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Abstract

AIM: To determine the significance of increased serum direct bilirubin level for lymph node metastasis (LNM) in our Chinese rectal cancer patients, after those known hepatobiliary and pancreatic diseases were excluded.
METHODS: A cohort of 469 patients，who were treated at the China-Japan Friendship Hospital, Ministry of Health (Beijing, China), in the period from January 2003 to June 2011, and with a pathological diagnosis of rectal adencarcinoma, were recruited, including 231 patients with LNM (49.3%) and 238 patients without LNM. Follow-up for these patients was taken through December 31, 2012.

RESULTS: The baseline serum direct bilirubin concentration was (median/inter-quartile range) 2.30/1.60-3.42 (mol/L. Univariate analysis showed, compared with patients without LNM, the patients with LNM had an incresed level of direct bilirubin (2.50/1.70-3.42 vs 2.10/1.40-3.42, P = 0.025). Multivariate analysis showed that direct bilirubin was independently associated with LNM (OR = 1.602; 95%CI: 1.098-2.338, P = 0.015). Moreover, we found: (1) serum direct bilirubin differs between male and female patients; higher concentration was associated with poor tumor classification; (2) as the baseline serum direct bilirubin concentration increased, the percentage of patients with LNM increased; and (3) serum direct bilirubin was associated with the prognosis of rectal cancer patients and higher values indicate poor prognosis.

CONCLUSION: Higher serum direct bilirubin concentration was associated with the increased risk of LNM and poor prognosis in our rectal cancers.
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Core tip: Serum bilirubin has been associated with colorectal cancer; however, no information is available for the association between bilirubin and lymph node metastasis (LNM). This study was designed to determine the significance and prognostic value of increased serum direct bilirubin for Chinese rectal cancer patients with LNM, after exclusion of the known hepatobiliary and pancreatic diseases. For the first time, this study found that higher serum direct bilirubin concentration was associated with the increased risk of LNM and poor prognosis in rectal cancer patients.
Gao C, Fang L, Li JT, Zhao C. Significance and prognostic value of increased serum direct bilirubin level for lymph node metastasis in Chinese rectal cancer patients. World J Gastroenterol 2015; In press
INTRODUCTION
Rectal cancer (RC) is very common as a malignant tumor of digestive tract, with a high incidence and high mortality. Its incidence is dramatically increasing at a global level in recent years[1]. The presence of lymph node metastasis (LNM) has been identified as one most powerful risk factor for recurrence and overall survival of rectal cancers[2,3]. The number of lymph nodes dissection has been shown by some published researches to be significantly linked with the survival and mortality in rectal cancer patients[4,5]. For RC patients with LNM, some known risk factors had been identified, including younger age, cancer location, diameter of tumors, poor differentiation, surrounding infiltration and tumor invasion[6-12].
Serum bilirubin had been considered during the past some years to have no physiological function other than that of being the garbage of heme (bilirubin) metabolism. However, in recent years, some experimental and clinical researches demonstrated that serum bilirubin has several kind of protective effects including potent antioxidant, anti-inflammatory and anticancer activities[13-17]. In one exploratory research, the authors used their national large database of health survey and observed that patients with slightly increased serum bilirubin concentrations have a decreased risk of colorectal cancers[14]. The results was supported by another exploratory case-control study which was performed in the Charles University in Prague of Czech Republic and was designed to determine the relationship between promoter variations of heme oxygenase-1 and bilirubin UDP-glucuronosyltransferase genes, serum bilirubin concentrations and the risk of colorectal cancers[13]. Moreover, experimental studies performed in cell lines of colorectal cancers showed that unconjugated bilirubin can induce the apoptosis of cell lines[18].
However, no significant association was also found by some epidemiological studies. One case-control research was performed in the United States and designed to determine the differences of baseline serum bilirubin concentrations between patients with colon cancers and control patients without cancers.[19] This study involved 236 patients, including 118 colon cancer patients and 118 control patients without cancers. Their blood was collected and the serum bilirubin levels were measured 20 years ago before these patients developed colon cancers[19]. According to the results, no difference was found between their baseline serum bilirubin concentrations and the risk of development of colon cancers. This result was also supported by another cohort study which was designed to identify the association of total bilirubin levels with the risk of developing colorectal cancers (CRC) in one representative United States population[15].The study included 5487 cases and they were followed up for 88339 person-years. No relationship was found between their serum total bilirubin concentration and the risk of CRC, although some modified factors had been adjusted in the multivariable analysis.
For the association between serum bilirubin and lymph node metastasis (LNM), no information is available. Our preliminary data showed that serum direct bilirubin, not total bilirubin, was related with lymph node metastasis in rectal cancers. This current research was performed to determine the significance of increased serum direct bilirubin concentration for Chinese rectal cancer patients with LNM, after those known hepatobiliary and pancreatic diseases were excluded.
MATERIALS AND METHODS

Study population

A cohort of 469 patients，who were treated at our hospital (China-Japan Friendship Hospital, Ministry of Health, Beijing, China) in the period from January 2003 to June 2011, and with a pathological diagnosis of rectal adencarcinoma, according to the diagnostic, exclusion and inclusion criteria, were recruited, including 231 patients with lymph node metastasis (LNM) (49.3%) and 238 patients without LNM. Follow-up for these patients was taken through December 31, 2012.

According to our previous researches and current knowledge, the exclusion criteria were determined as followed: (1) patients had the known hepatobiliary and pancreatic diseases; (2) patients had been diagnosed with rectal cancers for more than two weeks or been dealt with any medical treatments associated with tumors before inclusion; (3) patients had a presence of other tumors, including lymphoma and leukemia; (4) patients had been diagnosed with hereditary non-polyposis colorectal cancer and familial adenomatous polyposis; (5) patients did not have the whole clinical and pathological data which affects the statistical analysis; (6) patients had used the immunosuppressive agents and cytotoxic drugs during the past half of a year; (7) patients died within three months after operation; and (8) patients had been diagnosed with serious conditions of other important systems or organs.
Our hospital Human Research Ethics Committee approved our study. This current research was performed in accordance with Declaration of Helsinki.
Determination of rectal cancer and lymph node metastasis

The pathological/histological results were the only diagnostic criteria for rectal cancer. Usually they were diagnosed preliminarily based on the biopsy of endoscopy examination, and confirmed by the results of surgical specimens. We only included those patients diagnosed with rectal adencarcinoma. If two or more pathological/histological subtypes were shown in one same sample and adenocarcinoma was considered to be occupying the leading pathological type, we also excluded them from our final analysis. Diagnosis of lymph node metastasis (LNM) was determined mainly by pathological/histological results after surgical operation (pathological lymph node metastasis, pLNM). For stage of lymph node metastasis, cancer classification and distant metastasis of tumors, the results from pathological/histological findings were abbreviated as pN, pT and pM, respectively.

Clinical and pathological data

Based on our previous studies and current knowledge, we included these parameters, mainly from clinical and pathological examinations, including age, gender, body mass index (BMI), presence of hypertension, drinking, smoking, white blood cell count, hemoglobin, platelet count, total bilirubin, direct bilirubin (DBil), total bile acid, alanine aminotransferase (ALT), alkaline phosphatase (ALP), glutamic-oxalacetic transaminase (AST), gamma-glutamyl transpeptidase (GGT), serum cholinesterase, International normalized ratio/INR, prothrombin time, abumin level, potassium, serum sodium, creatinine, CA19-9, carcinoembryonic antigen (CEA), tumor differentiation, pN, pT, pM, lymph node-positive, and total number of lymph node removal.
For these rectal cancer patients, the data were obtained when confirmed diagnosis, and the data would be excluded which was obtained two weeks before or after the diagnosis. If multiple values were obtained for one parameter, we only recorded the first measured value. BMI was calculated based on the results of body weight and height. These clinical and pathological were assessed by two authors carefully and independently.
Statistical analysis

We used the SPSS 17.0 software (Chicago, United States) for statistical analyses. For statistical description, mean±standard deviation, median/inter-quartile range, and numbers and proportions were used for continuous variables with normal distribution, continuous variables with skewed distribution, and categorical variables, respectively. For statistical analysis, Independent-Samples t-test, Mann–Whitney non-parametric U-test, and three kinds of (2 tests were used. According to the findings of univariate analysis, we used the multivariate logistic regression to determine the independent relationship between serum direct bilirubin and pLNM.
For clinical practice, the continuous variables were changed as categorical variables, and the cutoff values were determined based on the combination of sensitivity, specificity, Youden index, their receiver operator characteristics (ROC) curves and areas under the curve (AUC). Because the values of CEA were lost for 77 rectal cancer patients, this parameter would be excluded from the logistic regression analysis. In addition, our preliminary findings (data not shown) demonstrated that no association was found between CEA and pathological LMN in these rectal cancer patients.
Moreover, using (2 test, we study the association of serum direct bilirubin levels with some clinical and pathological parameters/factors, including age, gender, tumor differentiation, pN, , pT, pM, serum CEA and serum sodium. In addition, we study the relationship between serum baseline direct bilirubin concentration and pathological LNM, when serum direct bilirubin was treated as one continuous variable. Follow-up was taken through December 31, 2012. For prognostic significance, we used the Kaplan-Meier method and multivariate Cox regression model. The results were demonstrated as the odds ratios (ORs) with their 95%CI. When P < 0.05 was found, the results were considered as statistically significant. All the quoted P values are two-sided.
RESULTS
Basic and pathological characteristics of 469 rectal cancer patients
Table 1 and Table 2 showed the basic and pathological characteristics of 469 rectal adenocarcinoma patients, including 231 patients with pLNM (49.3%) and 238 control cases without pLNM (50.7%). Their mean age was 62.1 ± 12.6 years old. Two hundred and eighty-six patients (61.0%) were male. One hundred and thirty-one patients (27.9%) had hypertension and 129 (27.5%) were smoking. Those parameters for liver function were demonstrated, including total bilirubin, direct bilirubin, ALT, AST, ALP, GGT, serum cholinesterase, total bile acid, prothrombin time, INR, and abumin level. Among the 231 rectal cancer patients with LNM, 136 patients were determined as pathological lymph node stage 1 (pN1) and 95 patients were diagnosed with pN2. The mean number of lymph node removal was 13.3 ± 8.4. For pathological tumor classification (pT), 361 patients (77.0%) were diagnosed with pT3 or pT4.
Baseline serum direct bilirubin concentration and comparison of RC patients with and without pLNM: univariate analysis
Among the total 469 rectal cancer patients, their baseline serum direct bilirubin concentration (median and inter-quartile range) was 2.30 (mol/L (1.60-3.42 (mol/L). Univariate analysis showed (Table 1 and Figure 1) that, compared with patients without LNM, the patients with LNM had an incresed level of direct bilirubin (median/ inter-quartile range 2.50/1.70-3.42 vs 2.10/1.40-3.42, P = 0.025).
For other basic characteristics, as shown in Table 1, compared with patients without LNM, the patients with LNM had a younger age (60.6 ± 12.8 year vs 63.6 ± 12.2 year, P = 0.012), an increased level of CEA (5.40/2.40-13.95 vs 3.50/2.08-8.67, P = 0.009), and a decreased concentration of serum sodium (141 ± 3.1 mmol/L vs 142 ± 2.9 mmol/L, P = 0.028). The values of CEA were lost for 77 rectal cancer patients and those of serum sodium were lost for 12 patients. Pathological characteristics were shown in Table 2 and statistically significant differences were observed for tumor pathological classification (P < 0.001) and cancer differentiation (P < 0.001). In the 231 patients with LNM, 209 patients (90.5%) were diagnosed with pT3 or pT4, and 166 patients (71.9%) were diagnosed with moderate/well tumor differentiation; whereas in the 238 patients without LNM, 152 (63.9%) were diagnosed with pT3 or pT4, and 222 (93.3%) were diagnosed with moderate/well tumor differentiation.
Multivariate analysis: significance of increased serum direct bilirubin for rectal cancer patients with LNM

The independent association between direct bilirubin and LNM was determined using multivariate unconditional logistic regression model. Direct bilirubin, age and serum sodium were included, according to the findings of univariate analysis. Because the values of CEA were lost for 77 rectal cancer patients, this parameter would be excluded from the logistic regression analysis. In addition, our preliminary findings demonstrated that no association was found between CEA and pathological LMN in these rectal cancer patients. Finally, we included 457 rectal cancer patients because the values of serum sodium were lost for 12 patients. For clinical practice, the continuous variables were changed as categorical variables, and the cutoff values were determined based on the combination of sensitivity, specificity, Youden index, ROC curves and AUC. The three variables were changed as direct bilirubin ≥ 2.60 (mol/L, age < 60 year and serum sodium ≤ 141mmol/L. Multivariate analysis (Table 3) showed that, serum direct bilirubin concentration was independently related with pathological LNM in our rectal cancer patients (OR = 1.602, 95%CI: 1.098-2.338, P = 0.015).
Relationship between increased serum direct bilirubin level and clinicopathological parameters
We studied the relationship between direct bilirubin and some clinical and pathological parameters, using (2 test. Eight parameters were included based on the findings of univariate analysis as shown in Tables 1 and 2, including age, gender, cancer differentiation, pN, pT, pM, serum CEA and serum sodium. Statistically significant difference was observed for gender (P < 0.001) and pathological cancer classification (P = 0.039) (Table 4). For patients with direct bilirubin ≥ 2.60 (mol/L, 148 (70.5%) were male, whereas 138 (53.3%) patients were male for those with direct bilirubin < 2.60 (mol/L, leading to the deduction that serum direct bilirubin differs between male and female RC patients. For pathological tumor classification, compared with patients with direct bilirubin < 2.60 μmol/L, patients with direct bilirubin ≥ 2.60 μmol/L had an increased number of rectal cancer patients with pT3/pT4 (81.4% vs 73.4%, P = 0.039). However, no significant differences were found for other parameters, including the stage of pathological lymph node metastasis.
Concentrations of increased serum direct bilirubin and LNM

We studied the relationship between serum baseline direct bilirubin concentration and pathological LNM, when serum direct bilirubin level was treated as one continuous parameter. Based on the baseline concentration of serum direct bilirubin, combined with their median and inter-quartile range, 469 patients were sub-grouped as four groups, including direct bilirubin ≤ 1.50 (mol/L, 1.50 (mol/L < direct bilirubin ≤ 2.50 (mol/L, 2.50 (mol/L < direct bilirubin ≤ 3.50 (mol/L, and direct bilirubin > 3.50 (mol/L (Figure 2 and Table 5). The percentages of patients with pathological LNM in each group were 43.1%, 46.9%, 50.4% and 59.3%, respectively. As the baseline serum direct bilirubin concentration increased, the percentage of patients with LNM increased (Figure 2). As demonstrated in Table 5, the same trends were found for their ORs and 95%CI. Statistically significant difference was observed for comparison of patients with direct bilirubin ≤ 1.50 (mol/L and direct bilirubin > 3.50 (mol/L (OR = 1.926, 95%CI: 1.104-3.362, P = 0.020).
Follow-up and survival analysis: prognostic value of increased serum direct bilirubin

Follow-up for these patients was taken through December 31, 2012. They were followed up for the median time of twenty-four months. The range of follow-up was 0.4-107.1 mo and their inter-quartile range time was 9.0-44.3 mo. Of the total 469 rectal cancer patients, 120 (25.6%) patients were lost for follow-up. No statistically significant difference was observed by comparison of the lost patients between the two groups with and without LNM (29.0% vs 22.3%, P = 0.095) (Table 2). For the death, the group patients with LNM had the larger number and higher percentage than another group patients without LNM (19.9% vs 10.9%, P = 0.007). As shown in Figure 3, the log rank test with Kaplan-Meier curve demonstrated that serum direct bilirubin concentration was associated with the prognosis of rectal cancer patients (P = 0.011) and higher values indicate poor prognosis. These results were further confirmed by Cox regression model analysis. Furthermore, considering the significance of TNM staging for prognosis, we added the TNM staging in the modified Cox regression analysis and the result showed the similar independent association (HR  = 1.142, 95%CI: 1.003-1.305, P = 0.048).
DISCUSSION
Our study showed that a higher concentration of serum baseline direct bilirubin was correlated with the increased risk of pathological LNM and poor prognosis in rectal cancer. Moreover, we found: (1) serum direct bilirubin differs between male and female patients, the percentage of male patients was higher in RC cases with direct bilirubin ≥ 2.60 (mol/L than those with direct bilirubin < 2.60 (mol/L; (2) higher concentration was associated with poor tumor classification, patients with direct bilirubin ≥ 2.60 (mol/L had a higher percentage of patients with pT3/pT4; (3) as the baseline serum direct bilirubin concentration increased, the percentage of patients with LNM increased; and (4) direct bilirubin was associated with the prognosis.
For the first time, baseline serum direct bilirubin concentration was associated with pathological LNM in rectal cancer. No unified opinion has been reached, although serum total bilirubin has been associated with colorectal cancer by some epidemiological researches. As described in the Background, some studies demonstrated that elevated serum bilirubin concentration was correlated with a decreased risk of CRC[13,14], whereas no significant association was found by others[15,19]. However, different from these studies, our current research was designed to determine the relationship between serum direct bilirubin, not total bilirubin, and pathological LNM in rectal cancer, not colorectal cancer. Moreover, an increased serum bilirubin may be associated with a higher percentage of LNM, even though it has been correlated with a decreased risk of CRC. This similar association has been described in hepatocellular carcinoma (HCC) and diabetes mellitus (DM). Recently, diabetes has been regarded as one new risk factor for hepatocellular carcinoma[20-22]; however, in the progression of cirrhosis to HCC, it may be inversely correlated with the incidence of HCC[23,24].
The major concern was the observational cross-sectional case-control design of our study. For the causal association in this design, no definite evidences can be provided. When serum direct bilirubin concentration was measured, these patients have had rectal cancer and LNM. Therefore, we only showed that these rectal cancer patients have had the LNM is associated with the increased serum direct bilirubin level in the past. We have not resolved the clinical-associated issue which is whether serum direct bilirubin level can be regarded as one new risk factor for the development of LNM in the rectal cancer patients, much less whether serum direct bilirubin can promote the occurrence of LNM in rectal cancers. However, for the first time, the association between direct bilirubin and LNM in RC was shown, and more well-designed prospective studies are required. In addition, we provide some additional evidences for this relationship, including: (1) higher serum direct bilirubin concentration was associated with poor tumor classification; (2) the percentage of LNM increased with the serum direct bilirubin concentration; and (3) serum direct bilirubin level was associated with the prognosis and higher values indicate poor prognosis.
The second concern was that higher serum bilirubin concentration may be associated with some different kinds of liver diseases. However, in our study the possibly confounding effect associated with those liver diseases has been eliminated because the known hepatobiliary and pancreatic diseases had been excluded and more than 95% of the included subjects had the normal hepatic enzyme levels. In addition, the values of serum bilirubin have been found to vary slightly each day for healthy persons[15]. All the patients were required to fast for the measurement of bilirubin.
Besides the association of serum total bilirubin with the risk of CRC, baseline serum bilirubin has also been correlated with both pharmacokinetics and toxicity[25]. Bilirubin undergoes glucuronidation by uridine diphosphate glucuronosyltransferase isoform 1A1 (UGT1A1)[26]. Gilbert’s syndrome is known to be the insufficiency of UGT1A1. Irinotecan, which is derived from the camptothecin, can inhibit the UGT1A1 topoisomerase I, and the latter has been confirmed to be useful for colorectal cancers[25]. One case report showed that two Gilbert’s syndrome patients experienced more serious side effects from irinotecan than others[27]. For toxicities and irinotecan in metastatic CRC patients, two researches demonstrated that serum bilirubin concentration can be used to predict the neutropenia, but not others[25,28]. However, in another cohort study which was designed for irinotecan and metastatic CRC, the authors performed a secondary analysis and found that serum bilirubin level was not associated with the overall drug-related toxicity[25].
Our study found that serum direct bilirubin differs between male and female patients, and the percentage of male patients is higher in RC cases with direct bilirubin ≥ 2.60 μmol/L than those with direct bilirubin < 2.60 (mol/L, leading to the deduction that serum bilirubin level is higher in men than in women, which was supported by another previously published study[14]. In this study performed in the United States, the authors used the national lager health survey data and expected to explore the demography characteristics of serum bilirubin levels in the ordinary healthy population. They concluded that compared with women, the level of serum bilirubin of men are higher[14].
For the association between direct bilirubin level and pathological LNM in rectal cancer, the mechanism remains as yet unclearly understood. However, some data have suggested the mechanisms about the protective effect of bilirubin for the decreased risk of CRC. Firstly, unconjugated bilirubin can induce the cell apoptosis in colon cancer cell lines by triggering mitochondrial depolarization, suggesting that the occurrence and evolvement of CRC may be associated with the insufficiency of endogenous antioxidants, and the oxidative stress defense mechanisms may be deficient in CRC patients[18]. Secondly, the vascular cell adhesion molecule (VCAM) signaling pathway has been confirmed to be associated with the carcinogenesis of many kinds of cancers, and this pathway may be inhibited by the bilirubin[29-30]. Whether these mechanisms were correlated with pLNM in rectal cancer, more strategies and researches are required.
In conclusion, higher serum direct bilirubin concentration was associated with the increased risk of pathological LNM and poor prognosis in rectal cancer. Because of the case-control design, a single-center study and relatively limited number of study population, our results are expected to be validated.
COMMENTS

Background

Serum bilirubin has been associated with colorectal cancer; however, no information is available for the association between bilirubin and lymph node metastasis (LNM). This current research was performed to determine the significance of increased serum direct bilirubin concentration for Chinese rectal cancer patients with LNM.
Research frontiers

Some experimental and clinical researches demonstrated that serum bilirubin has several kind of protective effects including potent antioxidant, anti-inflammatory and anticancer activities. Several studies showed that patients with slightly increased serum bilirubin concentrations have a decreased risk of colorectal cancers. However, no significant association was also found by some epidemiological studies.
Innovations and breakthroughs

For the first time, this study found that higher serum direct bilirubin concentration was associated with the increased risk of LNM and poor prognosis in rectal cancer patients.
Applications

Serum direct bilirubin level may be used for the prediction of lymph node metastasis and prognosis.
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Median values of direct bilurubin in this study were noted to be higher in lymph node positive patients than negative patients. It is well written paper but I would advice that it can still be improved with additional graphs by using other statistical packages such as STATA.
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Table 1 Basic characteristics of 469 rectal adenocarcinoma patients n (%)
	Characteristic
	Total patients

(n = 469) 1
	RAC patients with LNM

(n = 231)1
	RAC patients without LNM

(n = 238)1
	P value

	Male sex
	286 (61.0)
	146 (63.2)
	140 (58.8)
	0.331

	Mean age, yr
	62.1±12.6
	60.6±12.8
	63.6±12.2
	0.012

	BMI3, kg/m2
	23.95±3.54
	23.90±3.67
	24.0±3.41
	0.779

	Hypertension
	131 (27.9)
	58 (25.1)
	73 (30.7)
	0.179

	Alcohol intake
	29 (6.2)
	18 (7.8)
	11 (4.6)
	0.154

	Smoking
	129 (27.5)
	55 (23.8)
	74 (31.1)
	0.077

	White blood cell, × 109/L
	6.66 ± 2.10
	6.70 ± 2.09
	6.61 ± 2.11
	0.666

	Hemoglobin, g/L
	132 ± 20
	131 ± 20
	132 ± 19
	0.553

	Platelet count, × 109/L
	233 ± 79
	235 ± 74
	232 ± 84
	0.659

	Total bilirubin2, (mol/L
	10.26 (7.70-14.40)
	10.26 (7.40-15.0)
	10.26 (8.13-13.68)
	0.451

	Direct bilirubin2, (mol/L
	2.30 (1.60-3.42)
	2.50 (1.70-3.42)
	2.10 (1.40-3.42)
	0.025

	ALT2, U/L
	16 (12-22)
	15 (12-22)
	16 (12-22)
	0.262

	AST2, U/L
	19 (16-23)
	18 (15-22)
	19 (16-24)
	0.076

	ALP2, U/L
	66 (55-81)
	66 (54-82)
	66 (55-80)
	0.905

	GGT2, U/L
	17 (13-25)
	18 (13-26)
	16 (12-23)
	0.136

	Serum cholinesterase4, U/L
	161.3 ± 50.0
	158.1 ± 50.1
	164.5 ± 50.0
	0.170

	Total bile acid2, μmol/L
	4.4 (2.4-7.3)
	4.5 (2.4-8.5)
	4.2 (2.5-7.1)
	0.546

	Prothrombin time5, s
	13.2 ± 1.4
	13.2 ± 1.7
	13.2 ± 1.1
	0.651

	International normalized ratio/INR5
	1.02 ± 0.14
	1.02 ± 0.17
	1.01 ± 0.11
	0.313

	Albumin level6, g/L
	42.3 ± 4.5
	42.3 ± 4.4
	42.2 ± 4.6
	0.908


	Creatinine, mg/dL
	82.1 ± 18.0
	80.8 ± 15.5
	83.3 ± 20.1
	0.128

	Serum sodium7, mmol/L
	141 ± 3.0
	141 ± 3.1
	142 ± 2.9
	0.028

	Serum potassium7, mmol/L
	4.1 ± 0.5
	4.1 ± 0.4
	4.1 ± 0.5
	0.282

	Carcinoembryonic antigen8,2, ng/ml
	4.33 (2.22-11.91)
	5.40 (2.40-13.95)
	3.50 (2.08-8.67)
	0.009

	Serum CA19-99,2, kU/L
	14.02 (7.20-28.63)
	15.10 (7.39-33.91)
	13.41 (7.10-23.10)
	0.109


1Plus-minus value indicates mean ± SD; 2Median (inter-quartile range, Q1 – Q3). Data were available in 3403 (202 + 201), 4461 (226 + 235), 5456 (225 + 231), 6463 (227 + 236), 7457 (226 + 231), 8392 (192 + 200) and 9370 (178 + 192) patients. The numbers before the brackets indicate the total available cases in the two groups. BMI: Body mass index; LNM: Lymph node metastasis; RAC: Rectal adenocarcinoma.
Table 2 Pathological characteristics and follow-up results of 469 RAC patients n (%)
	Characteristic
	Total patients

(n = 469)1
	RAC patients with LNM

(n = 231) 1
	RAC patients without LNM

(n = 238) 1
	P value

	Pathological lymph node stage
	
	
	
	< 0.001

	pN0
	238 (50.7)
	0 (0.0)
	238 (100.0)
	---

	pN1
	136 (29.0)
	136 (58.9)
	0 (0.0)
	---

	pN2
	95 (20.3)
	95 (41.1)
	0 (0.0)
	---

	Pathological tumor classification (pT)
	
	
	
	< 0.001

	pT1 
	18 (3.8)
	1 (0.4)
	17 (7.1)
	---

	pT2 
	90 (19.2)
	21 (9.1)
	69 (29.0)
	---

	pT3 
	118 (25.2)
	54 (23.4)
	64 (26.9)
	---

	pT4
	243 (51.8)
	155 (67.1)
	88 (37.0)
	---

	Pathological distant metastasis (pM)
	
	
	
	

	pM0 
	439 (93.6)
	213 (92.2)
	226 (95.0)
	0.224

	pM1 
	30 (6.4)
	18 (7.8)
	12 (5.0)
	---

	Tumor differentiation
	
	
	
	

	Moderately/well 
	388 (82.7)
	166 (71.9)
	222 (93.3)
	< 0.001

	Poorly 
	57 (12.2)
	46 (19.9)
	11 (4.6)
	---

	Unknown 
	24 (5.1)
	19 (8.2)
	5 (2.1)
	---

	Number of lymph node
	
	
	
	

	lymph node-positive (metastasis)
	2.2 ± 4.5
	4.5 ± 5.5
	---
	---

	    Total number of lymph node removal 
	13.3 ± 8.4
	15.0 ± 9.1
	11.6 ± 7.3
	< 0.001

	Results of follow-up
	
	
	
	

	    Death
	72 (15.4)
	46 (19.9)
	26 (10.9)
	0.007

	    Survival
	277 (59.1)
	118 (51.1)
	159 (66.8)
	0.001

	    Lost
	120 (25.6)
	67 (29.0)
	53 (22.3)
	0.095

	Time of follow-up2 (mo)
	24.0 (9.0-44.3)
	20.0

(9.0-37.9)
	29.1 (10.5-48.5)
	0.013


1Plus-minus value indicates mean ± SD; 2Median (inter-quartile range, Q1 – Q3).
Table 3 Multivariate analysis: significance of increased serum direct bilirubin for rectal cancer patients with lymph node metastasis
	Variable
	Adjusted OR
	 95% CI
	P value

	Direct bilirubin ≥ 2.60 μmol/L
	1.602
	1.098-2.338
	0.015

	Age < 60 yr
	1.851
	1.259-2.724
	0.002

	Serum sodium ≤ 141mmol/L
	----
	----
	0.090


Four hundred and fifty-seven patients were included because the data were not available for 12 patients. Carcinoembryonic antigen (CEA) was excluded because those were not available in 77 patients and preliminary results showed that CEA was not associated with LMN by multivariate analysis in our patients. For clinical practice, these continuous variables were changed as categorical variables, and the cutoff values were determined based on the combination of sensitivity, specificity, Youden index, receiver operator characteristics (ROC) curves and areas under the curve (AUC). CI: Confidence intervals; OR: Odds ratios.
Table 4 Association between increased serum direct bilirubin level and clinicopathological data n (%)
	Variable
	Direct bilirubin ≥ 2.60 μmol/L
	Direct bilirubin < 2.60
μmol/L
	P vaule

	
	
	
	

	Gender
	
	
	
	
	

	Male
	148 (70.5)
	138 (53.3)
	
	< 0.001

	Female
	62 (29.5)
	121 (46.7)
	
	---

	Age, yr
	
	
	
	
	

	    < 60
	79 (37.6)
	102 (39.4)
	
	0.697

	    ≥ 60
	131 (62.4)
	157 (60.6)
	
	---

	Serum sodium, mmol/L
	
	
	
	
	

	    ≤ 141
	101 (49.5)
	142 (56.1)
	
	0.159

	    > 141
	103 (50.5)
	111 (43.9)
	
	---

	Carcinoembryonic antigen, ng/mL
	
	
	
	
	

	    < 5.0
	85 (50.0)
	129 (58.1)
	
	0.110

	    ≥ 5.0
	85 (50.0)
	93 (41.9)
	
	---

	Tumor differentiation
	
	
	
	
	

	    Moderately/well
	171 (86.8)
	217 (87.5)
	
	0.827

	    Poorly
	26 (13.2)
	31 (12.5)
	
	---

	Pathological tumor classification (pT)
	
	
	
	
	

	pT1/ pT2
	39 (18.6)
	69 (26.6)
	
	0.039

	    pT3/ pT4
	171 (81.4)
	190 (73.4)
	
	---

	Pathological lymph node stage (pN)
	
	
	
	
	

	    pN1
	65 (57.0)
	71 (60.7)
	
	0.571

	    pN2
	49 (43.0)
	46 (39.3)
	
	---

	Pathological distant metastasis (pM)
	
	
	
	
	

	    pM0
	200 (95.2)
	239 (92.3)
	
	0.193

	    pM1
	10 (4.8)
	20 (7.7)
	
	---


Table 5 Association between concentrations of increased serum direct bilirubin and lymph node metastasis n (%)
	Direct bilirubin/DBil (μmol/L)
	Patients with LNM
	Patients without LNM
	OR (95% CI)
	P value

	DBil ≤ 1.50
	50 (43.1)
	66 (56.9)
	1 (reference)
	---

	1.50<DBil≤  2.50
	67 (46.9)
	76 (53.1)
	1.164 (0.711-1.905)
	0.547

	2.50<DBil≤3.50
	60 (50.4)
	59 (49.6)
	1.342 (0.803-2.244)
	0.261

	DBil>3.50
	54 (59.3)
	37 (40.7)
	1.926 (1.104-3.362)
	0.020


CI: Confidence intervals; LNM: Lymph node metastasis; OR: Odds ratios.
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Figure 1 Baseline serum direct bilirubin concentration (median and inter-quartile range) in the rectal adenocarcinoma patients with and without lymph node metastasis. Error bars indicate full ranges and the five-pointed stars indicate the exceptional values.
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Figure 2 Association between concentrations of increased serum direct bilirubin and lymph node metastasis. Patients were separated into four groups based on the concentration of direct bilirubin (DBil), including DBil ≤ 1.50 μmol/L, 1.50 μmol/L < DBil ≤ 2.50 μmol/L, 2.50 μmol/L< DBil≤ 3.50 μmol/L, and DBil > 3.50 μmol/L. The histograms indicate the percentages of patients with LNM in each group.
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Figure 3 Survival analysis: Kaplan-Meier curve (log rank test) showed serum direct bilirubin was associated with the prognosis (survival time) in rectal adenocarcinoma patients. The cutoff (direct bilirubin ≥ 2.60 μmol/L) was determined based on the combination of sensitivity, specificity, ROC curve and areas under the curve.
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