than tumors with other features.



TABLE 4 Univariate logistic regression analysis of factors associated with liver metastases.
[image: Table4]

In terms of OS (Table 5), patients with a high NLR showed significantly worse OS (HR: 1.583, 95% CI: 1.136–2.205, p = 0.007) than those with a low NLR, and the same was true of LDH (HR: 2.932, 95 CI: 1.970–4.365, p < 0.001). In addition, the NLR-LDH value showed significant prognostic effects on OS, especially for patients with high NLR-LDH scores (high, HR = 3.672, 95% CI: 2.262–5.960, p < 0.05). Similar trend was also observed for patients with low or intermediate NLR-LDH scores (intermediate, HR = 1.507, 95% CI: 1.053–2.157, p < 0.05), Moreover, our results indicated that age (p = 0.005), histology (p = 0.037), liver metastases (p = 0.003), CRLM number (p = 0.027), R0 (p = 0.024), preoperative therapy (p = 0.019), CEA (p = 0.006),CA19-9 (p < 0.001), T classification (<0.001), N classification (<0.001), and KRAS status (p = 0.048) were statistically significant.



TABLE 5 Univariate analyses for OS.
[image: Table5]

The results of Kaplan–Meier survival curves are shown in Figure 3. The combination of a high NLR and elevated LDH and NLR-LDH levels suggested a poor prognosis and a significantly shorter median survival time.

[image: Figure 3]

FIGURE 3
 ROC curve of preoperative peripheral blood NLR, LDH and NLR-LDH combined in patients for predicting liver metastasis time of colorectal cancer.




Multivariate analysis of inflammatory markers

In terms of synchronous CRLM, KRAS status and CEA, LDH and NLR-LDH values were found to be statistically significant, with independent predictive value (Tables 6, 7).Our results indicated that T stage (p < 0.001), N stage (p < 0.001) and poor histology (p < 0.05) were independently associated with poor OS (forest plots, Figure 4). There was a significant difference in OS between the elevated and normal LDH groups (p < 0.05), although the limited number of patients with NLR > 2.071 affected the validity of the results. A high NLR-LDH was an independent predictor of OS (HR = 2.198, 95% Cl: 1.290–3.746, p = 0.004). T and N stage were significant influencing factors for survival and CRLM in clinical practice, so even though no statistical significance was found in the single-factor analysis, they were still included in the multi-factor analysis (forest plots, Figure 4).



TABLE 6 Multivariate logistic analysis of factors associated with liver metastases.
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TABLE 7 Multivariate logistic analysis of factors associated with liver metastases.
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FIGURE 4
 Forest plots of hazard ratios according to multivariate analyses for OS.




ROC curve analysis for comparison of the predictive ability of NLR, LDH, and NLR-LDH combined

The NLR-LDH score has better predictive ability than the NLR or LDH score. The ROC curve analysis showed that the predictive value of the NLR-LDH score for synchronous CRLM (p = 0.010) and OS (p = 0.001) was superior to that of the NLR or LDH score alone (Figure 5). In the NLR-LDH scoring model, the AUC of synchronous CRLM was predicted to be 0.623 ± 0.033, while the AUC of OS was predicted to be 0.614 ± 0.032 (Figure 6).

[image: Figure 5]

FIGURE 5
 Kaplan-Meier curves of OS for NLR (A); Kaplan-Meier curves of OS for LDH (B); Kaplan-Meier curves of OS for NLR-LDH (C).
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FIGURE 6
 ROC curve of preoperative peripheral blood NLR, LDH and NLR-LDH combined in patients for predicting OS.





Discussion

Accumulating studies have shown that different types of systemic inflammatory cytokines can be used as prognostic markers to determine the prognosis of human malignant tumors (31). Inflammation is reported to play an important role in the multistage progression of tumorigenesis and is now considered a marker of cancer (6). Chronic inflammation can cause genotoxic stress, induce tumor cell proliferation, increase angiogenesis and tissue infiltration, and facilitate tumor proliferation (8). The tumor immunosuppressive state can help the tumor evade immune surveillance and promote tumor proliferation and progression (24). The peripheral blood indexes NLR and LDH, whose evaluation methods are convenient and non-invasive, are gradually becoming important markers to judge the prognosis of tumor patients and have great research potential and value (32). In our study, a ROC curve was used to redefine the cut-off value of the NLR. In addition, the timing of CRLM and prognosis were analyzed using NLR, LDH, and NLR-LDH values.


NLR, LDH, and the synchronous LM of CRC

The liver is the most common metastatic site of CRC. CRLM occurs in 15–25% of patients with CRC at the first diagnosis, while CRLM occurs in another 50% of patients during the progression of CRC (33). The treatment and prognosis of CRC with CRLM are significantly different from that of CRC without CRLM. Some CRCs already have minor CRLM that cannot be detected by imaging. Therefore, it is very important to identify whether CRC has CRLM and conduct intervention in the early stage. In our study, we proposed for the first time the use of NLR, LDH, and NLR-LDH indicators to predict the timing of CRLM and conducted univariate and multivariate analyses of risk factors for synchronous CRLM. The results confirmed that increases in NLR, LDH, and NLR-LDH indexes were all risk factors for the concurrent CRLM, and the LDH and NLR-LDH indexes were independent risk factors.

The NLR in peripheral blood has been widely studied as an important indicator of systemic inflammation in recent years (14, 34). Its elevation indicates a relative increase in neutrophils and a decrease in lymphocytes, indicating a high degree of systemic inflammation. The persistence of the systemic inflammatory response can regulate the tumor microenvironment and promote tumor progression and metastasis. As shown in our study, an elevated NLR in CRC patients indicates the presence of a systemic inflammatory response, and a higher NLR (NLR > 2.071) is associated with a higher risk of concurrent CRLM.

According to previous studies, elevated LDH subtypes are more common in malignant tumors than in normal cells (35). In malignant tumors, tumor cells are more likely to obtain energy through glycolysis in the presence of oxygen, and LDH is a key enzyme in glycolysis. The glycolytic metabolite lactic acid can regulate cellular immune metabolism in the tumor microenvironment, promote immunosuppression in the tumor region, and facilitate tumor progression and metastasis (36). Our study confirmed that LDH is an independent risk factor of synchronous CRLM and an important indicator for the diagnosis of CRLM.

We found that the preoperative peripheral blood NLR-LDH score had a higher AUC for the diagnosis of concurrent CRLM than either of the independent diagnostic indexes (NLR + LDHAUC = 0.623, NLRAUC = 0.591, LDHAUC = 0.565). The reason may be that this value can reflect the inflammatory response and immune function of patients with CRC. The combination of NLR and LDH can make up for the limitations of a single-indicator diagnosis and increase the diagnostic accuracy to some extent. In clinical practice, rational use of the preoperative peripheral blood NLR-LDH index combined with traditional imaging examination can more accurately predict whether patients with CRC have concurrent CRLM, providing justification for necessary further treatment.

Our study also found that colon cancer is more likely to develop concurrent CRLM than rectal cancer, possibly because colon cancer tumor cells are more likely to return to the portal vein through the inferior mesenteric vein, thus promoting the occurrence of the concurrent CRLM. KRAS mutation in CRC indicates a poor prognosis (37). In our study, it was found that CRC patients with KRAS mutations are more likely to have concurrent CRLM than patients without KRAS mutations and that KRAS mutation status is as an independent risk factor. Moreover, increased preoperative CEA and CA19-9 are also risk factors for concurrent CRLM, which is consistent with the findings of Zheng et al. (38).



NLR, LDH, and the OS of CRC

In recent years, NLR and LDH have been identified to be associated with the survival and prognosis of patients with a variety of malignant tumors, including lung cancer (39), esophageal cancer (40), melanoma (41), and uterine sarcoma (42). As an indicator reflective of neutrophil and lymphocyte counts, the NLR may reflect systemic inflammatory responses (43). Neutrophils can be categorized as N1 and N2 phenotype by TGF-beta signaling in the tumor microenvironment (44). N2 neutrophils can produce vascular endothelial growth factor (VEGF) and metalloproteinase, promoting tumor angiogenesis, invasion and metastasis (45), while lymphocytes play an important role in antitumor immunity (46). Consistent with our findings, an elevated NLR is a risk factor influencing prognosis in patients with CRLM. As shown in the survival curve (Figure 3), the OS of patients with CRLM and an elevated NLR was lower than that of those with a decreased NLR (median OS: 35 vs. 49 months).

Increased LDH promotes tumor progression by regulating tumor metabolism and the microenvironment and serves as an indicator of poor prognosis in cancer patients (35, 47). Our study also found that LDH is an independent risk factor for the prognosis of CRLM patients. As shown in the survival curve, the OS of CRLM patients and elevated LDH was lower than that of those with decreased LDH (median OS: 21 vs. 49 months).

More importantly, when the NLR and LDH indexes were combined to evaluate the prognosis of CRLM, patients in the high NLR-LDH group had significantly lower OS than those in either the intermediate group or the low group (median OS: 21 vs. 37 vs. 42 months), and this index was an independent risk factor. A simultaneous increase in NLR and LDH means that the body is in a state of systemic inflammatory response and immunosuppression, which makes the tumor microenvironment more suitable the growth and metastasis of tumor cells, leading to a poor prognosis. The preoperative detection of both NLR and LDH provides a great reference for the assessment of the prognosis of CRLM patients.

In our study, independent risk factors for CRLM included age, pathological characteristics, T and N stage, and KRAS mutation status. As patient age over 60 years old, the OS decreased. When the pathological type of CRC was unfavorable and the stage of the primary tumor was late, the tumor was more malignant and the OS was shorter.




Conclusion

Overall, in this study we used the NLR, LDH, and NLR-LDH values to predict the time of CRLM and the OS in CRC. We propose for the first time a prognostic risk scoring model based on the NLR and LDH level to predict the risk of concurrent CRLM and the prognosis of CRC patients. LDH and NLR-LDH are reliable, independent laboratory biomarkers that can be easily obtained in the clinic to predict synchronous CRLM and OS in CRC patients. NLR, LDH, and NLR-LDH may help to guide the use of therapeutic strategies and cancer surveillance.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving human participants were reviewed and approved by the full name: the role of LDH expression regulation in liver metabolic reprogramming in colorectal cancer with liver metastasis. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

QC designed and conceived the study. QC, Z-PC, and J-YW collected and analyzed the data. QC and J-DY performed the statistical analysis. QC and Z-YL drafted the manuscript. Y-LW, G-lL, and Z-YL critically revised all the intellectual content of the manuscript. All authors have read and approved the final manuscript.



Funding

This work was supported by the Science and Technology Plan Foundation of Guangzhou (202201010954).



Acknowledgments

We thank the patients and their families for making this retrospective study possible. We also thank the support of our colleagues, Li-Xin Zhu, from the Department of Colorectal Surgery, Guangdong Provincial Key Laboratory of Colorectal and Pelvic Floor Diseases, Sixth Affiliated Hospital, Guangdong Institute of Gastroenterology. We also thank all the investigators and staff who contributed to the patient follow-up and data collection in the Sixth Affiliated Hospital, Sun Yat-sen University. Finally, Thank the supported by National Key Clinical Discipline.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Bray,F, Ferlay,J, Soerjomataram,I, Siegel,R, Torre,L, and Jemal,AJCACJFC. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–424. doi: 10.3322/caac.21492 

 2. Henley,S, Ward,E, Scott,S, Ma,J, Anderson,R, Firth,A , et al. Annual report to the nation on the status of cancer, part I: national cancer statistics. Cancer. (2020) 126:2225–49. doi: 10.1002/cncr.31551

 3. Sandstrom,P, Rosok,BI, Sparrelid,E, Larsen,PN, Larsson,AL, Lindell,G , et al. ALPPS improves Resectability compared with conventional two-stage hepatectomy in patients with advanced colorectal liver metastasis: results from a Scandinavian multicenter randomized controlled trial (LIGRO trial). Ann Surg. (2018) 267:833–40. doi: 10.1097/SLA.0000000000002511 

 4. de Jong,MC, Pulitano,C, Ribero,D, Strub,J, Mentha,G, Schulick,RD , et al. Rates and patterns of recurrence following curative intent surgery for colorectal liver metastasis: an international multi-institutional analysis of 1669 patients. Ann Surg. (2009) 250:440–8. doi: 10.1097/SLA.0b013e3181b4539b 

 5. Vigano,L, Russolillo,N, Ferrero,A, Langella,S, Sperti,E, and Capussotti,L. Evolution of long-term outcome of liver resection for colorectal metastases: analysis of actual 5-year survival rates over two decades. Ann Surg Oncol. (2012) 19:2035–44. doi: 10.1245/s10434-011-2186-1 

 6. Hanahan,D, and Weinberg,RA. Hallmarks of cancer: the next generation. Cells. (2011) 144:646–74. doi: 10.1016/j.cell.2011.02.013

 7. Galon,J, Costes,A, Sanchez-Cabo,F, Kirilovsky,A, Mlecnik,B, Lagorce-Pages,C , et al. Type, density, and location of immune cells within human colorectal tumors predict clinical outcome. Science. (2006) 313:1960–4. doi: 10.1126/science.1129139 

 8. Balkwill,F, and Mantovani,A. Inflammation and cancer: back to Virchow? Lancet. (2001) 357:539–45. doi: 10.1016/S0140-6736(00)04046-0 

 9. Burke,F, Relf,M, Negus,R, and Balkwill,F. A cytokine profile of normal and malignant ovary. Cytokine. (1996) 8:578–85. doi: 10.1006/cyto.1996.0077

 10. Schreiber,RD, Old,LJ, and Smyth,MJ. Cancer immunoediting: integrating immunity's roles in cancer suppression and promotion. Science. (2011) 331:1565–70. doi: 10.1126/science.1203486 

 11. Mantovani,A, Allavena,P, Sica,A, and Balkwill,F. Cancer-related inflammation. Nature. (2008) 454:436–44. doi: 10.1038/nature07205

 12. Diakos,CI, Charles,KA, McMillan,DC, and Clarke,SJ. Cancer-related inflammation and treatment effectiveness. Lancet Oncol. (2014) 15:e493–503. doi: 10.1016/S1470-2045(14)70263-3

 13. Wang,C, He,W, Yuan,Y, Zhang,Y, Li,K, Zou,R , et al. Comparison of the prognostic value of inflammation-based scores in early recurrent hepatocellular carcinoma after hepatectomy. Liver Int. (2020) 40:229–39. doi: 10.1111/liv.14281 

 14. Braun,LH, Baumann,D, Zwirner,K, Eipper,E, Hauth,F, Peter,A , et al. Neutrophil-to-lymphocyte ratio in rectal cancer-novel biomarker of tumor immunogenicity during radiotherapy or confounding variable? Int J Mol Sci. (2019) 20:2448. doi: 10.3390/ijms20102448 

 15. Zhang,S, Li,J, Xie,P, Zang,T, Shen,H, Cao,G , et al. STAT3/c-Myc Axis-mediated metabolism alternations of inflammation-related glycolysis involve with colorectal carcinogenesis. Rejuvenation Res. (2019) 22:138–45. doi: 10.1089/rej.2018.2089 

 16. Hirayama,A, Kami,K, Sugimoto,M, Sugawara,M, Toki,N, Onozuka,H , et al. Quantitative metabolome profiling of colon and stomach cancer microenvironment by capillary electrophoresis time-of-flight mass spectrometry. Cancer Res. (2009) 69:4918–25. doi: 10.1158/0008-5472.CAN-08-4806 

 17. Vander Heiden,MG, Cantley,LC, and Thompson,CB. Understanding the Warburg effect: the metabolic requirements of cell proliferation. Science. (2009) 324:1029–33. doi: 10.1126/science.1160809 

 18. Nieman,KM, Kenny,HA, Penicka,CV, Ladanyi,A, Buell-Gutbrod,R, Zillhardt,MR , et al. Adipocytes promote ovarian cancer metastasis and provide energy for rapid tumor growth. Nat Med. (2011) 17:1498–503. doi: 10.1038/nm.2492 

 19. Lin,L, Huang,H, Liao,W, Ma,H, Liu,J, Wang,L , et al. MACC1 supports human gastric cancer growth under metabolic stress by enhancing the Warburg effect. Oncogene. (2015) 34:2700–10. doi: 10.1038/onc.2014.204 

 20. Warburg,O. On the origin of cancer cells. Science. (1956) 123:309–14. doi: 10.1126/science.123.3191.309

 21. Weinhouse,S. On respiratory impairment in cancer cells. Science. (1956) 124:267–9. doi: 10.1126/science.124.3215.267

 22. Kolev,Y, Uetake,H, Takagi,Y, and Sugihara,K. Lactate dehydrogenase-5 (LDH-5) expression in human gastric cancer: association with hypoxia-inducible factor (HIF-1alpha) pathway, angiogenic factors production and poor prognosis. Ann Surg Oncol. (2008) 15:2336–44. doi: 10.1245/s10434-008-9955-5 

 23. Koukourakis,MI, Giatromanolaki,A, Sivridis,E, Bougioukas,G, Didilis,V, Gatter,KC , et al. Angiogenesis research, lactate dehydrogenase-5 (LDH-5) overexpression in non-small-cell lung cancer tissues is linked to tumour hypoxia, angiogenic factor production and poor prognosis. Br J Cancer. (2003) 89:877–85. doi: 10.1038/sj.bjc.6601205 

 24. Ding,J, Karp,JE, and Emadi,A. Elevated lactate dehydrogenase (LDH) can be a marker of immune suppression in cancer: interplay between hematologic and solid neoplastic clones and their microenvironments. Cancer Biomark. (2017) 19:353–63. doi: 10.3233/CBM-160336 

 25. Bardelli,A, and Pantel,K. Liquid biopsies, what we do not know (yet). Cancer Cell. (2017) 31:172–9. doi: 10.1016/j.ccell.2017.01.002 

 26. Kano,H, Midorikawa,Y, Song,P, Nakayama,H, Moriguchi,M, Higaki,T , et al. High C-reactive protein/albumin ratio associated with reduced survival due to advanced stage of intrahepatic cholangiocarcinoma. Biosci Trends. (2020) 14:304–9. doi: 10.5582/bst.2020.03167 

 27. Kim,H, Jung,HI, Kwon,SH, Bae,SH, Kim,HC, Baek,MJ , et al. Preoperative neutrophil-lymphocyte ratio and CEA is associated with poor prognosis in patients with synchronous colorectal cancer liver metastasis. Ann Surg Treat Res. (2019) 96:191–200. doi: 10.4174/astr.2019.96.4.191 

 28. Chua,W, Charles,KA, Baracos,VE, and Clarke,SJ. Neutrophil/lymphocyte ratio predicts chemotherapy outcomes in patients with advanced colorectal cancer. Br J Cancer. (2011) 104:1288–95. doi: 10.1038/bjc.2011.100 

 29. Li,B, Li,C, Guo,M, Shang,S, Li,X, Xie,P , et al. Predictive value of LDH kinetics in bevacizumab treatment and survival of patients with advanced NSCLC. Onco Targets Ther. (2018) 11:6287–94. doi: 10.2147/OTT.S171566 

 30. 中国医师协会外科医师分会;中华医学会外科分会胃肠外科学组;中华医学会外科分会结直肠外科学组;中华医学会肿瘤学分会结直肠肿瘤学组;中国抗癌协会大肠癌专业委员会;中国医师协会结直肠肿瘤专业委员会;中国临床肿瘤学会结直肠癌专家委员会;中国医师协会外科医师分会结直肠外科医师委员会;中国医师协会肛肠医师分会肿瘤转移委员会;中国医疗保健国际交流促进会结直肠癌肝转移治疗专业委员会. 中国结直肠癌肝转移诊断和综合治疗指南(2020版), 临床肝胆病杂志. (2021) 37:543–53.

 31. McMillan,DC. The systemic inflammation-based Glasgow prognostic score: a decade of experience in patients with cancer. Cancer Treat Rev. (2013) 39:534–40. doi: 10.1016/j.ctrv.2012.08.003 

 32. Basile,D, Garattini,SK, Corvaja,C, Montico,M, Cortiula,F, Pelizzari,G , et al. The MIMIC study: prognostic role and cutoff definition of monocyte-to-lymphocyte ratio and lactate dehydrogenase levels in metastatic colorectal cancer. Oncologist. (2020) 25:661–8. doi: 10.1634/theoncologist.2019-0780 

 33. Matsuoka,H, Morise,Z, Tanaka,C, Hayashi,T, Ikeda,Y, Maeda,K , et al. Repeat hepatectomy with systemic chemotherapy might improve survival of recurrent liver metastasis from colorectal cancer-a retrospective observational study. World J Surg Oncol. (2019) 17:33. doi: 10.1186/s12957-019-1575-y 

 34. Chen,L, Li,Q, Wang,Y, Yang,J, and Ma,X. Prognostic value of nomogram based on pre-treatment inflammatory markers in patients with pulmonary-only synchronous metastases from colorectal cancer. Int Immunopharmacol. (2019) 77:106001. doi: 10.1016/j.intimp.2019.106001 

 35. Urbanska,K, and Orzechowski,A. Unappreciated role of LDHA and LDHB to control apoptosis and autophagy in tumor cells. Int J Mol Sci. (2019) 20:2085. doi: 10.3390/ijms20092085 

 36. Zhang,W, Wang,G, Xu,ZG, Tu,H, Hu,F, Dai,J , et al. Lactate is a natural suppressor of RLR signaling by targeting MAVS. Cells. (2019) 178:176–189.e15. doi: 10.1016/j.cell.2019.05.003 

 37. Lin,G, Zheng,XW, Li,C, Chen,Q, and Ye,YB. KRAS mutation and NF-kappa B activation indicates tolerance of chemotherapy and poor prognosis in colorectal cancer. Dig Dis Sci. (2012) 57:2325–33. doi: 10.1007/s10620-012-2172-x 

 38. Zheng,P, Ren,L, Feng,Q, Zhu,D, Chang,W, He,G , et al. Differences in clinical characteristics and mutational pattern between synchronous and metachronous colorectal liver metastases. Cancer Manag Res. (2018) 10:2871–81. doi: 10.2147/CMAR.S161392 

 39. Galvano,A, Peri,M, Guarini,AA, Castiglia,M, Grassadonia,A, De Tursi,M , et al. Analysis of systemic inflammatory biomarkers in neuroendocrine carcinomas of the lung: prognostic and predictive significance of NLR, LDH, ALI, and LIPI score. Ther Adv Med Oncol. (2020) 12:1758835920942378. doi: 10.1177/1758835920942378

 40. Luo,HS, Xu,HY, Du,ZS, Li,XY, Wu,SX, Huang,HC , et al. Prognostic significance of baseline neutrophil count and lactate dehydrogenase level in patients with esophageal squamous cell cancer treated with radiotherapy. Front Oncol. (2020) 10:430. doi: 10.3389/fonc.2020.00430 

 41. Capone,M, Giannarelli,D, Mallardo,D, Madonna,G, Festino,L, Grimaldi,AM , et al. Baseline neutrophil-to-lymphocyte ratio (NLR) and derived NLR could predict overall survival in patients with advanced melanoma treated with nivolumab. J Immunother Cancer. (2018) 6:74. doi: 10.1186/s40425-018-0383-1 

 42. Jeong,MJ, Park,JH, Hur,SY, Kim,CJ, Nam,HS, and Lee,YS. Preoperative neutrophil-to-lymphocyte ratio as a prognostic factor in uterine sarcoma. J Clin Med. (2020) 9:2898. doi: 10.3390/jcm9092898 

 43. Coffelt,SB, Wellenstein,MD, and de Visser,KE. Neutrophils in cancer: neutral no more. Nat Rev Cancer. (2016) 16:431–46. doi: 10.1038/nrc.2016.52

 44. Fridlender,ZG, Sun,J, Kim,S, Kapoor,V, Cheng,G, Ling,L , et al. Polarization of tumor-associated neutrophil phenotype by TGF-beta: “N1” versus “N2” TAN. Cancer Cell. (2009) 16:183–94. doi: 10.1016/j.ccr.2009.06.017 

 45. Piccard,H, Muschel,RJ, and Opdenakker,G. On the dual roles and polarized phenotypes of neutrophils in tumor development and progression. Crit Rev Oncol Hematol. (2012) 82:296–309. doi: 10.1016/j.critrevonc.2011.06.004 

 46. Dunn,GP, Old,LJ, and Schreiber,RD. The immunobiology of cancer immunosurveillance and immunoediting. Immunity. (2004) 21:137–48. doi: 10.1016/j.immuni.2004.07.017 

 47. Doherty,JR, and Cleveland,JL. Targeting lactate metabolism for cancer therapeutics. J Clin Invest. (2013) 123:3685–92. doi: 10.1172/JCI69741 



OPS/images/fmed-10-1205897-t007.jpg
Synchronous LM

Variables Parameters
HR (95%Cl)

Primary tumor Rectum Reference

Colon 1.633 (0.950-2.807) 0076
T dlassification I3 Reference

T4 1397 (0.668-2923) 0375
N classification No Reference

N1-2 0,877 (0.501-1.534) 0645
KRAS Wild type Reference

Mutated 1881 (1.003-3.531) 0049
CEA (ng/ml) <5 Reference

>5 1822 (1.047-3.172) 0034
CA199 (U/mL) <37 Reference

>37 2238 (1.152-4.347) 0017
NLRLDH Low Reference

Intermediate 1551 (0910-2645) 0.107

High 18.470 (2.388-142.843) 0.005

NLR, neutrophil-to-lymphocyte ratios LDH, lactate dehydrogenase; low (NLR < 2.071 and LDH <250 U/L), intermediate (NLR >2.071 or LDH>250 U/L) and high (NLR>2.071 and
LDH >250U/L); CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
Bold values are statistically significant.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		The neutrophil-to-lymphocyte ratio and lactate dehydrogenase combined in predicting liver metastasis and prognosis of colorectal cancer



		Introduction



		Patients and methods



		Patients



		Data extraction and follow-up



		Endpoints and time frame of LM



		Blood sample analysis



		Statistical analysis









		Results



		Cut-off values of inflammatory markers



		Baseline characteristics of patients



		Univariate analysis of inflammatory markers and clinicopathologic factors



		Multivariate analysis of inflammatory markers



		ROC curve analysis for comparison of the predictive ability of NLR, LDH, and NLR-LDH combined









		Discussion



		NLR, LDH, and the synchronous LM of CRC



		NLR, LDH, and the OS of CRC









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fmed-10-1205897-t006.jpg
Synchronous LM

Variables Parameters
HR (95%Cl)
ary tumor Rectum Reference
Colon 1.709 (0.990-2952) 0055
T classification T3 Reference
T4 1395 (0.666-2.924) 0378
N dlassification No Reference
NI-2 0.892 (0.508-1.564) 0.689
KRAS Wild type Reference
Mutated 1911 (1.017-3.589) 0.044
CEA (ng/ml) <5 Reference
>5 1775 (1.016-3.099) 0.044
CA199 (U/mL) <37 Reference
>37 2,236 (1.149-4.353) 0.018
NLR <2071 Reference
52071 1.500 (0.879-2.557) 0.137
LDH (U/L) <250 Reference
5250 9.040 (2.065-39.567) 0.003

NLR, neutrophil-to-lymphocyte ratio; LDH, lactate dehydrogenase; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
Bold values are statistically significant.





OPS/images/fmed-10-1205897-t005.jpg
Univariate

Factors
HR (95%Cl)

Age 260 v5. <60 1.582 (1.147-2.183) 0.005
Gender Male vs. Female 1,164 (0.828-1.636) 0.383
Histology Poorly vs. Well 1.637 (1.030-2.602) 0.037
Primary tumor location Colon vs. Rectum 1,199 (0.864-1.662) 0275
Liver metastases Simultaneous vs. Heterochronous 1.720 (1.198-2.469) 0.003
Other metastasis Yes vs. No 1.184 (0.816-1.718) 0375
Number of metastasis S3vs.<3 1.446 (1.043-2.066) 0.027
RO Yes vs. No 0,570 (0.413-0.785) 0.001
Preoperative therapy Yes vs. No 0.734 (0.481-1.121) 0.019
CEA (ng/mlL) 2545 <5 1.587 (1.142-2.207) 0.006
CA199 (U/mL) >37 vs. <37 1881 (1.357-2.607) 0.000
T classification Tavs. TI3 2,194 (1.515-3.176) 0.000
N dlassification NiI-2vs. N0 2,388 (1.629-3.500) 0.000
KRAS Yes vs. No 1420 (1.004-2010) 0.048
NLR 2,071 vs. <2.071 1583 (1.136-2.205) 0.007
LDH (UL) 5250 vs. <250 2932 (1.970-4.365) 0.000
NLR+LDH Intermediate vs. low 1507 (1.053-2.157) 0.025

High vs. low 3,672 (2.262-5.960) 0.000

NLR, neutrophil-to-lymphocyte ratio; LDH, lactate dehydrogenase; low (NLR 2.071 and LDH <250 U/L)
LDH >250U/L); CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
Bold values are statistically significant.

termediate (NLR>2.071 or LDH >250 U/L) and high (NLR>2.071 and





OPS/images/fmed-10-1205897-t004.jpg
Simultaneous LM

AELELIES Parameters
HR (95%Cl)

Age (year) <60 Reference

>60 1,518 (0.938-2458) 0090
Gender Male Reference

Female 1070 (0.646-1.772) 0793
Primary tumor Rectum Reference

Colon 2,362 (1.449-3.851) 0.001
Histology Poorly Reference

Well 1432 (0.691-2.970) 0335
T classification T3 Reference

T4 1.899 (0.969-3.722) 0.062
N dlassification No Reference

N2 1351 (0.822-2.220) 0235
NLR <2071 Reference

52071 1.878 (1.159-3.046) 0.011
CEA (ng/mL) <5 Reference

>5 2583 (1.581-4.219) 0.000
CA199 (U/mL) <37 Reference

>37 3587 (1.958-6.573) 0.000
LDH (U/L) <250 Reference

250 11,875 (2.803-50.306) 0.001
KRAS Wild type Reference

Mutated 1.991 (1.113-3.564) 0.020
NLRLDH Low Reference

Intermediate 1576 (0.958-2.592) 0.073

High 24686 (3.269-186.417) 0.002

Well,Well or moderately differentiated; Poorly, Poorly differentiated, Signet-cell and Mucinous; NLR, neutrophil-to-lymphocyte ratio; LDH, lactate dehydrogenase: low (NLR <2.071 and
LDH 250U/L), intermediate (NLR> 2,071 or LDH> 250 U/L) and high (NLR>2.071 and LDH>250U/L); CEA, carcinoembryonic antigen; CA19-9, arbohydrate antigen 19-
Bold values are statistically significant.






OPS/images/cover.jpg
’ frontiers | Frontiers in Medicine

The neutrophil-to-lymphocyte
ratio and lactate dehydrogenase
combined in predicting liver
metastasis and prognosis of
colorectal cancer












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’ frontiers Frontiers in Medicine






OPS/images/fmed-10-1205897-g005.jpg
»

= NLR<2071, Median OS=49M B ~+~ LDH250U/L, Median OS=49M
g 100 o NLR> 2071 Median 05-35M 100 - LDH > 0UL, Median 05-21M
3 £
o a
5 5
2 50 2z
i
2
£
_

month month

o

NLR and LDH low, Median OS=42M
~+ NLR or LDH high, Median OS=37M
NLR and LDH high, Median OS=21M

Probability of Survival
g
i






OPS/images/fmed-10-1205897-g006.jpg
Mo 5001

0 20 40 60 80 100
100% - Specificity”

AuC osc
0582 05170648
0574 05090639
0814 05510678






OPS/images/fmed-10-1205897-g003.jpg
[

20 40 60 80

100% - Specificity”

— NLR

— LDH
NLR-LDH

Refline

NLRLDH  0.000

100

UG osc
0591 05250658
0585 04990630
0623 05590687






OPS/images/fmed-10-1205897-g004.jpg
Pon 050 ve 80)

Hisclgy (Pouy vs wel)

L maastases (Stmotanscus vsHotorochonaus)

Nomber of motastasi (-3 <3

RO (ovs Yos)

Prosparaive ey (No e Yes)

cenpsvess)

Ar99 697 537)

T casifaton (145 1.3

Nelssfcaton (1245 N0

S (vos v )

NR (2078 e 2078

Lo 250w 250)

HRsHC)
—— 1527 (L0w32152)
e remznsan
1216 0702:1042)

- 1160 08161.650)
=5 1042 0685-1.508)
5 < 1047 0888-1.680)
i o9ss 0571388
- 1397 0997-2000)

e aamassessm

e ammsganam
[ 1508 1.026:2218)
e 1220 0883:4752)
e s0zma0)

oot

oara

Vartios

Ao o0 vss50)

Hitlog Ponty vs Wes)

e metasiases (Seotanoov v Hetaoshonous)

Number ofmotastass 3 )

RO o Yos)

Pracparate ey (Nove Yos)

cEAGs )

a9 parvesan)

 clssaton (T8 1)

Nelasieaton (V1213 NO)

KRS (Yes v o)

MR G2

RO (2]

HREswC

1516.1.076:2.128)

1984 012013.179)

1250 0.784:1.955)

1180 08311.678)

1040 0680-1.568)

1084 0650-1.666)

0064 06831401

1408 0902:2058)

2281 1 5383389)

2120 14073 221)

145009902.122)

1573 018.1.589)

21081250:3748)

oon

oass





OPS/images/fmed-10-1205897-t003.jpg
LDH NLR-LDH

Raretles (e <250  >250 Low  Intermediate
(%) (%) (%)

Age (yean) 560 %606 | 51089) 12665 | 26(650) 7679 786545 2(667)

<60 B@w | WEL) 002 19ES | 4G50 000 | 771 0855 1) o0
Gender Male u7( s 172662 | 25(629) 75(605) 102(713) 20(606)

Female 2008 | SIG8) oM SO 15675 060 90693 ey 0143
Primary tumor Colon W 6600 151683 | 25629 @61 2629 23697)

Rectum SEL) G0 006 | 108U 1575 0615 60088 H67.) 0003 0062
Histology wl 19013 150115) 27676 | 38650 15021) 17020) 260

Poorly 98 N6EsS 0% | 2020 | 260 0173 109(679) 125 880) 399 0595
T lasification T I 2060 8085 | 8(00) 2061 29003 7(12)

13 131093 | 040 0302 22615 | 2080 0816 104(539) 1497 26088 063
N dlasication N2 ICE ) 161619 | 35675 78629 (608 31939)

o S5(25) 9020 030 wEs) | 5025 0002 | 460670 5692 260 oont
Liver metastases Synchronous 20 76680 160615 | 38050) 70665 96(67.) 20970

Metachronous 4078 | HE0) 0010 100683 2(50) 000 51033 729 160 0000
Thenumberof M| >3 @ers | e 17968 | 14050) 1009 50617 2(667)

B 105@5) @) 03 P06 26650 0000 | 85(690) 97 (683) HE 000
®0 Yes o | e 151(592)  8(00) 7620 79652 60182)

No 86609 | 2097 00 106608 200 0000 | 47(79) 64 (148 7619 0000
Other metastases Yes we | w0 197G58) | 34085 25026 7059 1021)

No 1B0Ge9) 017N | 0971 @) 605 | 0197 | %6074 106 (74.1) w9 | 026
Preoperative therapy | Yes uD | 60 sy | 5025 205 23 061) 300

No HSE58) | 970100 | 001 207099 | 35 020 | 92012 120(839) 009 0038

Well, Well or moderately differentiateds Poorly, Poorly differentiated, Signet-cell and Mucinous; LM, Liver metastases.
Bold values are statistically significant.





OPS/images/fmed-10-1205897-t001.jpg
Frequencies,

Variables n (%) (n=300)
Age (year)

>60 147 (49)

<60 153 (51)
Gender

Male 197(65.7)

Female 103 (34.3)
Sidedness

Left 128 (42.7)

Right 49(16.3)

Rectum 123 (41.0)
Primary tumor size

T4 56 (18.7)

T1-3 244 (81.3)
RO

Yes 162 (54.0)

No 138 (46.0)
Histology

Well or moderately differentiated 265 (88.3)

Por, Sig or Muc 34(113)

Missing 1(0.3)

Metastatic sites
Only liver 231(77.0)
Others 69(23.0)
Lymph node metastasis

Yes 196 (65.3)

No 104(34.7)
Preoperative therapy

Yes 58(19.3)

No 242.(80.7)
KRAS

Wild type 219.(73.0)

Mutated 81(27.0)
CEA (ng/mL)

<5 133 (44.3)

>5 166 (55.3)

Missing 1(03)
CA199(U/mL)

<7 202.(67.3)

>37 95 (31.7)

Missing 3(1.0)
LDH(U/L)

<250 260 (86.7)

>250 40(13.3)
NLR

<2071 131 (43.0)

52071 169 (55.4)

NLR, neutrophi
differentiate

-to-lymphocyte ratio; LDH, lactate dehydrogenase; Por, Poorly.
met-cell; Muc, Mucinous; CEA, carcinoembryonic antigen; CA19-9,
carbohydrate antigen 19-9.






OPS/images/fmed-10-1205897-t002.jpg
Liver metastasis time

AELELIES Parameters
Synchronous LM (%) Metachronous LM (%)

Age (year) >60 104 (52.5) 43(422)

<60 94 (47.5) 59 (57.8) 0089
Gender Male 129(65.2) 68(66.7)

Female 69 (34.8) 34(333) 0793

ary tumor Colon 131(66.2) 46 (45.1)

Rectum 67(33.8) 56 (54.9) 0.001
Histology Poorly 20(10.1) 14 (13.9)

Well 178 (89.9) 87(86.1) 0262
T dlassification T4 43(217) 13(127)

T3 155(78.3) 89 (87.3) 0059
N classification NI-2 134(67.7) 62 (60.8)

No 64(32.3) 40 (39.2) 0.235
RO Yes. 72(36.4) 90 (88.2)

No 126 (63.6) 12(118) 0.000
NLR 2071 122(61.6) 47 (46.1)

<2071 76 (38.4) 55(53.9) 0.010
CEA (ng/mL) >5 126 (63.6) 41(40.2)

<5 72(36.4) 61(59.8) 0.000
CA199 (U/mL) >37 79(39.9) 16 (15.7)

<37 119(60.1) 86(343) 0.000
LDH (U/L) >250 38(19.2) 2(20)

<250 160 (80.8) 100 (98.0) 0.000
KRAS. Mutated 62(31.3) 19 (186)

Wild type 136 (68.7) 83 (81.4) 0.019
NLRLDH High 32016.2) 101.0)

Intermediate 96 (48.5) 47 (46.1)

Low 70 (35.4) 54(52.9) 0.000

Por, Poorly differentiated; Sig, Signet-cell; Muc, Mucinous: NLR, neutrophil-to-lymphocyte ratio; LDH, lactate dehydrogenase: low [NLR <2,071 and LDH <upper limit normal (ULN)I,
intermediate (NLR>2.071 or LDH>ULN) and high (NLR>2.071 and LDH >ULN); CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
Bold values are statistically significant.






OPS/images/fmed-10-1205897-g001.jpg
— NLR
~— Refline

AUC: 0591
95%Cl: (0.525,0.658)
Cut off value:2.071

0 20 40 60 80 100
100% - Specificity%





OPS/images/fmed-10-1205897-g002.jpg
2013-12-1~2018-9-1 Patients undergoing radical resection of
colorectal cancer<’

Confirmed colorectal cancer with

liver metastasis<

n=997¢

Inclusion and exclusion criteria: Number of lymph
node detection was greater than 12, Complete
clinical and pathological data and so on.

n=300¢





