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Abstract
AIM
To evaluate the prognostic significance of neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), and prognostic nutritional index (PNI) and other clinicopathological factors in patients undergoing curative resection of colon cancer.

METHODS
183 patients with histologically proven colorectal cancer who had undergone potentially curative resection between 2010 and 2016 at Ankara Numune Training and Research Hospital were retrospectively analyzed and clinicopathological characteristics included age, sex, tumor type, grade, size and localization, the number of metastatic and total number of lymph nodes removed, vascular and perineural invasion of the tumor, TNM stages, tumor marker levels (CEA, CA19-9, AFP, CA-125, CA15-3), complete blood counts, albumin levels, overall survival(months), NLR, PLR, LMR and PNI ratios were retrospectively reviewed and analyzed from the electronic database. The primary outcome measure was overall survival.

RESULTS
Regarding overall survival, on univariate analysis the following variables were significantly associated with poor outcome following resection: T-stage (P = 0.037), lymph node invasion (P = 0.037), cancer stage (P = 0.034), CEA (P = 0.042), CA19-9 (P = 0.004), and PNI (P = 0.001). To evaluate the independent prognostic value, multivariate Cox proportional hazard analysis to control for other prognostic factors was used. Using cancer-specific death as an end point for NLR, PLR, LMR, PNI and CA19-9 the optimal cut off values were calculated by ROC analysis. Regarding overall survival, on multivariate analysis high CA19-9 (HR 1.001, 95%CI: 1.00-1.002, P = 0.012) and low PNI (HR = 0.938, 95%CI: 0.891-0.987, P = 0.014) were the only variables independently associated with shortened overall survival. Patients with a PNI < 35 had a median OS of 52.25 mo. In contrast, patients with an PNI > 35 had a median OS of 66 months. Patients with a CA 19-9 < 17 had a median OS of 66 mo and in patients with a CA19-9 > 17 had a median OS of 53.76 mo.

CONCLUSION
This study shows that decrease in the PNI and increase in CA 19-9 is associated with poor survival in patients with resectable colon cancer. 
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Core tip: Predictors of colorectal cancer (CRC) that may determine overall survival are extremely important. Inflammation is now widely recognised to be a key element of disease advancement and survival in CRC. Aim of this study was to evaluate the prognostic significance of clinicopathologic factors and the indicators of systematic inflammatory response by using neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, lymphocyte-to-monocyte ratio, and prognostic nutritional index in patients undergoing curative resection of colon cancer. In the present study, we report, for the first time, a longitudinal comparison of the four systemic inflammation-based prognostic scores and CA19-9 in patients with resectable CRC.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common malignancy and the fourth leading cause of cancer-related deaths worldwide. 5-year overall survival (OS) remains unsatisfactory due to local recurrence or metastasis[1]. Predictors that may determine overall survival and patient outcome are extremely important, as the capability to distinguish patients more likely to acquire poor outcome following surgery would enable surgical and chemotherapeutic treatment personalized appropriately for each individual case[2]. To date, prognostic factors, such as tumor, node, and metastasis (TNM) stage, cell differentiation grade, Dukes’ stage, tumor type, have commonly been applied[3]. The TNM stage system is a gold standard for clinical management as it aids in directing the clinician towards appropriate treatment selection and also predicts the patient’s prognosis. However, what the current system lacks is the ability to predict the response and outcome individually[4]. For this reason the development of economical and readily available prognostic markers for risk determination in CRC treatment, is a must to thereby deliver a more personalized form of cancer care[5]. Recent studies have clearly shown the relationship between host inflammatory response to tumor carcinogenesis and the important role it plays in cancer development, progression and metastasis[6,7].
Since the first observation by Virchow who described the link between inflammation and tumorigenesis, the impact of inflammation on cancer development has been shown in an extensive number of tissues through processes that involve genomic destabilization and initiation of invasion and metastasis[8]. Inflammation is now widely accepted to be a key element of disease advancement and survival in CRC[9]. The local inflammation that is caused by the tumor is mirrored in a systemic inflammatory response (SIR) that may be straightforwardly measured preoperatively[2]. Many studies have shown the SIR to be a key factor in determining outcomes and survival in CRC, by measuring various circulating markers of systemic inflammation[9]. Peripheral blood neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), and prognostic nutritional index (PNI) which have been shown to be indicators of systematic inflammatory response, are widely used as valuable predictors for prognosis of cancer patients. However, the results of studies concerning the relationship of these biomarkers and prognosis of CRC patients remained inconsistent[10,11]. For this reason the aim of this study was to evaluate the prognostic significance the indicators of systematic inflammatory response by using PLR, NLR, LMR and PNI in patients undergoing curative resection of colon cancer[2].

[bookmark: OLE_LINK478][bookmark: OLE_LINK481][bookmark: OLE_LINK483][bookmark: OLE_LINK674]MATERIALS AND METHODS
263 patients with histologically proven CRC who, on the basis of laparotomy findings and pre-operative abdominal computed tomography, were considered to have undergone potentially curative resection between 2010 and 2016 at Ankara Numune Training and Research Hospital were retrospectively analyzed and clinicopathological characteristics included age, sex, tumor type, grade, size and localization, the number of metastatic and total number of lymph nodes removed, vascular and perineural invasion of the tumor, TNM stages, tumor marker levels (CEA, CA19-9, AFP, CA-125, CA15-3), complete blood counts, albumin levels, overall survival (months), NLR, PLR, LMR and PNI ratios were recorded. We included blood count data available within 1 month of surgical resection for this study. According to the following exclusion criteria: (1) emergency surgery; (2) death within 30 d of surgery; (3) clinical evidence of infection or other inflammatory conditions, such as inflammatory bowel disease or rheumatoid arthritis; (4) lack of preoperative complete blood counts and biochemical analysis; and (5) metastatic disease at diagnosis, 80 patients were excluded from the study. The records of 183 patients were retrospectively reviewed and analyzed from the electronic database. Measurements of a white cell count, absolute neutrophil, lymphocyte and monocyte counts and albumin were recorded within 1 month before surgery. Tumors were staged using the conventional tumor, node, metastasis (TNM) staging system, 7th Edition, 2010 (AJCC, 2010). Patients were seen every 3 mo for the first 2 years, every 6 months for the next 3 years, and once annually thereafter. NLR was determined by dividing the absolute neutrophil count by the absolute lymphocyte count; PLR by dividing the absolute platelet count by the absolute lymphocyte count; LMR by dividing the absolute lymphocyte count by the absolute monocyte count and PNI by the formula: serum albumin (g/L) + 5 × total lymphocyte count × 109/L[12]. The primary outcome measure was overall survival. 

RESULTS
All of the patients included in the present study were elective resections. Of the 183 colorectal cancer patients, 111 (60.7%) were men and 72 (39.3%) were women. The mean patient age was 63.5 ± 13.1 years (range 33-89 years). Diagnosis was adenocarcinoma in all cases. 2 patients (1.1%) were in stage 0, 20 patients were in stage 1 (10.9%), 23 patients were in stage 2A (12.6%), 22 patients were in stage 2B (12%), 54 patients were in stage 2C (29.5%), 3 patients were in stage 3A (1.6%), 10 patients were in stage 3B (5.5%), 49 patients were in stage 3C (26.8%). Only 23 patients (12.6 %) had Tis, T1 or T2 lesions, and 120 patients (65.6%) were lymph node negative. All patients underwent surgical resection, and 45 (24.6%) had lymphovascular invasion. Tumor size ranged from 10mm to 140 mm, with a median size of 50 mm. 118 (64.5%) patients received adjuvant therapy following resection of the primary tumor. Thirty-day mortality rate following resection was 3.8 % (n = 7). The median value of neutrophil was 5.1 × 106/mL (range 3.9-67.85), lymphocyte was 1.7 × 106/mL (range 1.3-2.22), platelet was 273 × 106/mL (range 219.5- 354), monocyte was 0.6 × 106/mL (range 0.47-0.8), and albumin was 39 g/L (range 34-43). The median 5-year OS rate was 61%. The relationship between clinicopathological characteristics, NLR, PLR, LMR, PNI, CA19-9 and overall survival in patients undergoing potentially curative resection for CRC is shown in Table 1. The data were tested for normality by the Kolmogorov- Smirnov test. Normally distributed variables were expressed as mean ± SD and non-parametric variables were expressed as median (interquartile range). Categorical variables were presented as numbers and percentages. A receiver operating characteristics (ROC) curve was generated to calculate the optimal cutoff value of inflammation parameters. OS was the study end point. Survival analysis was drawn using the Kaplan–Meier method, and the differences were compared using the log-rank test. Univariate and multivariate analysis using a Cox proportional hazards model was used to test independent significance. A two-tailed P-value < 0.05 was considered to be statistically significant. Statistical analyses were performed using the SPSS 21.0 software (IBM Corporation, Armonk, NY, United States). Regarding overall survival, on univariate analysis the following variables were significantly associated with poor outcome following resection: T-stage (P = 0.037), lymph node invasion (P = 0.037), cancer stage (P = 0.034), CEA (P = 0.042), CA 19-9 (P = 0.004), and PNI (P = 0.001). To evaluate the independent prognostic value, multivariate Cox proportional hazard analysis to control for other prognostic factors was used. Using cancer-specific death as an end point for NLR, PLR, LMR, PNI and CA19-9 the optimal cut off values were calculated by ROC analysis. In analysis of all patients, a cutpoint of 3.3 for the LMR, 35 for the PNI, 3.5 for the NLR, 180 for the PLR and 17 for the CA19-9 was found respectively. Regarding overall survival, on multivariate analysis high CA 19-9 (HR = 1.001, 95%CI: 1.00-1.002, P=0.012) and low PNI (HR 0.938, 95%CI: 0.891-0.987, P=0.014) were the only variables independently associated with shortened overall survival. Patients with a PNI < 35 had a median OS of 52.25 months. In contrast, patients with an PNI > 35 had a median OS of 66 months. Patients with a CA19-9 < 17 had a median OS of 66 mo and in patients with a CA19-9 > 17 had a median OS of 53.76 mo. Kaplan– Meier survival curves demonstrating the associations of the PNI and CA19-9 with overall survival are shown in Figure 1.

DISCUSSION
In the present study, we report a longitudinal comparison of the four-systemic inflammation-based prognostic scores and CA19-9 in patients with resectable CRC. The our knowledge this is this first time these 5 markers have been used. Our findings demonstrate that the preoperative PNI and CA19-9 are independent predictors of OS for patients with CRC undergoing curative surgical resection. In the present study PNI and CA19-9 are superior to NLR, PLR and LMR in predicting OS as inflammatory markers. To our knowledge this is the first study in which PNI, LMR, NLR, PLR and CA19-9 were compared as preoperative inflammatory and tumor markers to predict the OS for the patients who have undergone curative resection for colorectal cancer.
The association between cancer progression and systemic inflammatory response and markers of inflammation on malignancy progression and survival been explored extensively[13]. There are several reports that have shown factors specific to the individual, such as loss of weight, performance status, and a systemic inflammatory response, to be important indicators of the outcome of clinical treatment[14,15]. Both biochemical and hematological markers have been used in oncological malignancies to enumerate the impact of SIR upon outcomes such as the elevation in C-reactive protein (CRP) concentration, increased white cell, neutrophil and platelet counts, and hypoalbuminemia[16]. Although studies have shown that a relationship exists between tumor progression and systemic inflammation, the exact mechanism remains unclear[17].The role different leukocytic infiltrates may play can differ in and around neoplasms. While granulocytes promote tumor development, adaptive immune cells such as T lymphocytes induce an antitumor response[18]. In colorectal cancer, the lymphocytes play a major role in human immune response, whereas systematic inflammation significantly depressed cellular immunity, resulting in a significantly decrease of CD4+ T lymphocytes and an increasing of CD8+ suppressor T lymphocytes[1]. A chronically inflamed microenvironment can effect cell proliferation which can lead to the cells losing their ability to control growth resulting in hyperproliferation and tumorigenesis[19]. Consequently, the inflammatory response plays a critical role in carcinogenesis and a series of inflammatory cells and innate immune system signaling molecules are involved in tumor progression, such as neutrophil, lymphocyte, platelet and monocyte. Thus, NLR, PNI, PLR and LMR that represent systematic inflammatory response are potential prognostic factors for CRC[20].
Zahorec was the first to report the relationship between NLR and disease severity as a prognostic factor in critically ill patients[21]. Studies evaluating the relationship between NLR and CRC have also shown it to be a strong prognostic factor. For patients with CRC it is presumed that NLR is a combined indicator of both inflammation and the immune status. However, it has not been clearly described whether there is an association between elevated NLR and poor oncologic outcome[22,23]. There are studies which have confirmed the potential prognostic utility of the NLR in patients with CRC and other solid tumors[24,25]. A study by He et al aimed to evaluate the prognostic and predictive value of the NLR and PLR in 243 patients with initially metastatic CRC patients. Their study showed NLR and PLR to be statistically significant poor prognostic factors[26]. Our results do not support those findings. A reason for this could be that those studies that found a negative correlation between NLR and OS assessed patients with locally advanced or metastatic colorectal cancers where inflammation may be more advanced due to the extensive nature of the cancer[27]. Therefore, it is possible that higher levels of NLR are more probable to predict overall poor outcome when the cancer is advanced[28]. Another debate concerning NLR is determining the optimal ratio that has the greatest prognostic significance. The cut-off value for NLR used in the present study is different from that reported in previous studies. In previous reports, different values have been used; however, in our study, the best cut-off value based on the ROC analysis was 3.5[24]. Similarly to NLR evidence for a prognostic role for PLR in colorectal cancer is also conflicting. A study by Kwon et al demonstrated that an elevated PLR was independently associated with decreased overall survival, in CRC patients that underwent curative resection. Comparably Emir et al found a statistically significant association between an elevated PLR and decreased overall 5-year survival in uni and multivariate analysis in 140 patients with resectable CRC[22,29]. In contrast, similar to our study Baranyai et al. assessed the PLR in patients with non-metastatic CRC of different stages and liver-only metastatic CRC and found PLR not to be a prognostic factor in either group[30]. 
Lymphocytes play a vital role in cytotoxic cell death and cytokine production which inturn prevent proliferation and metastatic activity of malignant cells[31]. Studies concerning lymphocyte ratio also have conflicting results. Some studies have shown that lymphocytes declined in patients with more advanced colon cancer[32]. However, tumor infiltrating lymphocytes have been identified to be associated with a better overall survival in early stage CRC patients[33]. The prognostic value of the novel LMR in malignancy, reporting independently significant associations with poor outcome across a range of cancer types including stage III primary colon cancer[2]. In a study by Stotz et al evaluating the prognostic significance of the preoperative LMR in patients with stage III CRC also establish that a decreased LMR envisaged for shorter disease free survival and OS, and indicated that patients with decreased LMR may not profit from 5-FU-based adjuvant treatment[34]. However, in our study, similar to the studies of Hou-Qun Ying et al. and Christopher P. Neal et al., we found no statistically significant relationship between LMR and OS[1,2]. In previous studies, results were obtained in the form of NLR was superior to PLR in predicting OS[1,22] , however similar to Chan et al[32] we found neither the NLR nor the PLR to be independently prognostic when studied together with the LMR.
The nutritional and immunologic conditions of patients apparently effect the postoperative outcomes associated with malignancies. The PNI was also shown recently to be a predictive marker for both postoperative complications and prognosis in patients with CRC[35]. The prognostic nutritional index (PNI), calculated from serum albumin levels and peripheral lymphocyte count, reflects both the nutritional and immune status of the patient[36]. Studies have shown that the PNI is very similar to the systemic inflammation-based prognostic scores (mGPS, NLR, PLR and PI), but the optimal cut-off value remain unclear. Similar to others in this study a significant relationship between poor prognosis of CRC and PNI was confirmed[12,36]. The present result therefore supports the debate that the systemic inflammatory response plays a major role in the relationship between nutritional decline and poor outcome in patients with cancer.
CA19-9 was first defined by Koprowski et al as a monoclonal antibody against human CRC cell line, and it has been admitted as a molecule that contributes to tumor metastasis by mediating the adhesion of tumor cells to the endothelial cells of blood vessels[37]. In the consideration of guideline suggestions and published documents, the function of CA19-9 as a prognostic marker is still a debated subject. Many reports have suggested that CA19-9 might be a clinically valuable prognostic marker in patients with metastatic CRC[39]. In our study, multivariate analysis also indicated that a high preoperative serum CA19-9 level was an independent prognostic factor for poor OS in patients who had undergone curative resection. As far as we know, our study is the second to suggest the predictive power of the preoperative serum CA19-9 level for tumor prognosis in patients with CRC who have undergone curative resection.
The major limitations of the present paper are; its retrospective nature and exclusion of approximately one third of the initial number of patients for various reasons. Furthermore, CRP is not routinely measured prior to CRC resection at our centre, and, therefore, comparison of CRP with the other inflammatory predictors was not possible. 
On the other hand being in a single center ensures a more homogeneous evaluation and less loss of data compared with a multicentric study. Besides this, the evaluation of these prognostic factors separately in different disease stages may be a different study subject.
CRC apparently has many molecular markers and studies for new molecular target drugs are presently ongoing, but although these molecular markers may be useful for predicting prognosis, many are limited in terms of the need for resected or biopsied specimens and high prices[35]. Furthermore, patients undergoing CRC surgery all undergo preoperative full blood counts and biochemical evaluation. The PNI and CA19-9 can be easily analyzed from routinely available data and does not require any further expenditure. The evaluation of these prognostic factors separately in different disease stages may also be a valuable different study subject.
In conclusion, this study shows that decrease in the PNI and increase in CA19-9 is associated with poor survival in patients with resectable colon cancer. Further investigation with larger datasets is required to confirm our findings.
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COMMENTS
[bookmark: OLE_LINK729][bookmark: OLE_LINK730]Background
In colorectal cancer (CRC) patients, the current survival and risk classification is basically based on the pathology result, and the gold standard is Tumor Node Metastasis (TNM) staging. However, different survival results can be found in different patients with the same stage. For this reason, this prognosis prediction can be improved by using different methods. Cancer progression was also found to be associated not only with the tumor's local characteristics but also with the systemic host response. Inflammation-based prognostic scores, such as peripheral blood neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), and prognostic nutritional index (PNI), produced by components of the systemic inflammatory response were found to be associated with patient survival. The effect of these markers on patient overall survival was investigated in various studies in the literature, but inconsistencies were observed between the results. Studies comparing these inflammatory markers in the same patient population are lacking in the literature..

Research frontiers
Patients with metastasis, infection, chronic systemic inflammatory disease, and patients who were operated under emergency conditions were excluded in our study, which may have an effect on the inflammatory response. We investigated the prognostic significance of patient survival in patients with curative colorectal cancer resection in a single center by comparing parameters such as NLR, PLR, LMR and PNI together with other clinicopathological features. It has been found that preoperative low PNI and high CA 19-9 values are associated with low survival in patients with resectable colorectal cancer. The PNI has been shown to be superior to other inflammatory markers.

Innovations and breakthrough
Predictors that may determine overall survival and patient outcome are extremely important, as the capability to distinguish patients more likely to develop poor outcome succeeding surgery would enable surgical and chemotherapeutic treatment tailored appropriately for each individual case. In the present study, we report, for the first time, a longitudinal comparison of the four systemic inflammation-based prognostic scores and CA19-9 in patients with resectable CRC. Our findings demonstrate that the preoperative PNI and CA19-9 are independent predictors of overall survival for patients with CRC undergoing curative surgical resection. In the present study PNI and CA19-9 are superior to NLR, PLR and LMR in predicting OS as inflammatory markers. 

Applications
The presence of low levels of PNI and high levels of CA19-9, detected during preoperative evaluation in colorectal cancer patients may help us to predict postoperative patient overal survival. Furthermore, patients undergoing CRC surgery all undergo preoperative full blood counts and biochemical evaluation. The PNI and CA19-9 can be easily analyzed from already routinely available data and does not require any further expenditure. 
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It’s a well-written manuscript about prognostic efficacy of inflammation-based markers in colorectal cancer resection patients. This study is interesting and the objective very clear.
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Figure 1 Kaplan-Meier survival curve for overall survival in 183 patients undergoing potentially curative resection of colorectal cancer according to the prognostic nutritional index (A) and cancer antigen 19-9 (B). PNI: Prognostic nutritional index; CA19-9: Cancer antigen 19-9.


	Clinicopathologic characteristics
	Univariate analysis, HR (95%CI)
	P value
	Multivariate analysis, HR (95%CI)
	P value

	Sex
	
	0.798
	
	

	Tumor location
	
	0.685
	
	

	The depth of invasion
	
	0.877
	
	

	Perineural invasion
	
	0.931
	
	

	T-stage
	1.404 (1.021-1.930)
	0.037
	
	

	Lymph Node
	0.234 (0.080- 0.683)
	0.037
	
	

	Cancer Stage
	1.173 (1.012- 1.359)
	0.034
	
	

	CEA
	1.005 (1.00-1.009)
	0.042
	
	

	CA19-9
	1.001 (1.00-1.002)
	0.04
	1.001 (1.00-1.002)
	0.012

	NLR
	
	0.135
	
	

	LMR
	
	0.127
	
	

	PLR
	
	0.064
	
	

	PNI
	0.906 (0.865- 0.948)
	0.001
	0.938 (0.891- 0.987)
	0.014


 Table 1 Univariate and multivariate analysis of clinicopathologic variables in relation to overall survival in patients with colorectal cancer undergoing curative resection 
CEA: Carcinoembryonic antigen; CA19-9: Cancer antigen 19-9; NLR: Neutrophil-to-lymphocyte ratio; LMR: Lymphocyte-to-monocyte ratio; PNI: Prognostic nutritional index.
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