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Introduction 

History 
The oldest medical report found regarding surgical treatment is described in 
the “Edwin Smith Papyrus” which was discovered in Egypt and dated to 
2500-3000 before Christ1. The oldest surgical textbook was probably written 
in the 7th century after Christ by the Indian philosopher Sushruta, considered 
by many to be the father of surgery. In this book Sushruta described different 
surgical instruments and methods1 2.   

The word carcinoma was first used by the Greek philosopher Hippocrates 
(460-370 BC) and then translated to the Greek term cancer by Celsus (28-50 
BC), a Roman philosopher. At that time cancer was considered a fatal  
disease.  The “Epitome of Medicine” was a book written by the Byzantin 
doctor Paul of Aegina in 600 AD, in which he wrote that it was useless to 
perform an operation for cancer in the uterus but that cancer in the breast 
should be extirpated if possible3. In the year 1025, the “Canon of the  
Medicine” was prepared by the Persian philosopher and doctor Abu Ali Sina 
Balkhi4. He described cancer as a growing tumour that spreads to adjacent 
organs, and that the appropriate surgical treatment is to remove all cancer 
transformed tissues, even if it results in an amputation or removal of a  
vessel.   

It was not until the 18th century, however, that modern medicine can be 
said to have truly developed. The autopsies performed by Giovanni Morgag-
nis (1761) laid the scientific groundwork for future studies on  
cancer. In 1674, Leeuwenhoek constructed the first microscope and Rudolf 
Virchow (1821-1902) correlated the clinical picture with microscopic  
findings and laid the foundation for modern pathological studies on cancer.  
In the middle of the 19th century, the discovery of more potent anaesthesia 
resulted in even greater development of surgical treatments. 

Due to its localization, a cancer in the rectum is easily accessible. The  
intention of the initially available treatments such as hot baths, softening 
enemas, and dilation catheters was only for palliation. 

The first surgeon to perform a rectal amputation due to cancer was 
Jacques Lisfranc (1790-1847) in Paris. The operation comprised a perineal 
incision, dissection of the distal rectum and resection of the rectum above the 
tumour, which resulted in a perineal colostomy. Paul Kraske (1851-1930) 
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introduced his operation in 1885. He excised the coccyx and lowest part of 
the sacrum, opened the peritoneum from the perineal incision, mobilised the 
colon and, after excision of the tumour, performed an end-to-end anastomo-
sis to the rectal stump, or a perineal colostomy. J. P. Lockhart-Mummery 
(1875-1957) divided the rectal cancer operation in two steps: a loop  
colostomy through a laparotomy was initially performed and, up to 10 days 
thereafter, he excised the tumour by perineal dissection, ligated the vessels 
as proximally as possible and left the sutured distal rectal stump in the  
perineum2.  

In 1907, Ernest Miles (1864-1947) performed the first combined elective 
abdominal and perineal operation for rectal cancer5. After the abdominal 
phase of the operation, the patient was turned to the right side to proceed 
with the perineal phase. The operation was more extensive, with excision of 
the rectum and anal canal with its lymphatic drainage2.   

Hartmann’s procedure6 was described in 1923 by the French surgeon 
Henri Albert Hartmann (1860-1952), and anterior resection was described by 
C. F. Dixon in 19487. With the development and improvement of circular 
stapling devices the restorative technique was improved further still. 

Definition / incidence/ symptoms 
The most common definition of a rectal cancer is a tumour with the lowest 
margin within 15 cm from the anal verge. Another definition is a tumour 
with the lowest margin below the sacral promontory on a bowel enema  
exam, MRI, or findings at operation.  

World wide, colorectal cancer is the fourth most common cancer and its 
incidence is increasing in countries as England and Japan8. In Sweden,  
colorectal cancer is the second most common carcinoma for men after  
prostate cancer and for women after breast cancer. During 2007, there were 
5873 new cases of colorectal cancer in Sweden and rectal cancer accounts 
for 34% of these cases (1988 new cases in the year 2007). 

The incidence of rectal cancer has increased in Sweden between the years 
1970 to 2007 (from 15 to 25 new cases per 100000 inhabitants for men and 
11 to 18 new cases per 100000 inhabitants for women)9.  

The most common symptoms of a rectal cancer are rectal bleeding and a 
change in bowel habits. A rectal cancer may also present with abdominal 
pain and signs of acute obstruction. Other cancer-related symptoms such as 
anaemia, and loss of appetite and weight are frequently seen. Often  
symptoms are vague or believed to be caused by haemorrhoids and the  
patients are unpleasantly surprised by the diagnosis.  
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Preoperative investigation 
The aim of the preoperative investigation is to collect sufficient information 
about the patient and the tumour to offer an individualized treatment. If  
possible, a colonoscopy is performed to detect synchronous tumours in the 
colon.  

 
Figure 1. Endoscopic view of a rectal cancer. 

A CT of the abdomen and thorax is performed to detect distant metastases 
and a MRI of the rectum or rectal US is performed to stage the cancer  
locally. 

 
Figure 2. CT of abdomen showing multiple liver metastases. 
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Both rectal US and MRI can predict T stage with acceptable sensitivity (77-
92%) and specificity (50-74%), but both modalities have difficulties in  
predicting N stage. Lymph nodes are judged according to shape and signal, 
there is, however, a low correlation between lymph node size and risk of 
tumour growth10 11. In clinical practice, the most important information  
obtained by MRI is the distance of the tumour to the imaginary CRM that is 
the mesorectal fascia12. MRI has a high sensitivity (88-92%) and specificity 
in predicting potential CRM involvement13. MRI also gives a good  
prediction of the possible invasion of the tumour to adjacent organs.  

 
Figure 3. MRI of the rectum with a rectal cancer (T2N0). Arrows on the important 
mesorectal fascia.  

Important factors that are associated with prognoses such as tumour distance 
from anus, T stage, N stage, extramural tumour growth, distance of tumour 
or lymph node to the mesorectal fascia, tumour extension to other organs and 
distant metastases can be assessed by the preoperative investigation and will 
guide further treatment. 

To simplify planned treatment, tumours, based on the preoperative ex-
amination, can be divided into three categories: “good”, “bad” and “ugly”14 

15. In short, early T1-2 tumours without lymph node metastases are regarded 
as “good” if situated in the mid or upper rectum. T3b tumours in the lower  
rectum and all T3c-d are regarded as “bad”, as well as tumours with  
suspicious positive lymph nodes. Tumours that involve the mesorectal fascia 
or invade other organs are regarded as “ugly”.  
The information collected in the preoperative investigation is presented at 
the preoperative MDT meeting and a decision is made on the specific  
treatment for each patient.  
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Already at the first visit those patients who need it are presented to a  
dietician to start a nutritional support programme and to a stoma nurse, as 
many patients receive temporary stomas. Contact nurses working in close 
collaboration with the surgeons act as support for the patients and guide 
them through the ward chain both pre- and postoperatively. They may also 
play an important role in the follow-up of rectal cancer patients16.  

Adjuvant oncological treatment  
Radio- or chemotherapy may be given before (neoadjuvant) or after  
(adjuvant) surgery.   

Pre-17-20 or postoperative21 radiotherapy reduces the risk of local  
recurrence. Preoperative radiotherapy in addition to surgical treatment  
improves survival18 but postoperative radiotherapy in addition to surgery has 
not been shown to improve survival if it is not given in conjunction with 
chemotherapy22. In a large randomized trail23, preoperative radiotherapy 
decreased local recurrences even when surgical treatment was optimal (TME 
performed), but the addition of TME surgery to preoperative radiotherapy 
did not lead to improved survival.  

Preoperative radiotherapy is given in different schemes. Short-course  
radiotherapy (5 Gy) given over five days, and surgery within one week is the 
most common and most studied scheme17-19 23. Short-course radiotherapy is 
well-tolerated by the patients and both short24 and long-term25 side effects 
are few. Short-term radiotherapy also decreases the risk of local recurrences 
compared with postoperative radiotherapy26. Preoperative radio-
chemotherapy compared with postoperative radiochemotherapy for  
advanced rectal cancer patients operated with TME leads to fewer acute side 
effects, and the risk of local recurrence development is decreased27.  

Put simply, when a patient has a “good” tumour there is no need for  
neoadjuvant therapy in addition to TME surgery. Patients with “bad”  
tumours mostly receive preoperative short-course radiotherapy with  
immediate surgery. Patients with “ugly” tumours undergo preoperative  
radiochemotherapy or short-course radiotherapy with delayed surgery14. 
Delayed surgery up to 4-8 weeks after completion of short-course  
radiotherapy is the subject of an ongoing randomized trial28. Even though 
radiochemotherapy for advanced rectal cancer is used in many institutions 
for advanced tumours27 29 30, its value in terms of improved survival over 
preoperative radiotherapy has not been proven in any randomized clinical  
trials31 32. 
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Surgical treatment  
Rectal cancer surgery was earlier performed by blunt pelvic dissection  
without consideration for the embryological planes, resulting in high local  
recurrence rates (30-50%)33 and high postoperative morbidity and mortality. 
In 1982, Heald34 introduced the TME technique and reported very low local 
recurrence rates, less than 5% without preoperative RT.  

With the TME technique the surgeon dissects in the embryological  
avascular plane outside the mesorectal fascia which encloses the perirectal 
fat with the important lymph nodes. A sharp dissection, usually with a  
diathermy or scissors, is performed and the whole rectal mesentery down to 
the pelvic floor is completely excised with preservation of the hypogastric 
and sacral nerves.   
 
There are three different abdominal operations for rectal cancer with curative 
intent:  

1. Resection of the tumour and reconstruction of anastomoses  
(anterior resection) 

2. Resection of the tumour without anastomoses (low Hartmann) 
3. Resection of the tumour and the anus (abdominoperineal  

resection)  

Bowel resection  
All patients should have a potential stoma site marked. Oral colon cleansing 
is reserved for patients who will be operated with an anterior resection, as 
most will receive a defunctioning loop ileostomy. A rectal enema is  
sufficient for patients who will be operated with low Hartmann or APR. The 
surgical technique for a low Hartmann and an anterior resection is the same 
except for the performance of the stoma.  

At our institution, the surgeon wears a headlight to improve vision. The 
abdominal dissection is performed mostly with a diathermy to minimise 
bleeding and to improve vision in the pelvis. In most cases, a high ligation of 
the inferior mesenteric artery is performed, although the value of this has not 
yet been scientifically proven35 36. The pelvic nerve plexus is identified and, 
unless there is any suspicion of tumour invasion, preserved. The mesorectal 
excision is performed without damaging the mesorectum and is carried down 
to the pelvic floor. In cases with tumour overgrowth to other structures, an 
en bloc resection of the involved organ is performed. Before the rectal stump 
is divided, the rectum is washed out with an alcohol solution (always more 
than 500 ml)37 38. The anastomosis is performed with a circular stapler device 
and, in most cases, an end to side anastomosis or a J-pouch anastomosis is 
performed using the descending or transverse colon. To avoid tension in the 
anastomosis, the splenic flexure is taken down and the inferior mesenteric 
vein divided just below the pancreas. For tumours situated in the upper part 
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of the rectum (above 13 cm), a partial mesorectal excision (at least 5 cm 
below the tumour) can sometimes be performed. Due to the high risk of an-
astomotic leakage after performing a low anterior resection39, most  
patients receive a temporary defunctioning loop ileostomy.  

The abdominal part of an APR is performed as for a low anterior resection 
and most of the dissection is performed from the abdomen, avoiding  
synchronous combined excision. Anteriorly the Dennonvilliers’ fascia  
separates the rectum from the seminal vesicles and the prostate or vagina. 
The surgical plane should be outside the Dennonvilliers’ fascia, especially as 
many of the tumours engage the anterior part of the rectum. The perineal 
phase may be performed with the patient in a jack knife or prone position. If 
the latter position is chosen (especially in dorsal tumours), the abdominal 
dissection is stopped early in the sacrococcygeal plane and the coccyx is 
excised. After closure of the anus, the dissection is performed by a  
diathermy or ultrasonic dissection (Ultracision®) with the aim of performing 
a cylindrical excision. The perineal defect may be managed in different 
ways, i.e. primary closure, but usually by reconstruction with an implant 
(Permacol®) or covered with a gluteus maximus or rectus abdominus  
pedicle.  

 
Figure 4. Cylindrical specimen after APR 

With the TME technique, often in combination with radiotherapy, local  
recurrence rates after an anterior resection have been significantly reduced, 
but remain unacceptably high for patients with a low rectal cancer operated 
with an APR. Much of the current debate about reducing the local recurrence 
rates after an APR has been focused on the posterior resection, with excision 
of the coccyx to obtain better access, and performing a wide rectal excision 



 16 

without any waist formation in the specimen. A distal rectal cancer,  
however, frequently involves the anterior part of the rectum. In the narrow 
pelvis, an anteriorly lying distal rectal cancer is in close proximity to the 
surrounding organs, especially the prostate in men and the vagina in women. 
If there is evidence of tumour extension to the surrounding organs, based on 
the preoperative assessment, a complete resection of the involved organs 
should be planned: a pelvic exenteration. Pelvic exenteration is a major  
operation with considerable morbidity and, in men, always results in a 
urostomy. Even if there is no evidence of overgrowth of anteriorly lying 
distal rectal tumours, the dissection is difficult as the plane of dissection 
between the tumour and the prostate or vagina can be very narrow, and the 
plane of dissection not always evident40. Hence there is a risk of tumour 
perforation and incomplete clearance of the resection margins, which  
probably contributes to the high local recurrence rates still presented after 
APR surgery.  

If the preoperative assessment gives the impression of close proximity of 
the tumour to the prostate or vagina without any signs of overgrowth, an 
anterior partial en bloc resection of the prostate or vagina could be  
considered to reduce the risk of local recurrence development and possibly 
prolong survival. There have, however, been no studies presented with this 
strategy.  

In T1 rectal cancer, especially in old and co-morbid patients, a local  
excision, preferentially with the technique developed by Buess, transanal 
endoscopic microsurgery (TEM), may be performed41.  

Histopathological staging 
Pathological examination of the tumour is extremely important and guides 
postoperative oncological treatment.  

According to the WHO (2002), rectal cancer is divided into different  
subgroups, of which adenocarcinoma, mucinous adenocarcinoma and signet 
cell carcinoma are the most common forms.  

The Tumour classification system, TNM, was developed by the American 
Joint Committee on Cancer (AJCC)42 and the International Union Against 
Cancer (UICC), and is the most commonly used classification system for  
colorectal cancer (Table 1). 
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Table 1a. Tumour classification system (TNM) 

 Primary tumour (T) 
TX Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

Tis  
Carcinoma in situ: Intraepithelial cancer or invasion of lamina  
propria 

T1 Tumour invades the submucosa 

T2 Tumour invades the muscularis propria 

T3 
Tumour invades through muscularis propria into the subserosa or 
into nonperitonealized pericolonic or perirectal tissues 

T4 
Tumour invades other organs or structures and/or perforates  
visceral peritoneum 

 Regional lymph nodes (N) 

NX  Lymph nodes cannot be assessed 

N0  No regional lymph node metastases 

N1  Metastases in1-3 regional pericolic or perirectal lymph nodes 

N2  
Metastases in 4 or more regional pericolic or perirectal lymph 
nodes 

 Distant metastases (M) 

MX  Distant metastases cannot be assessed 

M0  No distant metastases 

M1  Distant metastases 
 

Table 1b. Tumour stage.  

Stage TNM 

0  Tis N0 M0 

I  
T1 N0 M0 
T2 N0 M0 

I IA  T3 N0 M0 

I IB  T4 N0 M0 

I I IA  T1, T2 N1 M0 

I I IB  T3, T4 N1 M0 

I I IC  Any T N2 M0 

IV  Any T, Any N, M1 

The pathologist receives the specimen either fixed in a formaldehyde  
solution or directly after removal from the operation room.  
In cases where the specimen is delivered in formaldehyde solution, the  
surgeon is not supposed to cut the bowel longitudinally through the tumour, 
but only up to the tumour with the aim of cleaning the bowel of faeces. The 
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pathologist marks the margins, i.e. resection margins, distal margin, the  
peritoneal surface and, if presented, the en bloc resections with different 
colours. The pathologist also grades the quality of the TME surgery  
performed by assessing the mesorectal fascia. Thereafter, the tumour is cut 
circumferentially and the sections prepared in 10% formaldehyde solution 
and examined under a microscope after haematoxylin eosin staining. The 
lymph nodes are either dissected out or harvested after preparation in a  
special solution after removal of the appropriate sections of the specimen. 
The aim is to identify at least 12 lymph nodes43-47, as the number of  
examined lymph nodes after colectomy has been related to prognosis.  
However, its importance after rectal cancer surgery has not been proven. 

Under the microscope, the tumour is classified according to the TNM 
classification system and the margins are measured, especially the  
circumferential resection margin, originally described by Quirke et al48. The 
CRM is the margin (in mm) from the deepest infiltrating tumour deposit or 
lymph node metastases to the surgical resection margin. For tumours in the 
upper rectum, the pathologist must be concerned with the peritoneal part of 
anteriorly located tumours and colour this surface in a different ink to be 
able to report the distance to the peritoneal surface, separate from the  
surgical resection margin (CRM). In several reports48-53, a CRM ≤ 1 mm has 
been correlated with an increased risk of local recurrence development. As 
most of the studies on CRM are not based on optimal oncological and  
surgical treatment with TME surgery, the importance and application of 
CRM involvement is still unclear. It also remains unclear whether an  
operation should be considered curative if a CRM is ≤ 1 mm.  

Palliative treatment 
Approximately 20% of rectal cancer patients are not amenable to curative 
treatments due to disseminated disease, locally advanced tumour, or poor 
general health. Mostly there is a combination of these factors. The aim of 
palliative treatment is to prolong survival without decreasing quality of life.  

Patients with metastatic rectal cancer are treated in different ways and there 
are no randomized studies guiding treatment choice. The literature is based 
on retrospective studies, most including both rectal and colon cancers. Some 
studies advocate a palliative resection of the primary tumour in  
asymptomatic patients54-58, whereas others recommend resection of the  
primary tumour in selected patients59-61. No resection at all has also been  
recommended62-64.  
With the introduction of laparoscopic stomas and endoluminal stents65,  
palliative resections with possibly life threatening complications can be 
questioned. Palliative radio- and/or chemotherapy can also effectively  
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control local symtoms66 and, furthermore, result in improved survival67.  The 
knowledge about how these patients are treated at a national level is scarce 
and there is a need for studies and possibly guidelines.  

Prognosis 
Survival can be reported as overall survival or cancer-specific survival.  
Performing clinical studies on cancer, preferentially both cancer-specific and 
overall survival should be reported. As autopsies have become a rarity,  
cancer-specific survival has some limitations as it is based on reports from 
health care professionals (mostly doctors) who, in some situations, do not 
possess all the necessary information available for a correct diagnosis of the 
cause of death. Survival can also be presented as relative to a reference  
population.  

In Sweden, the prognosis for patients with rectal cancer has improved 
and, in the Uppsala region, the prognosis is comparable for patients with 
colon cancer that traditionally have had a better prognosis68.  

The improved survival for rectal cancer patients can be explained by the 
use of radiotherapy treatment69 and better surgical treatment with TME70.  
Several studies have also shown an association between hospital caseload71-

73, surgeon speciality72 74-78, surgeon caseload59 72 73 79, and the outcome of 
rectal cancer care. In Sweden, the 5-year cancer specific survival for rectal 
cancer patients (1995-2003) was 62% and the relative 5-year survival was 
58%80. Based on different tumour stages, the 5-year survival for patients in 
Stages I, II, III and IV was 95%, 58%, 55% and 3% respectively80.  

Health care systems differ from one country to another. In Sweden, hospitals 
operating rectal cancer have been divided into low (less than 11  
rectal cancer operations each year), medium (11-25 rectal cancer operations 
each year) and high (more than 25 rectal cancer operation each year) volume 
centres. High volume hospitals include the university and many of the large 
central county hospitals. The debate on centralization in the  
literature is usually focused on centralizing the management of rectal cancer 
to university hospitals with very large hospital caseloads. However, the  
impact of centralization of rectal cancer care within a county or region on 
long-term results has not been studied. 
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Aims of the thesis 

The overall aims of the thesis were to analyze surgical strategies and 
histopathological aspects in the treatment of rectal cancer.  
 
The specific aims of the studies were 
 

to analyze if APR, performed with a strategy of selective anterior 
partial en bloc resection of the prostate or vagina in a 
multidisciplinary setting results in  reduced local recurrence rates.  

to analyze the prognostic impact of circumferential resection margin 
involvement among rectal cancer patients treated in a  
multidisciplinary setting with selective preoperative radiotherapy 
and operated with optimal TME.  

to analyze the prognostic impact of the centralization of rectal cancer 
surgery in a county.   

to describe and compare the different treatment strategies for stage 
IV rectal cancer patients at a national level and over time, using the 
Swedish population-based rectal cancer registry.  
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Patients and methods 

Since 1996, a comprehensive population-based data set, comprising among 
others demographic, clinical, radiological, surgical, pathological and  
oncological data was set up and all rectal cancer patients in the county of 
Västmanland included. Most of the patients had a preoperative MRI of the 
rectum. All patients operated with a bowel resection in a curative intent were 
routinely followed up with clinical exams including sigmoidoscopy every six 
months for up to three years, and thereafter yearly. In addition, they were 
also followed up yearly with ultrasonography of the liver and chest x-rays 
for the first three postoperative years. From 2002, CT of the thorax and ab-
domen replaced the ultrasonography of the liver and chest  
x-rays.  

Data from the prospectively collected local registry were used in the first 
three studies. In the third study, in addition to the local registry, medical 
records of rectal cancer patients managed in the county between 1993-1996 
were retrospectively reviewed and data on postoperative chemotherapy and 
recurrence extracted.   

In study IV, population-based data from the Swedish rectal cancer registry 
were used. The SRCR was launched in 1995 and operating hospitals deliver 
clinical data on all patients with adenocarcinoma of the rectum. The register 
is validated continuously and its coverage is almost complete (99%)80. 

Study I: 
Sixty-three patients with rectal cancer were operated with APR from January 
1996 to January 2004. Preoperative radiotherapy was given based on the 
preoperative MRI and clinical examination and a TME was performed in all 
cases. In selective cases where the tumour engaged the anterior bowel wall, a 
partial en bloc resection of the vagina, prostate or other organs was  
performed to achieve surgical radicality. The pathological slides containing 
the en bloc resections were re-evaluated by measuring the distance from the 
tumour to both the anterior resection margin and the imaginary resection 
margin, i.e. without the performed en bloc resection.  
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Study II:  
Between January 1996 and January 2004, 347 patients were diagnosed with 
rectal cancer and the study population constituted of 229 rectal cancer  
patients operated with a curative intent with bowel resection (Fig. 5).   

Rectal cancer
n=347

Not operated
n=37

Decompressed
n=29

Local resection
n=24

Curative
n=217

Indeterminate
n=12

Bowel resection
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n=28
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n=9
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Transanal endoscopic
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n=5 (TEM)
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n=3

Study group
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n=9
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n=3
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Figure 5. Flowchart of rectal cancer patients between 1996 and 2004. 

Preoperative radiotherapy was given according to the existing guidelines, 
and all patients were operated by a TME surgeon. The histopathological 
examination was according to Quirke48. Cause of death was acquired from 
the Swedish Cause of Death Registry.   

Study III: 
Four different district hospitals performed colorectal cancer surgery in 
Västmanland before 1996. After a political decision, colorectal cancer  
surgery was centralized to the central county hospital in 1996. Between 1993 
and 1996, 133 rectal cancer patients were operated in the old organization 
(group 1). There were no formal follow-up routines for these patients but the 
majority that were operated with a curative intent were followed up for up to 
five years with clinical controls.  
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Between 1996 and 1999, 144 rectal cancer patients were operated within the 
new centralized organization at the central county hospital with a catchment 
area of 260 000 inhabitants (group 2). Data in group 1 were retrospectively 
collected and data in group 2 were population-based and registered  
prospectively. Death dates were acquired from the Swedish Cause of Death 
Registry and were available for all patients.   

Study IV 
Between January 1995 and December 2006, 18433 patients with rectal  
cancer were registered in the SRCR. Due to the lack of registration of  
metastases at diagnosis, 944 cases were excluded. Furthermore, 131 patients  
operated on with local excisions, and a few cases where the treatment  
procedures were not specified were also excluded. The study population 
constituted of 2758 patients with metastases (Fig. 6). 

All patients in SRCR
18433

Metastases at presentation (M1)          
2889 (16.5%)

Resection of primary tumour
1615 (58.6%)

Explorative laparotomy
610 (22.1%)

No surgical treatment
533 (19.3%)

Local excision/other 
treatments 106 (3.7%)

Missing 25 (0.9%)

Excluded
944 (5.1%)

Study population (Stage IV)
2758

17489

No metastases at presentation (M0) 
14600 (83.5%)

 
Figure 6. Flow chart of rectal cancer patients in Sweden between 1995 and 2006. 

The study population was subdivided into different age groups (<60, 60-69, 
70-79 and >80 years) and different time periods (1995-1998, 1999-2002, 
2003-2006) to analyze eventual trends and changes of treatment strategies. 



 24 

Statistical analysis 
Data were analyzed in the Statistical Package for the Social Sciences 
(SPSS™, Chicago, Illinois, USA) version 15-17. Variables in the nominal 
scale were analyzed with the Chi-square test and, in cases with an expected 
low number, the Fisher’s exact test was used. The Mann-Whitney U test was 
used for variables on the ordinal scale. A t-test was used for independent 
variables on the ratio scale. A P-value of <0.05 was considered statistically 
significant. Kaplan-Meier regression analysis was used to calculate survival 
rates, and the relationship between the groups was tested using the log-rank 
test. Cox regression analysis was applied to identify factors affecting  
survival. Initially, univariate analysis was performed and thereafter the  
multivariate Cox regression analysis was performed with factors identified 
as significant by univariate analysis. 

Ethics 
The Ethics Committee of Uppsala University approved the studies.  
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Results and Discussion 

Study I 
All 63 patients were operated with APR and TME. All tumours were situated 
in the lower part of the rectum (0-5 cm), except in two patients with  
ulcerative colitis in whom the tumour was situated 7 cm from the anal verge. 
In 63% of cases the tumour engaged the anterior wall of the rectum. Fifty-six 
patients (89%) received preoperative radiotherapy. The clinical and surgical 
details are given in Table 2.  

Table 2. Clinical and surgical details of distal rectal cancers operated with APR. 

Number of patients 63 

Sex ratio (M:F) 38:25 

Age (years) 68 (41-85)* 

Tumour location  

Anterior 

Posterior 

Lateral 

Circumferential 

 

29 

9 

7+7 

11 

En bloc resection 

Part of vagina 

Part of prostate 

Part of vesicle and bladder 

Prostate and bladder 

23 (37)# 

12 

9 

1 

1 

Operation time (min) 310 (215-540)* 

Blood loss (ml) 1000 (300-3400)* 

Blood transfusion (ml) 600 (0-2800)* 

 
*Values are median (range). 
#Values in parentheses are percentage. 
 
In 12 patients, partial en bloc resections of the vagina, and in nine patients of 
the prostate, were performed. In 12 cases without clinical evidence of  
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fixation, the MRI still showed that the tumour extended very close to the 
vagina or prostate without obvious overgrowth. 

The partial en bloc resection increased the anterior resection margin by a 
mean of 7 mm. The CRM would have been 0 mm without an anterior partial 
en bloc resection in 10 patients. In four cases the appropriate specimens 
could not be retrieved for re-examination.  

Median follow-up was 37 months (4-96) and all patients were followed 
up until death or at least for one year or more. One (1.7%) of the 58  
curatively operated patients developed a local recurrence. The 5-year overall 
survival for all patients was 75% (Fig. 7). 
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Figure 7. Kaplan-Meier overall survival analysis for all 63 patients with low rectal 
cancer undergoing APR. 

Results after APR can and should be improved. In this population-based 
prospective study, patients with low rectal cancer were managed in a  
multidisciplinary setting with preoperative investigation including MRI, high 
frequency of preoperative radiotherapy and accurate TME surgery with  
selective anterior partial en bloc resection of the vagina or prostate. In this 
setting we found a very favourable outcome, with a very low local  
recurrence rate and high long-term survival rate, comparable with rectal 
cancer patients operated with AR. As most of the tumours in the rectum  
engage the anterior rectal wall, and the distance to the vagina or prostate is 
narrow, an anterior partial en bloc resection of the vagina or prostate should 
be considered to increase the surgical margin and avoid dissecting close to 
the tumour and risk tumour perforation. The high risk of an incomplete  
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resection margin or even tumour perforation, if the surgical plane had been 
between the prostate and the tumour, is illustrated in Figure 8.  

 
Figure 8. Pathological large cross section showing a rectal cancer and a partial en 
bloc resection of the prostate.  

APR is a technically demanding operation with considerable morbidity. The 
risk of performing a partial en bloc resection of the prostate could be severe 
bleeding from the prostate, urethral injury and injury to the neurovascular 
bundle. In females, partial en bloc resection of the vagina could lead to  
fistulas and pain during intercourse. In this series, bleeding was not a  
problem but two patients had urethral injuries and in three women a perine-
ovaginal fistula developed. Sexual function was affected in most patients.  

Although partial en bloc resection of the posterior vaginal wall has been 
reported earlier in a Dutch study to possibly result in fewer local  
recurrences81, partial en bloc resection of the prostate has only been  
published earlier in a Japanese paper on four patients with a very short  
follow-up82.  
 
We advocate the use of a selective anterior partial en bloc resection in both 
women and men with low rectal cancer where the clinical and/or the  
preoperative imaging with MRI suggests close proximity of the tumour to 
the vagina or the prostate. In practice, all low T3 rectal tumours that engage 
the anterior rectal wall should be considered. If there is evidence of  
overgrowth a prostatectomy or pelvic exenteration should be considered.   
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Study II 
Preoperative examination with MRI was used in 193 (84%) patients and  
151 (66%) patients received preoperative radiotherapy. TME was performed 
in 215 (94%) patients and the rest were operated with a partial mesorectal 
excision. Anastomosis was performed in 161 (74%) patients. The 30-day 
mortality was zero. The histopathological findings are given in Table 3. 

Table 3. Postoperative histopathological staging of all 229 curatively and  
indeterminately resected rectal cancers. 

Number of patients 229 

Tumour differentiation 

High 
Medium 
Low 

 

7 (3) 
178 (77) 
44 (20) 

Dukes stage  

A 
B 
C 
D 

 

57 (25) 
79 (35) 
88 (38) 
5 (2) 

Tumour status (T) 

1 
2 
3 
4 

 

18 (8) 
56(24) 

144(63) 
11(5) 

Nodal status (N) 

0 
1 
2 

 

138 (60) 
52(23) 
39 (17) 

Metastatic status (M) 

0 

 

229 (100) 

Distal margin (mm) * 30 (0-120) 

Lymph nodes examined * 12 (0-50) 

Circumferential resection margin (mm) 

0 
≤ 1 
> 1 

 

2 (1) 
19 (8) 

210 (92) 

Values in parentheses are percentages unless otherwise indicated. *Values are medians 
(range) 
 
The median CRM was 10 mm (0-50). Nineteen (8%) patients had a CRM ≤ 
1 mm, and 63% of these were operated with APR. The median distance of 
the tumour to the anal verge for patients with a CRM ≤ 1 mm was 4 cm  
(1.5-14) compared with 8 cm (0-15) for patients with a CRM > 1 mm 
(p<0.001). Tumours with a CRM ≤ 1 mm had significantly higher T and N 
stages than tumours with a CRM > 1 mm. There was no correlation between 
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age, sex, cardiovascular disease or tumour differentiation and the CRM  
status. Sixty-five (30%) patients received postoperative adjuvant  
chemotherapy. After a median follow up of 40 months, four patients (1.7%) 
were diagnosed with a local recurrence and only one had a CRM ≤ 1 mm 
(0.5 mm). All patients with local recurrence had distal tumours. The 5-year 
overall survival rate was 75% for all curatively operated patients (Fig. 9). 

 
Figure 9. Kaplan-Meier overall survival analysis for 229 rectal cancer patients after 
curatively intended bowel resections. 

In this population-based prospective study all patients were managed in a 
multidisciplinary setting, and a low incidence of CRM involvement and even 
lower recurrence rate was observed. An involved CRM in this setting was 
not a predictor of local recurrence. Only one of 19 patients with an involved 
CRM developed a local recurrence. Tumours with a positive CRM, though, 
were more advanced, and CRM should be regarded as an important quality 
marker in conjunction with macroscopic evaluation of the specimen in rectal 
cancer management. Interestingly, all local recurrences developed after three 
years, whereas previous data reported that most local recurrences were seen 
within two years83. 

Several studies48-53 have shown that a CRM ≤ 1 mm (in one study84 CRM  
≤ 2 mm) correlates with a high risk of local recurrence and cancer-specific 
mortality (Table 4).  
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Table 4. Short summary of published reports on CRM involvement in patients oper-
ated for rectal cancer.  
 

Reference Publication 
Year 

Total 
pati-
ents 

Study 
group 

Pre-op 
radio-

therapy

TME Median 
follow-up 
(months) 

Involved 
CRM (%)

Local 
recur-
rence 

(%) 

Local  
recurrence  
in patients  

with  
involved  
CRM (%) 

Overall  
Survival (%) 

Quirke et 
al.48 

1986 ? 52 No No ? 23 27 23 85 
Not  

reported # 

Ng et al.52 1993 ? 80 No No ? 27 20 28 53 
71 (2 
year)# 

Adam et 
al.49 

1994 ? 141 No No ? 64 25 23 78 
62 (5 
year)¤ 

De Haas-
Kock et al.51 

1996 ? 253+ No No ? 29 12 11 29 
84 (2 
year)¤ 

Wibe et al.53 2002 3319 686 No Yes 29 9 7 22 
53-90 (2,5 

year)¤ 

Birbeck et 
al.50 

2002 608 586 Yes (4%) No ? 24 ?? 28 18 38 
29-72 (5 
year)# 

Nagtegaal et 
al.84 

2002 1530 656 No Yes 35 18 9 16 
68-90 (2 
year)¤ 

Hall et al.85 1998 218 152+ No Yes 42 13 11 15 
68 (5 
year)¤ 

Cawthorn et 
al.86 

1990 ? 168 No No ? ? 6,5* 8 8 
25-55 (5 
year)# 

Hosseinali 
Khani  
et al. Present 
study 

2006 347 229 
Yes 

(66%) 
Yes 40 8 2 5 

75 (5 
year)¤ 

+ Rectosigmoid tumours included. * Technique described by Quirke not used. # Curative and 
palliative resections. ¤ Curative resections.  

In all of these studies patients receiving radiotherapy were excluded, and 
only three studies53 84 85 specifically reported that TME had been performed. 
In one of the studies53, only 20% of patients diagnosed with rectal cancer 
were included. The recurrence rates were approximately 7% without the use 
of radiotherapy but 22% of the patients with a positive CRM developed a 
local recurrence. In the study of Nagtegaal et al.84, 16% of the patients with a 
CRM ≤ 2 mm developed local recurrences and the authors concluded that 
only involvement of the margin due to the primary tumour is relevant. In the 
study of Hall85, there was no correlation between local recurrences and CRM 
involvement, but patients with a CRM ≤ 1 mm had an increased risk of  
distant metastases and mortality.  
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Rectal cancer, managed in a multidisciplinary setting including preoperative 
radiotherapy, optimal TME surgery, and selective postoperative  
chemotherapy results in excellent local control and survival. In this setting, 
an involved CRM was not found to be associated with the development of 
local recurrences.  

Study III 
The details of patients and tumours are given in Table 5. 

Table 5. Clinical details of patients and tumours in the county of Västmanland be-
tween 1993-1996 (group 1) and 1996-1999 (group 2).  

 Group 1 

All  

patients 

Group 2

All  

patients 

P Group 1

Cura-

tively 

operated

Group 2

Cura-

tively 

operated

P 

Number of patients 133 144  96 110  

Age (year)¤ 70 (30-93) 69 (40-95) 0.370# 69 (49-93) 68 (40-84) 0.030# 

Sex   0.934*   0.267* 

Male 76 (57) 83 (58)  52 (54) 68 (62)  

Female 57 (43) 61 (42)  44 (46) 42 (38)  

Tumour height in 
cm¤ 

8.6 (0-15) 7.7 (2-15) 0.065# 10 (2-15) 6 (2-15) 0.068# 

Fixed tumour 14 (11) 15 (10) 0.759* 3 (3) 3 (3) 0.855* 

Preoperative MRI 6 (5) 103 (72) <0.001* 2 (2) 83 (76) <0.001* 

Preoperative RT 54 (41) 70 (49) 0.278* 31 (32) 62 (56) <0.001* 

Tumour stage   0.060*   0.012* 

I 32 (24) 37 (26)  31 (32) 30 (27)  

II 46 (35) 33 (23)  44 (46) 33 (30)  

III 24 (18) 44 (30)  20 (21) 43 (39)  

IV 26 (20) 24 (17)  1 (1) 4 (4)  

Missing 5 (4) 6 (4)  - -  

Values in parentheses are percentages unless otherwise indicated. ¤ Median (range). * Pear-
son Chi-square. # Independent samples t-test 
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Patients in the new organization (group 2) were more frequently examined 
with MRI and had more advanced tumours (stage III). Preoperative  
radiotherapy was used in 41% of patients in group 1 vs 48% in group 2 
(p=0.28). Regarding those patients operated with curative intent,  
preoperative radiotherapy was more often used in group 2 (32% vs 56%, 
p=0.001). Abdominoperineal resection was more common in group 1  
(38% vs 18%, p<0.001). The number of operating surgeons was reduced 
from 26 to 4. The postoperative mortality rate decreased from 8% to less 
than 1% (p=0.002) and the re-laparotomy rate fell from 11% to 4% 
(p<0.005). Postoperative chemotherapy was offered more frequently to  
curatively operated patients in group 2 (7% vs 32%, p<0.001). All patients 
were followed up until death or for at least seven years, and the median  
follow-up time was 10 (7-14) years. Local recurrences were detected more 
frequently in group 1 (8% vs 3.5%, p=0.043) and distant metastases were 
detected in 42% of patients in group 1 vs 26% in group 2 (p=0.007). The 
overall 5- and 10- year survival rates for all patients were 38% and 30% in 
group 1 compared with 62% and 40% in group 2 (p=0.003) (Fig. 10).  
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Figure 10. Kaplan-Meier analysis of overall survival for patients with rectal cancer 
in the county of Västmanland. 
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In the multivariate analysis (Cox regression) being managed in the new  
organization (group 2), less advanced tumour stage and female sex were 
independent predictors of improved overall survival (Table 6). 
 

Table 6. Multivariate Cox regression analysis of overall mortality risk for all rectal 
cancer patients (both palliatively and curatively operated).  

 HR P 95 % CI 

Sex (female versus male) 0.684 0.020 0.50-0.94 

Tumour stage III versus I 7.980 0.000 4.98-12.80 

Organization (group 2 versus 1) 0.455 0.000 0.33-0.63 

 
The overall 5- and 10-year survival rates for patients operated in a curative 
intent were 52% and 40% in group 1 compared with 76% and 49% in group 
2 (p=0.002) (Fig. 11). 
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Figure 11. Kaplan-Meier analysis of overall survival for patients with rectal cancer 
operated with a curative intent. P = 0.020 (log rank test) 

In the multivariate analysis (Cox regression), being managed in the new 
organization (group 2), less advanced tumour stage and absence of  
local recurrence were independent predictors of increased overall survival 
(table 7).  
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Table 7. Multivariate Cox regression analysis of overall mortality risk for rectal 
cancer patients undergoing bowel resection with a curative intent.  

  HR P 95 % CI 

Tumour stage III versus I 2.069 0.004 1.27-3.37 

Local recurrence 2.152 0.018 1.14-4.05 

Organization (group 2 versus 1) 0.520 0.002 0.35-0.78 

In this population-based audit, centralization of rectal cancer management to 
a single colorectal unit in a Swedish county reduced local recurrence rates 
and improved overall long-term survival. The improved survival was seen 
for both palliative and curative operated patients and was independent of the 
frequent use of preoperative radiotherapy seen both before and after the  
centralization. In the new organization, the preoperative radiotherapy was 
guided by the use of MRI. The local recurrence rates in the old organization 
were lower than earlier reported87 for patients who received preoperative 
radiotherapy but were not operated with TME surgery. This was probably 
due to no formal follow-up protocols and the retrospective nature of the data 
collection in this group. All patients in group 2 that were operated with a 
bowel resection were routinely followed up and had their data registered 
prospectively.  

There are studies demonstrating an association between hospital caseload71-

73, surgeon speciality72 74-78, surgeon caseload72 73 76 79, and improved survival 
for rectal cancer patients. There are also descriptions of national71 88 and 
surgical training programmes89 improving survival. However, many of these 
studies only include curatively operated rectal cancer patients71 72 74 75 78 88 
and some have short follow-ups77 88. Our results are population-based, with 
the inclusion of all rectal cancer patients receiving any form of surgical 
treatment during the studied periods. Furthermore, all patients were followed 
up until death or for at least seven years.  

Terms like colorectal unit, sub-specialization and centralization are being 
used alternatively in the literature. In a sense, they are a proxy for  
unmeasured structural features and care processes, with a higher patient  
volume per surgeon and an increased expertise and knowledge in a specific 
patient category. In conclusion, a significant improvement in long-term  
survival for rectal cancer patients is possible when care is centralized to a 
specialist unit with multidisciplinary management and increased sub-  
specialization. 
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Study IV 

A bowel resection was performed in 59% of patients in the stage IV group vs 
94% in the stage I-III group (p<0.001). Forty-seven per cent of patients 
older than 80 years of age in the stage IV group had a bowel resection  
compared with 84% in the stage I-III group. A Hartmann procedure was 
performed in 30% of patients in the stage IV group vs 11% in the stage I-III 
group (p<0.001). No difference in the reoperation rate was found between 
the groups (p=0.996). In-hospital mortality, however, was higher in the stage 
IV group patients that underwent bowel resections than those in the stage  
I-III group, 4% vs 2% (p<0.001). The in-hospital mortality for patients who 
had an exploratory laparotomy was high in both the stage IV group and the 
stage I-III group (9% vs 7%). During the period 1995-1998, 15% of patients 
with rectal cancer were diagnosed with stage IV compared with  
17% in the period 1999-2002 and 19% in the period 2003-2006 (p<0.001).  

The liver was engaged in more than 81% of patients and both liver and 
lung metastasis increased with time. Median survival among patients with 
metastases undergoing bowel resection was 16.3 months compared with 4.6  
months for those with no surgery (p<0.001) (Table 8).  
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Table 8. Survival of stage IV rectal cancer patients in different age groups and time 
periods according to different treatments (n=2758). 

Age  
groups 

Time 
period 

Bowel 
resected* 

P Expl. 
laparo-
tomy* 

P Not  
oper-
ated* 

P All  
treat-

ments* 

P 

All 
ages 

1995 – 
2006 

16.3  
(0-157) - 6.1 

(0-71) - 4.6  
(0-56) - 10.7  

(0-157) - 

1995 – 
1998 

15.9 
(0-146) 

8.4  
(1-27) 

6.2  
(1-15) 

12.3  
(0-146) 

1999 – 
2002 

21.9  
(2-106) 

8.4  
(1-63) 

5.7  
(0-56) 

15.9  
(0-106) < 60 

2003 – 
2006 

21.1 
 (2-58) 

0.031 

10.3  
(0-71) 

0.355

10.1  
(0-38) 

0.084

16.5  
(0-71) 

0.018 

1995 – 
1998 

13.6  
(0-157) 

4.9  
(0-31) 

4.0  
(1-31) 

10.9  
(0-157) 

1999 – 
2002 

21.3 
 (0-103) 

8.7  
(0-71) 

5.4  
(0-50) 

13.7  
(0-103) 60 - 69 

2003 – 
2006 

20.7 
 (1-58) 

<0.001

9.9  
(1-54) 

0.012 

8.2  
(0-39) 

0.035

15.8  
(1-58) 

<0.001 

1995 – 
1998 

13.6  
(0-139) 

4.2  
(0-20) 

3.5  
(0-32) 

9.1  
(0-139) 

1999 – 
2002 

13.8 
 (1-109) 

4.8  
(0-28) 

3.4  
(0-24) 

8.1  
(0-109) 70 - 79 

2003 – 
2006 

19.7 
(0-60) 

0.003 

6.5  
(0-45) 

0.073 

3.8  
(0-38) 

0.608

11.3  
(0-60) 

0.076 

1995 – 
1998 

7.9 
(1-120) 

3 . 8   
( 0 - 4 0 )  

2 . 2   
( 0 - 2 5 )  

5 . 1   
( 0 -

1 2 0 )  

1999 – 
2002 

8 . 6   
( 0 - 9 1 )  

4 . 3   
( 0 - 2 7 )  

3 . 5   
( 0 - 3 4 )  

5 . 4   
( 0 - 9 1 )  

≥ 80 

2003 – 
2006 

1 0 . 9   
( 0 - 5 9 )  

0.080 

4 . 9   
( 0 - 2 5 )  

0.119 

3 . 3   
( 0 - 2 4 )  

0.123

6 . 7   
( 0 - 5 9 )  

0.182 

 
* Median survival in months, range in parentheses 

Median survival for patients younger than 80 years of age undergoing bowel 
resection was improved during the latest time period (2003-2006). Survival 
for patients in the 60-69 age group was improved in the latest time period  
independent of the treatment groups. Overall median survival for patients  
in the stage IV group improved with time and was 10.7 (0-157) months  
(Fig. 12).  
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Figure 12. Time period analysis. Kaplan-Meier overall survival for stage IV rectal 
cancer patients (n=2758). (log-rank = 0.000) 

The overall 2-year survival was 25%. Advanced old age (> 80 years),  
treatment in the first and second time periods (1995-1998 and 1999-2002), 
treatment in local county hospitals, not receiving radio- or chemotherapy as 
well as not having a bowel resection were independent risk factors for  
increased mortality, according to the multivariate Cox regression analysis 
(Table 9). 
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Table 9. Cox regression analysis of risk factors for death in stage IV rectal cancer 
patients. (n=2758). 

 Univariate analysis Multivariate analysis 
 OR CI P HR CI P 
Sex       
Male 1      
Female 1.00 0.92 - 1.08 0.972    

Age group (years)       
< 60 1   1   
60 – 69  1.13 1.00 - 1.27 0.046 1.04 0.87 - 1.24 0.706 
70 – 70  1.58 1.41 - 1.77 <0.001 1.15 0.96 - 1.39 0.126 
> 80 2.32 2.04 - 2.63 <0.001 1.40 1.11 - 1.78 0.005 

Time period        
2003 – 2006  1   1   
1999 – 2002  1.22 1.11 - 1.34 <0.001 1.29 1.04 - 1.60 0.019 
1995 – 1998  1.39 1.26 - 1.53 <0.001 1.37 1.10 - 1.71 0.005 

Hospital category*       
University 1   1   
Central county 1.05 0.95 - 1.15 0.374 0.97 0.83 - 1.14 0.730 
Local county 1.15 1.03 - 1.28 0.011 1.20 1.01 - 1.43 0.043 

Preop radiotherapy**       
Yes 1   1   
No 1.86 1.70 - 2.03 <0.001 1.20 1.04 - 1.39 0.011 

Chemotherapy***       
Yes 1   1   
No 1.92 1.70 - 2.17 <0.001 1.50 1.27 - 1.76 <0.001 

Treatment groups       
Bowel resection 1   1   
Exploratory laparotomy 2.72 2.46 - 3.01 <0.001 2.66 2.25 - 3.15 <0.001 
No surgical treatment 3.09 2.79 - 3.44 <0.001 2.98 2.41 - 3.68 <0.001 

 
* N=2630 (128 missing cases excluded in the analysis) ** N=2590 (168 missing cases  
excluded in the analysis) *** Patients that were registered receiving chemotherapy, either  
pre- or postoperative treatment. N=1142 (1616 missing cases excluded in the analysis) 

Our results from the national rectal cancer registry show a significant  
improvement in survival after bowel resection in stage IV rectal cancer  
compared with non-resectional management, with a low postoperative  
30-day mortality of 2%. However, if patients had an exploratory laparotomy 
(with or without stoma) the 30-day mortality increased to 9%. The trend 
analysis showed an increased survival for stage IV rectal cancer despite the 
great increase in the rate of non-operated patients up to one fourth. The  
increased survival was especially observed in patients in the 60-69 years age 
group, irrespective of treatment given. The latter probably reflects a more 
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individualized and optimized type of surgery for metastatic disease, but also  
improved palliative care with increased use of chemotherapy. Unfortunately, 
neither the extent of the metastatic burden, which previous studies have  
related to survival61 90 91, nor patient co-morbidities were registered, leading 
to biased groups among the stage IV patients. Most patients who did not 
undergo surgery probably had severe co-morbidity and/or advanced disease 
as the 30-day mortality in this group was 16%. An improved staging process 
over time might have picked up the most advanced cases leading to fewer 
operations. Moreover, patients undergoing a bowel resection were probably 
selected because of good performance status and lesser extent of metastases 
as the postoperative complication rate was as low in the stage IV group as in 
stage I-III. Postoperative mortality was higher in the stage IV group than in 
stage I-III group, but still much lower than the previously  
reported 9 to 12%56 60 92 93. This could be explained by a change of attitude 
among Swedish surgeons to only perform resection on those who are  
reasonably fit and without extensive metastatic spread. Due to the high  
postoperative mortality, an exploratory laparotomy should be avoided by the 
increased use of careful preoperative clinical assessment and preoperative 
staging procedures with magnetic resonance imaging and computed  
tomography. This is reflected by the fact that the rate of fixed tumours was 
reported to be the highest in the group that had undergone exploratory  
laparotomy. The increased mortality risk in patients with advanced age (> 80 
years) urges a careful assessment of patients before any type of surgery. This 
is supported by a Norwegian study of palliative surgery92 in elderly patients 
(age >80 years) in which a bowel resection did not render any survival  
advantage over a non-resectional strategy.   
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General discussion 

Over the last two decades rectal cancer management has changed in most 
countries and improved survival has been reported in several studies,  
however, the management has become more complex. This thesis studies the 
surgical and histopathological aspects concerning local recurrence and  
survival. 

Even in the era of TME surgery and radiotherapy, a higher local recurrence 
rate and a shorter survival for rectal cancer patients operated with APR  
compared with AR is reported. There are several reasons for this, but the 
most important one is the lack of an anatomical landmark below the pelvic 
floor, making surgical dissection more complex. Perineal dissection with en 
bloc resection of the levators to avoid a “waist” in the specimen beneath the 
mesorectum, and thereby creating a cylindrical specimen, has been shown to 
be important94. Perineal dissection can also be performed with the patient in 
the prone position for an improved overview and access to resect the levators 
en bloc and achieve a cylindrical specimen95. 

In study I we could show that more than 60% of tumours engage the  
anterior rectal wall, suggesting that more emphasis should be placed upon 
anterior dissection. The importance of anterior dissection has also been  
advocated in a previous retrospective Dutch study81, where en bloc  
resections of the posterior vaginal wall were performed in almost one half of 
the female patients, resulting in lower recurrence rates compared with men. 
Extended anterior surgery could only be achieved in men by total  
exenteration, and was consequently only performed in a few cases. We  
report our new strategy with partial en bloc resection of the prostate to  
increase the surgical resection margin as a surgical method that should be 
considered in selected cases. By performing a partial en bloc resection, the 
surgical margin (CRM) was increased by a mean of 7 mm. If this had not 
been done, the surgical margin would have been 0 mm in ten cases. Severe 
bleeding was not a problem as diathermy was used in the prostatic part of 
dissection. Two patients had urethral injuries and perineovaginal fistulas 
developed in a few cases. Influence on sexual function was frequently seen.  

With a multidisciplinary approach (preoperative MRI, modern oncological 
pre- and postoperative treatment, and accurate TME surgery with selected 
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partial anterior en bloc resections) excellent local control and long-term  
survival can be achieved after APR.  

In the past, the histopathological examination of the specimen was not stan-
dardized, especially concerning the surgical margins. The distal and proxi-
mal margins were reported but the circumferential margin was not  
routinely examined or reported. With the report by Quirke in 198648 of CRM 
involvement and its correlation with local recurrence, great emphasis was 
placed upon both the surgical technique and the pathological examination. 
The clinical implication of a CRM ≤ 1 or 2 mm is still not obvious, even 
though it has been postulated that it could be used for selecting patients for 
postoperative oncological therapy53 96.  

CRM is, in contrast to T stage, a surgically related variable, and therefore 
the surgical specimen should be of high quality to minimize surgical  
technique as a confounding factor in studying the clinical importance of 
CRM. As we had very few local recurrences we decided to study the effect 
of CRM involvement in study II.  

In study II we could show that a CRM ≤ 1 mm was not correlated with the 
development of a local recurrence when patients were managed in a  
multidisciplinary setting, but patients with a CRM ≤ 1 mm had significantly 
more advanced tumours.  

In the first reports of CRM, TME surgery was not used resulting in high 
CRM involvement, and a CRM ≤ 1 mm was highly correlated with local 
recurrence development48 49 51 52. Later it was shown that with TME surgery 
the frequency of CRM involvement could be lowered97. In studies where 
TME surgery is used a lower CRM involvement is seen but still high local 
recurrence rates are presented53 84 85, probably because the quality of the 
TME surgery performed and the oncological treatment is not optimized. It 
has also been reported that CRM is involved more often in patients with 
anteriorly lying tumours and patients operated with APR98, which again  
emphasizes the importance of the surgical technique, as surgical dissection is 
considerably more difficult for anteriorly lying distal tumours. In study II, 
60% of the tumours engaged the anterior rectal wall, tumours with a CRM ≤ 
1 mm were significantly more distal and an APR had been performed more 
often. However, the correlation between a CRM ≤ 1 mm and local  
recurrence development was not seen, probably due to a more optimized 
surgical technique with selected anterior partial en bloc resections in both 
women and men, and a high frequency of preoperative radiotherapy in  
patients operated with APR. All local recurrences were seen late after  
surgery (> 3 years), which is a new finding and must depend on the  
combination of optimal TME surgery and preoperative RT.  
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In conclusion, the decision on adjuvant oncological therapy should not be 
exclusively based on the CRM status, if the patient was treated with  
preoperative radiotherapy and the surgical technique was optimized.   

As the management of rectal cancer is becoming more multimodal, the  
complexity and demands on the organizational structure are growing. One 
way of dealing with the complexity is to centralize the management to 
achieve control of the whole process. There are reports of improved results 
after centralization to usually large university hospitals for other complex 
tumours such as esophagus99 and ovarian carcinoma100. In rectal cancer  
management great emphasis has been placed upon hospital volume71-73,  
surgical volume72 73 76 79,  surgeon subspecialty72 74 75 77 78 and training  
programs89. Following a political decision aimed at reducing costs, rectal 
cancer management in Västmanland was centralized to one hospital, and this 
gave us the opportunity to study the long-term results of rectal cancer care 
before and after the centralization.  

The effect of centralization in the short-term was a decrease in the number 
of operating surgeons, the introduction of new surgical procedures, and a  
decrease in postoperative complications and mortality101. In our study we 
could show that the risk of local recurrence development was decreased and 
that long-term survival was improved after centralization. Improved survival 
was seen despite the frequent use of preoperative radiotherapy before the 
centralization, and the improvement was seen for all rectal cancer patients, 
both palliative and curative.  

Centralization of rectal cancer management to units with subspecialized 
surgical staff working in close collaboration with their contact nurses in  
conjunction with radiologists, anesthesiologists, pathologists and oncolo-
gists, leads to better care and will lead to improved survival for rectal cancer 
patients.  

Management of primary metastatic rectal cancer could be even more  
complex than for rectal cancer patients operated with a curative intent. Only 
10-20% of patients with metastases will be suitable for metastatic surgery102, 
and today there is a discussion as to whether the primary rectal tumour or the 
liver metastases are to be treated fist103, or even if both the primary tumour 
and the metastases are to be treated simultaneously104 105.    

For the majority of patients though, there is no chance of a cure and there 
is no consensus on the best treatment for these patients. Traditionally, a  
palliative resection has been recommended to minimize local symptoms and 
prevent future complications such as obstruction and bleeding. Introduction 
of new surgical techniques such as insertion of endoluminal stents,  
laparoscopic stoma performance and more effective oncological treatments 
has led to better means of controlling local symptoms, and questions the 
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need of abdominal surgery for rectal cancer patients with non-resectable 
metastases. The literature is heterogeneous and there are no randomized 
studies addressing the above mentioned issues.  

In study IV we studied the management of stage IV rectal cancer patients 
at a national level. Nineteen per cent of rectal cancer patients presented with 
metastases and the majority had liver metastases. At a national level, there 
was a clear shift in the latest time period (2003-2006) among Swedish  
surgeons to a more selective and restrictive approach and to only select those 
patients for major surgery who are reasonably fit. This is reflected by the 
fact that up to one fourth of the patients had no surgery in the latest time 
period and that the 30-day mortality rate and complications could be kept 
very low in patients that had a resectional surgery compared with other  
reports56 60 92. The number of exploratory laparotomies, however, did not 
decrease and the 30-day mortality in this group was high: 9%. Hopefully, in 
the future the more intensified use of preoperative staging of both metastases 
and the primary tumour will lead to a decreased need for exploratory  
laparotomies in patients with advanced non-resectable primary tumours.  

Almost half of patients with stage IV rectal cancer 80 years of age or  
older were operated with a bowel resection, but there was no survival benefit 
over time, and advanced old age was an independent risk factor for increased 
mortality. As biological age should be evaluated with caution, the data  
indicate a careful highly selective assessment of older patients.    

In conclusion, the improved survival at the national level after bowel  
resection in stage IV rectal cancer compared with non-resectional  
management is probably due to a selection bias. Stage IV rectal cancer  
patients should be evaluated in a multimodal setting to identify those who 
may be considered for curative treatments. The question, though, still  
remains as to whether a patient with stage IV rectal cancer with a resectable 
primary tumour and non-resectable metastases should undergo bowel  
resection to possibly prolong survival and improve quality of life. Hopefully 
an ongoing randomized trial will clarify the management of these patients106. 
Until this trial is presented we recommend a restrictive approach with no 
bowel resection in patients who are not considered suitable for oncological 
therapy, and also not in patients with a large metastatic burden.  
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Brief summary in Swedish 

I Sverige är kolorektal cancer den näst vanligaste cancerformen efter  
prostatacancer hos män och bröstcancer hos kvinnor. Rektalcancer definieras 
oftast som en tumör med sin nedersta marginal högst 15 cm från ändtarms-
öppningen. Under 2007 diagnostiserades 2000 nya fall av rektalcancer i  
Sverige9. Incidensen för rektalcancer har ökat i många länder, så även i  
Sverige. Sedan 1970 har incidensen ökat från 15 till 25 nya fall per 100000 
invånare för män och från 11 till 18 nya fall per 100000 invånare för  
kvinnor9. Prognosen för rektalcancerpatienter i Sverige har förbättrats  
stadigt68, mycket på grund av en positiv utveckling inom kirurgisk och  
onkologisk behandling. Det finns dock många frågeställningar rörande olika 
faktorer i utredning, organisation och kirurgisk behandling som inte är  
besvarade. Det finns inte heller någon sammanställning av, eller konsensus 
för, hur rektalcancerpatienter med metastaser behandlas/bör behandlas i  
landet.  

I denna avhandling analyserar vi kirurgiska strategier och histopatologiska 
aspekter vid behandling av rektalcancer.  

Avhandlingen baseras dels på data från vårt lokala prospektiva register som 
upprättades 1996 och omfattar samtliga rektalcancerpatienter i länet, dels på 
rikstäckande data från Svenska Rektalcancerregistret. Därutöver har en  
retrospektiv journalgenomgång utförts i ett delarbete på patienter med rek-
talcancer behandlade i länet under perioden 1993-1996.  

I studie I undersökte vi patienter som blev opererade med rektumamputation 
mellan åren 1996 och 2004. Trots att behandlingstekniken för rektalcancer-
patienter opererade med främre resektion förbättrats och resulterat i lägre 
frekvens av lokalrecidiv, redovisas fortsatt höga recidivtal för patienter med 
distala rektaltumörer som opereras med rektumamputation.  

Syftet var att i ett populationsbaserat material studera överlevnad  
samt lokalrecidiv för rektalcancerpatienter med distala tumörer opererade 
med rektumamputation med ny kirurgisk teknik inom en multidisciplinär 
behandlingsstrategi.  

Vi kunde visa att många tumörer i rektum engagerar den främre delen av 
tarmen och den kirurgiska tekniken för dessa tumörer är svår på grund av 
närheten till prostata och vagina. Detta medför en ökad risk att vid operation 
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komma för nära tumörvävnad och därmed en ökad risk för lokalrecidiv. 
Samtliga patienter i materialet var omhändertagna multidisciplinärt, med hög 
andel som genomgick preoperativ magnetkameraundersökning samt fick 
selektiv preoperativ strålbehandling och postoperativ cytostatikabehandling. 
Den operativa strategin syftade till lokal radikalitet och undvikande av  
tumörperforationer genom att öka den kirurgiska marginalen för tumörer 
som engagerar den främre delen av rektum. I selekterade fall, resecerades ett 
bräm av prostatas/vaginas bakre vägg tillsammans med tumören, detta i  
samband med den perineala dissektionen. I eftergranskning av de  
patologiska preparaten kunde vi visa att om inte denna kirurgiska teknik 
hade använts, skulle tumörvävnad ha engagerat den kirurgiska marginalen i 
hälften av fallen. I detta material fann vi mycket få lokalrecidiv och en hög 
överlevnad.  

Vi konkluderar att multidisciplinärt omhändertagande av rektalcancer-
patienter, där man använder en strategi bestående av noggrann preoperativ  
utredning, preoperativ strålbehandling i hög utsträckning samt noggrann 
kirurgi med partiell ”en bloc” kirurgi av prostata eller vagina, resulterar i 
lägre risk för lokalrecidiv och leder till förlängd överlevnad.  

I studie II var syftet att undersöka betydelsen av den kirurgiska marginalen 
för utveckling av lokalrecidiv hos patienter med rektalcancer. I många  
studier har det visats att om den kirurgiska marginalen (CRM), beskriven av 
Quirke48, är ≤ 1 mm resulterar det i en hög andel lokalrecidiv. Även en CRM 
≤ 2 mm har korrelerats till hög risk för lokalrecidiv, och det har diskuterats 
om man med hjälp av CRM skall välja ut de patienter som har nytta av post-
operativ istället för preoperativ strålbehandling. Många av de studier som 
utvärderat betydelsen av CRM är utförda på patienter som inte fått  
adekvat onkologisk eller kirurgisk behandling.   

I studien kunde vi visa att endast en låg andel av patienterna hade en 
CRM ≤ 1 mm, och väldigt få utvecklade lokalrecidiv. Ingen korrelation sågs 
mellan CRM ≤ 1 mm och lokalrecidiv, men patienter med en CRM ≤ 1 mm 
hade mer avancerade tumörer (högre T- och N-stadier) än patienter med 
CRM > 1 mm. Vi bedömer att det är viktigt att kirurgin ger en adekvat  
kirurgisk marginal (CRM), men även om CRM är ≤ 1 mm, utvecklar få  
patienter lokalrecidiv, om de har opererats efter preoperativ strålbehandling 
och med optimal kirurgi med intakt mesorektal fascia. CRM skall inte  
användas för att välja ut de patienter som kan ha nytta av postoperativ  
strålbehandling, utan patienterna skall istället utredas preoperativt och  
baserat på denna utredning erbjudas preoperativ strålbehandling för att 
minska risken för utveckling av lokalrecidiv.  

 
I studie III var syftet att undersöka betydelsen av centraliseringen av rektal-
cancerkirurgin i ett landsting. Det finns studier i litteraturen som  



 46 

belyser vikten av kirurgisk kompetens72 76, operationsvolym72 73 76 och  
sjukhusvolym71, men effekten av centraliseringen av kirurgin inom ett län 
har inte studerats tidigare hos patienter med rektalcancer. Många studier har 
också exkluderat patienter som inte blev opererade i botande syfte. 

I Västmanland bedrevs rektalcancerkirurgin före 1996 vid 4 olika sjukhus. 
Patologisk diagnostik och onkologisk behandling var centraliserade till  
Västerås. Efter ett politiskt beslut år 1996 bildades enheten för kolorektal-
kirurgi i Västerås och all kolorektalkirurgi centraliserades. Samtliga patienter 
som var omhändertagna under perioden 1993-1996 (före centraliseringen) 
och 1996-1999 (efter centraliseringen) inkluderades. Korttidsdata101 visade 
att antalet kirurger som opererade rektalcancer minskade kraftigt och  
andelen patienter som genomgick rektumamputation halverades. Den post-
operativa dödligheten och reoperationsfrekvensen mer än halverades.  

Vi kunde i studien visa att preoperativ strålbehandling var vanligare hos 
patienter som var opererade i kurativt syfte i den nya organisationen,  
sannolikt beroende på en bättre selektion, då magnetkamera användes i stör-
re utsträckning. Fler patienter i den nya organisationen erhöll även  
cellgiftsbehandling. Vi fann att risken för lokalrecidiv var betydligt lägre i 
den nya organisationen och att långtidsöverlevnaden ökade signifikant. I den  
multivariata analysen fann vi tre oberoende faktorer för förlängd överlevnad: 
mindre avancerad tumör, avsaknad av lokalrecidiv samt omhändertagande i 
den nya organisationen efter centraliseringen.  

I många studier som relaterat överlevnad för patienter med rektalcancer 
till sjukhusvolym och kirurgisk volym har olika definitioner på vad som är 
hög och låg volym använts, dessutom skiljer sig sjukvårdsstrukturer åt i oli-
ka länder. Att relatera överlevnad till sjukhusvolym alternativt kirurgisk 
volym kan vara vilseledande. Sannolikt spelar organisationen kring denna 
komplexa sjukdoms omhändertagande och behandling stor roll i tillägg till 
den kirurgiska kompetensen. 

Sammanfattningsvis kunde vi visa att långtidsöverlevnaden förbättrades för 
samtliga rektalcancerpatienter (både kurativa och palliativa) efter centralise-
ringen. Bättre och tätare samarbete mellan radiolog, kirurg och onkolog via 
multidisciplinära konferenser ledde sannolikt till en individanpassad behand-
lingsmodell vilket resulterade i förlängd överlevnad. 

I studie IV var syftet att beskriva och jämföra förändringen av behandlings-
strategin i Sverige för rektalcancer patienter med metastaser. Data ur Svens-
ka Rektalcancerregistret från 1995-2006 användes och patienterna delades in 
i olika åldersgrupper (<60, 60-69, 70-79, >80 år), behandlings-grupper 
(tarmresecerad, explorativ laparotomi, ej opererad) och i tre olika  
tidsperioder (1995-1998, 1999-2002, 2003-2006). 
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Vi kunde visa att överlevnaden för rektalcancerpatienter i stadium IV har 
förbättrats över tid. Den förbättrade överlevnaden gäller dels för patienter 
som hade genomgått tarmresektion trots att de hade metastaser, dels för dem 
i åldersgruppen 60-69 år som inte var opererade. Postoperativ dödlighet samt 
komplikationer efter tarmresektion var låga för rektalcancerpatienter i  
stadium IV, vilket talar för att det är en väl selekterad grupp som har  
genomgått tarmresektion. Patienter som var opererade med explorativ  
laparotomi hade dock en hög postoperativ dödlighet. Den överlevnadsvinst 
som sågs för patienter som genomgått en tarmresektion bedömde vi bero på 
selektionsmekanismer som vi inte har kunnat justera för på grund av studiens 
retrospektiva upplägg. 

 
Sammanfattningsvis kunde vi visa att andelen rektalcancerpatienter med 

preoperativt påvisade metastaser ökade från 15%  år 1995 till 19%  år 2006, 
sannolikt på grund av den förbättrade preoperativa utredningen. Vi kunde 
också visa att överlevnaden för patienter med metastaserad rektalcancer har 
förlängts i Sverige sedan 1995. Detta trots att en fjärdedel av patienterna 
under den senare tidsperioden inte genomgick en tarmresektion. En viktig 
bidragande orsak till den förlängda överlevnaden torde vara att andelen  
patienter som erbjöds och erhöll onkologisk behandling ökade.  

Vår slutsats är att andelen patienter som enbart genomgår en explorativ  
laparotomi bör kunna minskas genom en bättre preoperativ utredning för att 
istället erbjudas palliativ onkologisk behandling samt vid behov palliativ 
kirurgi som till exempel laparoskopisk stomiuppläggning och endoluminal 
stentinläggning. I väntan på resultat från en pågående randomiserad studie 
som undersöker resultat efter kirurgisk behandling för metastaserad  
rektalcancer rekommenderar vi ett restriktivt förhållningssätt. Större  
bukkirurgi bör kunna undvikas hos patienter med icke resektabla  
metastaser som inte kan komma att bli föremål för onkologisk behandling. 
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