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Abstract
BACKGROUND
[bookmark: OLE_LINK134][bookmark: OLE_LINK135]Locally advanced rectal cancer is treated using neoadjuvant chemoradiation (nCRT), followed by total mesorectal excision (TME). Tumor regression and pathological post-treatment stage are prognostic for oncological outcomes. There is a significant correlation between markers representing cancer-related inflammation, including high neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), and platelet-to-lymphocyte (MLR) and unfavorable oncological outcomes. However, the predictive role of these markers on the effect of chemoradiation is unknown.

AIM
To evaluate the predictive roles of NLR, MLR, and PLR in patients with locally advanced rectal cancer receiving neoadjuvant chemoradiation.

METHODS
[bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK161]Patients (n = 111) with locally advanced rectal cancer who underwent nCRT followed by TME at the Minimally Invasive Surgery Unit, Siriraj Hospital between 2012 and 2018 were retrospectively analyzed. The associations between post-treatment pathological stages, neoadjuvant rectal (NAR) score and the pretreatment ratios of markers of inflammation (NLR, MLR, and PLR) were analyzed.

RESULTS
[bookmark: OLE_LINK132][bookmark: OLE_LINK133]Clinical stages determined using computed tomography, magnetic resonance imaging, or both were T4 (n = 16), T3 (n = 94), and T2 (n = 1). The NAR scores were categorized as high (score > 16) in 23.4%, intermediate (score 8-16) in 41.4%, and low (score < 8) in 35.2%. The mean values of the NLR, PLR, and MLR correlated with pathological tumor staging (ypT) and the NAR score. The values of NLR, PLR and MLR were higher in patients with advanced pathological stage and high NAR scores, but not statistically significant.

CONCLUSION
In patients with locally advanced rectal cancer, pretreatment NLR, MLR and PLR are higher in those with advanced pathological stage but the differences are not significantly different. 
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Core tip: Previously, correlations between markers representing cancer-related inflammation, including high neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), and platelet-to-lymphocyte ratio (PLR) and unfavorable oncological outcomes have been reported. The present study demonstrated the predictive role of these markers in patients with locally advanced rectal cancer. Pretreatment NLR, MLR, and PLR were higher in those with advanced pathological stage and high neoadjuvant rectal score, and represented a poor outcome. 



INTRODUCTION
In Thailand, colorectal cancer is the third most common cancer, and approximately one-third of Thai patients with colorectal cancer have metastatic disease[1]. Neoadjuvant chemoradiation (nCRT) followed by total mesorectal excision (TME) is the preferred treatment for locally advanced rectal cancer (clinical stage T3 or T4 or node-positive disease). This treatment regimen provides many benefits, including improved local control and reduced toxicity. Although a complete pathological response to this therapeutic regimen (ypT0N0) is a strong prognostic factor, we still lack precise preoperative prognostic and predictive factors for locally advanced rectal cancer. Therefore, surgical removal of the rectum remains the standard treatment and is essential in all patients.
Here we investigated the value of preoperative biochemical markers as prognostic factors and predictive markers for nCRT. Inflammation status correlates with the oncological outcomes of patients with rectal cancer[2-5]. The immune system acts on cancer cells by producing numerous cytokines and mediators of inflammation. The neutrophil-to-lymphocyte ratio (NLR) serves as the primary prognostic marker of white blood cell status. Previous meta-analyses demonstrated the benefit of the NLR as a prognostic factor for worse oncological outcomes in various cancers including endometrial cancer, non-small cell lung cancer, hepatocellular carcinoma, gastric cancer, and colorectal cancer[6,7]. Subsequently, the predictive roles of the monocyte-to-lymphocyte ratio (MLR) and the platelet-to-lymphocyte ratio (PLR) were established[8]. Both pre- and post-chemoradiation NLR were prognostic of worse disease-free and overall survival among locally advanced cancer patients[9,10]. However, the predictive role of these markers in patients receiving nCRT is still inconclusive. Here, we evaluate the predictive roles of pretreatment NLR, MLR, and PLR in patients with locally advanced rectal cancer receiving nCRT.

MATERIALS AND METHODS
[bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK129]The records of 111 patients with locally advanced rectal cancer who underwent nCRT followed by oncological surgical resection at the Minimally Invasive Surgery Unit, Siriraj Hospital between June 2012 and January 2018 were retrospectively analyzed. Thirty-six patients (32.4%) were diagnosed with mid-rectal cancer, defined as a tumor located 5–10 cm from the anal verge, and 75 patients (67.6%) were diagnosed with low-rectal cancer, defined as a tumor located within 5 cm from the anal verge. Clinical staging was performed using magnetic resonance imaging (MRI), computed tomography (CT) or both, with or without endorectal ultrasound (ERUS). Patients with evidence of distant metastasis on preoperative staging were excluded from the study. Demographic data collected included age, sex, clinical tumor and nodal stages, and location of tumors. A complete blood count examination was performed at baseline before starting nCRT in all patients. All patients received standard long-term nCRT comprising 45.0 to 50.4 Gy in twenty-eight fractions, infusion of 5-fluorouracil for five days during the first and fifth weeks of radiation, or continuous oral capecitabine therapy. 
All patients underwent oncological resection after completing nCRT at intervals ranging from six to thirteen weeks depending on the clinical response, scheduling, and the surgeon’s preference. High ligation of inferior mesenteric vessels and total mesorectal excision were performed. Pathologists specializing in gastroenterology examined the surgical specimens. Pathological tumor (ypT0-4) and nodal staging (ypN0-2) data were acquired. A pathological complete response was defined as no detectable viable tumor cells in the resected specimen (ypT0) and the resected node (ypN0). The neoadjuvant rectal (NAR) score was calculated according to the data generated using a Valentini nomogram for overall survival, using the clinical tumor stage (cT), pathological tumor stage (pT), and pathological nodal stage (pN)[6,11]. The equation for calculating the NAR score is as follows: NAR = [5ypN – 3(cT – ypT) + 12]2/9.61. NAR scores were categorized into the following levels: high (score > 16), intermediate (score 8-16) and low (score < 8)[11,12]. High NAR scores correlated with poor oncological outcomes. Posttreatment pathological stages and ratios of markers of inflammation (pretreatment NLR, MLR, and PLR ratios) were compared.

Statistical analysis
Statistical analysis of all collected data was performed with SPSS version 19.0 (IBM Corporation, Armonk, NY, United States). All demographic data were analyzed using descriptive statistics. Numerical variables are expressed using frequency. Continuous variables were compared using independent samples Kruskal-Wallis (one-way ANOVA) test. A P value of < 0.05 was considered statistically significant.

RESULTS
Patient demographic data are shown in Table 1. Sixty-six patients were male and 45 were female with a median age of 61 years (range, 22–93 years). The clinical stages determined using CT, MRI, or both were as follows: T4 (n = 16), T3 (n = 94), and T2 (n = 1). Clinically positive lymph nodes were found in 16 patients (14.4%). The NAR scores were categorized as high (> 8), intermediate (8–16), and low (< 8) in 23.4%, 41.4% and 35.2%, respectively.
The mean values of the pretreatment NLR, PLR, and MLR correlated with pathologic tumor staging (ypT) and the NAR score. The mean values of the NLR of pathological stages 0, 1, 2, and 3 were 2.36, 2.42, 2.83 and 3.07, respectively (P = 0.40) (Figure 1). The mean values of the MLR of pathological stages 0, 1, 2 and 3 were 0.24, 0.27, 0.28, and 0.36, respectively (P = 0.18). The mean values of the PLR of pathological stages 0, 1, 2, and 3 were 10.15, 13.27, 14.20 and 15.56, respectively (P = 0.54). The mean values of the NLR were 2.52, 2.61, and 3.08 for low, intermediate, and high NAR scores, respectively (P = 0.58). The mean values of the MLR were 0.25, 0.27, and 0.37, respectively (P = 0.32). The mean values of the PLR were 11.40, 13.20, and 16.00, respectively (P = 0.61).
Twenty patients (76.9%) with low NARs experienced pathological complete responses. Furthermore, 34 patients (73.9%) with intermediate NAR scores and 37 patients (94.9%) with high NAR scores had pathological stages 2 and 3.

DISCUSSION
Our study demonstrated that the mean values of the NLR, PLR, and MLR correlated with pathological tumor staging and the NAR score. The ratios were higher in advanced pathological stages and high NAR scores. However, the differences were not statistically significant among the groups due to the small number of patients which is the main limitation of this study. 
The systemic inflammatory response to cancer is increased in various cancers including lung cancer, ovarian cancer, tissue sarcoma, and colorectal cancer[6]. The pathophysiology by which the inflammatory pathway might affect cancer is unknown. There is evidence to indicate an association between inflammation and impaired nutritional status. Inflammatory bowel disease serves as a good example, as colorectal cancer can develop in patients with chronic inflammatory bowel disease[13].
[bookmark: OLE_LINK136][bookmark: OLE_LINK137]The level of the systemic inflammatory response is determined by the concentration of C-reactive protein, which serves as a marker of acute phase protein stimulated by interleukin (IL)-6[14-16]. The Glasgow prognostic score serves as a prognostic factor[17]. However, these laboratory markers are not routinely measured during the preoperative evaluation of the majority of patients with rectal cancer, but complete blood counts are routinely examined.
T-cell lymphocytes play a major role in the antitumor immune response. The systemic inflammatory response is associated with lymphocytopenia and diminished lymphocyte function caused by the release of numerous proinflammatory cytokines such as IL-10 and transforming growth factor beta. Lymphocytopenia is the major contributor to high NLR, MLR, and PLR values. The low number of lymphocytes in the peripheral circulation may indicate a low antitumor response. CD8+ T lymphocytes play a major role in cancer immunity by killing cancer cells[18]. Tumor–associated macrophages are associated with angiogenesis and tumor invasion[19]. Thrombocytosis reflects cancer-induced inflammation. Furthermore, high concentrations of IL-1 and IL-6 were found in patients’ plasma or cultured supernatants of tumor cells obtained from patients with thrombocytosis and tumors that produce colony-stimulating factor[20]. A meta-analysis of 959 patients suggested that a high NLR is significantly associated with shorter overall survival, disease-free survival, and recurrence-free survival[7].
The NAR score predicts the prognosis of patients with rectal cancer who receive nCRT. According to the NSABP R-04 trial, NAR scores were categorized as low, intermediate, and high, which were significantly associated with overall survival[6]. In the present study, the mean values of pretreatment NLR, MLR, and PLR gradually increased as a function of the NAR score. These scores reflect an association between the levels of these markers and survival, although we did not demonstrate a significant association in the present study. However, in patients with high pretreatment NLR, MLR, and PLR, standard nCRT is warranted. We observed a restricted response to nCRT among patients with with a high NAR score and high ratios of these inflammatory markers. Alternatively, upfront chemotherapy or a total neoadjuvant approach may play an important role in these patients. 
The limitations of this study include its retrospective analysis of a small number of patients at a single center. 
In summary, pretreatment NLR, MLR, and PLR in patients with locally advanced rectal cancer treated with nCRT were higher in patients with advanced pathological stages, although the differences were not statistically significant. Further studies with larger populations are required to evaluate the role of these inflammatory markers in predicting patient outcomes.

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK130][bookmark: OLE_LINK131]The systemic inflammatory response is increased in cancer. The level of the systemic inflammatory response is indicated by the concentration of C-reactive protein or the Glasgow prognostic score. However, these laboratory markers are not routinely measured. The neutrophil-to-lymphocyte ratio (NLR), the monocyte-to-lymphocyte ratio (MLR) and the platelet-to-lymphocyte ratio (PLR) from the complete blood count are prognostic for various cancers. 

Research motivation
The NLR, MLR and PLR are associated with poor oncological outcomes in rectal cancer. However, the predictive role of these markers in patients receiving preoperative chemoradiation is inconclusive.

Research objectives
We evaluated the predictive roles of pretreatment NLR, MLR, and PLR in patients with locally advanced rectal cancer receiving neoadjuvant chemoradiation.

Research methods
The records of patients with locally advanced rectal cancer who underwent neoadjuvant chemoradiation followed by surgical resection at Siriraj Hospital between 2012 and 2018 were retrospectively analyzed. The associations between posttreatment pathological stages, neoadjuvant rectal (NAR) score and the pretreatment ratios of markers of inflammation (NLR, MLR, and PLR) were analyzed.

Research results
Among 111 patients, the clinical stages determined using computed tomography, magnetic resonance imaging, or both were as follows: T4 (n = 16), T3 (n = 94), and T2 (n = 1). The frequency of clinically positive lymph nodes was 14.4%. The NAR scores were categorized as high (> 8) in 23.4%, intermediate (8–16) in 41.4%, and low (< 8) in 35.2%. The mean values of the NLR of pathological stages 0, 1, 2, and 3 were 2.36, 2.42, 2.83 and 3.07, respectively (P = 0.40) (Figure 1). The mean values of the MLR of pathological stages 0, 1, 2 and 3 were 0.24, 0.27, 0.28, and 0.36, respectively (P = 0.18). The mean values of the PLR of pathological stages 0, 1, 2, and 3 were 10.15, 13.27, 14.20 and 15.56, respectively (P = 0.54). The mean values of the NLR were 2.52, 2.61, and 3.08 for low, intermediate, and high NAR scores, respectively (P = 0.58). The mean values of the MLR were 0.25, 0.27, and 0.37, respectively (P = 0.32). The mean values of the PLR were 11.40, 13.20, and 16.00, respectively (P = 0.61).

Research conclusions
The pretreatment NLR, MLR, and PLR of patients with locally advanced rectal cancer treated with neoadjuvant chemoradiotherapy followed by total mesorectal excision were higher in patients with advanced pathological stages, although the differences were not statistically significant.

Research perspectives 
This study demonstrated the association between higher numbers of pretreatment inflammatory markers and higher advanced stages. Furthermore, higher numbers of pretreatment NLR, MLR, and PLR were associated with poorer response to neadjuvant chemoradiation (high NAR score). Unfortunately, this is a retrospective analysis of a small number of patients at a single center. Therefore, there were no statistically significant results. Further studies of larger populations are required to evaluate the significance of these inflammatory markers in predicting the response.
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Table 1 Demographic data
	
	n (111)
	%

	Median age (yr)
	61
	

	Sex
	
	

	Male
	66
	59.5

	Female
	45
	40.5

	Tumor location
	
	

	Middle rectum
	36
	32.4

	Lower rectum
	75
	67.6

	Clinical T staging
	
	

	cT2
	1
	1

	cT3
	94
	84

	cT4
	16
	15

	Lymph node status
	
	

	Positive (cN+)
	16
	14.4

	Negative (cN-)
	95
	85.6

	NAR score
	
	

	Low
	26
	23.4

	Intermediate
	46
	41.4

	High
	39
	35.2


NAR: Neoadjuvant rectal.
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