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AbStrACt

Background The improvement in local control by preoperative radiotherapy for rectal 

cancer can be at the cost of substantial morbidity.

Aim of the Study: To determine the impact of short course preoperative radiotherapy 

on morbidity and mortality after total mesorectal excision (TME) in a low-volume 

hospital. 

Methods: From 2000 to 2007, 104 patients underwent rectal resection for a proven ma-

lignancy. Outcome parameters including anastomotic leakage rate, duration of hos-

pital stay and survival were retrospectively compared between patients who received 

radiotherapy followed by resection and patients who underwent resection alone.

Results: Anastomotic leakage occurred in 11 of 28 patients (39%) who underwent 

radiotherapy and in 10 of 54 patients (19%) in the surgery alone group (p=0.04). The 

length of hospital stay was significantly longer in the radiotherapy group in compa-

rison with the surgery alone group (median 22  vs. 12 days; p=0.002). Independent 

predictors of decreased overall survival were high ASA classification, application of 

preoperative radiotherapy, necessity of ICU admission and advanced pathological 

stage.

Conclusions: A negative impact of preoperative radiotherapy on morbidity and morta-

lity after rectal cancer surgery with an annual caseload of 16 was observed. Auditing 

of local practices is essential for quality control and potential improvement of clinical 

outcome.

iNtrOduCtiON

 Local recurrence is a major problem in rectal cancer surgery with a substan-

tial impact on quality of life especially due to intractable pain. Surgery is the cor-

nerstone in the treatment of rectal cancer and a free circumferential margin is the 

most important factor to prevent local recurrence.1-3 The introduction of total mes-

orectal excision (TME) has resulted in a more than 50% reduction of local recurrence 

rate.4,5 Adding preoperative radiotherapy with a biological equivalent dose of at least 

30 Gy led to a further decrease in local recurrence rate with an absolute risk reduc-

tion of 12% in a meta-analysis by Figueredo et al.6 Various radiotherapy schemes are 

used worldwide with similar results, but there is no consensus about the most optimal 

scheme because there are no comparative studies. For locally advanced rectal cancers 

(T3-4 or N2), long course radiotherapy (45-50 Gy with a daily dose of 1.8 to 2 Gy) 

with concurrent chemotherapy is now becoming standard of care.7

 The improvement in local control by preoperative radiotherapy can be at the 

cost of substantial morbidity. Significantly higher rates of early postoperative adverse 

events have been reported after preoperative radiotherapy in comparison with surgery 

alone.6-9 More importantly, late side effects in irradiated patients, including feacal 

incontinence and sexual dysfunction, may have a negative impact on quality of life.10,11 

 One of the most serious complications after rectal surgery is anastomotic 

leakage as it can lead to life-threatening pelvic sepsis and often requires surgical 

reintervention. Failure of the anastomosis is also associated with long term side effects 

such as impaired anorectal function and sexual dysfunction and some studies find an 

increased risk of local recurrence.12,13 In contrast to results from large randomised stu-

dies, individual experiences from non-specialised low-volume hospitals suggested an 

increased risk of anastomotic leakage after preoperative radiotherapy.14-16 Because we 

had similar experiences this study was initiated in order to assess morbidity and mor-

tality of total mesorectal excision with special emphasis on anastomotic leakage after 

the introduction of short course preoperative radiotherapy in an unselected cohort of 

patients.

PAtieNtS ANd methOdS

 Between 2000 and 2007, 115 consecutive patients underwent a rectal resec-

tion according to TME principles for a proven malignancy at the Sint Lucas Andreas 

Hospital, a large community teaching hospital in Amsterdam, the Netherlands. There 

were 65 males and 50 females with a mean age of 70 years (range 45-95 years). For the 
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purpose of this study, data were retrospectively collected from the clinical records of 

all patients. Standard preoperative work-up included digital examination and colono-

scopy with biopsy of the tumour, and in recent years also radiological imaging by 

endoscopic ultrasonography (EUS) or magnetic resonance imaging (MRI).

  

 Thirty-nine of the 115 patients (34%) with resectable rectal cancer and the 

inferior tumour margin 15 cm or less from the anal verge underwent short course 

preoperative radiotherapy. Eleven patients (10%) underwent long course radiotherapy 

because of clinical T3-4 stage according to preoperative EUS or MRI findings. These 

11 patients were excluded from further analysis, resulting in a study group of 104 

patients. Thirty-four of 65 patients not receiving radiotherapy were treated before im-

plementation of the results of the Dutch TME trial. The remaining 31 patients did not 

receive radiotherapy because of patient’s refusal or poor performance status. Clinico-

pathological characteristics of the patients who underwent short course preoperative 

radiotherapy and those who underwent immediate surgery are summarised in Table 1.

 Patients assigned to preoperative RT received a total dose of 25 Gy in five 

fractions during 5 to 7 days. The clinical target volume included the primary tumour 

and the mesentery with vascular supply, containing the perirectal, presacral, and the 

internal iliac nodes (up to the S1/S2 junction). The treatment was delivered with three 

portals box technique. Treatment time was from Monday to Friday, with surgery on 

the following week, not to exceed 10 days. No concurrent chemoradiotherapy was 

given.

 All patients received an enema in the morning prior to surgery. Preoperative 

mechanical bowel preparation was not routinely applied. All operations were perfor-

med or supervised by one colorectal surgeon (WFT), who participated in the surgi-

cal quality assurance program advocated by the TME trial.17 All anastomoses were 

stapled with a side-to-end configuration, except for four patients in whom a J-pouch 

was constructed. A colorectal anastomosis was performed in 35 patients (34%) with a 

tumour located 10 to 15 cm from the anal verge. Forty-seven patients (45%) who had 

a distance between the tumour and the anal verge of 5 to 10 cm underwent a coloanal 

anastomosis. The distance to the distal tumour margin was determined on endoscopy. 

Patients were given a protective loop ileostomy at the discretion of the surgeon. A 

protective loop ileostomy was constructed more often when patients had undergone 

preoperative radiotherapy: 21/28 (75%) versus 10/54 (19%; p<0.001).    

Fifteen patients (14%) with a tumour located in the most distal part of the rectum 

(0-5 cm from the anal verge) underwent an abdominoperineal resection (APR). A 

Hartmann procedure with permanent colostomy was performed in seven patients 

(7%). Postoperative oral intake was started depending on nausea, bowel movements, 

nasogastric tube production (if applied), and passage of flatus or stools. No fast track 

recovery programmes were used during this study period, although patients were 

stimulated to early mobilisation and to a normal diet as soon as possible.

 Morbidity was quantified by four variables: anastomotic dehiscence, necessity 

of admittance to the Intensive Care Unit (ICU), length of stay at the ICU and length 

of total hospital stay. Anastomotic leakage was defined as leakage confirmed during 

relaparotomy, as drainage of pus per anum, as an anastomotic defect at digital exami-

nation, or as a radiological leakage with clinical symptoms suggestive of anastomotic 

dehiscence.

 After discharge from the hospital, all patients were carefully followed every 

three months during the first two years, and every six months for the following three 

years. The status of those patients not visiting the outpatient clinic was determined 

by contacting the patients or their general practitioner. Follow-up was complete until 

April 2007, and three patients (3%) were lost to follow-up after a mean period of 31 

months. Median follow-up was 35 months (range 4-70) in the radiotherapy group and 

51 months (range 4-83) in the surgery alone group. Mortality was assessed based on 

all causes of death.

Table 1     Clinicopathological characteristics of 104 rectal cancer patients, who underwent surgical resection 
according to TME principles without or with short course preoperative radiotherapy

Characteristic TME alone RT + TME p
   n=65  n=39
  
Age (median (range)) years 71 (47-95) 73 (45-88) 0.5
Sex (male : female) 40 : 25 19 : 20 0.2
ASA classification
 1  17 (26%) 17 (44%)
 2  29 (45%) 11 (28%)
 3  19 (29%) 11 (28%)
Pathological stage according to AJCC    0.6
 Stage 1 (T1-2N0M0) 19 (29%) 11 (28%)
 Stage 2 (T3N0M0) 30 (46%) 14 (36%)
 Stage 3 (T1-3N1-2M0) 13 (20%) 12 (31%)
 Stage 4 (T1-3N1-2M1) 3   (5%) 2   (5%)
Type of Surgery    0.2
 Colorectal anastomosis 27 (42%) 8   (21%)
 Coloanal anastomosis 27 (42%) 20 (51%)
 Abdominoperineal resection 6   (9%) 9   (23%)
 Hartmann procedure 5   (7%) 2   (5%)

Data are numbers of patients unless stated otherwise, TME=total mesorectal excision, RT=preoperative  
radiotherapy, ASA=American Society of Anesthesiologists44,  AJCC= American Joint Committee on 
Cancer 200045
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 To determine significance of differences between two groups of patients, 

Chi-square and Fisher’s exact tests were used for categorical variables and the Mann-

Whitney test for continuous variables. Survival probabilities were estimated using the 

Kaplan-Meier method and log rank test was used for bivariable analysis of prognostic 

factors. Multivariate Cox proportional hazards regression was conducted to investiga-

te independent predictors of overall survival for the whole group of patients. Variables 

were entered in the multivariate model if the p-value was less than 0.2 in univariate 

analysis. For all analyses, a p-value less than 0.05 (two-sided) was considered statisti-

cally significant. Statistical analyses were performed with Statistical Package for the 

Social Sciences software (SPSS 12.0, Chicago, IL, USA).

reSuLtS

 As shown in Table 2, anastomotic leakage, hospital stay, and in-hospital 

mortality were significantly different in favour of the surgery alone group compared 

with the group who underwent resection with short course preoperative radiotherapy. 

The significantly higher postoperative mortality after preoperative radiotherapy had a 

significant impact on overall survival as shown in Figure 1 (p=0.02). 
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Table 2     Clinical outcome parameters of 104 rectal cancer patients, who underwent surgical resection 
according to TME principles without or with short course preoperative radiotherapy

Characteristic TME alone RT + TME p
   n=65  n=39
  
Necessity of ICU stay 8 (12%) 8 (21%) 0.26
Reason for ICU admittance
 Abdominal sepsis 3  3
 Respiratory failure 0  1
 Cardiac failure 2  3
 Postoperative 3  1
Complications
 Anastomotic leakage (n=54 versus n=28) 10 (19%) 11 (39%) 0.04
 Pneumonia 2 (3%) 4 (10%) 0.19
 Myocardial infarction 0  3 (8%) 0.05
 Wound abces 4 (6%) 4 (10%) 0.47
 Urinary tract infection 2 (3%) 2 (5%) 0.63
 Adynamic ileus 3 (5%) 5 (13%) 0.15
 Fascia dehiscence 1 (2%) 3 (8%) 0.15
 Haematoma / bleeding 2 (3%) 1 (3%) 0.10
 Other*  5 (8%) 2 (5%) 0.71

Duration of ICU stay (median (range)) days 4 (3-25) 15 (2-45) 0.06
Hospital stay (days) 12 (5-67) 22 (2-93) 0.02
In-hospital mortality 5 (8%) 10 (26%) 0.01

TME=total mesorectal excision, RT=preoperative radiotherapy, ICU=intensive care unit
*  Other complications were metabolic encephalopathy, fasciitis, central venous line sepsis, glottic edema, 

bowel ischemia, pancreatitis, sepsis eci and a cerebrovascular accident.

Table 3   Univariate analysis of potential predictors of overall survival (n=104)

Variable  p*

Age (≥70 years) 0.02
ASA classification 0.03
Preoperative radiotherapy 0.02
Protective ileostomy 0.09
Anastomotic leakage 0.04
Necessity of ICU stay <0.001
Stage according to AJCC 0.006

ASA=American Society of Anesthesiology44, AJCC=American Joint Committee on Cancer45, *log rank test

Table 4   Multivariate survival analysis with Cox regression model (n=104)

Variable Hazard ratio 95% CI p
   Lower   Upper

ASA classification 21 12 35 0.007
Preoperative radiotherapy 25 12 52 0.015
Necessity of ICU stay 49 22 107 <0.001
Stage according to AJCC 21 14 33 0.001

ASA=American Society of Anesthesiology44, AJCC=American Joint Committee on Cancer45

Figure 1 Overall survival of rectal cancer patients undergoing surgery alone (n=65; drawn 
line) or short course radiotherapy (RT) followed by surgery (n=39; interrupted line)  
(log rank p=0.02)
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Univariate analysis of potential predictors of overall survival is depicted in Table 3. 

In multivariate regression analysis, high American Society of Anesthesiology (ASA) 

classification, application of preoperative radiotherapy, necessity of ICU stay, and ad-

vanced tumour stage according to American Joint Committee on Cancer (AJCC) were 

independent risk factors for poor overall survival (Table 4).

  

 Perineal wound infection occurred in three of the nine patients who had 

undergone preoperative radiotherapy before APR. Two of these three patients had a 

deep infection with dehiscence of the perineal wound. None of the six patients in the 

surgery alone group developed a perineal wound complication of the APR (p=0.23).

Morbidity and mortality after anastomotic leakage was evaluated in the group of 82 

patients who had an anastomosis. Anastomotic leakage occurred in 21 of 82 patients: 

10 of 54 patients (19%) in the surgery alone group and 11 of 28 patients (39%) in the 

short course radiotherapy group (Table 2 and 3; p=0.04). Relaparotomy was required 

in eight (15%) and four (14%) patients (p=1.0), and transanal drainage in one (2%) 

and six (21%) patients (p=0.006), respectively. One patient (2%) was treated conser-

vatively in the surgery alone group and one patient (4%) in the radiotherapy group 

(p=1.0). Anastomotic leakage rates and management of this complication for patients 

with or without loop ileostomy are displayed in Table 5. 

 Anastomotic leakage was observed in 7 seven of the 35 patients (20%) who had 

a colorectal anastomosis: six of 27 patients (22%) without preoperative radiotherapy 

and one of 8 patients (13%) with preoperative radiotherapy (p=0.9). In 14 of 47 patients 

(30%) with a coloanal anastomosis, leakage occurred in four of 27 patients (15%) wit-

hout preoperative treatment and 10 of 20 patients (50%) with preoperative radiotherapy 

(p=0.01). Anastomotic leakage occurred in 10 of 31 patients (32%) with a protective 

ileostomy versus 11 of 51 patients (22%) without ileostomy (p=0.28; Table 5). 

Postoperative stay at the ICU was required in eight of 54 patients (15%) with an 

anastomosis in the surgery alone group and in six of 28 patients (21%) who under-

went preoperative radiotherapy (p=0.45). Five of the 21 patients who suffered from an 

anastomotic dehiscence died in-hospital, of whom four patients had been treated with 

preoperative radiotherapy.

diSCuSSiON

 This study reports a substantial anastomotic leakage rate after preoperative 

radiotherapy for rectal cancer. In addition, irradiated patients had a significantly lon-

ger hospital stay and higher postoperative mortality. These alarming results suggest an 

association between radiotherapy and anastomotic leakage with a subsequent impact 

on postoperative mortality, confirming findings by Vermeulen et al.16 However, these 

are non-randomised, single-centre studies. Several large randomised multicentre  

trials did not show a significant difference in anastomotic leakage between patients 

who underwent preoperative radiotherapy and surgery alone.9,18-20  

 How can these contradictory findings be explained? The present study has the 

risk of a selection bias as the patients were not randomly assigned to the two different 

treatment strategies. The radiotherapy group consisted of relatively more patients with 

ASA 1 and a low anastomosis in comparison with the surgery alone group, although 

these differences were not significant (Table 1). It is a striking observation that even 

patients who underwent surgery alone had a relatively high percentage of anastomotic 

leakage (Table 2). This might be partly explained by the relatively high age of our po-

pulation (median age 70 years) associated with relevant comorbidity. This is demon-

strated by the finding that about one third of the patients had an ASA classification 

higher than two, which has been identified previously as a risk factor for anastomotic 

leakage.21,22

 It has been suggested that the accelerated fractionation of the preoperative 

radiotherapy, as developed in Scandinavia three decades ago, is associated with an in-

creased acute toxicity. The Stockholm I trial showed a higher postoperative mortality 

in the group of patients with short course 5x5 Gy radiotherapy in comparison with 

surgery alone.23 The Uppsala trial, however, did not show any influence on mortality 

of short course preoperative radiotherapy.24 Because of the difference in radiotherapy 

Table 5   Anastomotic leakage and its management in patients with or without a ‘protecting’ loop ileostomy 
who underwent TME alone or TME preceded by short course radiotherapy (5x5 Gy)

    TME alone  short course RT + TME
    n=54  n=28

   No ileostomy  ileostomy No ileostomy  ileostomy
   n=44  n=10 n=7  n=21

Level of anastomosis
 Colorectal anastomosis 23  4 3  5
 Coloanal anastomosis 21  6 4  16
Anastomotic leakage 8 (18%)  2 (20%) 3 (43%)  8 (38%)
Management of complication
 Relaparotomy with ileostomy 3*  0 1  0
 Relaparotomy with abcess drainage 1  0 0  0
  Relaparotomy with breakdown   

of the anastomosis and colostomy 4*  1 1  2 
Digital transanal drainage 0  1 0  6 
Conservatively 1  0 1  0

TME=total mesorectal excision, RT=radiotherapy, *=one patient initially underwent ileostomy, but colostomy 
was constructed at second relaparotomy
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protocol between these trials, it was concluded that acute toxicity and postoperative 

mortality is related to the number of radiation beams and the extension of the radi-

ation fields.25 Therefore, a minimum of three radiation beams and a radiation field 

below the sacral promontory is recommended.26 Our radiotherapy protocol fulfil-

led these criteria and is unlikely to be an explanation for the increased postoperative 

complications and mortality observed in the present study. There are no randomised 

studies at present comparing short course preoperative radiotherapy with preoperative 

conventionally fractionated schedules. A trial from the Polish Colorectal Study Group 

almost fits this study design; concurrent 5-fluorouracil and leucovorin was added to 

the long course radiotherapy group.27 Similar percentages of postoperative complicati-

ons, local control, survival, and late toxicity were found. Craven and Sebag Montefiore 

conclude from their recently published review that there is no convincing evidence 

to suggest that modern radiotherapy increases postoperative mortality, small bowel 

obstruction, pelvic fractures, or fistulae.26 Several studies have shown that outcome 

of rectal surgery is related to surgical volume.28-30 In the present study, a total number 

of 115 patients were treated over a 7-year time period by a single surgeon, resulting 

in an average hospital and surgeon volume of 16 patients per year. In the Northern 

Region Colorectal Cancer Audit Group of the United Kingdom perioperative death 

was higher below an annual caseload of 18.5 rectal cancer resections per surgeon.28 

However, the authors conclude that a specialist colorectal surgeon not having a large 

cancer workload may still obtain excellent results. Analysis of a colorectal cancer 

database from Maryland, USA showed that high-volume surgeons (annual caseload > 

10) had a significant lower in-hospital mortality and hospital stay in comparison with 

low-volume surgeons (annual caseload ≤ 5) irrespective of hospital volume.31 Schrag 

et al.30 showed that not hospital volume, but only surgeon-specific volume was related 

to 2-year mortality after rectal cancer resection. Neither of the volume parameters was 

associated with 30-day mortality. 

 

 However, even high-volume surgeons in this study had a caseload of only six 

to 26 in the 5-year study period (annual caseload of one to five) and should be consi-

dered as low-volume surgeons according to other investigators. Diversity of definitions 

for hospital and surgeon volume makes the 'volume-outcome' relationship difficult to 

interpret. Volume seems to be only a surrogate measure of quality, and the literature is 

unable to determine how accurate volume is in predicting outcome after rectal cancer 

surgery in terms of the individual centre or surgeon.32-34

 Education, training, and auditing are essential for quality improvement.33 

In the Dutch TME trial, all participating hospitals were given information by work-

shops, symposia and instruction videos and the first five TME procedures had to be 

supervised by an instructor surgeon.17 This has led to a substantial reduction in local 

recurrence rates and improved long term outcome.4 A comparable surgical training 

program was launched in Sweden and Norway, where similar results were found.5,35 

In addition, a valid and reliable registration system is crucial to improve quality of 

care as shown by the Swedish population-based rectal cancer registry.36 As stated 

by Wexner and Rotholtz37, surgeons should be aware of their own practice patterns 

and their results should be audited. In Sweden, local or regional problems are dis-

cussed at yearly meetings with those responsible for registration at each hospital. We 

are currently implementing a national colorectal cancer registry in the Netherlands 

(the Dutch Surgical Colorectal Audit; http://www.dsca.nl). Based on this registry, 

standards can be set, and those not within the limits are stimulated to re-evaluate and 

improve their treatment strategies.

 Changes in practice to improve surgical quality and outcome might include 

further specialisation and modification of technique. In our study, a loop ileostomy 

was not protective for anastomotic dehiscence, but it might alleviate the clinical 

course, as stated by others.38 A study by Matthiessen et al.,39 in which patients who 

underwent low anterior resection were randomised between loop stoma or no loop 

stoma,  showed a significantly different symptomatic anastomotic leakage rate of 10% 

and 28%, respectively. Decisions concerning feacal diversion should include patient’s 

comorbidity, ease of the operation, level of anastomosis, intraoperative blood loss, and 

the use of preoperative and postoperative adjuvant therapy.37,38 In the present study, 

the negative impact of radiotherapy on anastomotic leakage was mainly found in 

patients who had a low coloanal anastomosis and, therefore, we now create a defuncti-

oning stoma more liberally in these patients. 

 

 In addition, it may be helpful to have two or three surgeons involved in rectal 

surgery who supply mutual perioperative support. Debes et al.32 reported adequate re-

sults in a low-volume hospital (annual case load of four), where the main surgeon and 

first assistant were both certified gastrointestinal surgeons in 85% of the resections. 

As a consequence of the findings in the present study, rectal surgery is now performed 

by two senior staff surgeons, who are specialised in colorectal surgery. 

 The initial enthusiasm regarding the favourable impact of preoperative radio-

therapy on local recurrence has somewhat tempered over the last years. Besides the 

early and late side effects as already mentioned, an increased risk of radiation induced 

second primary cancers has been described.40 Furthermore, treatment options in case 

of locally recurrent disease are limited, as irradiated patients cannot be treated with 

further radiotherapy. With no difference in median time between surgery and diagno-

Rectal cancer; critical appraisal of current treatment Outcome of rectal cancer surgery after the introduction of preoperative radiotherapy in  
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sis of local recurrence, median life expectancy of irradiated patients who developed a 

local recurrence was shortened from 16 to 6 months compared to patients who under-

went TME alone.41

 With the recently published 5-year results of the Dutch TME trial, there is 

still a persistent and highly significant effect of radiotherapy on local recurrence rates. 

In subgroup analysis, although potentially biased, radiotherapy seems only effective 

in patients with lesions between 5 and 10 cm from the anal verge, nodal involvement, 

TNM stage III, and uninvolved circumferential resection margins.42 Especially as 

mortality is not influenced by radiotherapy, adequate patient selection seems impor-

tant to prevent overtreatment with its possible adverse events. Clearly, the decision 

to treat rectal cancer patients with preoperative radiotherapy should be a weighed 

balance between potential benefits and harms.43
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