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Background: Inflammatory factors and nutritional status are critical to the prognosis of colorectal cancer patients. This study aimed to investigate the prognostic value of the combination of preoperative lymphocytes, albumin, and neutrophils (LANR) in patients with resectable colorectal cancer.

Methods: A total of 753 patients with pathologically diagnosed primary colorectal cancer were included in the study. The value of LANR was defined as follows: LANR, lymphocyte × albumin/neutrophil. The ROC curve, subgroup analysis and Cox proportional hazard regression analysis were used to assess the prognostic value of LANR in overall survival and progression-free survival.

Results: The median age of the patients was 60 years (range 52–67 years). In overall survival, the area under the curve of LANR was 0.6276, and the HR (95% CI) was 0.551 (0.393–0.772). And in progression-free survival, the area under the curve of LANR was 0.5963, and the HR (95% CI) was 0.697 (0.550–0.884). The results indicate that preoperative LANR may be a reliable predictor of overall and progression-free survival in resectable colorectal cancer patients.

Conclusions: LANR is an important prognostic indicator for patients with resectable colorectal cancer, and it can also provide a reference for clinicians and patients to choose a treatment plan.
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INTRODUCTION

Colorectal cancer (CRC) is an important public health problem. In 2018, there were more than 1.8 million new cases of colorectal cancer and 881,000 deaths worldwide, accounting for about one-tenth of global cancer incidence and deaths. And the incidence of colorectal cancer ranks third and the mortality rate ranks second (1). From a clinical perspective, surgery has been established as the main treatment for colorectal cancer (2). Although advances in medical treatment have gradually improved the survival of patients (3). In fact, even after surgery, the prognosis of colorectal cancer is far from satisfactory (4, 5). Therefore, finding more effective biomarkers to predict the prognosis of colorectal cancer becomes particularly important.

With the continuous development of tumor prognosis research, more and more evidence indicates the role of inflammatory factors and nutritional status in cancer prognosis (6–8). Systemic inflammatory factors, such as lymphocytes (9), monocytes (10) and neutrophils (11), and blood biochemical indicators related to nutritional status, such as C-reactive protein levels (CRP) (12) and albumin levels (ALB) (13), are valuable prognostic indicators for cancers including colorectal cancer. In addition, studies have shown that the integration of these biochemical indicators such as the modified Glasgow Prognosis Score (mGPS) (14), C-reactive protein to albumin ratio (CAR) (15, 16), and neutrophil to lymphocyte ratio (NLR) (17) can effectively improve the accuracy of cancer prognosis prediction.

However, the prognostic significance of the combination of lymphocyte, albumin, and neutrophil (LANR) in colorectal cancer has not been well-investigated to date. Therefore, in this study, we retrospectively analyzed the preoperative blood biochemical indicators of 753 colorectal cancer patients, and systematically evaluated the survival prognostic value of LANR.



MATERIALS AND METHODS


Patient Cohort

We retrospectively collected 829 patients with pathologically diagnosed primary colorectal cancer at Hubei Cancer Hospital from January 2013 to December 2016. The exclusion criteria were as follows: (1) having history of malignant tumors; (2) having incomplete clinical data; (3) having concurrent malignant tumors other than colorectal cancer; or (4) having other diseases with serious impacts on prognosis, such as ischemic heart disease and stroke. Based on the exclusion criteria, we eventually included 753 patients with colorectal cancer in our study (Supplementary Figure 1). Tumor stage was determined based on the Eighth Edition of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual (18). The study was supported by the Ethics Committee and Institutional Review Board of Hubei Cancer Hospital. And all patients provided informed consent.



Data Collection

We collected the clinicopathological information and preoperative blood biochemical indicators of patients with colorectal cancer through electronic and paper medical records from the hospital. Such as gender, age, tumor size, vascular tumor thrombus, nerve invasion, circumferential margin, radiotherapy, chemotherapy, tumor location, TNM stage, differentiation, ALB, lymphocyte, and neutrophil. Based on previous studies (19–22), we found that ALB, lymphocyte, and neutrophil were key biochemical indicators related to tumor prognosis. And we also used these three indicators to construct a new prognostic marker-LANR, which was defined as Lymphocyte × Albumin/Neutrophil. The study follow-up until August 2019. The overall survival (OS) was set as the first outcome and progression-free survival (PFS) as the secondary outcome. The PFS was defined as the time from the date of tumor resection to the date of cancer recurrence, metastasis, death, or the end of follow-up whichever came first, and the OS was calculated as the time from the date of tumor resection to the date of death or the end of follow-up.



Statistical Analysis

The continuous variables were expressed as mean ± standard deviation ([image: image] ± SD) or median (interquartile range), and the categorical variables were presented by the number of cases (percentage). Student's t-test or Wilcoxon test was used to compare differences between groups of continuous variables. Chi-square or Fisher's exact tests were used to evaluate categorical variables. By using the inflection point as the cut-offs, the receiver operating characteristic (ROC) curve was used to convert continuous variables (albumin, neutrophils, lymphocytes, and LANR) into dichotomous variables. Kaplan–Meier survival curves and log-rank test were used to compare the survival difference between groups classified by dichotomized biochemical indicators. Cox proportional hazard regression model was used for univariate and multivariate regression analysis. Statistically significant variables (P < 0.05) in univariate analysis were included in multivariate analysis. Subgroup analysis were performed to show the prognostic association between patients with different characteristics and the new index, and the results were shown in the forest plots (23). Statistical analyses were performed using SAS 9.4 (SAS Institute Inc, Cary, North Carolina, USA) and R 3.5.1 (R Foundation for Statistical Computing, Vienna, Austria). All analyses were two-sided, and P < 0.05 were considered statistically significant.



Data Availability Statement

The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.




RESULTS


Patient Characteristics

A total of 753 patients with colorectal cancer were included in this study. The demographic and clinicopathological characteristics are shown in Table 1. There were 280 females (37.18%) and 473 males (62.82%). The median age of the patients was 60 years (range 52–67 years). There were 84 patients (11.16%) in stage I, 253 (33.60%) in stage II, 274 (36.39%) in stage III, and 142 (18.86%) in stage IV. Of these patients, 452 (60.03%) had rectal tumors, and 301 (39.97%) had colon tumors. A total of 292 (38.78%) patients progressed and 145 patients (19.26%) died. The study's median progression-free survival was 63.47 months, and the median follow-up time was 37.03 months.


Table 1. Baseline clinicopathological characteristics of colorectal cancer patients.
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Prognostic Value of LANR in Overall Survival

The areas under the ROC curves and inflection points of albumin, neutrophils, lymphocyte counts, and LANR for OS are listed in Table 2. According to the ROC curve, we found that the area under the curve of LANR was the best at 0.6276 (Supplementary Figure 2). We divided LANR into high-level (n = 418, 55.51%) and low-level (n = 335, 44.49%) groups based on cut-off values (Supplementary Table 1), and the Kaplan-Meier survival curve showed that patients with high-level LANR had longer overall survival (Figure 1). Univariate analysis revealed that TNM stage, differentiation, circumferential margin, nerve invasion, albumin, neutrophils, lymphocytes, and LANR all showed significant association with OS (all P < 0.05; Table 2). Multivariate analysis showed that high levels of albumin, neutrophils, lymphocytes and LANR had 0.681 (95% CI: 0.476–0.974), 1.512 (95% CI: 1.085–2.107), 0.634 (95% CI: 0.445–0.903), and 0.551 (95% CI: 0.393–0.772)-fold risk of death (Table 2). LANR presented significant associations with OS among patients in different genders, age (<65 yr), tumor locations (colon), differentiation (medium), and TNM stages (III/IV) (Supplementary Figure 3). Combining the area under the curve and the results of multivariate cox regression, we found that LANR is a valuable new prognostic indicator in overall survival.


Table 2. Univariate and multivariate Cox regression analysis of overall survival in patients with colorectal cancer.
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FIGURE 1. The Kaplan–Meier curves for overall survival of colorectal cancer patients based on LANR.




Prognostic Value of LANR in Progression-Free Survival

The areas under the ROC curves and inflection points of albumin, neutrophils, lymphocyte counts, and LANR for PFS are listed in Table 3. According to the ROC curve, we found that the area under the curve of LANR was the best at 0.5963 (Supplementary Figure 4). We divided LANR into high-level (n = 367, 48.74%) and low-level (n = 386, 51.26%) groups based on cut-off values (Supplementary Table 2), and the Kaplan-Meier survival curve showed that patients with high-level LANR had longer progression-free survival (Figure 2). Univariate analysis revealed that TNM stage, differentiation, circumferential margin, vascular tumor thrombus, nerve invasion, chemotherapy, radiotherapy, albumin, neutrophils, lymphocytes, and LANR all showed significant association with PFS (all P < 0.05; Table 3). Multivariate analysis showed that high levels of albumin, neutrophils, lymphocytes, and LANR had 0.800 (95% CI: 0.624–1.026), 1.450 (95% CI: 1.141–1.843), 0.727 (95% CI: 0.570–0.926), and 0.697 (95% CI: 0.550–0.884)-fold risk of disease progression (Table 3). LANR presented significant associations with PFS among patients in age (≥65 yr), gender (female), tumor locations (rectum), differentiation (medium), and TNM stages (III/IV) (Supplementary Figure 5). Combining the area under the curve and the results of multivariate cox regression, we found that LANR is also a valuable new prognostic indicator in 5-year progression-free survival.


Table 3. Univariate and multivariate cox regression analysis of progression-free survival in patients with colorectal cancer.
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FIGURE 2. The Kaplan–Meier curves for progression-free survival of colorectal cancer patients based on LANR.





DISCUSSION

In this study, we developed a novel indicator—LANR, which was based on lymphocytes, neutrophils, and albumin, and the results showed that the indicator was significantly correlated with the prognosis of colorectal cancer patients. And to our knowledge, this is the first study to investigate the prognostic value of LANR in colorectal cancer patients.

The development of cancer and its response to treatment are strongly influenced by innate and adaptive immunity, which promote or reduces tumorigenesis and may have opposite effects on the outcome of treatment. At the same time, chronic inflammation promote tumor development, progression, metastatic spread and treatment resistance (24). In addition, studies have shown that systemic inflammation is a marker of poor prognosis present in around 20–40% of colorectal cancer patients (25). Neutrophils are the main circulating granulocytes in humans. They reflect the state of host inflammation and are a hallmark of cancer (26). Neutrophils are involved in different stages of the carcinogenic process, including tumorigenesis, growth, proliferation, or metastatic spread (27, 28). It promotes tumorigenesis by releasing reactive oxygen species (ROS), reactive nitrogen (RNS), or proteases (29), promotes tumor proliferation by weakening the immune system, and also promotes metastatic spread by inhibiting natural killing function and promoting tumor cell extravasation (30). Studies have shown that neutrophils are associated with poor prognosis (31). And the higher the neutrophil level, the higher the risk of progression and death (20, 32). As one of the main cells of human immunity, lymphocytes can produce an immune response to tumor cells, and the decrease of the lymphocytes leads to a decrease in the body's ability to inhibit tumors (33). At the same time, lymphocytes participate in cytotoxic cell death and inhibition of tumor cell proliferation and migration (34). As research continues to develop, more and more evidence suggests that lymphocytes play an important role in predicting the prognosis in colorectal cancer (35–37). And high levels of lymphocytes were significantly associated with good tumor behavior and better survival (38). In addition to inflammatory factors, nutritional indicators can also predict complications, recurrence and prognosis in patients with colorectal cancer. Using prognostic nutrition indicators to investigate the nutrition and immune status of patients may be a useful clinical approach (39). Serum albumin is a common indicator of nutritional status (40). Studies have shown that serum albumin levels were significantly related to overall survival (41). And low levels of serum albumin are associated with a poor overall prognosis in patients with colorectal cancer (42, 43). In this study, we combined these valuable indicators to construct a new prognostic indicator that has good prognostic performance for both overall survival (HR: 0.551; 95% CI: 0.393–0.772) and progression-free survival (HR: 0.697; 95% CI: 0.550–0.884). But we also have some limitations. First, the sample size included in the study was relatively small. Second, as a single-center study, the conclusion may be biased. Therefore, a lot of research is needed to further confirm our findings. In this study, we found a new index that is easily available and has good prognostic performance, which will provide a reference for clinicians and patients to choose a treatment method.
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#TNM Stage adopted binary classification (/I vs. V).

Reference group: TNM (Vlj); Differentiation (Low); Circumferential margin (No); Vascular tumor thrombus (No); Nerve invasion (No); Chemotherapy (No); Radiotherapy (No).
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*P-values were calculated by the Student's t-test or Wiicoxon test for continuous variables, and the Chi-square test for categorical variabes, respectively
%Age, ALB, Lym, and Neu are continuous variables, the others (Sex, Tumor Location, TNM stage, Tumor size, Differentiation, Gircumferential margin, Vascular tumor thrombus, Nerve
invasion, Chemotherapy, and Radiotherapy) are categorical variables.
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0.0014
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Multivariate*

HR (95% CI)
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HR, Hazard Ratio; Cl, Confidence Interval: AUC, Area under the ROC Curve; Lym, lymphocyte; ALB, albumin; Neu, neutrophils; LANR, LymAlb/Nev.
“Multivariate cox regression models included age, TNM stage, differentiation, circumferential mergin, nerve invasion, and the cliical indicators for mutual acjustment.

#TNM Stage adopted binary classification (/l vs. V).

Reference group: TNIM (/lj; Differentiation (Low); Circumferential margin (No); Nerve invasion (No).
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