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Abstract          

Aim: The main cause of local recurrence (LR) in rectal cancer is involvement of the 

circumferential resection margin (CRM). However, patients with a negative CRM can 

also develop LR, suggesting that additional factors are important for LR. The aim of 

this study was to identify histopathological factors predictive for the development of 

LR after primary rectal cancer treatment.  

Methods: TxNxM0 patients treated for locally recurrent rectal cancer at the Catharina 

hospital from 1994 to 2006 (n=92) were matched with a control group of patients who 

did not develop LR after primary rectal cancer treatment for at least 2 years (n=185) 

based on type of neoadjuvant treatment in a 1:2 ratio. The pathology of all primary 

rectal cancers was reviewed. Patient, treatment and histopathological characteristics 

were studied in relation to the development of LR with logistic regression and Cox 

regression analysis.  

Results: Logistic regression indicated the presence of lymphovascular invasion (LVI, 

OR 4.66, P<0.001), extramural venous invasion (EMVI, OR 4.54, P<0.001), positive 

CRM (OR 2.56, P=0.032), serosal involvement (OR 6.74, P=0.035) and poor 

differentiation (OR 2.59, P=0.012) as factors with an increased risk to develop LR. 

Older age was a protective factor (OR 0.95, CI 0.93-0.98, P=0.001).  

Conclusion: Apart from a positive CRM and serosal involvement, LVI, EMVI and poor 

differentiation are important independent predictive factors for the development of 

LR. Adjuvant therapy may be considered in the presence of these features in order to 

decrease the risk of a local recurrence. 

Key words 

 rectal cancer, histopathology, local recurrence, extramural venous invasion, 

lymphovascular invasion. 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

 3

Introduction 
The implementation of total mesorectal excision (TME)  and the subsequent 

standardization of rectal cancer surgery have led to a significant improvement of 

survival and decrease of local recurrence rates (LR).1,2 However, the development of 

metastases and to a lesser degree local recurrence are still major problems, which 

will kill more than one out of three patients. From large randomized trials the most 

important risk factors for the development of LR are known: positive circumferential 

resection margin (CRM), nodal positivity and advanced T stage.3-5 Improvement of 

preoperative imaging has resulted in early recognition of these unfavourable factors 

and adaptation of the treatment regimen. Neoadjuvant radiochemotherapy (RCT) has 

been widely accepted in case of advanced tumours with threatened circumferential 

margins.  

But still, a number of patients without evident adverse factors develop local 

recurrence. In the Dutch TME study 42% of all local recurrences occurred in patients 

without the above mentioned risk factors (paper submitted: Patterns of local 

recurrence in the Dutch TME trial: bad tumor or bad surgery? M. Kusters, C.A.M. 

Marijnen, C.J.H. van de Velde, H.J.T. Rutten, M.J. Lahaye, J.H. Kim, R.G.H. Beets-

Tan, G.L. Beets ). 

The current paper analyzes patients who developed local recurrence without 

concomitant distant metastases. The goal was to search for additional morphological 

changes in the primary tumour that might predict the development of local 

recurrence, irrespective of the more obvious tumour characteristics. Theoretically, 

identification of these predictors could have consequences for the treatment 

planning. Despite the fact that randomized studies after introduction of TME surgery 

are lacking, sub group analyses indicate that chemotherapy may play a role in the 

prevention of locally recurrent disease.6-8 
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The histopathological markers studied were: tumour type, tumour differentiation, 

growth pattern, tumour budding and involvement of the serosa, nerves, lymphatic 

vessels, intramural and extramural veins. These markers potentially reflect the 

biological aggressiveness of the tumour, and they can be easily evaluated with 

standard pathology. They have been evaluated in colorectal cancer patients.9-13 The 

results showed a potential role in the prediction of recurrent (mostly distal) disease.  

In this relatively large cohort of patients with exclusively locally recurrent disease it is 

possible to evaluate the impact of these markers on local recurrence.  
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Materials and Methods 

Patients 

In this study, primary resection specimens of patients who developed LR after 

primary rectal cancer treatment (cases) were compared with those of patients who 

did not develop LR after primary rectal cancer treatment for at least 2 years 

(controls). The cases consisted of  patients, without metastases, treated with curative 

intent for locally recurrent rectal cancer at the Catharina hospital since 1994.14 The 

Catharina hospital is a national referral centre for the treatment of patients with locally 

advanced and locally recurrent rectal cancer and thus a relatively large group of non-

metastasized patients with potentially curable locally recurrent rectal cancer was 

available for analysis.15 Those patients who underwent surgery with curative intent 

for their primary rectal cancer and who had available histopathological slides and 

pathology reports of the primary rectal resection specimen were included in this study 

(92 out of 147). The case-control matching was done in a 1:2 ratio based on 

neoadjuvant treatment schemes (either no neoadjuvant treatment or a short course 

of radiotherapy of 5x5 Gray (Gy) or a long course of radio(chemo)therapy of 50.4 

Gy).  

Control patients were retrieved from two different patient populations in the same 

time period as the cases. Those who received no or 5x5 Gy neoadjuvant therapy 

were used from the Dutch TME trial, a large multicenter trial comparing patients with 

or without neoadjuvant radiotherapy before standardized TME surgery.16 Those who 

received 50.4 Gy as neoadjuvant treatment were used from a population of patients 

with locally advanced rectal cancer (LARC) referred to and treated at the Catharina 

hospital since 1994.17 From both populations, consecutive patients were included 
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until a 1:2 case-control ratio was achieved (Table 1). Approval of this study was given 

by the institutional review committee and informed consent was obtained. 

 

Neoadjuvant treatment 

Neoadjuvant treatment was administered according to the national guidelines at that 

time or according to randomization in the Dutch TME trial.16 Patients with primarily 

resectable cancer received either no neoadjuvant therapy or a short course of 5x5 Gy 

in one week. Patients with LARC were treated preoperatively with a long course of 

radio(chemo)therapy. Radiotherapy consisted of 50.4 Gy, 5 times a week in 28 

fractions of 1.8 Gy. In 40% of the patients, the radiotherapy was combined with 

chemotherapy consisting 5-FU (350mg/m2) plus leucovorin (20mg/m2) in week 1 and 

5 or capecitabine (2x825mg/m2/d) plus oxaliplatin (50mg/m2/week).  

 

Surgery 

All patients underwent surgery with curative intent either immediately (without 

neoadjuvant therapy), or one week after 5x5 Gy or 6-8 weeks after long course 

radio(chemo)therapy. TME trial patients underwent the standardized surgery 

according to the TME principle with excision of both the rectum and the surrounding 

mesorectal envelope along the mesorectal fascia.16 In earlier patients the 

significance of the mesorectal fascia may not have been recognized and they 

underwent a more classical resection of the rectal tumour. LARC patients underwent 

either TME or a more extensive resection, depending on the extent of tumour growth. 

As cases and control patients were retrieved from the same time period, no 

difference in surgical techniques was found between the 2 groups. 
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Histopathology 

The primary rectal cancer resection specimens were evaluated according to the 

protocol of Quirke and Dixon.18 The following histopathological factors were 

assessed: invasion depth (T classification), nodal status (N classification), 

circumferential resection margin (CRM) status, tumour type, tumour differentiation, 

growth pattern, tumour budding and involvement of the serosa, neural tissue, 

lymphatic vessels, intramural and extramural veins. Serosal involvement could be 

present when the tumour was located in the higher part of the rectum (between 

sacral promontory and cavum douglasi), which is partially covered by serosa. The 

assessment was performed on haematoxylin and eosin stained slides of the primary 

rectal cancer specimen by two observers in consensus reading. In case of difficulty or 

disagreement an expert gastrointestinal pathologist was consulted. The observers 

were blinded to patients’ outcome. T classification and N classification were 

assessed according to UICC 1997 (TNM 5th edition). Classification of tumours was 

performed using the WHO guidelines; a tumour was scored as adenocarcinoma, 

adenocarcinoma with a mucinous component (< 50%) or mucinous carcinoma 

(mucinous component ≥ 50%). Tumour differentiation was scored as well/ moderately 

versus poorly differentiated based on the area with the least differentiated part of the 

tumour (not the invasive front). Growth patterns were assessed as circumscribed or 

infiltrating. However, in patients who received 50.4 Gy this factor was not assessed, 

because tumour regression interferes with growth pattern. Lymphovascular invasion 

(LVI) was defined as tumour within an endothelial lined space either in the bowel wall 

or in the mesorectal fat. Venous invasion was defined as tumour within a space lined 

by endothelial cells and smooth muscle or elastic fibres. It can be divided into either 

intramural venous invasion (IMVI) or extramural venous invasion (EMVI: venous 
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invasion present outside the muscularis propria layer within the surrounding 

mesorectal fat). In addition, an adjacent arterial structure had to be present. Tumour 

budding was considered to be present when small tumour cell clusters of fewer than 

5 undifferentiated tumour cells were seen at the invasive front.  

 

Statistical analysis  

To compare proportions between recurrent group and control group Chi-Square and 

Fisher Exact tests were performed. To predict the development of LR by 

histopathological, patient (age, sex) and treatment (type of surgery) related variables 

logistic regression analysis was performed. Both enter method and forward step 

(variable entered if P<0.05) method analyses were used. The results were adjusted 

for the matching based on type of neoadjuvant treatment. After creation of the 

multivariate model the predicted probabilities were saved. With these probabilities a 

ROC curve was constructed in order to assess the accuracy of the model for the 

prediction of the development of a local recurrence. 

In the recurrent group, local recurrence free interval (LRFI) was calculated from the 

primary resection date until the local recurrence resection date. Local control (LC) 

curves were constructed using the Kaplan-Meier method. Cox proportional hazard 

regression was performed to correlate the histopathological, patient and treatment 

related factors with LC in a multivariate manner. A P-value of ≤ 0.05 (two-sided) was 

considered as statistically significant. Statistical analyses were performed using the 

SPSS statistical software program (SPSS® for Windows Release 15.0, SPSS Inc, 

Chicago, IL, USA). 
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Results 

Patient and treatment characteristics 

In total, 277 patients (163 men, 104 women) were included in this study. Median age 

was 62 (range 33-89).  Patients received either no neoadjuvant radiotherapy (n=129), 

5x5 Gy (n=66) or a long course of 50.4 Gy (n=82). This was followed by a low 

anterior resection (LAR) in 184 patients or an abdominoperineal resection (APR) in 

93 patients. After surgery, 29 patients had a positive CRM. Ninety-two patients 

developed LR after primary treatment. Median interval between primary and 

recurrence surgery was 27.5 months, range 3-156 months. Patient and treatment 

characteristics categorized according to the recurrent and control group are listed in 

Table 1. Median follow-up of the recurrent group was 58 months (range 13-289), for 

the control group it was 66 months (range 24-200). 

 

Histopathological factors in recurrent versus control group (Table 1) 

In patients who developed LR after primary rectal cancer treatment, a positive CRM 

was found in 16.3% versus 7.6% in the control group (P = 0.036). Furthermore, 

serosal involvement was present in 9.9% versus 1.1% in the control patients 

(P=0.001). Patients who developed LR, underwent a low anterior resection more 

often (77.2 vs. 61.1%, P=0.010) and had more tumours with a poor differentiation 

(23.9 vs. 13.3%, P=0.041) than control patients. Additionally, lymphovascular 

invasion (LVI) and extramural venous invasion (EMVI) were found more often in the 

recurrent group than in the control group (40.2% versus 11.4% and 41.3% versus 

13.0% respectively, both P<0.001).  

 

Logistic regression analysis 
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The whole population was analyzed in a univariate and multivariate manner with 

adjustment for neoadjuvant treatment (Table 2). Multivariate analysis (enter method) 

revealed LVI (Figure 1A, OR 5.26), EMVI (Figure 1B, OR 4.79), positive CRM (OR 

2.64) and a tumour with a mucinous component (OR 3.00) as independent 

parameters with an increased risk for a local recurrence. Poor differentiation reached 

borderline significance (OR 2.67, P=0.051). Patients with an older age and positive 

nodal status had a significantly lower risk for the development of a potentially 

resectable LR (OR 0.94 and 0.42 respectively). The area under the ROC curve of the 

predicted probabilities was 0.83 (95% confidence interval (CI) 0.78-0.88).  

The forward stepwise (LR) multivariate logistic regression analysis indicated the 

presence of LVI (OR 4.66, 95% CI 2.34-9.25, P<0.001), EMVI (OR 4.54, 95% CI 

2.30-8.95, P<0.001), positive CRM (OR 2.56, 95% CI 1.08-6.07, P=0.032), serosal 

involvement (OR 6.74, 95% CI 1.15-39.6, P=0.035) and poor differentiation (OR 2.59, 

95% CI 1.24-5.42, P=0.012) as factors with an increased risk to develop LR. Eighty-

two percent of patients in the recurrent group had either one of these factors. Older 

age was a protective factor (OR 0.95, 95% CI 0.93-0.98, P=0.001). The same 

independent factors were found in CRM negative patients (n=248): LVI (OR 4.27, 

P<0.001), EMVI (OR 4.91, P<0.001), serosal involvement (OR 6.31, P=0.040), poor 

differentiation (OR 3.13, P=0.005) and older age (OR 0.96, P=0.008). When taking 

only lymph node negative (N0) patients (n=201) into account, those with LVI or EMVI 

had an even higher risk on LR (OR 7.06 and 8.56 respectively, P<0.001). 

Furthermore, a poor differentiation had a negative impact on outcome (OR 2.61, 

P=0.044).    

 

Last paragraph of Results was removed.
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Discussion 

Most important histopathological factors 

The present study investigated the predictive value of several histopathological 

factors for the development of LR after primary rectal cancer treatment by comparing 

cases with controls. We found that a positive CRM, serosal involvement, LVI, EMVI 

and poor differentiation were the most important independent factors with an 

increased risk on LR. As has been frequently observed,4 positive CRM is key factor 

in the development of LR. However, with the use of improved surgical techniques a 

positive CRM will occur less and less often and as a consequence tumour-related 

factors may become more important. By using the case-control approach and 

patients with local recurrence only without distant metastases as point of departure, 

CRM, although still significant, became a less important prognostic factor in our 

study. In accordance to our findings, other authors have also shown that serosal 

involvement19 and poor differentiation9,20 have a negative influence on prognosis. The 

two most important factors in our analysis, also in CRM negative patients, were LVI 

and EMVI. LVI is regarded as a precursor of tumour growth in lymph nodes and 

many studies have demonstrated its prognostic significance.21 However, some 

studies were not able to prove its independent impact on LR rate and survival.12,13 

EMVI is regarded as early haematogenous cancer spread and has mainly been 

correlated with metastases22,23 and survival.12,20 In our study, however, we proved 

that EMVI was also strongly correlated with LR (OR 4.54, P<0.001).  

 

Variation in incidence of EMVI 

The incidence of EMVI in our study was 22% (43% in recurrent and 13% in control 

group). The incidence described in the literature varies widely, ranging from 10-
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90%.23 Quirke and Morris stated that on average a careful pathologist would find an 

EMVI in around 30% of the patients24 as was the case in our study. There are several 

reasons for the differences in incidence and prognosis. Intra- and extramural venous 

invasion are sometimes grouped together,11 as are lymphatic and blood vessel 

invasion.10 Moreover, interobserver variability may be substantial,19 because of 

infiltration/ destruction of vessel wall. Some authors advocate the use of special 

elastic tissue stains for the assessment of venous invasion.23,25 However, there is no 

agreement, because  this is labour intensive, time consuming, relatively expensive 

and results are contradictory.10,19 Incidence of venous invasion also depends on 

sampling and assessment of the resection specimen.26,27  

 

Selected population 

In our study, patients with positive lymph nodes had a lower risk to develop LR on 

multivariate analysis (enter method). At first sight, this may appear strange. However, 

our LR patients were sent to our hospital for recurrence treatment with curative intent 

(as can be indicated by the relatively good prognosis after surgery)14 and we assume 

that hence there is a selection bias for patients with curable LR. Despite the presence 

of  positive lymph nodes in the primary tumours of our patients, they might have a 

favourable prognosis based on other (clinical) parameters, and thus in this selected 

group lymph node positivity is probably not a sign of very advanced, and thus 

incurable disease. Similar argumentation can be used in cases treated with APR. On 

univariate analysis, they were less likely to develop a LR (data not shown), although 

several studies suggest that these patients generally have a poorer prognosis than 

patients who underwent a LAR.28,29  
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Limitation of the study 

The retrospective nature of our study introduced some bias, because although all 

available haematoxylin and eosin slides were thoroughly reviewed, the selection of 

the slides was dependent on the accuracy of specimen sampling by the initial 

pathologists. However, an area under the ROC curve of the predicted probabilities of 

0.83 indicates a high accuracy of our model for the prediction of the development of 

LR. In addition, a case-control design limits the generalization of our results. 

However, since the improvements in treatment have minimized the occurrence of LR, 

large patient populations are unavailable.  

 

Adjuvant chemotherapy 

The role of adjuvant chemotherapy is still unclear. No recent randomized studies 

have been performed and those that have been are of older date before the 

introduction of TME surgery.23 However, the EORTC study as well as the Quasar 

study indicate that in subgroups of patients adjuvant chemotherapy might be effective 

to reduce local recurrences.6-8 We believe that administration of adjuvant 

chemotherapy in patients with high risk factors (in our study EMVI, LVI, poor 

differentiation, positive CRM and serosal involvement) might be justified. In patients 

who normally do not receive adjuvant treatment (N0 patients) we found that the 

negative impact of both EMVI and LVI was even more pronounced. These factors 

might be important for the selection of UICC stage II patients who will benefit from 

adjuvant therapy. The QUASAR collaborative workgroup8 found that adjuvant 

treatment in all stage II colorectal cancer patients, irrespective of the presence of 

poor prognostic factors, improved survival and decreased both overall and local 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

 14

recurrence rates significantly. However, absolute improvement in survival was only 

3.6%. Patients selected based on poor prognostic factors might benefit more from 

adjuvant treatment. Furthermore, by making those careful selections and withholding 

adjuvant chemotherapy in low risk patients we can prevent unnecessary morbidity. In 

addition to more selective application of adjuvant treatment, follow-up regimens might 

be differentiated, providing more intensive follow-up in high risk patients and less 

radical follow-up in low risk patients. This will make the treatment of rectal cancer 

more individualized and more cost-effective.  

 

Conclusion 

In conclusion, positive CRM, serosal involvement, EMVI, LVI and poor differentiation 

are important independent factors predictive for the development of LR after primary 

rectal cancer treatment. These factors should always be reported in the pathology 

report and patients with these factors might be treated with adjuvant chemotherapy 

and followed-up more closely in order to prevent the occurrence of LR. In future, 

molecular markers may help us further to identify those patients with a high risk of 

developing local recurrence.  
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Figure legends 
Figure 1A.  

Lymphovacular invasion. Tumor invasion of a lymphatic vessel. T = tumor, arrow = 

lymphatic valve. (Hematoxylin and eosin stain; original magnification x 10.) 

 

Figure 1B.  

Extramural venous invasion. Tumor invasion of a vein in the mesorectal fat. T = 

tumor, arrow = artery, arrowhead = venous wall. (Hematoxylin and eosin stain; 

original magnification x 5.) 
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TABLE 1. Patient, treatment and histopathological 
factors in recurrent versus control group  
 Recurrent 

(n=92) 
Control 
(n=185) 

UICC-stage (TNM 5) 
  I 
  II 
  III 

 
12   
52   
28   

 
  59   
  78   
  48   

T-classification 
  1 
  2 
  3 
  4 

 
  1     
16   
62   
13   

 
  13     
  56   
108   
    8     

N-classification 
  N0 
  N+ 

 
64   
28   

 
137   
  48   

Tumor type 
  Adenocarcinoma 
  Mucinous component 
  Mucinous 

 
65   
17   
10   

 
147   
  23   
  15     

Differentiation 
  Well/ Moderate 
  Poor 

 
70   
22   

 
160   
  25   

Growth patterna 

  Circumscribed 
  Diffuse 

 
53   
13   

 
105   
  24   

Perineural Invasion   9       11     
LVI 37     21   
EMVI 38     24   
IMVI 13     15     
Tumor budding 23     34   
CRM      
  Negative 
  Positive 

 
77   
15   

 
171   
  14     

Serosa 
  Negative 
  Positive 

 
83   
  9     

 
183   
    2     

Values in parentheses are percentages unless otherwise specified. LVI, 
lymphovascular invasion; EMVI, extramural venous invasion; IMVI, intramural 
venous invasion; CRM, circumferential resection margin. anot assessed in 
patients who received long course neoadjuvant therapy. 
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TABLE 2. Logistic regression analysis for the whole population (n=277) of patient, 
treatment and tumor related factors predictive for a local recurrence 
 Univariate analysis 

OR        95% CI              
Multivariate analysis 

OR        95% CI              
T-stage 
  1 
  2 
  3 
  4 

 
1.00 
4.02     0.49-33.1        
8.44     1.07-66.7* 
25.0     2.67-234** 

 
1.00 
1.17     0.13-10.6        
2.19     0.25-18.9        
4.46     0.34-59.3        

N-stage 
  N0 
  N+ 

 
1.00 
1.22     0.70-2.11        

 
1.00 
0.43     0.20-0.93* 

Tumor type 
  Adenocarcinoma 
  Mucinous component 
  Mucinous 

 
1.00 
1.67     0.84-3.35        
1.56     0.66-3.70        

 
1.00 
3.00     1.26-7.11* 
1.91     0.51-7.12        

Differentiation 
  Well/ Moderate 
  Poor 

 
1.00 
2.10     1.10-4.03* 

 
1.00 
2.67     1.00-7.18        

Perineural invasion 1.74     0.69-4.37        1.80     0.56-5.81        
LVI 5.30     2.86-9.83***  5.26     2.43-11.4*** 
EMVI 4.73     2.60-8.62*** 4.79     2.20-10.5*** 
IMVI 1.86     0.84-4.11       1.87     0.69-5.08     
Tumor budding 1.49     0.81-2.75        1.39     0.63-3.06     
CRM 
  Negative 
  Positive 

 
1.00 
2.49     1.13-5.47* 

 
1.00 
2.64     1.02-6.80* 

Serosa 
  Negative 
  Positive 

 
1.00 
10.2     2.15-48.8** 

 
1.00 
2.76     0.29-26.6        

Logistic  regression (ENTER method); in both univariate and multivariate analysis, the factors were adjusted for 
neoadju-vant treatment. OR, odds ratio; 95% CI, 95% confidence interval; LVI, lymphovascular invasion; EMVI, 
extramural venous invasion; IMVI, intramural venous invasion; CRM, circumferential resection margin; *0.01<P 
value<0.05; **0.001<P value<0.01; ***P value<0.001.  
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