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Abstract
AIM: To elucidate the relationship between clinical presentation and outcome. 

METHODS: A single institution retrospective chart review of patients admitted with the diagnosis of colon cancer. We used univariate and a multivariate analysis to identify symptoms association with mortality. An odds ratio based clinical score was created to evaluate the contribution of the quality of symptoms to outcome. Primary measure of outcome was survival. 

RESULTS: During the study period, 236 patients met the inclusion criteria. Overall survival was 60.6%, mean follow-up 3.0 years. A bivariate analysis showed that increasing number of symptoms is not associated with mortality. However, a symptom-specific analysis performed using a logistic regression model controlling for age, stage and the duration of complaints revealed that the presence of melena was independently associated with mortality [P = 0.04, odds ratio (OR) 7.4], while rectal bleeding was associated with survival (P = 0.004, OR 3.9). Applying the proposed clinical score to an receiver operating characteristic curve showed that score > 1 had a strong association with mortality. The same logistic regression model was applied. The results showed that a score > 1 was an independent predictor of mortality (P < 0.001) and associated with node-positive disease (P = 0.008).

CONCLUSION: The quality of symptoms rather than quantity is correlated with outcome among patients with colon cancer. The proposed clinical scoring system may correctly predict the patient’s outcome. 

© 2013 Baishideng. All rights reserved.
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Core tip: Clinical presentation and its association with outcome among patients with colon cancer, although poorly studied in the past, may have an important role in predicting the outcomes among this important cohort of patients. Clinical scoring as proved in other areas in the past may have an important role in outcome prediction. 
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INTRODUCTION
Colon cancer is the third most common tumor worldwide and continues to cause significant mortality[1]. To date, pathological staging is the single most important independent predictor of outcome[2-6]. Other factors such as vascular invasion[2,7-9], residual tumor[10-13], serum carcino-embryogenic antigen levels[7,14-19], tumor grade[2,5,7], histologic type[5,20], perineural invasion[10-11] and radial margins are also linearly associated with outcome. Tumor DNA content, K-ras mutations, microvessel density and proliferative activity (Ki-67) are also associated with the prognosis of colon cancer. The clinical presentation of patients diagnosed with colon cancer and its association with outcome has not been studied extensively. The current study was performed to elucidate this association. 

MATERIALS AND METHODS
[bookmark: OLE_LINK768][bookmark: OLE_LINK769]We retrospectively reviewed the electronic charts of all patients admitted to the department of surgery at the Rambam Health Care Campus (RHCC) in Haifa, Israel, from January 2000 through December 2009. Patients with the diagnosis of colon cancer were identified and further scrutinized. Electronic charts were reviewed for age, symptoms at presentation, the duration of complaints, location of the tumor and post-operative TNM staging, according to Union for International Cancer Control. Follow-up and survival were also recorded. Symptoms were collected as described by the admitting physician in the patient’s electronic charts (preset menu).
The primary end point of the study was to seek an association between clinical presentation and outcome. The secondary end point was to examine whether various symptoms have different impacts on outcome and whether the quality and combination of complaints may predict the outcome. The primary measure of outcome was mortality. 
Only patients who had undergone their index operation at RHCC were included. Patients presenting with sigmoid and rectal cancer were excluded. Mortality was adjusted for peri-operative mortality and patients who died within 30 d from the index operation where eliminated from the secondary analysis.
A logistic regression model controlling for age, stage and the duration of complaints was used to analyze the clinical symptoms and their association with mortality. The odds ratio and the event probability (mortality rate) predicted by this model were used to create a scoring system that incorporates the relative association of each symptom with mortality and/or patient survival. Points were given for each symptom according to a standardized legend (Table 1). The sum of all points for each patient was used to create a new variable with the corresponding score. 
The Institutional Review Board of RHCC approved the study and waived the requirement for informed consent on the basis of preserving participants’ anonymity.

Statistical analysis
Continuous parametric variables were analyzed using Student's t-test. The Mann-Whitney U test was used to analyze non-parametric variables. The chi-square test was applied to analyze the association between frequencies. A stepwise logistic regression model and a likelihood ratio test were applied to identify positive predictors of mortality among symptoms. The odds ratio and the event probability predicted by that model (mortality) were used to create a clinical scoring system. A receiver operating characteristic (ROC) curve was used to identify the score above which mortality was most likely. The results were applied to the same stepwise logistic regression model and likelihood ratio test, controlling again for age, stage and the duration of complaints. JMP Pro for Mac (Version 9.0.0) was used to analyze the data. P < 0.05 (2-sided) was considered to indicate statistical significance.

RESULTS
[bookmark: OLE_LINK770][bookmark: OLE_LINK771]Over a period of ten years, 236 patients met the inclusion criteria for the study. The mean age was 71.5 ± 14.3 years; 124 (52.5%) patients were male, and 140 (59.3%) suffered from left-sided colon cancer. The mean duration of complaints prior to diagnosis was 1.8 mo. The median follow-up time was 36 mo (IQR 24-60 mo). The overall mortality was 39.4%. Adjusted mortality (overall-peri-operative mortality) was 33.9%. The most common symptom, abdominal pain, was present in 51.3% of patients, followed by a change in bowel habits in 41.5% and weight loss in 32.6%. Table 2 depicts the distribution of patient symptoms among the different TNM stages (Union for International Cancer Control) and shows significant differences in the manifestation of symptoms with an increased incidence of abdominal pain (P = 0.01), weight loss (P = 0.04) and a change in bowel habits (P = 0.03) within the node-positive stages. 
When comparing the distribution of symptoms with respect to tumor location, rectal bleeding and changes in bowel habits occurred in significantly higher rates in patients with tumors of the left colon (P = 0.002 and 0.006, respectively) (Table 3).
A univariate analysis comparing the symptoms among survivors and non-survivors showed that abdominal pain (P = 0.05) was the only symptom that was significantly associated with mortality; however, rectal bleeding was slightly associated with survival (0.06) (Table 4). A stepwise logistic regression model controlling for age, stage and the duration of complaints was applied. Our analysis showed that the presence of melena was associated with mortality (P = 0.04), whereas rectal bleeding was associated with survival (0.004), both independently of the controlled factors. Age (P = 0.005), stage (P < 0.001) and the duration of complaints (P = 0.03) were found to be independent predictors of mortality, as expected. We have applied the same logistic regression model on the adjusted mortality, melena was no longer associated with the adjusted mortality and rectal bleeding was (P = 0.01). Interestingly age was no longer an independent predictor, while duration of complaints (P = 0.04) and pathological stage (P < 0.001) remained strongly significant. 
A quantitative analysis of numeric combinations of symptoms indicated that the number of symptoms present had no positive or negative association with mortality. Patients who presented with any numeric combination shared the same outcome on univariate or multivariate analysis when controlled for age, stage and the duration of complaints. 
To perform a symptom-specific analysis with regard to mortality, we created a clinical scoring system according to the odds ratios and probability of an event (mortality) predicted by the logistic regression model and the likelihood ratio test applied previously. Each symptom had points assigned according to the legend depicted in Table 1. We summarized the total points assigned to each patient into one variable by creating the new scoring system. The new score showed a normal distribution among patients and a graded association with mortality. 
[bookmark: OLE_LINK772][bookmark: OLE_LINK773][bookmark: OLE_LINK774]The new clinical scoring system is an independent predictor of mortality (P < 0.001) when age (P = 0.02), stage (P < 0.001) and the duration of complaints (P = 0.05) are controlled. When applied to an ROC curve, scores higher than 1 had the highest likelihood of mortality with area under the curve (AUC) of 65%. In a multivariate analysis, scores higher than 1 proved to be a significant predictor of mortality (P = 0.001) independently of age (P = 0.003), stage (P < 0.001) and the duration of complaints (P = 0.05) (Table 5). 
We have applied the described scoring system on the adjusted mortality, clinical score higher than 1 remained a significant independent predictor of mortality (P = 0.01) independently of duration of complaints (P = 0.04), stage (P < 0.001). Age was no longer an independent predictor of outcome. 
A survival analysis was performed using the Kaplan Meier method and the survival curves of both groups (clinical scores < 1 and > 1) are depicted in Figure 1. The mean survival of patients with scores lower than 1 at 48 mo was 78%, whereas patients with scores higher than 1 presented with 43% survival at 48 mo. The curves shown in Figure 1 also indicate the significant differences between the groups in terms of survival, the log-rank test result was P < 0.001. 
The clinical score was also associated with the TNM stage when patients with scores higher than 1 presented with later TNM stages (P = 0.008). However, the score was not associated with age, gender, location of the tumor or the duration of complaints.

DISCUSSION 
[bookmark: OLE_LINK775][bookmark: OLE_LINK776]Although colon cancer is the third most common cancer worldwide[1], studies on the clinical presentation and its association with outcome are limited. Previous studies have shown that rectal bleeding is associated with early TNM stages of disease. Changes in bowel habits and abdominal pain are associated with advanced TNM stages[21-24]. Stapley et al[25] reported rectal bleeding to be associated with reduced mortality. The current study investigated the correlation between the number and the quality of symptoms and the outcome among patients with colon cancer, and created a clinical score that may be able to predict outcome based on the clinical presentation prior to diagnosis.
The characteristics of this cohort of 236 patients are comparable to those of other reported cohorts with respect to gender distribution, mean age and tumor location[1, 26]. The rates of symptoms reported and the distribution of stages are also comparable to those reported in the English literature. 
A univariate analysis of our sample indicated that patients in the late TNM stages presented with significantly more abdominal pain (P = 0.01), more weight loss (P = 0.04) and more drastic changes in bowel habits (0.03). Rectal bleeding was previously reported to be associated with early TNM stages[21], although this trend was not observed among the patients in our sample. 
The comparison of symptoms with respect to laterality showed that patients with left-sided colonic tumors manifested significantly more rectal bleeding (P = 0.002) and more drastic changes in bowel habits (P = 0.006) than patients with right-sided tumors (Table 2). 
Univariate analysis indicated that the number of symptoms regardless of their quality was not associated with mortality or with TNM staging. A multivariate analysis controlling for factors such as age, stage and the duration of complaints did not yield significant differences for any possible numeric combination. These results, although poorly reported in the past, are similar to those reported by Stapley et al [25]. 
Univariate analysis, of the quality of all symptoms showed that except for abdominal pain (0.05) no other symptom was associated with mortality. However, a multivariate analysis controlling for age, stage and the duration of complaints showed that melena was strongly associated with mortality (P = 0.04, OR 7.4), and rectal bleeding was strongly associated with survival (P = 0.004, OR 0.25). Applying the same univariate analysis on the adjusted mortality did not change the results and abdominal pain remained significantly associated with mortality (P = 0.05), while on a multivariate analysis rectal bleeding was associated mortality and no longer with survival (P = 0.02, OR 2.5)
Melena is typically not a symptom of colon cancer and was reported in only 2.9% (n = 7) of patients. Interestingly, the presentation of melena was not associated with tumor location, age, stage, duration of complaints or any of the other reported symptoms. The association of rectal bleeding with survival was previously reported[26], and the current study was able to validate this observation for overall mortality but the adjusted mortality did not replicate the same results. 
We believe that although melena and rectal bleeding were the only symptoms associated with positive or negative outcomes, the clinical presentation prior to diagnosis may play a role in predicting outcomes among patients with colon cancer. In view of this belief, we developed a clinical scoring system based on the estimates of event probability yielded by the logistic regression model. We assigned points to each symptom according to its relative contribution to outcome, and the sum of these points for each patient allowed us to create a variable that incorporates all symptoms to quantify the relative event probability contributed by the combination of symptoms presented in each patient.
The new clinical score had a normal distribution among patients and a graded association with mortality. To validate the new score, we performed a univariate analysis that revealed a significant association with mortality (P < 0.001). A multivariate analysis controlling for age, stage and the duration of complaints showed that the score is an independent predictor of mortality (P < 0.001). We placed the various patient scores on a ROC curve and found that scores higher than one were associated with the highest event probability. By applying the same multivariate analysis, we confirmed that when controlled for age, stage and the duration of complaints, a score higher than one is an independent predictor of outcome (P = 0.001, OR 3.1) (Table 5).
The Kaplan-Meier survival curve (Figure 1) also demonstrates the negative impact of a score higher than one on survival. 
The main limitation of this study is its retrospective nature; it is possible that the patients neglected to report symptoms and that the physicians neglected to document reported symptoms. However, the agreement of the reported symptoms and their distribution with what was previously reported in the literature encourages us to believe that the data accurately represent the symptoms present. The study is novel in its approach to clinical presentation and the predictive model proposed.   
In conclusion, clinical presentation and its association with outcome among patients with colon cancer, although poorly studied in the past, may have an important role in predicting the outcomes among this important cohort of patients. The proposed clinical scoring system seems to be able to reliably predict outcome. Further large-scale, population-based studies should be applied to validate the proposed clinical scoring system. 
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Figure 1 Kaplan-Meier survival curve comparing the survival of patients with clinical scores higher and lower than one. 



















Table 1 Estimates and scores used for creation of the clinical score 
	Symptom
	OR
	Points

	Pain 
	1.2
	1

	Diarrhea 
	1.2
	1

	Constipation
	0.91
	-1

	Vomiting
	1.3
	2

	Weight loss
	1.1
	1

	Rectal bleeding
	0.65
	-3

	Melena
	2.5
	5

	Change in BH 
	1.1
	1

	Legend
	
	

	
	0.5-0.7
	-3

	
	0.7-0.9
	-2

	
	0.9-1
	-1

	
	1-1.2
	1

	
	1.2-1.4
	2

	
	1.4-1.6
	3

	
	1.6-1.8
	4

	
	>1.8
	5






















[bookmark: _GoBack]BH: Bowel habits; OR: Odds ratio.









Table 2 Distribution of symptoms among patients, divided according to the Union for International Cancer Control TNM staging system n (%)
	Stage
	Abdominal pain
	Diarrhea
	Constipation
	Vomit

	Weight loss
	Rectal bleeding
	Melena
	Change in BH1

	1 
	10 (30.3)
	3 (9.0)
	11 (33.3)
	1 (3.0)
	11 (33.3)
	8 (24.2)
	1 (3.0)
	11 (33.3)

	2a
	44 (62.8)
	11 (15.7)
	20 (28.6)
	11 (15.7)
	22 (31.4)
	11 (15.7)
	2 (2.8)
	34 (48.6)

	2b
	2 (66.6)
	0 (0.0)
	0 (0.0)
	1 (33.3)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	3a
	5 (45.4)
	1 (9.0)
	2 (18.2)
	1 (9.0)
	3 (27.3)
	0 (0.0)
	0 (0.0)
	1 (9.0)

	3b
	15 (44.1)
	3 (8.8)
	8 (23.5)
	3 (2.9)
	6 (17.6)
	5 (14.7)
	1 (2.9)
	10 (29.4)

	3c
	10 (37.0)
	1 (3.7)
	10 (37.0)
	3 (11.1)
	7 (25.9)
	10 (37)
	0 (0.0)
	15 (55.5)

	4
	35 (60.3)
	7 (12.1)
	18 (31.3)
	7 (12.1)
	28 (48.3)
	13 (22.4)
	3 (5.2)
	27 (46.5)

	Total 
	121 (51.3)
	26 (11)
	69 (29.2)
	27 (11.4)
	77 (32.6)
	47 (19.9)
	7 (2.9)
	98 (41.5)

	P value
	0.01
	0.78
	0.79
	0.35
	0.04
	0.14
	0.95
	0.03


1Staging system according to the Union for International Cancer Control. BH: Bowel habits.




Table 3 Comparison of symptoms with respect to tumor location n (%)
	
Symptom
	Left colon
n=139
	Right colon
n= 97
	
P value

	Pain 
	73 (52.5)
	48 (49.5)
	0.7

	Diarrhea 
	12 (8.6)
	14 (14.4)
	0.2

	Constipation 
	47 (33.8)
	22 (22.7)
	0.08

	Vomiting 
	16 (11.5)
	11 (11.3)
	1.0

	Weight loss 
	48 (34.5)
	29 (29.9)
	0.48

	Rectal bleeding 
	37 (26.6)
	10 (10.3)
	0.002

	Melena
	5 (3.6)
	2 (2.1)
	0.71

	Change in BH
	68 (48.9)
	30 (30.9)
	0.006


1Fisher’s exact test. BH: Bowel habits.




Table 4 Crude univariate analysis comparing the presentation of symptoms among survivors and non-survivors n (%)
	
Symptom 
	Survivors
n = 142
	Non-Survivors
n = 93
	Univariate
P  value
	Multivariate
[bookmark: OLE_LINK777][bookmark: OLE_LINK778][bookmark: OLE_LINK779]P value
	
OR (95%CI)

	Pain
	66 (46.2)
	55 (59.1)
	0.05
	0.38
	1.4 (0.7-2.8)

	Diarrhea 
	13 (9.1)
	13 (14)
	0.24
	0.51
	1.5 (0.4-5.6)

	Constipation 
	41 (28.7)
	28 (30.1)
	0.81
	0.91
	0.94 (0.3-2.7)

	Vomiting 
	12 (8.4)
	15 (16.1)
	0.07
	0.24
	1.9 (0.6-5.6)

	Weight loss 
	43 (30)
	34 (36.6)
	0.32
	0.63
	0.8 (0.4-1.7)

	Rectal bleeding 
	34 (23.8)
	13 (14)
	0.06
	0.004
	0.25 (0.1-0.7)

	Melena 
	2 (1.4)
	5 (5.4)
	0.1
	0.04
	7.4 (1.1-72.7)

	Change in BH 
	56 (39.2)
	42 (45.2)
	0.36
	0.96
	1 (0.4-2.9)



A stepwise logistic regression model utilizing a likelihood ratio test was applied controlling for, age, stage and the duration of complaints. BH: Bowel habits.







Table 5 Clinical score predicts mortality independently of age, stage and the duration of complaints  
	
	Mortality
	OR (95% CI)

	Clinical score >1
	0.001
	3.1 (1.5-6.1)

	Age 
	0.003
	0.96 (0.94-0.99)

	Stage
	< 0.001
	35 (5.3-703.7)

	Duration of complaints 
	0.05
	0.6 (0.26-1.0)



Stepwise logistic regression analysis with the application of a likelihood ratio test.  OR: Odds ratio.
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