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Background and Aims:

The importance of circumferential resection margin involvement in predicting locoregional recurrence and death from rectal cancer is well known. However it is well accepted that cases of rectal carcinoma recur when this surgical margin is not compromised. This study was formulated to analyse the influence of peritoneal involvement, amongst other clinicopathological variables, on locoregional recurrence and overall prognosis in an unselected prospective series of rectal cancer resections.

Methods: This unselected prospective study assessed 331 rectal carcinoma cases from a colorectal cancer study that recruited more than 1000 cases. Meticulous pathological examination was performed by one pathologist with particular attention paid to the peritoneal surface. All clinicopathological variables were entered into a database with comprehensive clinical follow-up.

Results: Peritoneal involvement was a significant factor in prognosis in univariate analysis but not in multivariate analysis. However, in specifically analysing the causes of locoregional recurrence, it may have been a factor in causing this in up to half the cases.

Conclusions:

This study adds to the small amount of literature data on the potential importance of peritoneal involvement in predicting locoregional recurrence and overall prognosis, especially in upper rectal cancer.

 [START_REF]Cancerstats Key Facts on Bowel Cancer[END_REF]In the UK, the staging of rectal cancer has traditionally used the Dukes classification. [START_REF] Dukes | The spread of rectal cancer and its effect on prognosis[END_REF] This system, and its modifications, fail to address the degree of spread of tumour beyond the wall of the bowel and, importantly, do not assess mesorectal (radial, circumferential) margin or peritoneal involvement, two parameters which have been shown to have influence on locoregional recurrence and overall prognosis. [START_REF] Adam | Role of circumferential margin involvement in the local recurrence of rectal cancer[END_REF][START_REF] Quirke | Local recurrence of rectal adenocarcinoma due to inadequate surgical resection. Histopathological study of lateral tumour spread and surgical excision[END_REF][START_REF] Shepherd | Influence of local peritoneal involvement on pelvic recurrence and prognosis in rectal cancer[END_REF] In the UK, the recently revised Royal College of Pathologists (RCPath) guidelines and dataset for the reporting of colorectal cancers 6 includes an assessment of the TNM classification, 7 thus incorporating peritoneal involvement in rectal cancer and a statement regarding the proximity of the tumour to the circumferential resection margin. Involvement of the latter plane is an important predictor of local recurrence, an event that carries a very poor prognosis. [START_REF] Quirke | Local recurrence of rectal adenocarcinoma due to inadequate surgical resection. Histopathological study of lateral tumour spread and surgical excision[END_REF][START_REF] Cawthorn | Extent of mesorectal spread and involvement of lateral resection margin as prognostic factors after surgery for rectal cancer[END_REF][START_REF] Cecil | Total mesorectal excision results in low local recurrence rates in lymph node-positive rectal cancer[END_REF][START_REF] Heald | Recurrence and survival after total mesorectal excision for rectal cancer[END_REF] Further, the RCPath dataset sets audit standards and advises that pathologists should be demonstrating peritoneal involvement in at least 10% of cases of rectal cancer. [START_REF] Williams | Dataset for Colorectal Cancer[END_REF] In the USA, the College of American Pathologists' recent revision of colorectal cancer specimen assessment also recommends the routine recording of serosal involvement [START_REF] Washington | Protocol for the Examination of Specimens from Patients with Primary Carcinomas of the Colon and Rectum[END_REF] , using the Shepherd methodology of classification. [START_REF] Shepherd | Influence of local peritoneal involvement on pelvic recurrence and prognosis in rectal cancer[END_REF][START_REF] Shepherd | The prognostic significance of peritoneal involvement in colonic cancer: a prospective evaluation[END_REF] Although the rectum is predominantly a retroperitoneal organ, an appreciable part of the upper rectum, anteriorly and laterally, is enveloped, not by mesorectal fatty connective tissue, but by peritoneum. Our geometric analyses have indicated that about 25% of the surface area of the upper rectum in women is invested in peritoneum whilst the equivalent figure for men is 16%. [START_REF] Shepherd | Influence of local peritoneal involvement on pelvic recurrence and prognosis in rectal cancer[END_REF][START_REF] Ludeman | Serosal involvement in gastrointestinal cancer: its assessment and significance[END_REF] In our previous studies, we have suggested that, because of such anatomical considerations, peritoneal involvement by tumour at the time of primary surgery may be a significant cause of locoregional recurrence. This becomes more relevant as mesorectal margin involvement becomes a less important cause of locoregional recurrence because of improvements in surgical technique, notably total mesorectal excision, and, perhaps, because of the beneficial effects, on the amount of mesorectal spread, that neo-adjuvant therapy imparts.

Based on our previous studies and on the small amount of information in the literature, [START_REF] Shepherd | Influence of local peritoneal involvement on pelvic recurrence and prognosis in rectal cancer[END_REF][START_REF] Ludeman | Serosal involvement in gastrointestinal cancer: its assessment and significance[END_REF][START_REF] Keshava | The significance of involvement of a free serosal surface for recurrence and survival following resection of clinicopathological stage B and C rectal cancer[END_REF] we believe that peritoneal involvement in rectal cancer is a significant factor in overall prognosis and hypothesise that its presence is associated with an increased risk of locoregional recurrence. Here, we describe a prospective study of 331 consecutive, unselected cases of rectal carcinoma that represent the complete database of rectal cancer cases in the Gloucester Colorectal Cancer Study, [START_REF] Shepherd | Influence of local peritoneal involvement on pelvic recurrence and prognosis in rectal cancer[END_REF][START_REF] Shepherd | The prognostic significance of peritoneal involvement in colonic cancer: a prospective evaluation[END_REF][START_REF] Petersen | Identification of objective pathological prognostic determinants and models of prognosis in Dukes B colon cancer[END_REF] now with comprehensive follow-up and prognostic statistics that builds on the data published previously. Cases in which resection was performed for synchronous carcinoma, metachronous carcinoma and carcinoma arising in ulcerative colitis or familial adenomatous polyposis were excluded from the analysis. Also excluded were cases for which preoperative chemotherapy or radiotherapy had been performed. It should be emphasised that the number of the latter was small, given the timescale of the study. A total of 331 patients were included in the final analysis. Both apparently curative and palliative resections were examined. Cases were deemed palliative if the surgeon felt that tumour remained in the patient at the end of surgery: this could have been due to positive surgical margins, tumour perforation or the presence of metastatic disease, particularly to the liver and/or lungs.

In each case, one pathologist (NAS) carried out the macroscopic and histological analysis of the specimen in a standardised meticulous manner. This involved the harvesting of all lymph nodes (mean lymph node harvest 19.9; range 3-77) and thorough sampling of the tumour for histological examination (mean tumour block number 5.2). The latter permitted assessment of the degree of extramural tumour spread and whether venous invasion (extramural or submucosal) was present (Table 1), as previously described. [START_REF] Shepherd | Influence of local peritoneal involvement on pelvic recurrence and prognosis in rectal cancer[END_REF][START_REF] Petersen | Identification of objective pathological prognostic determinants and models of prognosis in Dukes B colon cancer[END_REF][START_REF] Talbot | The clinical significance of invasion of veins by rectal cancer[END_REF] In cases where tumour was above or at the peritoneal reflection, at least two blocks were taken from the site where tumour was closest to the serosal surface. The circumferential resection margin was assessed according to the method described by Quirke, [START_REF] Quirke | Local recurrence of rectal adenocarcinoma due to inadequate surgical resection. Histopathological study of lateral tumour spread and surgical excision[END_REF] with at least two blocks taken from the area where tumour was closest to this margin. If tumour extended to within 1 mm of the margin, then this was considered involved. Microscopic assessment included the recording, using standard methodology, of tumour type, tumour differentiation and the degree of intratumoral fibrosis. [START_REF] Shepherd | The prognostic significance of peritoneal involvement in colonic cancer: a prospective evaluation[END_REF][START_REF] Jass | Grading of rectal cancer: historical perspectives and a multivariate analysis of 447 cases[END_REF][START_REF] Halvorsen | The association between invasiveness, inflammatory reaction, desmoplasia and survival in colorectal cancer[END_REF][START_REF] Shepherd | Prognostic factors in colonic cancer[END_REF][START_REF] Sasaki | Mucinous carcinoma of the rectum[END_REF] The presence or absence of venous spread was assessed histologically and recorded in three groups (Table 1) as described previously. [START_REF] Talbot | The clinical significance of invasion of veins by rectal cancer[END_REF] Peritoneal involvement was analysed into the four groups detailed in previous publications. [START_REF] Shepherd | Influence of local peritoneal involvement on pelvic recurrence and prognosis in rectal cancer[END_REF][START_REF] Shepherd | The prognostic significance of peritoneal involvement in colonic cancer: a prospective evaluation[END_REF][START_REF] Petersen | Identification of objective pathological prognostic determinants and models of prognosis in Dukes B colon cancer[END_REF] These are:

1. tumour well clear of closest peritoneal surface 2. mesothelial inflammatory/hyperplastic reaction with tumour close to, but not at, the peritoneal surface 3. tumour present at peritoneal surface with inflammatory reaction/mesothelial hyperplasia/'ulceration'.

4. tumour cells demonstrated free in peritoneum and evidence of adjacent 'ulceration' (Figure 1)

The extent of spread (Table 1) was used to describe the amount of tumour in the extramural fat, as measured from the outer border of the longitudinal muscle layer to the most distant point of tumour spread. [START_REF] Shepherd | Influence of local peritoneal involvement on pelvic recurrence and prognosis in rectal cancer[END_REF][START_REF] Shepherd | The prognostic significance of peritoneal involvement in colonic cancer: a prospective evaluation[END_REF][START_REF] Petersen | Identification of objective pathological prognostic determinants and models of prognosis in Dukes B colon cancer[END_REF] Perforation was only deemed to be present if there was histological evidence of perforation through the tumour into the peritoneal cavity: this is an uncommon event in rectal carcinoma.

Follow up was undertaken in surgical outpatient clinics and further data on the patients was sought via close collaboration with General Practitioners. All clinical, pathological, follow-up and survival data were stored on computer database and regularly updated. Survival time was calculated from the date of surgery to the date of death or the last date that the patient was known to be alive, with times censored for patients dying of causes not related to rectal cancer and those still alive. Only cancer-related deaths were analysed as events. Whether a death was related to rectal cancer was established, where possible, by autopsy or, in the absence of a post-mortem examination, careful appraisal of the clinical course of the patient. If there was any doubt concerning the cause of death, the survival time was censored at the date of death.

The log-rank test and Cox multivariate regression analysis were used to build a traditional prognostic model. [START_REF] Parmar | Survival analysis: a practical approach[END_REF] for the proportional hazard assumption, for the effect of tied failed survival times, for outliers, for leverage points and for overall model fit, as in our previous studies. [START_REF] Shepherd | The prognostic significance of peritoneal involvement in colonic cancer: a prospective evaluation[END_REF][START_REF] Petersen | Identification of objective pathological prognostic determinants and models of prognosis in Dukes B colon cancer[END_REF] Tumour perforation was a substantial risk factor for prognosis in the first post-surgical year. Hence it was modelled as a time-varying factor, increasing the risk for the first year only. A similar analysis, using the same histological variables, was undertaken with locoregional recurrence, rather than cancer death, as the end point. Locoregional recurrence was deemed to have occurred when recurrent tumour had been demonstrated by clinical and/or radiological means and, strictly, confirmed by histological and/or cytological methods. Finally, we assessed all clinical and pathological factors in an attempt to identify factors that, in our opinion, were the likely reason for locoregional recurrence, when so confirmed. 

Results

Of the 331 patients, there were 183 males and 148 females with a mean age of 69 (range 28-93). There were 147 (44%) upper rectal tumours, 60 (18%) mid-rectal tumours and 124 (38%) lower rectal tumours.

268 (81%) operations were deemed curative and 63 (19%) palliative according to our criteria. At the time of analysis, there had been 130 cancer-related deaths, with a median follow-up of 65 months and a fiveyear survival rate of 59%. Non-cancer related deaths had occurred in 98 patients.

Table 1 shows that true peritoneal involvement, as defined by the Shepherd criteria, [START_REF] Shepherd | Influence of local peritoneal involvement on pelvic recurrence and prognosis in rectal cancer[END_REF][START_REF] Shepherd | The prognostic significance of peritoneal involvement in colonic cancer: a prospective evaluation[END_REF][START_REF] Ludeman | Serosal involvement in gastrointestinal cancer: its assessment and significance[END_REF][START_REF] Petersen | Identification of objective pathological prognostic determinants and models of prognosis in Dukes B colon cancer[END_REF] was demonstrated in 27% of patients. In all of these, the tumour was centred either in the upper rectum or mid-rectum (data not shown). 16% demonstrated peritoneal involvement with tumour cells apparently free with the peritoneal space whilst 11% showed involvement of the peritoneum with 'ulceration' thereof. A small number (8%), much less than that seen in equivalent studies in colonic cancer, [START_REF] Shepherd | The prognostic significance of peritoneal involvement in colonic cancer: a prospective evaluation[END_REF] showed inflammation and mesothelial hyperplasia at the peritoneal surface with tumour close to, but not demonstrated at, the surface in multiple levels through relevant blocks. According to previous studies, this LPI grade 2 was regarded as not showing local peritoneal involvement in this current study.

The results of log-rank analysis for survival in all patients are shown in Table 2. Those factors significant in univariate analysis were entered into a regression model and, using backwards stepwise regression, four pathological factors demonstrated independent prognostic significance (Table 3). These were extramural venous spread, extent of local spread (in mms beyond the muscular propria), circumferential resection margin involvement and lymph node involvement. Age, sex, tumour site, tumour perforation and the presence of adenomas were not found to be statistically significant prognostic factors for cancerrelated death. When considering the curative cases alone, unsurprisingly circumferential resection margin involvement ceased to feature in the final model, being replaced by highest lymph node involvement.

Figure 2 presents the results of log-rank analysis of peritoneal involvement for survival from cancer. It can be seen that the presence of peritoneal involvement (LPI grades 3 & 4) 5, 12, 15 is a strongly predictive for both survival.

Locoregional recurrence was confirmed in 48 of the 331 patients. 33 patients had a local recurrence in the pelvis, eight patients had a peritoneal recurrence and seven had recurrence at both sites. Table 4 shows the results of the log-rank analysis with locoregional recurrence as the end-point. Table 5 demonstrates the results of multivariate analysis with locoregional recurrence as the end-point whilst Table 6 itemises the 48 cases of locoregional recurrence and provides data on suggested possible factors, from those known to be important for locoregional recurrence. Peritoneal involvement was present in 22 cases (46%) and was the only recognised factor for locoregional recurrence in 13 (27%) of cases. Involvement of the circumferential resection margin was a relatively rare cause (14 cases in total) in this series because most surgical resections in this series had been undertaken using the TME technique. Other possible causes of locoregional recurrence were extramural venous spread (18 cases in total; 12 cases as the only factor), mucinous phenotype as the only identifiable possible factor, in one case, and intraluminal seeding in one case (a Dukes A cancer, fully excised, recurring as a Dukes A cancer at the anastomosis line).

Since both involvement of lymph nodes and apical node involvement appeared in the final independent prognostic model for cancer death, we also analysed Dukes B cases in isolation. However, there were insufficient events to allow multivariate analysis. Similarly there were too few recurrences when considering only upper rectal tumours to make isolated study of these feasible. 

Discussion

There is now a considerable body of evidence for the prognostic importance of local peritoneal involvement (LPI) in colonic cancer. Indeed, in our Gloucester studies, peritoneal involvement is the most powerful prognostic indicator after lymph node involvement. [START_REF] Shepherd | The prognostic significance of peritoneal involvement in colonic cancer: a prospective evaluation[END_REF] It is predictive of overall prognosis but it also presages loco-regional recurrence in colonic cancer. We have previously demonstrated that peritoneal involvement also has influence in rectal cancer and the only other group who have studied LPI in rectal cancer in any detail, the Concord Group from Australia, have also demonstrated its prognostic importance. [START_REF] Keshava | The significance of involvement of a free serosal surface for recurrence and survival following resection of clinicopathological stage B and C rectal cancer[END_REF] In our previously published study on LPI and rectal cancer, the data were considered wholly provisional as there was only a relatively short patient follow-up and the series was some 30%

smaller. This study provides more definitive data on the importance of peritoneal involvement in rectal cancer.

So, we have now extended our studies in rectal cancer and the results are presented here. They demonstrate that LPI may be a predictor of loco-regional recurrence in upper rectal and mid-rectal cancer. Although, in this study, LPI does not have the prognostic power, in multivariate analysis, shown by the Concord Group, it seems likely that it is a potential predictor for loco-regional recurrence, particularly with the advent of TME-type surgery, thereby reducing the importance of the previously commonest cause of loco-regional recurrence in rectal cancer, namely spread to involve a circumferential resection margin.

One anathema concerning the Concord and Gloucester studies is the different rates of peritoneal involvement in rectal cancer. In this study, we demonstrated it in 27% of cases whilst the Keshava study finds it in only 5.8%. [START_REF] Keshava | The significance of involvement of a free serosal surface for recurrence and survival following resection of clinicopathological stage B and C rectal cancer[END_REF] We would maintain that only more recently has peritoneal involvement been regarded as an important prognostic parameter, either in colonic or in rectal cancer. Indeed one of us (NAS) worked at the internationally renowned centre for colorectal cancer prognostic studies, St Mark's Hospital in London, until 1988 and the importance of peritoneal involvement in colonic and rectal cancer was not recognised at all there and was not specifically looked for. We accept that the Concord Group were the first to provide important data on LPI in colonic cancer but one could make a judgement that only by comprehensive assessment of the relationship of tumours to the peritoneal surface can this parameter be accurately identified. We would judge that only more recent studies, in which its prognostic importance has been recognised, are likely to result in the demonstration of relatively high rates of peritoneal involvement. The Concord studies began in the 1970s and this may have some bearing on the differences in the prevalence of this parameter in the two studies. Furthermore, its identification is beholden to the number of blocks taken. In all of our studies, our mean tumour blockage is between 5 and 6 and this may also account for our heightened rate of identification of this parameter. We would accept that to gauge the true prevalence of this prognostic parameter requires more studies of unselected prospective series, as both the Concord and Gloucester studies are.

We would also argue that it is only a short distance from the outer border of the muscularis propria (often less than 1mm) to the peritoneal surface on the anti-mesenteric aspect of the colon and on the anterior surface of the upper rectum. [START_REF] Shepherd | Influence of local peritoneal involvement on pelvic recurrence and prognosis in rectal cancer[END_REF][START_REF] Shepherd | The prognostic significance of peritoneal involvement in colonic cancer: a prospective evaluation[END_REF][START_REF] Ludeman | Serosal involvement in gastrointestinal cancer: its assessment and significance[END_REF] Once tumour has fully penetrated the muscularis propria (and it has in the very great majority of cases of colonic and rectal cancer), only a small amount of further spread will enable the tumour to reach the serosal surface. We would accept that penetration of the peritoneum may require additional tumour properties, above and beyond those that allow spread through fatty connective tissue, but we find it logical that both colonic and rectal cancer should show the rates of peritoneal involvement that we have demonstrated in our studies for these micro-anatomical reasons.

So, in both colonic and rectal cancer, there is now evidence that the demonstration of peritoneal involvement is important for the prediction of loco-regional recurrence and for overall prognosis. The revised Royal College of Pathologists Guidelines and Dataset for Colorectal Cancer 6 has emphasised the importance of this parameter. Further, it has set targets for the identification, by pathologists, of specific parameters in a minimum series of 50 cases. These are for lymph nodes numbers and rates of circumferential resection margin involvement and peritoneal involvement. For colonic cancer, the latter is 20% and for rectal cancer 10%. At the current time, we believe the latter is a reasonable level, although the overall rate in this study is considerably higher at 27%. This dataset underpins the importance of comprehensive and meticulous pathological technique in the assessment of colorectal cancer resection specimens. For instance, there is now evidence (Professor P Quirke, personal communication) that an enhanced lymph node harvest, by pathologists, correlates with increased levels of identification of those other two parameters of particular prognostic importance, circumferential resection margin involvement and peritoneal involvement.

The identification of peritoneal involvement requires meticulous technique at the time of macroscopic assessment of colorectal cancer resection specimens. [START_REF] Ludeman | Serosal involvement in gastrointestinal cancer: its assessment and significance[END_REF] Furthermore there are controversies as to how this parameter should be assessed histologically and whether further techniques, other than simple H & E sections, are required for its precise identification. We believe that its identification relies on ensuring sufficient and accurately located blocks are taken. If there are changes suspicious for LPI, then deeper levels through the block concerned are appropriate. We do not find immunohistochemistry helpful. [START_REF] Ludeman | Serosal involvement in gastrointestinal cancer: its assessment and significance[END_REF] Even then there remain uncertainties on the method of classification. [START_REF] Stewart | Serosal involvement in colorectal carcinoma[END_REF] Our method, using that applied in all the Gloucester studies, may lack some logic, especially in LPI grade 4 where it is manifest that tumour cells cannot be 'free within the peritoneal space', as these would become dislocated during tissue processing.

Nevertheless, certainly in colonic cancer, there are important differences in the influence of LPI 3 and LPI 4, serving to enforce the importance of the distinction. The Shepherd method is now that recommended for use by the College of Anatomic Pathologists in the USA [START_REF] Washington | Protocol for the Examination of Specimens from Patients with Primary Carcinomas of the Colon and Rectum[END_REF] and by the Royal College of Pathologists in the UK. [START_REF] Williams | Dataset for Colorectal Cancer[END_REF] Do the findings in the current study have any implications for the current management especially now that adjuvant chemotherapy is standard practice for many Dukes B and most Dukes C rectal cancers and neo-adjuvant radiotherapy is regularly used for locally advanced disease? We firmly believe it is too early to infer that peritoneal involvement is a strong and important prognostic indicator in rectal cancer so as to influence the decisions on whether or not to give such therapy. Only two centres in the world have published comprehensive data and we require the results of larger multi-centre studies and trials before making any firm recommendations of the indications for such therapy when there is, or when there is not, peritoneal involvement in rectal cancer.

In summary, this study has expanded on our previous report of peritoneal involvement in rectal cancer [START_REF] Shepherd | Influence of local peritoneal involvement on pelvic recurrence and prognosis in rectal cancer[END_REF] and has demonstrated the prognostic influence of this parameter on survival and, likely, on locoregional recurrence. Unlike the Concord study, with much lower rates of LPI, it has not shown independent prognostic significance for prognosis and locoregional recurrence but we believe our data shows that it may yet be a parameter in predicting locoregional recurrence in mid and upper rectal cancer, especially in these days of (hopefully) universal total mesorectal excision. We believe that further studies are required to confirm or refute our relatively high rates of LPI in rectal cancer and to assess the power of its influence in predicting locoregional recurrence, an event still associated with a particularly gloomy prognosis. 
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 1 rectal cancer featuring LPI grades 4 at the typical site, in a peritoneum-lined crevice on the anterior surface of the upper rectum.

Figure 2 :

 2 Figure 2: Kaplan-Meier plot of survival by peritoneal involvement (1 = no peritoneal involvement; 2 = inflammation at peritoneal surface; 3 = peritoneal "ulceration" by tumour; 4 = peritoneal involvement with tumour cells free in peritoneal coelom)

Table 1 : Potential pathological prognostic factors in rectal carcinoma

 1 

	Factor	Category	Number (%)
			of patients
	Site	Upper rectum	147 (44)
		Middle rectum	60 (18)
		Lower rectum	124 (38)
	Deep margin	Not involved	297 (90)
		Involved (<1mm)	34 (10)
	Peritoneal involvement	None	215 (65)
		Inflammation	27 (8)
		Present	36 (11)
		With "ulceration"	53 (16)
	Venous invasion	None identified	121 (37)
		Submucosal only	23 (7)
		Extramural	187 (56)
	Extent of spread beyond muscularis	None	66 (20)
	propria	Slight (<3mm)	71 (21)
		Moderate (3-5mm)	98 (30)
		Extensive (>5mm)	96 (29)
	Lymph nodes involved	0	137 (41)
		1 to 4	109 (33)
		> 4	85 (26)
	Highest lymph node status	Not involved	310 (94)
		Involved	21 (6)
	Tumour perforation	Absent	326 (98)
		Present	5 (2)
	Tumour differentiation	Well	59 (18)
		Moderate	181 (55)
		Poor	91 (27)
	Tumour type	Standard	304 (92)
		adenocarcinoma	
		Mucinous	22 (7)
		Signet ring	5 (1)

Table 3 : Final Cox regression model for cancer-related survival (all patients)

 3 

	Factor	Comparison	Hazards ratio	P
			(95%CI)	
	Venous spread	Extramural vs other	2.2 (1.3, 3.7)	0.002
		1 category difference 1.6 (1.3, 2.1)	<0.001
	Deep margin	Involved vs	2.2 (1.4, 3.5)	0.001
		uninvolved		
	Lymph nodes	1 category difference 2.0 (1.5, 2.6)	<0.001
	involved			

Table 4 : Univariate analysis of pathological prognostic variables for locoregional recurrence in rectal carcinoma
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	Factor	Category	Logrank p	Logrank for
				trend p
	Site	Upper rectum	0.4	0.6
		Middle rectum		
		Lower rectum		
	Deep margin	Not involved	<0.0001	N/A
		Involved (<1mm)		
	Peritoneal	None	<0.0001	<0.0001
	involvement	Inflammation		
		Present		
		With "ulceration"		
	Venous invasion	None identified	0.0002	0.0001
		Submucosal only		
		Extramural		
	Extent of spread	None	<0.0001	<0.0001
		Slight (<3mm)		
		Moderate (3-5mm)		
		Extensive (>5mm)		
	Lymph nodes	0	<0.0001	<0.0001
	involved	1 to 4		
		> 4		
	Highest lymph node	Not involved	0.04	N/A
	status	Involved		
	Tumour perforation	Absent	0.1	N/A
		Present		
	Tumour	Well	0.0001	<0.0001
	differentiation	Moderately		
		Poorly		
	Tumour type	Typical	0.002	N/A
		adenocarcinoma		
		Mucinous		
		Signet ring		

Table 5 :

 5 Final Cox regression model for locoregional recurrenceIntroductionRectal cancer is a significant cause of morbidity and mortality with 14,018 new cases in the United Kingdom (UK) in 2005 and 5,838 deaths in 2006.

	Factor	Comparison	Hazards ratio (95%CI) P
	Venous spread Extramural vs other	1.5 (1.0, 2.3)	0.05
		1 category difference	1.6 (1.1, 2.4)	0.009
	Deep margin	Involved vs uninvolved 2.8 (1.3, 5.7)	0.006
	LN involvement 1 category difference	1.6 (1.0, 2.4)	0.04
	Tumour type	Mucinous vs other	3.2 (1.4, 7.3)	0.006

Table 6 : Pathological factors for possible involvement in 48 locoregional recurrences
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	Factor	Type of tumour recurrence	Total
		Local	Local and	Peritoneal	
			peritoneal		
	Peritoneal involvement	4	3	6	13
	Peritoneal involvement and	6	0	0	6
	extramural venous spread				
	Extramural venous spread	11	0	1	12
	Circumferential resection margin	5	2	0	7
	involvement				
	Distal margin involvement	3	1	0	4
	Circumferential resection margin	2	1	0	3
	involvement and peritoneal				
	involvement				
	Mucinous carcinoma (no other	1	0	1	2
	adverse factors identified)				
	Intraluminal seeding	1	0	0	1
	Total	33	7	8	48
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