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 “Det är inte alltid tillräckligt att förstå ett  problem för  
    att lösa det – men det är alltid nödvändigt”
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ABSTRACT

Colon cancer is common in Sweden, with about 3500 new cases every year. Tumours of the colon 
and rectum are usually addressed as an entity. Great effort has been made to improve the outcome 
after rectal cancer treatment with subsequent improvement of survival. Only few studies have ad-
dressed the specific issue of colon cancer and how to improve the outcome for this large group 
of patients. As a consequence, the 5-year survival after colon cancer treatment in Sweden is now 
poorer than after rectal cancer treatment.

Since 1996, the Stockholm-Gotland region has a common management protocol for patients with 
colon cancer. As part of this protocol, data on all patients with newly diagnosed colon cancer in the 
region are prospectively collected in a database at the Oncologic Centre in Stockholm. The database 
includes information on age, sex, tumour location and stage, emergency or elective surgery, type 
of surgery performed, postoperative mortality, histopathology of the tumour and follow-up data on 
recurrence and survival. The database is continuously validated and updated through comparison 
to other registers with information on healthcare consumption, diagnoses according to the interna-
tional classification of diseases (ICD) and causes of death.

This thesis is based on information from the Oncologic Centre database and includes all patients 
diagnosed with colon cancer in the Stockholm-Gotland region during 1996-2000, followed until 
January 2005. The aim of the thesis was to achieve knowledge on how patients with colon cancer 
have been managed in the region during these years and to assess the outcome in terms of postop-
erative mortality, loco-regional and distant recurrence and survival. Another aim was to identify risk 
factors for death and recurrence.

During the study period, 2855 patients were diagnosed with colon cancer. After the exclusion of 80 
patients diagnosed at autopsy, 2775 were eligible for follow-up. The crude 5-year survival for all 
patients was 46 per cent. Nine hospitals managed these patients, and differences in overall survival 
and risk for local recurrence between the hospitals were present despite the common management 
protocol. 
The cumulative risk for loco-regional recurrence was 11 per cent. Tumour location in the right flex-
ure and sigmoid colon, more advanced T-stage and N-stage, bowel perforation, emergent surgery 
and poor tumour differentiation were identified as risk factors for loco-regional recurrence. After 
complete resection of loco-regional recurrences, the estimated 5-year survival was 43 per cent, 
while there were no 5-year survivors among patients where a complete resection of the recurrence 
could not be accomplished. 
Liver metastases were detected in 24 per cent of the patients during follow-up. The hepatic resection 
rate was four per cent, which is remarkably low. A retrospective evaluation of radiological images of 
the liver showed that ten per cent of the patients might have been candidates for liver surgery. 
An evaluation of tumour volume as a prognostic factor showed that an increased tumour volume 
was associated with poorer survival even after adjusting for other postoperatively known factors.
Some areas of possible improvement were identified. A multidisciplinary approach to improve pre-
operative staging, surgery, histopathologic staging and selection of patients for medical oncologic 
treatment could probably improve the outcome for patients with colon cancer.

Abstract 
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LIST OF ABBREVIATIONS

AJCC The American Joint Commission of Cancer

BMI Body mass index

CEA Carcinoembryonic antigen

CI Confidence interval

CT Computed tomography

DW-MRI Diffusion-weighted magnetic resonance imaging

ERAS Enhanced recovery after surgery

HR Hazard ratio

IM Index of metastases

FAP Familial adenomatous polyposis
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NSAID Nonsteroidal anti-inflammatory drug
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 THESIS AT A GLANCE

Question Patients and methods Results Conclusion

I What is the outcome 
of management of 
colon cancer in the 
Stockholm-Gotland 
region and are there 
differences between 
hospitals?

All 2855 patients 
diagnosed with colon 
cancer in the region 
during 1996-2000, 
followed until Jan 2005

Crude 5-year survival 
for all patients was 46%. 
The individual hospital 
was an independent risk 
factor for death.

There are differences 
in survival rates 
between hospitals 
despite a common 
management 
protocol. Measures 
to improve 
management need to 
be undertaken.

II How frequent are loco-
regional recurrences 
from colon cancer 
in the Stockholm-
Gotland region, how 
are they treated, what 
is the outcome and 
what risk factors can 
be identified?

All 1856 patients with 
colon cancer operated 
on with potentially 
curative surgery in the 
region during 1996-
2000, and surviving 
more than 30 days 
postoperatively, 
followed until Jan 2005

The cumulative 5-year 
incidence was 11%. The 
median survival was 9 
months. Surgery was 
performed in 57% of the 
cases. Tumour location, 
emergent surgery, 
bowel perforation, 
TN-stage and tumour 
differentiation were 
independent risk factors 
for loco-regional 
recurrence.

Loco-regional 
recurrence from 
colon cancer is a 
significant clinical 
problem and 
multidisciplinary 
treatment 
programmes seem 
crucial to improve 
outcome.

III How have liver 
metastases from colon 
cancer been treated 
in the Stockholm-
Gotland region, what 
is the outcome and 
would more patients 
have been suited for 
liver surgery?

All 2280 patients 
diagnosed with colon 
cancer in the region 
during 1996-1999, 
followed until Jan 2003. 
All CT/MRI of the liver 
were re-evaluated.

508 patients with 
liver metastases were 
followed. 21 (4%) had 
hepatic resection, 8 had 
no evidence of disease 
at the end of follow-
up. Re-evaluation of 
CT/MRI showed that 50 
patients might have been 
candidates for primary 
liver surgery.

The hepatic resection 
rate was low. There 
is a potential for an 
increased resection 
rate with dedicated 
multidisciplinary 
management 
programmes.

IV Is tumour volume a 
prognostic factor in 
colon cancer? 

All 1865 patients 
diagnosed with 
colon cancer in the 
Stockholm-Gotland 
region during 1996-
2000 and with tumour 
size in three dimensions 
recorded.

A small tumour volume 
correlated with good 
outcome and a large 
volume with poor 
outcome. 

Tumour volume 
may be useful as 
a preoperative 
prognostic factor, but 
further studies are 
needed for clinical 
implementation.

Thesis at a glance 
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INTRODUCTION

In studies of colon cancer, much of the available information considers cancer in the 
colon and in the rectum as a common entity. This is reasonable, since the colon and 
the rectum are both part of the large bowel and the diseases share many common 
features (Fig. 1). Nevertheless, it is important to distinguish between the two, since 
there are differences in the treatment and outcome.
Many studies have been performed with the specific aim of improving the outcome 
of treatment for rectal cancer by radiation therapy and by introduction of a precise 
surgical technique with a thorough dissection in embryological layers 1-7. The 
treatment of patients with colon cancer has, however, been less scrutinized and thus 
remained essentially unchanged during the past decades. Historically, the survival 
after colon cancer has been better than after rectal cancer, but the efforts regarding 
management of rectal cancer have resulted in better outcome. The survival after 
colon cancer treatment is no longer better than after rectal cancer treatment in 
Sweden 8, 9. Since colon cancer is common in Sweden, with about 3500 new cases 
every year 10, the time has come to direct specific attention towards management of 
colon cancer, with the aim of improving the outcome for this large group of patients. 
This thesis includes only patients with colon cancer and is a part of initiating this 
process of improvement.

Figure 1. The anatomy of the gastrointestinal tract.
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BACKGROUND

Epidemiology
Colon cancer is one of the most common cancers in Western populations 11-13. The 
highest incidence rates are found in Australia, North America and Western Europe, 
whilst the lowest are found in developing countries, such as India and African 
countries 14, 15. The tumour predominates in populations with high income and high 
educational levels, and it has been found that it occurs more frequently in urban 
than in rural areas. Some of the large differences between countries may be due 
to the failure to detect colon cancer in developing countries, where resources for 
diagnosis are scarce. This explanation can, however, only account for a small part 
of the variations. There is a slow gradual increase in colon cancer incidence. This 
increase is more pronounced in areas formerly at low risk but is also seen in the 
Nordic countries 16 (Fig. 2) and could be attributable to a rise in the standard of 
living, but the exact reasons have not been clarified. 
In Sweden, colon cancer is the fourth most common form of cancer in males, after 
prostate, skin and lung cancer, with an age-standardized incidence rate of 44.8 per 
100 000 personyears. In females it is the second most common form of cancer in 
Sweden after breast cancer, with an incidence rate of 36.0 per 100 00011. Stockholm 
County and the island of Gotland together have a total of 1.9 million inhabitants. In 
2004, the age-standardized incidence rate of colon cancer in the region was 42.9 per 
100 000 inhabitants (Fig. 2). 

Figure 2. Age standardized incidence rates for colon cancer in the Stockholm-Gotland 
region per 100 000 personyears.

Background 
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Aetiology
More than 95 per cent of all colon cancers are adenocarcinomas, emerging from the 
glandular epithelium of the colon. Studies on colon cancer generally refer only to 
adenocarcinomas, excluding the few cases of squamous cell carcinomas, carcinoids, 
lymphomas, malignant melanomas and sarcomas.

Hereditary factors
It is generally accepted that most colon cancers develop from a benign adenoma, via 
different degrees of dysplasia, into an invasive adenocarcinoma. The transformation 
from a normal cell into a cancer cell includes several steps of genetic changes 17. 
The colonic epithelium is normally an actively proliferating system, but as a result 
of genetic changes, cells in the epithelium of the colon can begin proliferating in an 
uninhibited way, developing into a malignant tumour.
The genes suggested in the process of tumorigenesis can be subdivided into 
oncogenes, tumour suppressor genes and DNA stability genes. Oncogenes promote 
cell proliferation and a mutation in an oncogene can thus induce uninhibited 
cellular growth. Tumour suppressor genes down-regulate pathways that stimulate 
growth. Mutations in such genes can inactivate their function and inactivation of 
a tumour suppressor gene is involved in familial adenomatous polyposis (FAP). 
DNA stability genes repair DNA replication errors and when these systems are 
dysfunctional, mutations can accumulate in the genome. Defective DNA stability 
genes are seen in hereditary non-polyposis colorectal cancer (HNPCC). 
Thus, hereditary factors contribute to the development of colorectal cancer, 
although the proportion of colorectal cancers attributable to the high-penetrance 
genetic syndromes, FAP and HNPCC is only about 5 per cent. In a population-
based study, the risk for colon cancer was significantly higher among relatives 18, 
and several mutations involved in colon cancer development have been identified 
17, 19, 20. The actual familial risk, i.e. patients who have two or more first- or second-
degree relatives with colorectal cancer, make up approximately 20 per cent of all 
patients with colorectal cancer 21. In a study on heritable and environmental factors 
on twins, the effects of hereditary factors in colorectal cancer was estimated to be 
35 per cent 22.

Environmental factors
A familial occurrence of cancer may be due to a shared environment rather than 
genetic reasons. Many life style factors and dietary factors have been suggested 
to increase the risk of developing colon cancer. A high intake of animal fat, 
alcohol and tobacco, a high body mass index (BMI) and low physical activity all 
seem to be associated with an increased risk, but the exact causes have not been 
clearly established 23-29. A high intake of milk, calcium and folate is reported to 
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be associated with a decreased risk for colon cancer 30-32. A popular theory is that 
dietary fibre reduces the risk for colorectal cancer and this has been suggested by 
case-control studies 10, 33, 34. However, a recent Cochrane review could not confirm 
a reduced incidence of adenomatous polyps or colorectal cancer in patients with a 
high consumption of dietary fibre 35. The follow-up time in the studies reviewed 
was, however, only two to four years. There are some data supporting that aspirin 
(ASA), Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) and hormone replacement 
therapy by estrogens are associated with a reduction in the risk for colon cancer, but 
further studies on this are needed 36-38. 
Studies on migrants support the theory that environmental factors play a major role 
in the aetiology of colorectal cancer, illustrated by an increase in risk for colorectal 
cancer for the offspring of migrants from low incidence areas to the USA 39, 40.

Diagnosis and preoperative staging
Several randomised trials have shown a reduced mortality rate in colorectal cancer 
after screening with faecal occult blood test 41-43. Such a screening protocol is still 
a matter of discussion in Sweden and has not yet been introduced. Problems being 
discussed are issues of a high rate of false positive tests and allocation of financial 
resources. Therefore, almost all colon cancers are diagnosed based on symptoms. 
The symptoms are comprised mainly of abdominal pain, diarrhoea or constipation, 
blood in the stools or fatigue due to anaemia. In the right colon, the faeces are 
liquid and can pass through a bowel that is strictured by a tumour. Right-sided 
tumours can thus cause a tight stricture before mechanical bowel obstruction occurs. 
Blood from a tumour in the right colon turns dark during the passage through the 
large bowel, and the patient detects no visible blood in the stool. It is therefore 
common that the symptoms from these tumours are comprised of fatigue caused 
by anaemia due to occult bleeding from the tumour. The more distally in the colon 
the tumour is located, the more solid are the faeces, with subsequent increased 
risk for obstruction of faecal passage and symptoms associated with mechanical 
obstruction, such as abdominal pain, constipation or diarrhoea. A distal location 
of the tumour also increases the chance of visible red blood in the stools, which 
catches the patient’s attention. Several studies report that 20-30 per cent of all colon 
cancers are diagnosed in an emergent setting when a mechanical obstruction or 
tumour perforation is manifest 44-46.
In the elective situation, the diagnosis is established by colonoscopy, barium enema 
or the newer method of computed tomography colonography. In Sweden, it is 
generally accepted that a preoperative investigation includes evaluation regarding 
metastases in the liver and the lungs. The abdomen is examined by computed 
tomography (CT) or contrast enhanced ultrasonography and the lungs by CT or plain 
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X-ray 47. It has generally not been part of a standard management plan to evaluate 
the primary tumour regarding the extent of local growth. Such an evaluation could 
be of value in planning the extent of the resection and to avoid surprises during 
the operation that might jeopardize a locally complete resection of the tumour. 
It would be desirable to identify preoperatively measurable prognostic factors to 
select patients at a high risk of cancer recurrence after surgery. Several tumour 
markers have been evaluated for this purpose, but the only one that is currently 
used in clinical practice is carcinoembryonic antigen (CEA) 48-55. Tumour size has 
been evaluated as a variable in several studies on prognostic factors for colorectal 
cancer, and has been concluded to be inefficient as an independent prognostic factor 
after adjustment for TNM stage 56-59. It has, however, not been established whether 
tumour volume, which could probably be measured by radiological methods, could 
be a preoperative prognostic factor that might influence the management and surgery 
before the T- and N-stages are known. 

Management
Preoperative preparation
In Sweden, routine preoperative preparation since many years consists of antibiotic 
prophylaxis, prophylaxis against thrombo-embolic complications and mechanical 
bowel cleansing. There is convincing evidence that antimicrobial prophylaxis is of 
importance to avoid postoperative infections. It has also been shown that the use of 
a single dose of an antimicrobial agent is as efficacious as multiple-dose regimens. 
It seems that the efficiencies of oral and systemic administration are very similar. 
The exact combination of optimal antibiotic therapy has not been established, since 
many regimens have similar results. The important principles are that the antibiotics 
are active against both aerobic and anaerobic bacteria and that they are administered 
in time, so that the tissue concentration of antibiotics is sufficiently high at the time 
of surgery 60, 61. Colorectal surgery carries a high risk for deep venous thrombosis 
and pulmonary embolism. It is established that low molecular weight heparin is 
efficient as prophylaxis and should be used routinely 62-65. 
Preoperative mechanical bowel preparation has been regarded as an important 
factor to avoid anastomotic leakage. Since the early 1990s, several randomised 
trials and meta-analyses have failed to show any advantages of mechanical bowel 
cleansing versus no bowel preparation 66, 67. Bowel preparation is poorly tolerated by 
the patients, involves an extra burden for the nursing staff and it can be concluded 
that this regimen has no place in elective open colon surgery. This conclusion is 
supported by a Swedish randomised controlled trial including 1343 patients, where 
no differences in the overall complications could be seen between the group that had 
bowel preparation compared to the one that did not 68. 
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Surgical techniques
Surgery with resection of the colon segment containing the tumour and its regional 
lymph nodes is the first-line treatment for colon cancer. Reybard from Lyon appears 
to be the first on record to have performed a successful resection of a colon cancer 
with subsequent anastomosis, in 1833. The problems with intra-abdominal leakage 
and sepsis were huge and the mortality after resection and anastomosis was still 
40 per cent at the end of the nineteenth century 69. In order to avoid the intra-
abdominal anastomoses, Bloch in Copenhagen (1894), Paul of Liverpool (1895) 
and von Mikulicz of Breslau (1903) independently described similar methods of 
mobilising and exteriorising the part of the colon with the tumour and thereby 
leaving the anastomosis extra corporally until it had healed. This method decreased 
the mortality due to sepsis, but the local recurrence rate was high. The discovery and 
introduction of antibiotics in the 1940s was a breakthrough in colorectal surgery, 
reducing mortality due to intra-abdominal sepsis.

Over the past decades, there have been no major changes in the surgical treatment 
of colon cancer. The surgery includes resection of the colonic segment involved 
by the tumour and subsequent anastomosis of the bowel to restore continuity. The 
anastomosis can be handsewn or stapled. Trials comparing these two methods have 
not shown any significant differences between the two and have concluded that the 
choice of anastomotic technique should be the surgeon’s preference 70-72. A resection 
of 5-10 centimetres of bowel surrounding the tumour seems to be sufficient for 
tumour clearance. It is, however, not known how wide the resection of the mesocolon, 
including blood vessels and lymphatic vessels, should be. Thus, no standard 
technique for optimal resection of a colon cancer has been clearly established. Lord 
Moynihan of Leeds stated in 1908 that “The surgery of malignant disease is not 
the surgery of organs; it is the anatomy of the lymphatic system” and proposed 
resection of the inferior mesenteric artery at its origin for tumours in the rectum 
or rectosigmoid 73. High ligation of vessels has been reported beneficial by other 
authors but it has not gained total general acceptance 74, 75. The “no-touch isolation” 
technique, where the mesenteric vessels are ligated before mobilising the tumour, 
has been proposed as important to avoid tumour dissemination during surgery but 
this has not been proven and is currently not part of the standard technique 76, 77.
It is generally accepted that a complete resection of the tumour is the most important 
factor to reduce the risk for tumour recurrence and a prerequisite for cure 78-80. To 
classify an operation as potentially curative, the resection should be complete ac-
cording to both the surgeon and the pathologist 80. 

Background 
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The standard approach for a colon cancer operation is open surgery. The laparoscopic 
approach has been evaluated in several randomised trials 81-85. These studies have 
shown no inferiority of laparoscopic colon resection as compared to open surgery 
regarding cancer-free survival.
Colonic surgery is performed by general surgeons or by surgeons with a sub-
specialisation in colorectal surgery. The importance of such surgical specialisation 
has been debated. There are data supporting that colorectal subspecialisation has an 
impact on the prognosis for patients with colorectal cancer 86-88. Regarding the value 
of a high operative volume, some authors have shown that high volume centres 
have a better outcome than low volume centres, and some studies have related a 
better outcome to specific high volume surgeons 89-91. The impact of caseload and 
speciality for the outcome in colorectal cancer has not been clearly established, and 
there is currently a Cochrane Collaboration protocol aiming to clarify this 92.

Recovery
The postoperative in-hospital stay after colonic resection is usually 6-12 days. After 
a colon resection, the patient has classically been immobilised for several days 
with postoperative ileus, nausea and pain. In recent years, much attention has been 
brought to using a multidisciplinary approach with a focus on stress reduction and 
promotion of return to function 93, 94. The ERAS (Enhanced Recovery After Surgery) 
group is a collaborative of five Departments of Surgery from five Northern European 
countries. It was formed in 2001 and has established a protocol that aims at allowing 
patients to recover quickly from major surgery, avoiding decline in nutritional status 
and fatigue and reducing the hospital stay. The ERAS protocol involves a number 
of pre-, per- and postoperative aspects, summarized in Table 1 95. The laparoscopic 
approach in colon cancer surgery has shown a decrease in postoperative ileus and 
hospital stay as compared to open surgery, but further assessment of the effect of 
laparoscopic surgery in addition to the ERAS protocol is warranted. 

Histopathologic staging
Correct staging of the disease is important to predict prognosis and to select patients 
for adjuvant treatment. Different staging systems have been suggested for the 
classification of colon cancer. The most widely used is the Dukes’ classification 
for rectal cancer, launched by Cuthbert Dukes in 1932 96. This system considers 
the depth of tumour penetration into the bowel wall and the involvement of lymph 
nodes (Dukes’ A-C). This classification has been modified repeatedly and in 1939 
it was extended for use in colon cancer 97. In 1967 a category for patients with 
distant metastases was introduced (Dukes’ D) 77. In order to introduce a standardized 
and more detailed system, the American Joint Commission of Cancer (AJCC) has 
developed the TNM system (Tumour, Node, Metastasis) for colorectal cancer, 
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applying criteria from the Union Internationale Contre le Cancer (UICC). The TNM 
system provides uniformity for staging cancer in all anatomic sites 98. The T-stage 
indicates the depth of local infiltration of the tumour into the bowel wall, the N-stage 
information on lymph nodes involved by the tumour and the M-stage information on 
distant metastases. The TNM system provides an AJCC/UICC stage classification 
that parallels the Dukes’ classification system. The relationship between the Dukes’ 
and TNM systems is shown in Table 2. 
To provide the correct classification of the N-stage for colon cancer, it has been 
concluded that a minimum of twelve lymph nodes should be examined 47, 99, 100. This 
number has, however, been discussed, and some authors believe that 17 nodes is 

Table 1. Summary of  the ERAS protocol for colonic surgery

• Preadmission patient information on what to expect and their role in recovery

• No preoperative bowel preparation

• No preanaesthetic medication

• Patients allowed drinking clear fluids up to 2 h prior to anesthesia. 
Preop. carbohydrate loading

• Prophylactic antibiotics

• Intraoperative mid-thoracic epidural analgesia. Short-acting intravenous or inhalational 
       anaesthetic agents

• Prevention of intraoperative hypothermia

• Thromboembolic prophylaxis according to local tradition

• No nasogastric tube

• Short midline or transverse incision

• No drains

• Urethral or suprapubic catheter, removed after 24-48 h

• Avoid excessive intravenous (IV) fluids. Discontinuation of IV fluids on postoperative day 1

• Continuous thoracic epidural analgesia 2 days postoperatively. Oral paracetamol. 
       Commence NSAIDs at end of epidural

• Oral nutritional supplements in addition to normal food from the day of operation

• Patient out of bed for 2 h on the day of operation and 6 h daily thereafter

• Discharge when good pain control on oral analgesics, taking solid food, no IV fluids, 
       independently mobile and willing to go home

• Patient contacted 1-2 days after discharge, reviewed clinically at 7-10 days 
       and 30 days postoperatively

Background 
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required whereas six nodes have been proposed to be sufficient by others 101, 102. In 
a study from Uppsala, the index of metastases (IM), as derived from the number 
of lymph nodes with metastases divided by the number of nodes examined, was 
introduced as a prognostic factor. The study showed that the IM was a stronger 
prognostic factor for survival than the classic staging into N1 and N2, where N1 
indicates the involvement of 1-3 nodes and N2 the involvement of ≥4 nodes (Table 
2) 103. The significance of such a ratio of metastatic to examined lymph nodes as a 
prognostic factor has later been confirmed 104.
Traditionally, the nodes from a specimen are identified by manual palpation and 
examined by haematoxylin and eosin staining of serial sections. A large proportion 
of the metastatic lymph nodes are reported to be smaller than 5 mm and thus likely 
missed by manual palpation. To increase the identification rate of lymph nodes, another 
technique, fat clearance, can be used 105. This is, however, time-consuming, labour 
intensive and thus expensive. Immunohistochemistry, with monoclonal antibodies 
against epithelial histology, is a pathology tool that surpasses the capabilities of 
routine staining. By identifying nodes with micrometastases, immunohistochemistry 
has been shown to upstage patients with node negative tumours according to routine 
examination by several authors 106-108. The clinical importance of micrometastases 
is, however, debated 106, 108-111. An even more sensitive method of finding very small 
deposits of tumour cells is the polymerase chain reaction (PCR) technique 112, 113. 
The studies performed are small, and more studies are required to determine the 
clinical importance of this method.
The concept of a sentinel node (SN) was first introduced regarding cancer in the 
parotid gland 114. In the 1990s it was applied to melanoma and breast cancer 115, 116. A 
difference between the use of SN in these mentioned tumours and in colon cancer is 
that, in the former two cancers, the SN can limit the extent of resection, whereas in 
colon cancer it rarely would affect the planned operative resection, but could rather 
allow a more thorough pathologic examination of this specific node. The two meth-
ods of identifying the SN are injection of visible dye and lymphoscintigraphy. Dye 
and/or isotope is injected subserosally around the tumour and is, within minutes, 
transported by lymphatic vessels to one or a few lymph nodes, the sentinel nodes. 
This can be done intraoperatively in vivo or ex vivo when the specimen has been re-
sected. Some authors report a high sensitivity and specificity 117. Others show more 
pessimistic results and the value of SN in colon cancer is still in doubt 118, 119.
The tumour status regarding local and distant residual tumour after surgery is 
described by the residual tumour (R) classification, proposed by the UICC in 1987 
(Table 3). It has been shown that a better prognosis is strongly correlated to an R0 
resection, with total tumour clearance.
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Table 3. Residual Tumour Classification

R-CLASS Tumour status

R0 No residual tumour

R1 Microscopic residual tumour

R2 Macroscopic residual tumour

Table 2. Systems for classification of colon cancer

AJCC/UICC 
staging system

TNM system Dukes’ classification

Stage 1 T1-2 N0 M0
T1=Invasion of submucosa
T2=Invasion into, but not through, 
the muscularis propria
N0=No nodal metastasis
M0=No distant metastasis

A
Tumour limited to the bowel 
wall

Stage II T3-4 N0 M0
T3=Penetration through the 
mucosa into subserosa, or into non-
peritonealized pericolic tissues
T4A=Invades other organ
T4B=Perforates visceral peritoneum
N0=No nodal metastasis
M0=No distant metastasis

B
Penetration through 
bowel wall without nodal 
involvement

Stage III Any T N1-2 M0
N1=Metastasis in 1-3 regional 
lymph nodes
N2=Metastasis in ≥4 lymph nodes
M0=No distant metastasis

C
Lymph node metastasis

Stage IV Any T Any N M1
M1=Distant metastasis

D
Distant metastasis

Background 
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Adjuvant medical oncologic therapy and radiation
In the 1980s, several trials were performed regarding adjuvant treatment with 
chemotherapy after potentially curative surgery for colorectal cancer 120, 121. An 
analysis of these trials shows that there is a 10-12 per cent gain in 5-year survival 
with adjuvant 5-fluorouracil-based (5-FU) treatment after surgery for stage III 
colon cancer. Chemotherapy for patients with stage III colon cancer is thus a part 
of standard therapy since the 1990s. Regarding stage II colon cancer, the efficacy 
of chemotherapy remains equivocal. There are data suggesting that adjuvant 
chemotherapy should be offered to patients with “high risk” stage II tumours, for 
example T4 tumours, poorly differentiated tumours, perforated cancers or cases 
where an insufficient number of lymph nodes (<12 nodes) have been found in the 
specimen 122-124.
A previous study has shown that a high expression of thymidylate synthase predicts a 
higher sensitivity to 5-FU-based chemotherapy 125. In the future, molecular profiling 
of the tumours may identify individuals more likely to benefit from adjuvant 
treatment and thus make it possible to tailor the adjuvant treatment individually.
More recent studies have concluded that the addition of oxaliplatin or irinothecan to 
the 5-FU regimen improves survival, but at the expense of more toxic side effects, 
such as neutropenia and peripheral neuropathy 126, 127.
As shown in rectal cancer treatment, radiotherapy applied to adenocarcinoma of 
the bowel is efficient 2, 4, 5, 128-130. However, in the case of colon cancer, the use of 
radiation has been restricted to locally advanced tumours, since a large amount of 
small intestine is affected by the radiation, with a risk for subsequent problems with 
diarrhoea and mechanical obstruction due to radiation damage 131-134. There are no 
prospective trials on preoperative radiotherapy for resectable colon cancer.
Previous studies on other gastrointestinal tumours indicate that preoperative neo-
adjuvant treatment with chemotherapy or radiation is more effective than postop-
erative treatment 135-137, but no studies have evaluated preoperative chemotherapy to 
patients with colon cancer.

Follow-up
Whether or not an intensive follow-up program contributes to an increase in overall 
survival, after potentially curative resection for colon cancer, has been the topic of 
several studies 138-143. The objective for follow-up includes a better overall survival, 
psychological reasons for the patients and scientific or quality control purposes for 
the healthcare system. Many cohort and case-control studies have supported the 
benefit of follow-up, but the protocols of randomised trials have been heterogene-
ous and shown ambiguous results 140, 141, 143-145. A Cochrane review concludes that 
follow-up of patients does increase survival, but the details of the optimal follow-up 
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regimen still need clarification 139. For this purpose an international multicentre-
trial, COLOFOL, has been launched, in which several Swedish institutions partici-
pate. The co-ordinating centre is in Aarhus, Denmark.

Recurrence
Metastases
Colon cancer has the potential to spread by direct extension of the primary tumour, 
lymphatic flow, haematogenous, trans-coelomic or implantation. At the time of 
diagnosis, approximately 50 per cent of the patients have metastases in the regional 
lymph nodes. Colon cancer may spread to all organs, such as the liver, lung, 
ovaries, adrenal glands, brain and skeleton. Tumour spread in the peritoneum is also 
common, but it can be debated to what extent this spread should be considered as 
distant metastases or as loco-regional recurrence. According to follow-up studies, 
the overall risk for recurrence after potentially curative surgery for colon cancer is 
26-57 per cent 140, 143, 144, 146. Isolated recurrences can be cured if an operation with 
complete removal of the tumour can be accomplished 30, 147-150. 
The most commonly reported site for distant metastases is in the liver. The reason 
for this is the direct venous drainage from the colon to the portal vein system. Ac-
cording to previous reports, 8.1-31 per cent of patients operated on with a potentially 
curative resection for colon cancer later develop hepatic metastases 145, 151, 152. There 
are reports from specialized institutions of hepatic surgery that the primary resecta-
bility rates of all, synchronous and metachronous, hepatic metastases is 20-25 per 
cent 153, 154. By down-sizing chemotherapy, the resectability rate may, according to 
some authors, increase to 30-40 per cent of all hepatic metastases from colorectal 
cancer 154-156. Population-based studies on the treatment of liver metastases and re-
sectability rates are, however, scarce 152, 157, and data from referral centres are limited 
due to recruitment bias.
Hepatic resection is accepted as the only treatment modality with a potential for 
cure. The reported 5-year survival after hepatic resection is 30-71 per cent 148, 158-

161, whereas the 5-year survival without surgery is essentially non-existent 162-164. 
Chemotherapy alone may prolong the survival of patients with irresectable disease 
120, 165. Several other treatment modalities, such as cryotherapy, radiofrequency 
ablation and stereotactic radiation, have been reported. These methods are currently 
being evaluated, but none have so far proven to be curative 148, 166-171.
In most cases of metastatic colon cancer, the prognosis is poor. When a complete 
resection is impossible, palliative care, with or without medical oncologic treatment 
or palliative radiation, should be undertaken 165, 172, 173.

Background 



A. Sjövall

28

Loco-regional recurrence
The definition of local recurrence from colon cancer is equivocal. Some authors 
define it as a recurrence located in the tumour bed of the primary tumour, and some 
include all extra-hepatic abdominal recurrences 151, 174-176. The interesting point is that 
since local recurrences must be caused by tumour cells left behind locally during 
surgery for the primary tumour, the local recurrence rate is generally considered to 
be a measure of the quality of the primary surgery. Since recurrences in parenchymal 
abdominal organs are probably caused by haematogenous spread, it is reasonable 
to exclude them from the definition of loco-regional recurrence and define loco-
regional recurrence as abdominal recurrences in non-parenchymal organs, thus 
indicating that these recurrences may be caused by suboptimal surgery. Population-
based studies specifically directed towards loco-regional recurrences from colon 
cancer are scarce, and the incidence is unclear. Previous authors have reported loco-
regional recurrence rates of 3.1-48 per cent after potentially curative operations for 
colon cancer 151, 174, 176-179.

Survival
Some published survival data on colon cancer are derived from specific centres and 
not from populations, making comparisons with other studies difficult. It is gener-
ally accepted that for stage I colon cancer, surgery results in a relative 5-year sur-
vival rate close to 100 per cent 180, 181. Figure 3 shows the relative survival according 
to stage for patients diagnosed with colon cancer in the Stockholm-Gotland region 
during 1996-2000. Regarding patients with stage II tumours, it has been previously 
shown that a higher number of examined lymph nodes correlates with a better 5-
year survival 182, 183. For patients with stage III tumours, the relative 5-year survival 
rate in Stockholm is about 55 per cent. In patients with more than three metastatic 
lymph nodes, the proportion surviving 5 years is about 15 per cent less than for 
patients with a maximum of three positive nodes 103. According to previous studies, 
grouping the patients according to index of metastases or lymph node ratio gives an 
even larger difference in survival rate 103, 104, 182. The relative 5-year survival rate for 
patients with stage IV disease is less than 5 per cent. 
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Quality registers
Quality assurance in surgical oncology is a major concern for all healthcare units 
and for patients. It has been shown that quality assessment improves outcome 184, 185. 
Quality registers are built up by a systematic sampling of case record forms in local, 
regional or national databases. 
Since 1958, data on all patients with cancer in Sweden are reported to the National 
Cancer Registry by the responsible physician and by the pathologist at the time 
of diagnosis. Causes of death are reported to the Cause of Death Registry at the 
National Board of Health and Welfare. The Stockholm County Council keeps records 
of all healthcare consumption including diagnoses according to the International 
Classification of Diseases (ICD) of the World Health Organisation.
The Stockholm Colorectal Cancer Study Group (SCCSG), consisting of surgeons, 
medical and radiation oncologists, pathologists and radiologists, was set up in 1980 
with the aim of improving outcome in colorectal cancer. As part of this program, a 
database with prospectively collected data on all patients in the Stockholm-Gotland 
region, diagnosed with an invasive adenocarcinoma of the colon, was initiated in 
1996. This registry, managed by the Oncologic Centre in Stockholm, includes detailed 
information on age, sex, tumour location and stage, emergent or elective surgery, 
type of surgery performed, postoperative mortality, radiotherapy, chemotherapy, the 
histopathology of the tumour, tumour length, width and thickness according to the 
pathologist and follow-up data on recurrence and survival. 

Figure 3. Relative survival in 2775 patients with colon cancer in the Stockholm-
Gotland region 1996-2000

Background 
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AIMS

With the intention to initiate a project aiming to improve the management and 
outcome of patients with colon cancer, the specific aims of this thesis were 

• to review overall results after treatment for colon cancer in a population-
based cohort, with special reference to potential differences between 
hospitals

• to report incidence, management and outcome for patients with loco-
regional recurrence from colon cancer and to identify risk factors for loco-
regional recurrence

• to assess the potential for an increase in the hepatic resection rate and 
thereby improve the outcome for patients with hepatic metastases from 
colon cancer in the Stockholm-Gotland population

• to determine whether tumour volume is a prognostic factor in patients 
with colon cancer

Aims
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PAPERS OF THE THESIS

Methods
Each resident in Sweden has a unique identification number, which has enabled the 
development of large population-based registries including different cancer diag-
noses. All four studies in this thesis were based on data from the Oncologic Centre 
database, described on page 29. In the database, the colon is defined as the large 
intestine above 15 cm from the anal verge, excluding the appendix. As a part of the 
investigations performed for the studies included in the thesis, the data reported 
to the Oncologic Centre database were validated and updated through all registers 
previously described. When needed, medical records were reviewed. 
The incidence rates reported from the National Board of Health and Welfare, as 
described on page 17, were somewhat higher than the absolute number of colon 
cancer patients in the studies of this thesis. This is attributable to the fact that the 
tumours reported to the National Cancer Registry also include adenomas with high-
grade dysplasia, whereas this thesis only includes invasive adenocarcinoma.
Out of all patients diagnosed with colon cancer during 1996-2000, only 30 moved 
from the region during the follow-up period. Dates of death were available in these 
patients and they were included in the survival analyses. Regarding the evaluation 
of recurrence, these patients were censored at the date of moving from the region, 
when follow-up data on recurrence could not be retrieved.
During the study period, there was no standardized protocol for routine postoperative 
follow-up of patients with colon cancer in the Stockholm-Gotland region, and thus 
follow-up routines differed between hospitals.
The patients included in each paper are displayed in Figure 4.

Statistical methods
The chi-square test was used to establish the significance of differences in 
distributions. P-values <0.05 were considered statistically significant. The Kaplan-
Meier method was used to estimate survival. Survival times were calculated from 
the date of primary surgery until the date of death or end of follow-up or, in non-
operated patients, from the date of diagnosis until death or end of follow-up (Paper 
I and IV). When analysing survival after tumour recurrence, the survival times were 
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calculated from the date of diagnosis of the recurrence until death or end of follow-up 
(Paper II and III). A Cox proportional hazards regression model was used to assess 
risk factors for death (Paper I and IV) or loco-regional recurrence (Paper II and 
IV). In these multivariable analyses, adjustment was made for case mix including 
age, sex, tumour node metastasis stages and emergent or elective surgery (Paper I) 
as well as tumour location, bowel perforation and tumour differentiation (Paper II 
and IV ) and also including local completeness of the surgery (Paper IV). Resulting 
hazard ratios (HR) are presented with 95 per cent confidence intervals (CI).

Figure 4. Patients with adenocarcinoma of the colon included in the papers.
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Colon cancer management and outcome in relation to individual 
hospitals in a defined population (Paper I)

Patients
All 2855 patients who were diagnosed with colon cancer in the Stockholm-Gotland 
region between January 1996 and December 2000 were included. They were 
followed until January 2005. In 80 patients the tumour was diagnosed at autopsy and 
these patients were excluded from further analysis, leaving 2775 patients eligible 
for follow-up. The outcome was analysed in relation to the nine hospitals in the 
region responsible for colon cancer management.

Results
The 2775 patients in this study had a median age of 74 years. The clinical 
characteristics of all patients are displayed in Table 4. There were significantly more 
right-sided tumours in women (669/1430) than in men (526/1345) and left-sided 
tumours were more common in men (651/1345) than in women (577/1430). Surgery 
was performed in 2706 (98%) patients. The proportion of electively operated 
patients was 2116 (78%) and 590 (22%) patients had an emergent operation. A 
potentially curative operation was accomplished in 1901/2775 (68%) patients. Out 
of the curative operations, 1549 (81%) had an elective procedure and 352 (19%) an 
emergent one.

Characteristics Number of patients (%)
Sex Male  1345  (48)
 Female  1430  (52)
Tumour location
Right  1195  (43)
Transverse  281  (10)
Left  1228 (44)
Multiple  65 (2)
Unknown  6

Tumour stage
I  332 (12)
II  1043 (38)
III  753 (27)
IV  572 (21)
Unknown  75 (3)

Elective surgery  2116 (76)
Emergent surgery  590 (21)

Table 4. Patient characteristics in 2775 patients diagnosed with   
   colon cancer in the Stockholm-Gotland region 1996-2000
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Recurrence and survival
The median survival time for all 2775 patients was 50 months, with a crude 
cumulative 5-year survival of 46 per cent. The importance of a complete clearance 
of the tumour at primary surgery is shown in Figure 5. The crude 5-year survival was 
significantly better, 61 per cent, in patients who had a curative operation according 
to the surgeon and the pathologist than if one of them expressed uncertainty or, even 
worse, if both were uncertain or one of them considered the surgery incomplete. 
The risk for death after emergent surgery was significantly higher than after elective 
procedures, with a hazard ratio of 1.68 (95% CI 1.45-1.96). This increase was seen 
even after excluding all deaths within six months, and thus excluding deaths due to 
postoperative complications in the emergent setting. 

Figure 5. Crude survival in 2775 patients diagnosed with colon cancer in 
Stockholm-Gotland 1996-2000.
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Outcome in relation to hospital
Survival analyses showed differences in overall survival depending on at which 
hospital the operation had been performed (Fig. 6). When adjusting for age, sex, 
TNM stage and emergent or elective surgery, some differences remained. Differ-
ences were also shown regarding risk for subsequent diagnosis of local recurrence. 
Better or worse results did not correlate with any special category of hospital, i.e. 
university hospitals versus community hospitals or high volume as opposed to low 
volume hospitals. 

Figure 6. Crude survival in 2608 patients after abdominal surgery for colon cancer in 
nine hospitals in the Stockholm-Gotland region.
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Loco-regional recurrence from colon cancer: a population-based 
study (Paper II)

Patients
All 1856 patients, who were submitted to a potentially curative resection of a colon 
cancer in the Stockholm-Gotland region between January 1996 and December 2000, 
with a survival of more than 30 days postoperatively, were included. They were 
followed until January 2005. The medical records of all patients diagnosed with 
an abdominal recurrence in a non-parenchymal organ were reviewed. Data on sex, 
age, elective versus emergent surgery, bowel perforation, T-stage, N-stage, tumour 
location and grade of differentiation were analysed in all patients to assess risk factors 
associated with the development of a loco-regional recurrence.
It was recorded whether the recurrence was found due to presence of symptoms 
or at routine examination. The management of the recurrence was studied and the 
outcome analysed.

Results
The cumulative 5-year incidence of loco-regional recurrence was 11 per cent (Fig. 
7). A loco-regional recurrence was detected in 193/1856 patients, after a median 
time of 18 months. 

Figure 7. Cumulative incidence of loco-regional recurrence after potentially 
curative resection for colon cancer.
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Risk factors
In a multivariable analysis, emergent surgery, more advanced T- and N-stages, 
perforation of the bowel and a poor differentiation of the tumour were identified as 
independent risk factors for later development of loco-regional recurrence (Table 
5). Tumours in the right flexure had the highest risk for loco-regional recurrence, 
followed by tumours in the sigmoid colon, as compared to all other locations. In 
Table 6 the number of lymph nodes examined in the specimen in relation to the 
different tumour locations is displayed. A larger proportion of patients with tumours 
in the sigmoid colon had only 0-3 lymph nodes examined, compared to tumours in 
other locations. 

Clinical characteristics and management
In 136/193 patients (70%) the loco-regional recurrence was located in the same 
abdominal quadrant as the primary tumour. One recurrence was diagnosed at autopsy 
and this patient was excluded from further analysis. In 161/192 patients (84%) 
the loco-regional recurrence was discovered due to symptoms, and in 31 (16%) 
it was found at routine follow-up (Table 7). As has been previously mentioned, 
during the study period there was no standardized routine follow-up protocol. In 
the majority of the patients, 122 (64%), the loco-regional recurrence was the first 
tumour manifestation and in 91 (48%) it remained the only one.
In Figure 8 the treatment of all patients with loco-regional recurrence is displayed. 
A surgical procedure was performed in 110 (57%) patients. Of these, 17 (15%) had 
been preoperatively evaluated by a multidisciplinary team, with at least a surgeon 
and an oncologist. The surgery was performed as an elective procedure in 65 (59%) 
patients and as an emergent procedure in 45 (41%). It was planned with a curative 
intent in 49 patients and this goal was achieved in 21. In two additional patients, 
the recurrent tumour could be completely resected during emergent surgery due 
to bowel obstruction and thus, a total of 23/192 (12%) patients had a potentially 
curative treatment. An incomplete resection was performed in 39 patients and 
palliative procedures without resection in 48. All patients with loco-regional 
recurrence at the end of follow-up had symptoms, mainly abdominal pain and 
mechanical obstruction.

Survival
The median survival for the 192 patients with a locally recurrent colon cancer was 
nine (range 0-72) months from the date of diagnosis of the recurrence. In the 23 
patients where a potentially curative resection of the recurrence had been performed, 
the estimated 5-year survival was 43 per cent, whereas no patient in the other groups 
had survived five years at the end of follow-up.
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Table 6.  Number of lymph nodes examined in relation to tumor location in 1856 colon cancer    
 specimens. Numbers in parenthesis are percentages

Location 0-3 nodes 4-5 nodes 6-8 nodes 9-11 nodes >11 nodes Missing Total

Caecum   92    (22)   76    (18)   99    (23) 64    (15) 70    (17)  20 (5)  421

Ascending   51   (17)   53    (18)   76    (26) 42    (14) 64   (22)  9 (3)  295

Right flexure   26   (22)   20    (17)   28    (24) 16    (13) 20    (17)  8 (7)  118

Transverse   56   (29)   35    (18)   48    (25) 28    (14) 22    (11)  6 (3)  195

Left flexure   18   (27)   19    (28)   11    (16)   9    (13)   7    (11)  3 (5)  67

Descending   21   (27)   18    (23)   17    (22) 11    (14)   9    (11)  2 (3)  78

Sigmoid 215   (31) 126    (18) 162    (24) 73    (11) 79    (12)  27 (4)  682

Symptoms/clinical findings No of patients

Pain  75 (39)

Mechanical obstruction  46 (24)

Bleeding/Anemia  17 (9)

Palpable mass  10 (5)

Weight loss  8 (4)

Urogenital symptoms  8 (4)

Colonoscopy/Barium enema  13 (7)

CEA level increased, no symptoms  6 (3)

Miscellaneous  9 (5)

Table 7. Initial dominating symptoms and findings in 192 patients
 with loco-regional recurrence after colon cancer.
 Numbers in parenthesis are percentages

Papers of the thesis 
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The potential for improved outcome in patients with hepatic 
metastases from colon cancer: a population-based study (Paper III)

Patients
All 2280 patients who were diagnosed with colon cancer in the Stockholm-Gotland 
region between January 1996 and December 1999 were included. They were 
followed until January 2002. The patients with hepatic metastases were followed 
until January 2003. The medical records of all patients with hepatic metastases were 
reviewed regarding management and outcome. To assess the number of patients 
with potentially resectable hepatic metastases, all patients younger than 80 years of 
age, without signs of extrahepatic disease and surviving more than 30 days after the 
diagnosis of hepatic metastases, were selected. Available CT or MRI examinations 
were evaluated retrospectively. Patients with a maximum of four metastases were 
regarded as potential candidates for hepatic surgery, and medical records were 
studied to assess whether they had been evaluated for hepatic resection.

Figure 8. Treatment of 192 patients with loco-regional recurrence from colon cancer.
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Results
Management and survival
Liver metastases were diagnosed in 537 (24%) of the 2280 patients. They were 
synchronous in 343 (15%) and metachronous in 194 (8%) patients. In 29 patients 
the metastases were found at autopsy and they were excluded from further analysis, 
leaving 508 patients eligible for follow-up. Figure 9 shows the evaluation of all 
patients.
In 242 patients concomitant extrahepatic disease was present. Out of these, 84 had 
chemotherapy, four in combination with stereotactic radiation or ethanol injections. 
One had stereotactic radiation alone, whereas the other 157 patients had symptomatic 
treatment only. The median survival for these 242 patients was 3.5 (range 0-51) 
months.
Hepatic metastases was the only tumour manifestation in 266 patients. The treatment 
of these patients is displayed in Table 8. A potentially curative hepatic resection was 
performed in 21 patients. In 13 of these, surgery was combined with chemotherapy, 
stereotactic radiation, radiofrequency ablation or local ethanol injections. Eleven 

Papers of the thesis 

Figure 9. Evaluation of patients with hepatic metastases from colon cancer.
*Two patients submitted to hepatic resection were found in this group.
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Table 8. Treatment of 266 patients with isolated hepatic metastases from 
 colon cancer in the County of Stockholm

Treatment modality No of 
patients

Alive at 
follow-up

Dec 31 2002

Median
 follow-up time* 

(range)

Alive with NED‡

No of patients

Surgery 8  5           25  (13-45) 4

Surgery + stereotactic radiation 1  0 0

Surgery + chemotherapy 8  5           38  (13-44) 4

Surgery + ethanol + chemotherapy 2  0 0

Surgery + RFA 1  0 0

Surgery + chemotherapy + RFA 1  1           29 0

Stereotactic radiation 6  1           49 1

Radiation + chemotherapy 5  2                 (31-39) 0

Radiation + ethanol + chemotherapy 1  0 0

Chemotherapy      76  3           37  (13-58) 0

Ethanol + chemotherapy 5  0 0

No active treatment    152  0 0

*Follow-up time (months) in patients alive Dec 31 2002
‡ NED; No Evidence of Disease

(52%) out of the 21 patients who had undergone surgery were alive after a median 
follow-up time of 29 (range 13-45) months, eight without evidence of disease. Of 
the ten patients who died during the follow-up time, two died from complications 
related to the hepatic surgery. The other eight all had recurrent metastatic disease 
in the liver.
The retrospective evaluation of 177 patients fulfilling the selection criteria for 
possible surgery showed that 66 patients out of 114 with available films of CT/MRI 
investigations had a maximum of four metastases (Fig. 9). Out of these, 44 were 
evaluated by a hepatic surgeon and 19 were submitted to liver surgery. The fact that 
two patients were missing from the total number of 21 patients who had surgery as 
described above, was due to missing CT/MRI in these patients. The assessment of 
all medical records and available CT/MRI showed that an additional 19 patients 
might have been candidates for liver surgery. 
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Figure 10. Overall survival in 1865 patients with colon cancer in relation to tumour volume.
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Tumour volume as a prognostic factor in colon cancer (Paper IV)

Patients
All 1865 patients, who had an abdominal resection of a colon cancer in the 
Stockholm-Gotland region between January 1996 and December 2000 and where 
tumour length, width and thickness were measured and reported, were included in 
this study. The three measurements were multiplied to calculate a volume in cm3. 
Depending on their volume, the tumours were then subdivided into three categories: 
small, medium and large. The groups were defined so that all groups included a 
similar number of patients. Survival analyses were performed for the different 
volume categories. Multivariable analyses, with adjustment for other known 
prognostic factors, were performed to evaluate tumour volume as an independent 
prognostic factor for survival.

Results
The survival analysis of the patients in the three volume groups showed a significantly 
better survival for patients in the “small” group and a significantly worse survival 
in the “large” group as compared to the “medium” group (Fig. 10). After excluding 
patients with stage IV disease, a  multivariable analysis showed that tumour volume 
was an independent prognostic factor for survival, recurrence-free survival and 
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Tumour volume No. of deaths
Overall death
Adjusted HR 

(95% CI)

Small (≤15.0 cm3)
n=573

248      1.00    (reference)

Medium (15.1-41.9 cm3)
n=517

255     1.25     (1.05-1.49)

Large (≥42 cm3)
n=495

276     1.62     (1.36-1.94)

loco-regional recurrence, when adjusting for factors known preoperatively (Table 
9). A difference persisted between small and large tumours, even after adjusting for 
all factors known postoperatively: sex, age, tumour location, emergent or elective 
surgery, local completeness of the surgery, TNM-stage, bowel perforation and grade 
of differentiation. 

Table 9. Tumour volume as a risk factor for overall death, any tumour recurrence 
and loco-regional recurrence for stage I-III colon cancer  in relation to 
preoperatively known variables. Adjustment was made for sex, age, tumour 
location and emergent or elective surgery. Hazard ratios (HR) are presented 
with 95% confidence intervals

Tumour volume
No. of any 

recurrences

Any tumour 
recurrence

Adjusted HR
 (95% CI)

No. of 
loco-regional 
recurrences

Loco-regional 
recurrence

Adjusted HR
(95% CI)

Small (≤15.0 cm3)
n=573

127    1.00    (reference)  61      1.00     (reference)  

Medium (15.1-41.9 cm3)
n=517

123    1.25     (1.05-1.48)  59      1.16    (0.81-1.66)

Large (≥42 cm3)
n=495

141    1.59    (1.34-1.89)  85      1.99    (1.42-2.79)
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Tumour volume No. of deaths
Overall death
Adjusted HR 

(95% CI)

Small (≤15.0 cm3)
n=573

248      1.00    (reference)

Medium (15.1-41.9 cm3)
n=517

255     1.25     (1.05-1.49)

Large (≥42 cm3)
n=495

276     1.62     (1.36-1.94)

DISCUSSION AND                 
FUTURE PERSPECTIVES

Discussion and future perspectives

Data collection
Research based on registries involves a risk for errors due to poor validity in the 
registries. The registries cannot rely solely on the reports from surgeons or other 
physicians, since the compliance is variable and the data is sometimes incorrect 186. 
For example, it has been shown that complications from colorectal cancer surgery 
are incompletely reported 187. Quality registers must thus be continuously validated 
and updated. Increased use of population-based registries for research purposes 
presumably increases the validity and overall quality through such validation. It 
is of importance that the registries are used to ensure and improve quality and not 
merely audit the results.
The database that forms the basis of this thesis has continuously been submitted 
to validation by a data manager at the Oncologic Centre. As part of the work of 
this thesis, the database has been thoroughly validated through comparison to all 
available registries on healthcare consumption and diagnoses, as described on page 
29. Extensive studies of medical records have been performed to minimize the 
errors in the registry. During this validation, it was apparent that the data initially 
reported to the registry were mainly correct, but not complete. In comparison to the 
National Cancer Registry, the Oncologic Centre database lacked reports from about 
one per cent of all patients with colon cancer. It was thus completed by retrospective 
collection of data on these patients. Regarding follow-up data on tumour recurrence, 
the Oncologic Centre database lacked reports on about 25 per cent of tumour 
recurrences. This was found by comparing with the other registers mentioned and 
by reviews of medical records that were undertaken due to registered healthcare 
consumption. It is reasonable to believe that most clinically relevant recurrences 
have been reported to the database at the Oncologic Centre, to the Stockholm 
County Council Registry or have been mentioned in the medical records and have 
thus been included in the studies of this thesis. 

Management
As the survival for rectal cancer patients in Sweden, after intense efforts in clinical 
research on adjuvant radiotherapy and educational initiatives regarding surgery, is 
now slightly better than for colon cancer 8, 9, it is time for action towards improved 
management of patients with colon cancer.

Tumour volume
No. of any 

recurrences

Any tumour 
recurrence

Adjusted HR
 (95% CI)

No. of 
loco-regional 
recurrences

Loco-regional 
recurrence

Adjusted HR
(95% CI)

Small (≤15.0 cm3)
n=573

127    1.00    (reference)  61      1.00     (reference)  

Medium (15.1-41.9 cm3)
n=517

123    1.25     (1.05-1.48)  59      1.16    (0.81-1.66)

Large (≥42 cm3)
n=495

141    1.59    (1.34-1.89)  85      1.99    (1.42-2.79)
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The studies in Paper I-III are overviews of the management and outcome of colon 
cancer in the region and cannot with certainty give specific answers as how to 
improve outcome. However, with these studies as a background, some issues can be 
discussed.

Preoperative staging
During the study period of this thesis, in the Stockholm-Gotland region, a protocol 
for preoperative evaluation has been established regarding metastases in the liver 
and lungs. However, local staging of the primary tumour has only rarely taken place. 
Also, the fact that over 20 per cent of all patients with colon cancer have emergent 
surgery makes it obvious that a large part of the patients have not been submitted 
to a thorough preoperative evaluation. As shown in Paper I and by other authors 78, 

80, a crucial factor for survival is the achievement of a complete tumour clearance 
at primary surgery. To accomplish this, a preoperative assessment of the primary 
tumour and a thorough management plan to minimize the number of patients who 
have an incomplete resection according to either the surgeon or the pathologist 
should be of value. It seems crucial to intensify the multidisciplinary collaboration 
between the surgeons and radiologists for a better preoperative staging. As part of 
these efforts, in Paper IV we investigated the possibility of prognosticating survival 
with the help of tumour volume. This showed that tumour volume could be of 
value as a prognostic factor and should be further investigated, along with other 
efforts towards a better preoperative staging. It may be argued that this study is 
flawed since it uses the tumour volume as measured from the resected specimen to 
assess this variable as a prognostic factor in the preoperative setting. However, it 
has been shown previously, for rectal cancer, that tumour volume may be measured 
on MRI with a good correlation to the histopathological assessment 188. It is likely 
that tumour volume in colon cancer may be accurately assessed by MRI or CT and 
also that the relation between increasing tumour volume and adverse prognosis is 
unrelated to the method of measurement. Studies on preoperative MRI in patients 
with colon cancer, including local staging and the correlation of radiological and 
histopathological assessments of tumour volume in Stockholm, are ongoing. The 
management of patients with colon cancer may change if these studies prove MRI 
to be accurate in the local staging and if the results from Paper IV can be reproduced 
on tumour volume measurements from MRI or CT. New radiological methods, such 
as positron emission tomography combined with CT (PET/CT), may also prove 
to be of value in planning the management because of the integrated functional 
and anatomic information. Another interesting non-invasive imaging technique 
is diffusion-weighted MRI (DW-MRI). This technique allows characterization of 
biologic tissues on the basis of water diffusion and evaluates the diffusion process 
in vivo, depicting different speeds of diffusion with different signals as seen on the 
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MRI. The essence of this technique is that the speed of diffusion of water molecules 
is different in intracellular and extracellular tissues. Intracellularly, the diffusion 
coefficient is decreased due to the presence of cellular membranes, cytoskeleton 
and organelles. Malignancies generally have a high cellular density and may thus be 
discriminated from healthy tissues (Fig. 11). This has been shown in single studies 
and will be an interesting field of development 189. Preoperative mapping of the 
tumour may change the surgical strategy by improved planning of the procedure, 
including multiple organ resections in locally advanced tumours. 

Figure 11. 
a. T2-weighted MRI of a patient with colon cancer. The polypoid tumour (arrow) in the 
ascending colon has a higher signal intensity than the surrounding propria muscle with-
out any evidence of extramural or locally advanced disease. A small lymph node adjacent 
to the tumour is also detected. 
b. Diffusion-weighted MRI at the corresponding level shows an area of localised de-
creased intensity possibly representing a high cell density within the tumour compared 
to the surrounding tissues. The image contains functional information but not anatomic 
details. 
c.The functional diffusion-weighted image is colour coded and superimposed on the ana-
tomic T2-weighted image, which facilitates localisation of the tumour and the lymph node 
with decreased diffusion signals.

Discussion and future perspectives



A. Sjövall

50

Surgery
During the past 20 years, the surgical technique for rectal cancer has evolved, including 
a thorough dissection in embryological planes, with removal of all mesorectal fat, 
including the lymph nodes; the total mesorectal excision (TME). This has radically 
reduced the local recurrence rate and improved survival after rectal cancer surgery. 
Colon cancer surgery is considered less demanding than rectal cancer surgery and 
as such has been a matter for general surgeons without a specific colorectal interest 
and often for residents. An approach similar to the TME concept, a total mesocolic 
excision, is now being discussed regarding colon cancer. A better survival than in 
the Stockholm-Gotland population has been reported after extensive and meticulous 
dissection of the mesocolic lymph nodes and more effort should perhaps be made in 
achieving a wide mesocolic excision 79, 190, 191 (Fig. 12). There is no reason to believe 
that a meticulous sharp dissection in anatomical planes should be of less importance 
in colon cancer than in rectal cancer surgery. 

Figure 12 . Specimen from right hemicolectomy. A wide mesocolic excision with long 
vascular pedicles.
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Histopathological staging
In Paper I, the histopathological examination showed that the majority, 1043 
(38%), of the patients had stage II disease. It is, however, important to note that the 
median number of examined lymph nodes during the study period was six, which 
is lower than recommended in the current management protocol in the region 47. 
This low number of lymph nodes conveys a risk of patients being misclassified 
as having stage II tumours when, in fact, they have stage III disease. This could 
be due to suboptimal surgery, suboptimal histopathology or probably both. Since 
the time period of the studies of this thesis, the lymph node harvest has improved 
in the Stockholm-Gotland region and in 2005 the median number of lymph nodes 
examined in colon cancer specimens was 14 (Table 10). 
The pathologist also plays an important role in the quality assessment of the surgery 
performed. In rectal cancer surgery, the pathologist inspects the specimen and 
categorises it as to whether a complete TME has been performed and whether the 
mesorectal fascia is intact without tears. This same approach should be used in 
evaluating the colon cancer specimen and thus be an incentive for the surgeon to 
strive for the perfect specimen.

Year
Median number
 of lymph nodes

1996   5

1997   6

1998   6

1999   7

2000   7

2001   9

2002 10

2003 10

2004 12

2005 14

Table 10. Number of lymph nodes examined in colon cancer specimens 
                 in the Stockholm-Gotland region 1996-2005  (n=4945)

Discussion and future perspectives
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Adjuvant treatment
Studies on chemotherapy have shown that adjuvant chemotherapy increases survival 
in patients with stage III disease 192. Thus, it is important to achieve a correct staging 
of the patients, to offer adjuvant chemotherapy to patients whom it may benefit.
Among the patients evaluated in this thesis, only patients with locally advanced, 
primarily non-resectable colon cancers received preoperative treatment with 
chemotherapy or radiotherapy. Previous studies on gastric cancer and rectal cancer 
have shown that preoperative, neo-adjuvant treatment with chemotherapy or 
radiotherapy respectively, leads to a better outcome than postoperative adjuvant 
treatment 128, 135, 193. This stresses the need for prospective randomised trials on neo-
adjuvant treatment for patients with colon cancer. To select patients at high risk 
for recurrence for such a trial, it is of importance to prognosticate the outcome 
preoperatively. As has previously been mentioned, there is no reliable method of 
staging patients with colon cancer preoperatively regarding T- and N-stage, but 
several methods are being evaluated 194-196. The tumour volume may be of value 
in prognosticating patients at high risk of recurrence, as shown in Paper IV. The 
differences between different volume groups diminished after adjusting for all 
postoperatively known factors. This is not surprising, since the histopathologic 
tumour stage and differentiation are well-known prognostic factors 56, 197-199. However, 
the histopathologic data are only known postoperatively and the aim of this study 
was to evaluate whether tumour volume could render a way to assess prognosis 
preoperatively. Perhaps tumour volume could be one variable to take into account 
when selecting patients with a high risk for recurrence. Neo-adjuvant chemotherapy 
may then be given to patients with large tumours to induce downsizing, facilitate 
resection and improve the prognosis.

Recurrence
Loco-regional
In Paper II, loco-regional recurrence had a cumulative 5-year incidence of 11 per 
cent. This is higher than in some reports on local recurrence from rectal cancer 3, 

6. The definition of a loco-regional recurrence is however debatable. The definition 
used in Paper II, as all abdominal recurrences in non-parenchymal organs, has 
the advantage of minimising the risk of excluding true local recurrences due to 
differences in the reporting of recurrences to the Oncologic Centre database or 
the Stockholm County Council Registry. This definition catches local recurrences 
reported as distant metastases in the peritoneum or abdominal lymph nodes.
Both higher and lower incidences of loco-regional recurrences from colon cancer 
have been previously reported 151, 177, 178, 200. This can in part be explained by different 
definitions of local or loco-regional recurrence, partly by differences in follow-
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up and probably also by true differences in abdominal recurrences. The previous 
reports have not been population-based and this may have affected the results due 
to selection of patients.
The location of the primary tumour in the right flexure has not previously been shown 
to be related to an increased risk for loco-regional recurrence, although location in 
the sigmoid colon has 176, 177, 201. One hypothesis about why these locations are risk 
factors is that tumours in the right flexure or sigmoid colon may have a higher risk 
of an incomplete regional nodal clearance. Most patients with tumours in the right 
flexure had a right hemicolectomy, probably sparing the left branches of the middle 
colic vessels. This could lead to an incomplete evacuation of regional nodes along 
these vessels. When evaluating the number of lymph nodes examined in relation 
to tumour location, the number of examined nodes in these patients was not lower 
than for others, but this might be explained by the fact that a large number of lymph 
nodes of less importance for tumour clearance were removed along the ileocolic 
vessels. Regarding tumours in the sigmoid colon, most patients were operated on 
with a sigmoid resection, saving the inferior mesenteric vessels, which also might 
have led to an incomplete nodal clearance. This was supported by the fact that a 
higher proportion of patients with tumours in the sigmoid colon had a very small 
number of lymph nodes examined compared to the other tumour locations.
Paper I showed some inter-hospital differences in risk for local recurrence. This 
analysis was performed with data on local recurrence as reported to the Oncologic 
Centre database by the responsible surgeon or oncologist, and not with the wider 
inclusion criteria for loco-regional recurrence used in Paper II. However, when 
performing the study on loco-regional recurrence in Paper II, the multivariable 
analysis made regarding local recurrence in Paper I was performed anew, with 
the definition of loco-regional recurrence as all abdominal recurrences in non-
parenchymal organs. This analysis yielded the same result regarding which hospitals 
had a higher risk for loco-regional recurrence as the analysis of local recurrence 
in Paper I, indicating that the difference seen was not due to differences in the 
definition of loco-regional recurrence in different hospitals.
As local failures from rectal cancer are generally considered to be caused by sub-
optimal surgery, the same reasoning could be applied on loco-regional recurrence 
from colon cancer, once again emphasizing the importance of a complete tumour 
clearance at primary surgery. The study in Paper II included only the patients 
where both the surgeon and the pathologist agreed on a complete tumour clearance. 
Outside of the study, a review was made including all patients in the Stockholm-
Gotland region 1996-2000, with colon cancer stage I-III. This showed that the 
estimated 5-year incidence of loco-regional recurrence, when one of the surgeon 
or the pathologist had expressed uncertainty about the resection margins, was 34 

Discussion and future perspectives



A. Sjövall

54

per cent, whereas when one or both reported incomplete resection margins, the 
loco-regional recurrence rate was 55 per cent. One can argue that if the primary 
resection is incomplete, 100 per cent of the patients should have recurrences or 
progressive tumour growth and this may be true. One explanation may be that if the 
resection is apparently incomplete, no efforts are made to diagnose an abdominal 
recurrence and only some, probably the ones that are clinical problems for the 
patients, are diagnosed or reported. A large proportion of these patients also had 
distant metastases, perhaps overshadowing a loco-regional tumour growth. 

Metastases
As shown in Paper III, only four per cent of the patients (21/508) with hepatic 
metastases were submitted to hepatic resection during the study period. This 
proportion is remarkably low. The retrospective evaluation of CT and MRI implied 
that a total of 50 patients (10%) might have been candidates for surgery. From an 
international perspective, this proportion is still low.
It is estimated that preoperative chemotherapy would render 30 per cent of 
primarily irresectable metastases resectable. If all patients in this study who were 
not considered suitable for primary hepatic resection would have been eligible for 
down-sizing chemotherapy, another 38 patients might have been candidates for 
liver surgery, adding up to a total of 88 (50+38) patients with resectable metastases, 
i.e. 17 per cent of the 508 patients. This number is still low but yet it is an over-
estimation, since many of the patients who were not suitable for immediate surgery 
had concomitant diseases, excluding them from surgery and chemotherapy.
Since hepatic resection is still considered the only potentially curative treatment for 
metastases to the liver, an increase in the hepatic resection rate would be desirable. 
Although not shown in this study, an optimised management with multidisciplinary 
conferences, treatment protocols and possibly routine follow-up would probably 
increase the resection rate. However, in an unselected population with a high median 
age, as in the Stockholm-Gotland region, it is probably hard to reach the resection 
rates of 30-40 per cent that have been reported from specialized centres 154, 156.

Survival
Since 1996 the Stockholm-Gotland region has a joint management protocol for 
colon cancer. Thus, it could be expected that patients managed in the different 
hospitals should have very similar results regarding survival. Paper I shows that this 
was not the case. There were differences in overall survival. Most differences did 
not reach statistical significance, but were consistent over time, indicating that they 
were not random. It is, however, important to note that there may be confounders, 
such as concomitant diseases and differences in socio-economic status in the region 
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that may have an impact on survival. It can be debated whether or not a region of 
this size should have colon cancer surgery performed in nine different hospitals. The 
larger hospitals had a volume of 60-90 patients with colon cancer annually, while 
three hospitals had less than 25 per year. This study did not show a difference in 
survival related to hospital volume, as has been reported by previous authors 90, 202-

204. The expertise of the surgical team and the pre- and postoperative management 
are likely very important, although the studies in this thesis cannot determine the 
most important factors.
Paper I showed a worse prognosis for patients who have emergency surgery rather 
than elective surgery. This has been previously reported 45, 46, 205, 206. Whether this is 
caused by patient-related factors and/or by poor surgery in the emergent setting is 
unclear. A prospective study from Spain, where all elective and emergent surgery 
was performed in a standardized way by the same colorectal surgeons, still showed 
some differences in outcome, although overall survival after curative resection of 
stage II colon cancer did not show a statistically significant difference in emergent 
or elective cases 44.

Further improvement
The Stockholm TME project for rectal cancer was initiated in 1994, with workshops 
including live operations and lectures. This project has proven successful in 
improving the outcome for patients with rectal cancer 6.
A similar project for colon cancer, “The Colon Cancer Project in Stockholm”, was 
initiated in 2004. This project aims at improving the management and outcome for 
patients with colon cancer through a multidisciplinary approach. It includes repeated 
workshops with discussions on the current management protocols in and outside 
of the Stockholm-Gotland region. Routines for radiology, surgery, histopathology, 
medical oncology, radiotherapy and follow-up are conferred. There is an emphasis 
on future perspectives and the possibilities for improvement of all parts of the 
management of patients with colon cancer. Ongoing studies on MRI and CT for 
local staging of colon cancer can hopefully shed some light on the possibilities of 
preoperative local staging.
The colon cancer project also includes educational initiatives to improve the surgery, 
with live demonstrations of colon cancer operations. The surgical aim is a sharp exact 
dissection in embryological layers to achieve a complete resection of the mesocolic 
segment without tears in the specimen. Efforts to optimise the histopathological 
staging after surgery are ongoing. The low number of lymph nodes reported in the 
studies of this thesis has already improved, but further improvement and collaboration 
with the pathologists is desirable. After correct histopathological staging, adjuvant 
treatments should be considered in multidisciplinary conferences. In the studies of 
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this thesis, the value of multidisciplinary teams has been discussed repeatedly. It is 
important to point out that the results of the studies cannot determine the efficacy 
of such multidisciplinary teamwork. However, to achieve an improvement in the 
outcome for the large group of patients with colon cancer, every small part of the 
management needs optimising. To accomplish this, it seems necessary to have close 
collaboration between all the specialists involved in the management to move, step-
by-step, towards a better outcome for these patients.
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CONCLUSIONS

• The overall 5-year survival for patients with colon cancer in the Stockholm-
Gotland region during 1996-2000 was 46 per cent. The survival was highly 
correlated with the completeness of the primary surgery.

• Despite a common management protocol, there were differences in overall 
survival for patients with colon cancer in different hospitals in the Stockholm-
Gotland region. There were also differences in the risk for local recurrence.

• The cumulative  incidence of loco-regional recurrence from colon cancer 
in the Stockholm-Gotland region during 1996-2000 after potentially 
curative surgery was high (11%). Most recurrences were located in the same 
abdominal quadrant as the primary tumour.

• Out of 192 patients with loco-regional recurrence, more than half (57%) 
underwent surgery for the recurrence, but only a small proportion (12%) of 
the 192 had a potentially curative operation.

• The median survival for all patients with loco-regional recurrence was less 
than one year. The only treatment with a potential for cure was a complete 
surgical resection of the recurrence.

• The hepatic resection rate for patients with hepatic metastases from colon 
cancer diagnosed during 1996-1999 was low (4%). A re-evaluation of all 
available CT/MRI examinations indicated that the resectability rate may 
have been at least doubled.

• Tumour volume is a prognostic factor in colon cancer. Whether this factor is 
usable in clinical practice needs to be evaluated in prospective studies.

• The Colon Cancer Project in Stockholm has been launched to approach and 
hopefully reach the aim of our research effort: to improve the management 
and outcome for patients with colon cancer. 

Conclusions
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AREAS OF FURTHER STUDIES

• Preoperative staging. How can it be improved?

• Neo-adjuvant treatment. Can it improve the outcome?

• Emergent surgery. Why are the results bad and what can be done about it?

• Gender perspective. Do men and women receive the same treatment for 

colon cancer?

Areas of further studies  
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POPULÄRVETENSKAPLIG 
SAMMANFATTNING PÅ SVENSKA

Bakgrund
Koloncancer (tjocktarmscancer) är en av de vanligaste tumörformerna i världen. Det 
finns en stor geografisk variation i förekomsten, med högst frekvens i Västeuropa 
och Nordamerika och lägst i Afrika och i södra Asien. Sverige har en hög incidens 
och i Stockholms län insjuknar årligen 500-600 personer i koloncancer. De flesta 
tumöråterfallen kommer inom fem år.
Koloncancer drabbar framför allt äldre personer och medianåldern vid insjuknande i 
Stockholm är 74 år. Det finns ett fåtal patienter med specifika ärftliga syndrom som får 
koloncancer i unga år, men sjukdomen är annars mycket ovanlig före 40 års ålder.

Vårdprogram och kvalitetsregister
Vårdprogramgruppen för kolorektalcancer i Stockholm-Gotlandregionen grundades 
1980 med avsikten att förbättra behandling och resultat vid kolorektal cancer. Regio-
nen har sedan 1996 ett gemensamt vårdprogram för alla patienter med koloncancer. 
Det innebär att alla patienter i regionen ska behandlas lika, i enlighet med vetenskap 
och beprövad erfarenhet. En del i kvalitetskontrollen av hur behandlingen fungerar 
är att man utvärderar information om patienternas sjukdom och behandling samt hur 
det går för dem. Sedan 1996 registreras kliniska uppgifter om samtliga patienter som 
diagnostiseras med koloncancer. I registret, på Onkologiskt Centrum i Stockholm, 
finns information om tumörlokalisation, tumörstadium, förekomst/tillkomst av me-
tastaser (dottersvulster), operationsmetod, postoperativa komplikationer, tumörhisto-
logi samt uppföljningsdata om lokalrecidiv (lokalt återfall) och överlevnad. Den här 
avhandlingen utgår ifrån det registret. Målet med studierna i avhandlingen är att öka 
kunskapen kring behandling och resultat för patienter med koloncancer i regionen för 
att finna vägar för att förbättra vården och överlevnaden för patienterna.

Utredning och diagnos
De flesta fall av koloncancer upptäcks p.g.a. symptom från tumören. Symptomen kan 
vara magsmärtor eller ändrade avföringsvanor med förstoppning, diarré, blod eller 
slem i avföringen. Blödningen kan i sin tur ge järnbrist, som yttrar sig som trötthet. 
Utredning med kolonröntgen eller fiberoptisk undersökning av kolon, koloskopi, ger 
diagnosen. Det finns studier som talar för att överlevnaden kan förbättras genom s.k. 
screening, där man på symptomfria personer i vissa åldersgrupper undersöker om 
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det finns blod i avföringen. Sådan screening har dock ännu inte införts rutinmässigt 
i Sverige. Efter diagnos utreder man med hjälp av röntgen om det finns tecken till 
metastaser i levern eller lungorna, vilka är de vanligaste metastaslokalisationerna.

Behandling, stadieindelning och överlevnad
Kirurgi med borttagande av all synlig tumörvävnad utgör den enda möjligheten 
till bot. Man avlägsnar då den del av kolon där tumören sitter och kopplar ihop 
tarmändarna igen. Tarmsegmentet med tumören skickas för mikroskopisk under-
sökning för att erhålla en stadieindelning av tumören enligt det s.k. TNM-systemet 
(Tumour Node Metastasis), där T anger hur djupt tumören växer i tarmväggen, N 
visar om det finns tumör i lymfkörtlarna och M anger om det finns fjärrmetastaser. 
Stadieindelningen är av vikt för att bedöma prognosen och behovet av eventuell 
tilläggsbehandling.
Om mikroskopisk undersökning visar tumörväxt i lymfkörtlar ges som regel 
tilläggsbehandling med cellgifter för att öka chansen till bot. Cellgiftsbehandlingen 
är dock behäftad med biverkningar som äldre människor eller personer med andra 
sjukdomar kan ha svårt att tåla.
Vid fjärrmetastaser finns en möjlighet till bot om man kan operera bort metastaserna. 
Prognosen för majoriteten av de patienterna är dock dålig.
Tumörstadiet är den viktigaste prognostiska faktorn för överlevnad. Efter justering 
för den förväntade dödligheten är 5-årsöverlevnaden efter koloncancerdiagnos i 
Stockholm kring 60%. Överlevnaden är kraftigt beroende av vilket tumörstadium 
patienten haft.

Delarbete I
Syftet med detta delarbete var att kartlägga hur patienter med koloncancer i Stock-
holm-Gotland-regionen har handlagts och hur det har gått. Vi har särskilt studerat om 
det finns skillnader i resultat mellan olika sjukhus. Av 2855 patienter opererades 2706 
för sin koloncancer. En akut operation utfördes på 590 patienter medan en planerad 
operation utfördes på 2116 personer. Dödligheten inom 30 dagar var 11% i den akut-
opererade gruppen medan den var 3% i den planerade gruppen. Om man räknade 
bort dessa patienter som avled tidigt efter operationen kvarstod att akut operation 
var behäftad med 68% ökad risk för senare död jämfört med planerad operation. De 
exakta orsakerna till detta är inte klarlagda. Det fanns också vissa skillnader i 5-års-
överlevnad samt risk för lokala tumöråterfall mellan olika sjukhus. Vad detta beror på 
kräver ytterligare analyser. 
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Delarbete II
Lokalrecidiv av koloncancer kan ge besvärande smärtor, infektioner och tarmvred. 
Beträffande frekvensen lokalrecidiv efter behandling för ändtarmscancer, som 
man arbetat aktivt med att minska, har man i Stockholmsregionen nått ned under 
9% risk för lokalt återfall. Syftet med delarbete II var att kartlägga frekvensen av 
lokalrecidiv efter koloncancer i regionen samt undersöka hur de har behandlats. 
Hos 1901 patienter som opererats till synes kurativt för koloncancer 1996-2000 var 
femårsrisken att drabbas av lokalrecidiv 11%. Av dessa hittades 84% p.g.a. symptom 
från sitt lokalrecidiv, oftast magsmärtor eller tarmvred. Risken för lokalrecidiv var 
högre vid vissa tumörlokalisationer i tjocktarmen, samt vanligare vid mer avancerade 
tumörstadier och i de fall där den primära operationen för koloncancer hade utförts 
akut. Medianöverlevnaden efter att diagnosen ställts var nio månader. Av 192 
patienter med lokalrecidiv opererades 110 (57%) p.g.a. sitt recidiv. Hos 23 patienter 
lyckades man till synes avlägsna all tumörvävnad vid operationen och i denna grupp 
var den estimerade 5-årsöverlevnaden 43%. I gruppen där man inte lyckades få bort 
all tumörvävnad hade ingen överlevt i fem år och alla dessa patienter hade besvärande 
symptom från sina recidiv. 

Delarbete III
Levern utgör den vanligaste lokalisationen för metastaser vid koloncancer. Utan 
behandling är 5-årsöverlevnaden för patienter med levermetastaser i det närmaste 
obefintlig. Internationella studier har visat att operation med borttagande av leverme-
tastaser i utvalda fall kan höja 5-årsöverlevnaden till 20-40 %. Enligt rapporter från 
specialiserade levercentra bör 20-25% av alla patienter med  levermetastaser vara 
möjliga att operera för sina metastaser  och efter behandling med cellgifter ska den 
proportionen kunna öka till 30-40%.
Hos 508 patienter med levermetastaser genomgick 21 (4%) operation med borttagan-
de av metastaserna, vilket är anmärkningsvärt få. För att utvärdera om fler patienter 
kunnat bli föremål för leverkirurgi utfördes en retrospektiv utvärdering av alla dator-
tomografi- och magnetkamerabilder (DT/MR) av levern. Denna granskning visade att 
totalt 50 patienter kanske kunnat vara lämpade för kirurgi. Med preoperativa cellgif-
ter till patienter med primärt icke operabla metastaser skulle man hypotetiskt kunnat 
uppnå att 88/508 (17%) av patienterna kanske kunnat övervägas för leverkirurgi.
Med en större medvetenhet om att leverkirurgi kan leda till bot, intensifierad uppfölj-
ning av patienter som opererats för koloncancer samt regelmässig diskussion kring 
patienterna på multidisciplinära konferenser skulle sannolikt fler bli föremål för ope-
ration. 
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Delarbete IV
Det mest avgörande för en god prognos vid koloncancer är att man vid primärope-
rationen lyckas ta bort all synlig tumörvävnad med marginal, en så kallad R0 resek-
tion. Det vore önskvärt med en preoperativt mätbar prognostisk faktor för att förutse 
svårigheter att åstadkomma en R0 resektion samt att patienten ska ha lymfkörtelme-
tastaser eller risk för att senare utveckla lokala recidiv respektive fjärrmetastaser. I 
delarbete IV har vi studerat tumörvolymen, beräknad genom multiplicering av längd, 
bredd och tjocklek, som prognostisk faktor vid koloncancer. Vid överlevnadsanalyser 
utföll tumörvolymen som oberoende riskfaktor för återfall och död. Fortsatta studier 
för att klarlägga den kliniska användbarheten av tumörvolym som prognostisk faktor 
pågår nu.

Vad händer nu?
År 2004 startade ”Koloncancerprojektet i Stockholm” som syftar till att förbättra 
behandling och resultat för patienter med koloncancer. Projektet är multidisciplinärt 
med deltagande kirurger, onkologer, röntgenläkare och patologer. Informationen 
i föreliggande avhandling ger kunskap inför planeringen av den fortsatta strategin 
för att optimera omhändertagande och behandling av patienter med koloncancer.



65

ACKNOWLEDGEMENTS

I wish to express my sincere gratitude to everyone who have contributed to this 
research project. Especially, I would like to thank

Björn Cedermark, my main tutor and head of the Stockholm Colorectal Cancer 
Study Group, for his never failing enthusiasm, guidance and support throughout 
this research. Without him there would be no colon cancer database and this thesis 
would not have been made.

Torbjörn Holm, my co-tutor and head of the colorectal team, who has helped me 
greatly in the art of writing a scientific paper, has been a role model of being a real 
doctor and has shared his knowledge on specimen-oriented surgery, always striving 
for “the perfect operation”.

Bengt Glimelius, my co-tutor, whose knowledge, support and constructive ideas 
has been of immense importance to this work. 

Martin Bäckdahl, head of the Department of Surgery, for creating the warm, open 
and supporting atmosphere of the department.

Bertil Hamberger, for enthusiasm, support and constant dedication in favour of 
clinical research.

Lars-Ove Farnebo, head of the Department of Molecular Medicine and Surgery, 
for support and creation of a well functioning department.

Toom Singnomklao, my co-author and friend, for her help with collecting data, 
vast knowledge on database management, unbelievable thoroughness and for many 
good laughs.

Fredrik Granath and Henrik Hellborg, my co-authors, for help with calculations 
and invaluable repeated explaining in the confusing world of biostatistics.

Acknowledgements  



A. Sjövall

66

Lennart Blomqvist, my co-author, for fruitful collaboration and sharing of his 
knowledge in radiology.

Chikako Tanaka, for enthusiastic help with intriguing DW-MRI images.

Anna Martling and Gabriella Palmer, my co-workers and dear friends, who have 
helped and inspired me through thick and thin. I am looking forward to many years 
of good work and laughs.

All members of the Colorectal Cancer Study Group for giving me access to the 
database without which these studies could not have been made.

Johan Dalén, head of the colorectal team at St Göran’s Hospital and friend, for 
introducing me to the fantastic world of colorectal surgery.

All friends and colleagues at the Department of Surgery, especially the co-workers 
at the colorectal team, for making our department such an excellent work place and 
for support, discussions and laughs.

Inger Tufvesson for all help in writing and scanning.

Erik Linnander for invaluable linguistic help and for being the best story-teller I 
have ever met. 

Ringvor Hägglöf for excellent help during the final stage of completing this thesis.

Sassa, my beloved mother, for endless love and support.

My family and friends for back-up and friendship that makes life worthwhile.

Andreas, Melker and Ester, without whom none of this would matter anyway. I 
love you.

Financial support was provided through the regional agreement on medical training and clinical 
research (ALF) between Stockholm County Council and the Karolinska Institute. The work of this 
thesis was also supported by grants from the Cancer Society in Stockholm. The Colon Cancer 
Project in Stockholm is supported by Tyco Healthcare.



67

REFERENCES

1. Improved survival with preoperative radiotherapy in resectable rectal cancer. 
Swedish Rectal Cancer Trial. N Engl J Med 1997;336:980-7.

2. Randomized study on preoperative radiotherapy in rectal carcinoma. Stockholm 
Colorectal Cancer Study Group. Ann Surg Oncol 1996;3:423-30.

3. Heald RJ, Moran BJ, Ryall RD, Sexton R, MacFarlane JK. Rectal cancer: the 
Basingstoke experience of total mesorectal excision, 1978-1997. Arch Surg 
1998;133:894-9.

4. Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH, Wiggers T, et al. 
Preoperative radiotherapy combined with total mesorectal excision for resectable 
rectal cancer. N Engl J Med 2001;345:638-46.

5. Martling A, Holm T, Johansson H, Rutqvist LE, Cedermark B. The Stockholm II 
trial on preoperative radiotherapy in rectal carcinoma: long-term follow-up of a 
population-based study. Cancer 2001;92:896-902.

6. Martling A, Holm T, Rutqvist LE, Johansson H, Moran BJ, Heald RJ, et al. 
Impact of a surgical training programme on rectal cancer outcomes in Stockholm. 
Br J Surg 2005;92:225-9.

7. Wibe A, Eriksen MT, Syse A, Myrvold HE, Soreide O. Total mesorectal excision 
for rectal cancer--what can be achieved by a national audit? Colorectal Dis 
2003;5:471-7.

8. Birgisson H, Talbäck M, Gunnarsson U, Påhlman L, Glimelius B. Improved 
survival in cancer of the colon and rectum in Sweden. Eur J Surg Oncol 
2005;31:845-53.

9. Talbäck M, Stenbeck M, Rosen M, Barlow L, Glimelius B. Cancer survival in 
Sweden 1960-1998--developments across four decades. Acta Oncol 2003;42:637-
59.

10. Cancer i siffror. The National Board of Health and Welfare 2005.
11. Cancer Incidence in Sweden 2004. The National Board of Health and Welfare 

2005.
12. Walker AR, Walker BF, Segal I. Cancer patterns in three African populations 

compared with the United States black population. Eur J Cancer Prev 
1993;2:313-20.

13. Wilmink AB. Overview of the epidemiology of colorectal cancer. Dis Colon 
Rectum 1997;40:483-93.

14. Parkin DM, Pisani P, Ferlay J. Estimates of the worldwide incidence of eighteen 
major cancers in 1985. Int J Cancer 1993;54:594-606.

15. Parkin DM, Pisani P, Ferlay J. Global cancer statistics. CA Cancer J Clin 
1999;49:33-64, 1.

References 



A. Sjövall

68

16. Malila N, Hakulinen T. Epidemiological trends of colorectal cancer in the Nordic 
countries. Scand J Surg 2003;92:5-9.

17. Fearon ER, Vogelstein B. A genetic model for colorectal tumorigenesis. Cell 
1990;61:759-67.

18. Goldgar DE, Easton DF, Cannon-Albright LA, Skolnick MH. Systematic 
population-based assessment of cancer risk in first-degree relatives of cancer 
probands. J Natl Cancer Inst 1994;86:1600-8.

19. Lindblom A, Zhou XL, Liu T, Liljegren A, Skoglund J, Djureinovic T. Colorectal 
cancer as a complex disease: defining at-risk subjects in the general population - a 
preventive strategy. Expert Rev Anticancer Ther 2004;4:377-85.

20. Nagasaka T, Sasamoto H, Notohara K, Cullings HM, Takeda M, Kimura K, et 
al. Colorectal cancer with mutation in BRAF, KRAS, and wild-type with respect 
to both oncogenes showing different patterns of DNA methylation. J Clin Oncol 
2004;22:4584-94.

21. Lynch HT, de la Chapelle A. Hereditary colorectal cancer. N Engl J Med 
2003;348:919-32.

22. Lichtenstein P, Holm NV, Verkasalo PK, Iliadou A, Kaprio J, Koskenvuo M, 
et al. Environmental and heritable factors in the causation of cancer--analyses 
of cohorts of twins from Sweden, Denmark, and Finland. N Engl J Med 
2000;343:78-85.

23. Baron JA, Gerhardsson de Verdier M, Ekbom A. Coffee, tea, tobacco, and cancer 
of the large bowel. Cancer Epidemiol Biomarkers Prev 1994;3:565-70.

24. Gerhardsson de Verdier M, Romelsjo A, Lundberg M. Alcohol and cancer of the 
colon and rectum. Eur J Cancer Prev 1993;2:401-8.

25. Gerhardsson de Verdier M, Steineck G, Hagman U, Rieger A, Norell SE. Physical 
activity and colon cancer: a case-referent study in Stockholm. Int J Cancer 
1990;46:985-9.

26. Gondal G, Grotmol T, Hofstad B, Bretthauer M, Eide TJ, Hoff G. Lifestyle-
related risk factors and chemoprevention for colorectal neoplasia: experience 
from the large-scale NORCCAP screening trial. Eur J Cancer Prev 2005;14:373-
9.

27. Wei EK, Giovannucci E, Wu K, Rosner B, Fuchs CS, Willett WC, et 
al. Comparison of risk factors for colon and rectal cancer. Int J Cancer 
2004;108:433-42.

28. Cho E, Smith-Warner SA, Ritz J, van den Brandt PA, Colditz GA, Folsom AR, 
et al. Alcohol intake and colorectal cancer: a pooled analysis of 8 cohort studies. 
Ann Intern Med 2004;140:603-13.

29. Chao A, Thun MJ, Connell CJ, McCullough ML, Jacobs EJ, Flanders WD, et al. 
Meat consumption and risk of colorectal cancer. Jama 2005;293:172-82.

30. Advances in colon cancer surgery reported. Mayo Clin Health Lett 2004;22:4.
31. Cho E, Smith-Warner SA, Spiegelman D, Beeson WL, van den Brandt PA, 

Colditz GA, et al. Dairy foods, calcium, and colorectal cancer: a pooled analysis 
of 10 cohort studies. J Natl Cancer Inst 2004;96:1015-22.

32. Konings EJ, Goldbohm RA, Brants HA, Saris WH, van den Brandt PA. Intake 
of dietary folate vitamers and risk of colorectal carcinoma: results from The 
Netherlands Cohort Study. Cancer 2002;95:1421-33.



69

33. Kune S, Kune GA, Watson LF. Case-control study of dietary etiological factors: 
the Melbourne Colorectal Cancer Study. Nutr Cancer 1987;9:21-42.

34. Tuyns AJ, Kaaks R, Haelterman M. Colorectal cancer and the consumption of 
foods: a case-control study in Belgium. Nutr Cancer 1988;11:189-204.

35. Asano T, McLeod RS. Dietary fibre for the prevention of colorectal adenomas 
and carcinomas. Cochrane Database Syst Rev 2002:CD003430.

36. Asano TK, McLeod RS. Non steroidal anti-inflammatory drugs (NSAID) and 
Aspirin for preventing colorectal adenomas and carcinomas. Cochrane Database 
Syst Rev 2004:CD004079.

37. Jacobs EJ, White E, Weiss NS. Exogenous hormones, reproductive history, and 
colon cancer (Seattle, Washington, USA). Cancer Causes Control 1994;5:359-66.

38. Labayle D, Fischer D, Vielh P, Drouhin F, Pariente A, Bories C, et al. Sulindac 
causes regression of rectal polyps in familial adenomatous polyposis. 
Gastroenterology 1991;101:635-9.

39. Haenszel W, Kurihara M. Studies of Japanese migrants. I. Mortality from cancer 
and other diseases among Japanese in the United States. J Natl Cancer Inst 
1968;40:43-68.

40. Staszewski J. Migrant studies in alimentary tract cancer. Recent Results Cancer 
Res 1972;39:85-97.

41. Hardcastle JD, Chamberlain JO, Robinson MH, Moss SM, Amar SS, Balfour 
TW, et al. Randomised controlled trial of faecal-occult-blood screening for 
colorectal cancer. Lancet 1996;348:1472-7.

42. Kronborg O, Fenger C, Olsen J, Jörgensen OD, Söndergaard O. Randomised 
study of screening for colorectal cancer with faecal-occult-blood test. Lancet 
1996;348:1467-71.

43. Mandel JS, Church TR, Bond JH, Ederer F, Geisser MS, Mongin SJ, et al. The 
effect of fecal occult-blood screening on the incidence of colorectal cancer. N 
Engl J Med 2000;343:1603-7.

44. Biondo S, Marti-Rague J, Kreisler E, Pares D, Martin A, Navarro M, et al. 
A prospective study of outcomes of emergency and elective surgeries for 
complicated colonic cancer. Am J Surg 2005;189:377-83.

45. Jestin P, Nilsson J, Heurgren M, Påhlman L, Glimelius B, Gunnarsson U. 
Emergency surgery for colonic cancer in a defined population. Br J Surg 
2005;92:94-100.

46. McArdle CS, Hole DJ. Emergency presentation of colorectal cancer is associated 
with poor 5-year survival. Br J Surg 2004;91:605-9.

47. Vårdprogram 2003 Kolorektal cancer. Stockholm Colorectal Cancer Study 
Group. 2003.

48. Ayude D, Paez De La Cadena M, Martinez-Zorzano VS, Fernandez-Briera A, 
Rodriguez-Berrocal FJ. Preoperative serum alpha-L-fucosidase activity as a 
prognostic marker in colorectal cancer. Oncology 2003;64:36-45.

49. Lewi H, Blumgart LH, Carter DC, Gillis CR, Hole D, Ratcliffe JG, et al. Pre-
operative carcino-embryonic antigen and survival in patients with colorectal 
cancer. Br J Surg 1984;71:206-8.

References 



A. Sjövall

70

50. Marchena J, Acosta MA, Garcia-Anguiano F, Simpson H, Cruz F. Use 
of the preoperative levels of CEA in patients with colorectal cancer. 
Hepatogastroenterology 2003;50:1017-20.

51. Reiter W, Stieber P, Reuter C, Nagel D, Lau-Werner U, Lamerz R. Multivariate 
analysis of the prognostic value of CEA and CA 19-9 serum levels in colorectal 
cancer. Anticancer Res 2000;20:5195-8.

52. Roumen RM, Slooter GD, Croiset van Uchelen FA, Huib LV. Preoperative serum 
vascular endothelial growth factor is not a marker for subsequent recurrence 
during long-term follow-up of colorectal cancer patients. Dis Colon Rectum 
2005;48:1070-5.

53. Staab HJ, Anderer FA, Brummendorf T, Stumpf E, Fischer R. Prognostic value 
of preoperative serum CEA level compared to clinical staging. I. Colorectal 
carcinoma. Br J Cancer 1981;44:652-62.

54. Watine J, Friedberg B. Preoperative carcinoembryonic antigen level as an 
independent prognostic factor in colorectal cancer. Further comments. Jpn J Clin 
Oncol 2000;30:522-3.

55. Wigmore SJ, McMahon AJ, Sturgeon CM, Fearon KC. Acute-phase protein 
response, survival and tumour recurrence in patients with colorectal cancer. Br J 
Surg 2001;88:255-60.

56. Chapuis PH, Dent OF, Fisher R, Newland RC, Pheils MT, Smyth E, et al. A 
multivariate analysis of clinical and pathological variables in prognosis after 
resection of large bowel cancer. Br J Surg 1985;72:698-702.

57. Frank RE, Saclarides TJ, Leurgans S, Speziale NJ, Drab EA, Rubin DB. Tumor 
angiogenesis as a predictor of recurrence and survival in patients with node-
negative colon cancer. Ann Surg 1995;222:695-9.

58. Griffin MR, Bergstralh EJ, Coffey RJ, Beart RW, Jr., Melton LJ, 3rd. Predictors 
of survival after curative resection of carcinoma of the colon and rectum. Cancer 
1987;60:2318-24.

59. Wang WS, Lin JK, Chiou TJ, Liu JH, Fan FS, Yen CC, et al. Preoperative 
carcinoembryonic antigen level as an independent prognostic factor in colorectal 
cancer: Taiwan experience. Jpn J Clin Oncol 2000;30:12-6.

60. Platell C, Hall JC. The prevention of wound infection in patients undergoing 
colorectal surgery. J Hosp Infect 2001;49:233-8.

61. Song F, Glenny AM. Antimicrobial prophylaxis in colorectal surgery: a 
systematic review of randomised controlled trials. Health Technol Assess 
1998;2:1-110.

62. Bergqvist D, Burmark US, Flordal PA, Frisell J, Hallbook T, Hedberg M, et al. 
Low molecular weight heparin started before surgery as prophylaxis against 
deep vein thrombosis: 2500 versus 5000 XaI units in 2070 patients. Br J Surg 
1995;82:496-501.

63. Bergqvist D, Lindblad B. Thromboembolic problems in colorectal cancer surgery. 
Scand J Gastroenterol Suppl 1988;149:74-81.

64. Borly L, Wille-Jorgensen P, Rasmussen MS. Systematic review of 
thromboprophylaxis in colorectal surgery -- an update. Colorectal Dis 
2005;7:122-7.



71

65. Wille-Jorgensen P, Rasmussen MS, Andersen BR, Borly L. Heparins and 
mechanical methods for thromboprophylaxis in colorectal surgery. Cochrane 
Database Syst Rev 2003:CD001217.

66. Guenaga KF, Matos D, Castro AA, Atallah AN, Wille-Jorgensen P. Mechanical 
bowel preparation for elective colorectal surgery. Cochrane Database Syst Rev 
2005:CD001544.

67. Slim K, Vicaut E, Panis Y, Chipponi J. Meta-analysis of randomized clinical trials 
of colorectal surgery with or without mechanical bowel preparation. Br J Surg 
2004;91:1125-30.

68. Jung B, Påhlman L, Nyström P-O, Nilsson E. Randomised multicentre trial of 
mechanical bowel preparation in elective colon resection. Abstract 2005.

69. Morgan CN. The management of carcinoma of the colon. Ann R Coll Surg Engl 
1952;10:305-23.

70. Demetriades D, Murray JA, Chan LS, Ordonez C, Bowley D, Nagy KK, et al. 
Handsewn versus stapled anastomosis in penetrating colon injuries requiring 
resection: a multicenter study. J Trauma 2002;52:117-21.

71. Lustosa SA, Matos D, Atallah AN, Castro AA. Stapled versus handsewn methods 
for colorectal anastomosis surgery: a systematic review of randomized controlled 
trials. Sao Paulo Med J 2002;120:132-6.

72. MacRae HM, McLeod RS. Handsewn vs. stapled anastomoses in colon and rectal 
surgery: a meta-analysis. Dis Colon Rectum 1998;41:180-9.

73. Moynihan BGA. The surgical treatment of cancer in the sigmoid flexure and 
rectum. Surg Gynecol Obstet 1908;6:463-466.

74. Kanemitsu Y, Hirai T, Komori K, Kato T. Survival benefit of high ligation of the 
inferior mesenteric artery in sigmoid colon or rectal cancer surgery. Br J Surg 
2006;93:609-15.

75. Slanetz CA, Jr., Grimson R. Effect of high and intermediate ligation on survival 
and recurrence rates following curative resection of colorectal cancer. Dis Colon 
Rectum 1997;40:1205-18; discussion 1218-9.

76. Slanetz CA, Jr. Effect of no touch isolation on survival and recurrence in curative 
resections for colorectal cancer. Ann Surg Oncol 1998;5:390-8.

77. Turnbull RB, Jr., Kyle K, Watson FR, Spratt J. Cancer of the colon: the influence 
of the no-touch isolation technic on survival rates. Ann Surg 1967;166:420-7.

78. Averbach AM, Jacquet P, Sugarbaker PH. Surgical technique and colorectal 
cancer: impaction on local recurrence and survival. Tumori 1995;81:65-71.

79. Bokey EL, Chapuis PH, Dent OF, Mander BJ, Bissett IP, Newland RC. Surgical 
technique and survival in patients having a curative resection for colon cancer. 
Dis Colon Rectum 2003;46:860-6.

80. Martling A, Singnomklao T, Holm T, Rutqvist LE, Cedermark B. Prognostic 
significance of both surgical and pathological assessment of curative resection for 
rectal cancer. Br J Surg 2004;91:1040-5.

81. COLOR: a randomized clinical trial comparing laparoscopic and open resection 
for colon cancer. Dig Surg 2000;17:617-622.

82. A comparison of laparoscopically assisted and open colectomy for colon cancer. 
N Engl J Med 2004;350:2050-9.

References 



A. Sjövall

72

83. Guillou PJ, Quirke P, Thorpe H, Walker J, Jayne DG, Smith AM, et al. Short-term 
endpoints of conventional versus laparoscopic-assisted surgery in patients with 
colorectal cancer (MRC CLASICC trial): multicentre, randomised controlled 
trial. Lancet 2005;365:1718-26.

84. Lacy AM, Garcia-Valdecasas JC, Delgado S, Castells A, Taura P, Pique JM, et 
al. Laparoscopy-assisted colectomy versus open colectomy for treatment of non-
metastatic colon cancer: a randomised trial. Lancet 2002;359:2224-9.

85. Veldkamp R, Kuhry E, Hop WC, Jeekel J, Kazemier G, Bonjer HJ, et al. 
Laparoscopic surgery versus open surgery for colon cancer: short-term outcomes 
of a randomised trial. Lancet Oncol 2005;6:477-84.

86. Dorrance HR, Docherty GM, O’Dwyer PJ. Effect of surgeon specialty interest 
on patient outcome after potentially curative colorectal cancer surgery. Dis Colon 
Rectum 2000;43:492-8.

87. Prystowsky JB, Bordage G, Feinglass JM. Patient outcomes for segmental colon 
resection according to surgeon’s training, certification, and experience. Surgery 
2002;132:663-70; discussion 670-2.

88. McArdle CS, Hole D. Impact of variability among surgeons on postoperative 
morbidity and mortality and ultimate survival. Bmj 1991;302:1501-5.

89. Martling A, Cedermark B, Johansson H, Rutqvist LE, Holm T. The surgeon 
as a prognostic factor after the introduction of total mesorectal excision in the 
treatment of rectal cancer. Br J Surg 2002;89:1008-13.

90. Marusch F, Koch A, Schmidt U, Pross M, Gastinger I, Lippert H. Hospital 
caseload and the results achieved in patients with rectal cancer. Br J Surg 
2001;88:1397-402.

91. Schrag D, Panageas KS, Riedel E, Hsieh L, Bach PB, Guillem JG, et al. Surgeon 
volume compared to hospital volume as a predictor of outcome following 
primary colon cancer resection. J Surg Oncol 2003;83:68-78; discussion 78-9.

92. Iversen L, Laurberg S, Wille Jorgensen P, Harling H. Workload and surgeon’s 
speciality for outcome after colorectal cancer surgery. The Cochrane 
Collaboration 2006;Protocol.

93. Basse L, Hjort Jakobsen D, Billesbolle P, Werner M, Kehlet H. A clinical 
pathway to accelerate recovery after colonic resection. Ann Surg 2000;232:51-7.

94. Jakobsen DH, Sonne E, Andreasen J, Kehlet H. Convalescence after colonic 
surgery with fast-track vs conventional care. Colorectal Dis 2006;8:683-7.

95. Fearon KC, Ljungqvist O, Von Meyenfeldt M, Revhaug A, Dejong CH, Lassen 
K, et al. Enhanced recovery after surgery: a consensus review of clinical care for 
patients undergoing colonic resection. Clin Nutr 2005;24:466-77.

96. Dukes CE. The classification of cancer of the rectum. J Pathol Bacteriol 
1932;35:323-332.

97. Simpson WC, Mayo CW. The mural penetration of the carcinoma cell in the 
colon: anatomical and clinical study. Surg Gynecol Obstet 1939;68:872.

98. Greene FL, Page D.L, Fleming I.D, Fritz A, Balch C.M, Haller D.G, Morrow, M, 
eds for the American Joint Committee on Cancer. AJCC Cancer Staging Manual. 
6th ed. New York, NY:Springer-Verlag. 2002.



73

99. Fielding LP, Arsenault PA, Chapuis PH, Dent O, Gathright B, Hardcastle 
JD, et al. Clinicopathological staging for colorectal cancer: an International 
Documentation System (IDS) and an International Comprehensive Anatomical 
Terminology (ICAT). J Gastroenterol Hepatol 1991;6:325-44.

100. Ratto C, Sofo L, Ippoliti M, Merico M, Bossola M, Vecchio FM, et al. Accurate 
lymph-node detection in colorectal specimens resected for cancer is of prognostic 
significance. Dis Colon Rectum 1999;42:143-54; discussion 154-8.

101. Goldstein NS, Sanford W, Coffey M, Layfield LJ. Lymph node recovery from 
colorectal resection specimens removed for adenocarcinoma. Trends over time 
and a recommendation for a minimum number of lymph nodes to be recovered. 
Am J Clin Pathol 1996;106:209-16.

102. Hernanz F, Revuelta S, Redondo C, Madrazo C, Castillo J, Gomez-Fleitas M. 
Colorectal adenocarcinoma: quality of the assessment of lymph node metastases. 
Dis Colon Rectum 1994;37:373-6; discussion 376-7.

103. Jestin P, Påhlman L, Glimelius B, Gunnarsson U. Cancer staging and survival 
in colon cancer is dependent on the quality of the pathologists’ specimen 
examination. Eur J Cancer 2005;41:2071-8.

104. Berger AC, Sigurdson ER, LeVoyer T, Hanlon A, Mayer RJ, Macdonald JS, 
et al. Colon cancer survival is associated with decreasing ratio of metastatic to 
examined lymph nodes. J Clin Oncol 2005;23:8706-12.

105. Rodriguez-Bigas MA, Maamoun S, Weber TK, Penetrante RB, Blumenson LE, 
Petrelli NJ. Clinical significance of colorectal cancer: metastases in lymph nodes 
< 5 mm in size. Ann Surg Oncol 1996;3:124-30.

106. Adell G, Boeryd B, Franlund B, Sjödahl R, Håkansson L. Occurrence and 
prognostic importance of micrometastases in regional lymph nodes in Dukes’ B 
colorectal carcinoma: an immunohistochemical study. Eur J Surg 1996;162:637-
42.

107. Clarke G, Ryan E, Crowe J, O’Keane JC, MacMathuna P. Immunohistochemical 
detection of mutant p53 protein in regional lymph nodes is associated with 
adverse outcome in stage II colorectal cancer. Eur J Histochem 1999;43:311-6.

108. Nakanishi Y, Ochiai A, Yamauchi Y, Moriya Y, Yoshimura K, Hirohashi S. 
Clinical implications of lymph node micrometastases in patients with colorectal 
cancers. A case control study. Oncology 1999;57:276-80.

109. Lee MR, Hong CW, Yoon SN, Lim SB, Park KJ, Lee MJ, et al. Isolated tumor 
cells in lymph nodes are not a prognostic marker for patients with stage I and 
stage II colorectal cancer. J Surg Oncol 2006;93:13-8.

110. Öberg Å, Stenling R, Tavelin B, Lindmark G. Are lymph node micrometastases 
of any clinical significance in Dukes Stages A and B colorectal cancer? Dis Colon 
Rectum 1998;41:1244-9.

111. Tschmelitsch J, Klimstra DS, Cohen AM. Lymph node micrometastases do not 
predict relapse in stage II colon cancer. Ann Surg Oncol 2000;7:601-8.

112. Liefers GJ, Cleton-Jansen AM, van de Velde CJ, Hermans J, van Krieken JH, 
Cornelisse CJ, et al. Micrometastases and survival in stage II colorectal cancer. N 
Engl J Med 1998;339:223-8.

References 



A. Sjövall

74

113. Mori M, Mimori K, Inoue H, Barnard GF, Tsuji K, Nanbara S, et al. Detection 
of cancer micrometastases in lymph nodes by reverse transcriptase-polymerase 
chain reaction. Cancer Res 1995;55:3417-20.

114. Gould EA, Winship T, Philbin PH, Kerr HH. Observations on a “sentinel node” 
in cancer of the parotid. Cancer 1960;13:77-8.

115. Giuliano AE, Kirgan DM, Guenther JM, Morton DL. Lymphatic mapping 
and sentinel lymphadenectomy for breast cancer. Ann Surg 1994;220:391-8; 
discussion 398-401.

116. Morton DL, Wen DR, Wong JH, Economou JS, Cagle LA, Storm FK, et al. 
Technical details of intraoperative lymphatic mapping for early stage melanoma. 
Arch Surg 1992;127:392-9.

117. Saha S, Nora D, Wong JH, Weise D. Sentinel lymph node mapping in colorectal 
cancer--a review. Surg Clin North Am 2000;80:1811-9.

118. Merrie AE, van Rij AM, Phillips LV, Rossaak JI, Yun K, McCall JL. Diagnostic 
use of the sentinel node in colon cancer. Dis Colon Rectum 2001;44:410-7.

119. Broderick-Villa G, Ko A, O’Connell TX, Guenther JM, Danial T, DiFronzo LA. 
Does tumor burden limit the accuracy of lymphatic mapping and sentinel lymph 
node biopsy in colorectal cancer? Cancer J 2002;8:445-50.

120. Ragnhammar P, Hafstrom L, Nygren P, Glimelius B. A systematic overview of 
chemotherapy effects in colorectal cancer. Acta Oncol 2001;40:282-308.

121. NIH consensus conference. Adjuvant therapy for patients with colon and rectal 
cancer. Jama 1990;264:1444-50.

122. Benson AB, 3rd, Schrag D, Somerfield MR, Cohen AM, Figueredo AT, Flynn 
PJ, et al. American Society of Clinical Oncology recommendations on adjuvant 
chemotherapy for stage II colon cancer. J Clin Oncol 2004;22:3408-19.

123. Gill S, Loprinzi CL, Sargent DJ, Thome SD, Alberts SR, Haller DG, et al. Pooled 
analysis of fluorouracil-based adjuvant therapy for stage II and III colon cancer: 
who benefits and by how much? J Clin Oncol 2004;22:1797-806.

124. Burdy G, Panis Y, Alves A, Nemeth J, Lavergne-Slove A, Valleur P. Identifying 
patients with T3-T4 node-negative colon cancer at high risk of recurrence. Dis 
Colon Rectum 2001;44:1682-8.

125. Edler D, Glimelius B, Hallstrom M, Jakobsen A, Johnston PG, Magnusson I, 
et al. Thymidylate synthase expression in colorectal cancer: a prognostic and 
predictive marker of benefit from adjuvant fluorouracil-based chemotherapy. J 
Clin Oncol 2002;20:1721-8.

126. Andre T, Boni C, Mounedji-Boudiaf L, Navarro M, Tabernero J, Hickish T, et al. 
Oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment for colon cancer. N 
Engl J Med 2004;350:2343-51.

127. Van Cutsem E LR, Hossfled D, Bodoky G, Roth A, Aranda E, et al. Randomized 
phase III trial comparing infused irinotecan/5-fluorouracil(5-FU)/folonic acid 
(FA)versus 5-FU/FA in stage III colon cancer patients (PETACC 3). Proc Am Soc 
Clin Oncol, Abstr 2005.

128. Glimelius B, Grönberg H, Järhult J, Wallgren A, Cavallin-Ståhl E. A systematic 
overview of radiation therapy effects in rectal cancer. Acta Oncol 2003;42:476-92.

129. Adjuvant radiotherapy for rectal cancer: a systematic overview of 8,507 patients 
from 22 randomised trials. Lancet 2001;358:1291-304.



75

130. Preoperative short-term radiation therapy in operable rectal carcinoma. A 
prospective randomized trial. Stockholm Rectal Cancer Study Group. Cancer 
1990;66:49-55.

131. Duttenhaver JR, Hoskins RB, Gunderson LL, Tepper JE. Adjuvant postoperative 
radiation therapy in the management of adenocarcinoma of the colon. Cancer 
1986;57:955-63.

132. Martenson JA, Jr., Willett CG, Sargent DJ, Mailliard JA, Donohue JH, Gunderson 
LL, et al. Phase III study of adjuvant chemotherapy and radiation therapy 
compared with chemotherapy alone in the surgical adjuvant treatment of colon 
cancer: results of intergroup protocol 0130. J Clin Oncol 2004;22:3277-83.

133. Shehata WM, Meyer RL, Jazy FK, Cormier WJ, Welling RE. Regional adjuvant 
irradiation for adenocarcinoma of the cecum. Int J Radiat Oncol Biol Phys 
1987;13:843-6.

134. Willett CG, Goldberg S, Shellito PC, Grossbard M, Clark J, Fung C, et al. Does 
postoperative irradiation play a role in the adjuvant therapy of stage T4 colon 
cancer? Cancer J Sci Am 1999;5:242-7.

135. Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de Velde CJ, 
Nicolson M, et al. Perioperative chemotherapy versus surgery alone for resectable 
gastroesophageal cancer. N Engl J Med 2006;355:11-20.

136. Glimelius B, Isacsson U, Jung B, Påhlman L. Radiotherapy in addition to radical 
surgery in rectal cancer: evidence for a dose-response effect favoring preoperative 
treatment. Int J Radiat Oncol Biol Phys 1997;37:281-7.

137. Påhlman L, Glimelius B. Pre- or postoperative radiotherapy in rectal and 
rectosigmoid carcinoma. Report from a randomized multicenter trial. Ann Surg 
1990;211:187-95.

138. Figueredo A, Rumble RB, Maroun J, Earle CC, Cummings B, McLeod R, et 
al. Follow-up of patients with curatively resected colorectal cancer: a practice 
guideline. BMC Cancer 2003;3:26.

139. Jeffery GM, Hickey BE, Hider P. Follow-up strategies for patients treated for 
non-metastatic colorectal cancer. Cochrane Database Syst Rev 2002:CD002200.

140. Mäkelä JT, Laitinen SO, Kairaluoma MI. Five-year follow-up after radical 
surgery for colorectal cancer. Results of a prospective randomized trial. Arch Surg 
1995;130:1062-7.

141. Pietra N, Sarli L, Costi R, Ouchemi C, Grattarola M, Peracchia A. Role of 
follow-up in management of local recurrences of colorectal cancer: a prospective, 
randomized study. Dis Colon Rectum 1998;41:1127-33.

142. Renehan AG, Egger M, Saunders MP, O’Dwyer ST. Impact on survival of 
intensive follow up after curative resection for colorectal cancer: systematic 
review and meta-analysis of randomised trials. Bmj 2002;324:813.

143. Schoemaker D, Black R, Giles L, Toouli J. Yearly colonoscopy, liver CT, and 
chest radiography do not influence 5-year survival of colorectal cancer patients. 
Gastroenterology 1998;114:7-14.

144. Kjeldsen BJ, Kronborg O, Fenger C, Jorgensen OD. A prospective randomized 
study of follow-up after radical surgery for colorectal cancer. Br J Surg 
1997;84:666-9.

References 



A. Sjövall

76

145. Olson RM, Perencevich NP, Malcolm AW, Chaffey JT, Wilson RE. Patterns 
of recurrence following curative resection of adenocarcinoma of the colon and 
rectum. Cancer 1980;45:2969-74.

146. Secco GB, Fardelli R, Gianquinto D, Bonfante P, Baldi E, Ravera G, et al. 
Efficacy and cost of risk-adapted follow-up in patients after colorectal cancer 
surgery: a prospective, randomized and controlled trial. Eur J Surg Oncol 
2002;28:418-23.

147. Bowne WB, Lee B, Wong WD, Ben-Porat L, Shia J, Cohen AM, et al. Operative 
salvage for locoregional recurrent colon cancer after curative resection: an 
analysis of 100 cases. Dis Colon Rectum 2005;48:897-909.

148. Aloia TA, Vauthey JN, Loyer EM, Ribero D, Pawlik TM, Wei SH, et al. 
Solitary colorectal liver metastasis: resection determines outcome. Arch Surg 
2006;141:460-6; discussion 466-7.

149. Fong Y. Surgical therapy of hepatic colorectal metastasis. CA Cancer J Clin 
1999;49:231-55.

150. Penna C, Nordlinger B. Colorectal metastasis (liver and lung). Surg Clin North 
Am 2002;82:1075-90, x-xi.

151. Gunderson LL, Sosin H, Levitt S. Extrapelvic colon--areas of failure in a 
reoperation series: implications for adjuvant therapy. Int J Radiat Oncol Biol 
Phys 1985;11:731-41.

152. Leporrier J, Maurel J, Chiche L, Bara S, Segol P, Launoy G. A population-based 
study of the incidence, management and prognosis of hepatic metastases from 
colorectal cancer. Br J Surg 2006;93:465-74.

153. Geoghegan JG, Scheele J. Treatment of colorectal liver metastases. Br J Surg 
1999;86:158-69.

154. Walsh L, Poston G. The potential to increase curative liver resection rates in 
metastatic colorectal cancer. Eur J Surg Oncol 2002;28:812-4.

155. Adam R, Avisar E, Ariche A, Giachetti S, Azoulay D, Castaing D, et al. Five-year 
survival following hepatic resection after neoadjuvant therapy for nonresectable 
colorectal. Ann Surg Oncol 2001;8:347-53.

156. Fusai G, Davidson BR. Strategies to Increase the Resectability of Liver 
Metastases from Colorectal Cancer. Dig Surg 2003;20:481-496.

157. Alley PG, McNee RK. Colorectal cancer in Auckland 1981-1982: patients with 
liver metastases. N Z Med J 1985;98:697-9.

158. Choti MA, Sitzmann JV, Tiburi MF, Sumetchotimetha W, Rangsin R, Schulick 
RD, et al. Trends in long-term survival following liver resection for hepatic 
colorectal metastases. Ann Surg 2002;235:759-66.

159. Minagawa M, Makuuchi M, Torzilli G, Takayama T, Kawasaki S, Kosuge T, 
et al. Extension of the frontiers of surgical indications in the treatment of liver 
metastases from colorectal cancer: long-term results. Ann Surg 2000;231:487-99.

160. Scheele J A-HA. Surgical treatment of liver metastases. 2000:1475-1491.
161. Wei AC, Greig PD, Grant D, Taylor B, Langer B, Gallinger S. Survival after 

hepatic resection for colorectal metastases: a 10-year experience. Ann Surg Oncol 
2006;13:668-76.



77

162. Bengmark S, Hafstrom L. The natural history of primary and secondary 
malignant tumors of the liver. I. The prognosis for patients with hepatic 
metastases from colonic and rectal carcinoma by laparotomy. Cancer 
1969;23:198-202.

163. Bengtsson G, Carlsson G, Hafstrom L, Jonsson PE. Natural history of patients 
with untreated liver metastases from colorectal cancer. Am J Surg 1981;141:586-
9.

164. Stangl R, Altendorf-Hofmann A, Charnley RM, Scheele J. Factors influencing the 
natural history of colorectal liver metastases. Lancet 1994;343:1405-10.

165. Simmonds PC. Palliative chemotherapy for advanced colorectal cancer: 
systematic review and meta-analysis. Colorectal Cancer Collaborative Group. 
Bmj 2000;321:531-5.

166. Berber E, Pelley R, Siperstein AE. Predictors of survival after radiofrequency 
thermal ablation of colorectal cancer metastases to the liver: a prospective study. 
J Clin Oncol 2005;23:1358-64.

167. Lencioni R, Crocetti L, Cioni D, Della Pina C, Bartolozzi C. Percutaneous 
radiofrequency ablation of hepatic colorectal metastases: technique, indications, 
results, and new promises. Invest Radiol 2004;39:689-97.

168. Navarra G, Ayav A, Weber JC, Jensen SL, Smadga C, Nicholls JP, et al. 
Short- and-long term results of intraoperative radiofrequency ablation of liver 
metastases. Int J Colorectal Dis 2005;20:521-8.

169. Schefter TE, Kavanagh BD, Timmerman RD, Cardenes HR, Baron A, Gaspar 
LE. A phase I trial of stereotactic body radiation therapy (SBRT) for liver 
metastases. Int J Radiat Oncol Biol Phys 2005;62:1371-8.

170. Seifert JK, Achenbach T, Heintz A, Bottger TC, Junginger T. Cryotherapy for 
liver metastases. Int J Colorectal Dis 2000;15:161-6.

171. Seifert JK, Springer A, Baier P, Junginger T. Liver resection or cryotherapy for 
colorectal liver metastases: a prospective case control study. Int J Colorectal Dis 
2005;20:507-20.

172. de Gramont A, Figer A, Seymour M, Homerin M, Hmissi A, Cassidy J, et al. 
Leucovorin and fluorouracil with or without oxaliplatin as first-line treatment in 
advanced colorectal cancer. J Clin Oncol 2000;18:2938-47.

173. Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J, Heim W, 
et al. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic 
colorectal cancer. N Engl J Med 2004;350:2335-42.

174. Cass AW, Million RR, Pfaff WW. Patterns of recurrence following surgery alone 
for adenocarcinoma of the colon and rectum. Cancer 1976;37:2861-5.

175. Gwin JL, Hoffman JP, Eisenberg BL. Surgical management of nonhepatic intra-
abdominal recurrence of carcinoma of the colon. Dis Colon Rectum 1993;36:540-
4.

176. Willett C, Tepper JE, Cohen A, Orlow E, Welch C, Donaldson G. Local failure 
following curative resection of colonic adenocarcinoma. Int J Radiat Oncol Biol 
Phys 1984;10:645-51.

177. Harris GJ, Church JM, Senagore AJ, Lavery IC, Hull TL, Strong SA, et al. 
Factors affecting local recurrence of colonic adenocarcinoma. Dis Colon Rectum 
2002;45:1029-34.

References 



A. Sjövall

78

178. Read TE, Mutch MG, Chang BW, McNevin MS, Fleshman JW, Birnbaum 
EH, et al. Locoregional recurrence and survival after curative resection of 
adenocarcinoma of the colon. J Am Coll Surg 2002;195:33-40.

179. Manfredi S, Bouvier AM, Lepage C, Hatem C, Dancourt V, Faivre J. Incidence 
and patterns of recurrence after resection for cure of colonic cancer in a well 
defined population. Br J Surg 2006;93:1115-22.

180. Arbman G, Nilsson E, Storgren-Fordell V, Sjödahl R. Outcome of surgery for 
colorectal cancer in a defined population in Sweden from 1984 to 1986. Dis 
Colon Rectum 1995;38:645-50.

181. Berge T, Ekelund G, Mellner C, Pihl B, Wenckert A. Carcinoma of the colon and 
rectum in a defined population. An epidemiological, clinical and postmortem 
investigation of colorectal carcinoma and coexisting benign polyps in Malmo, 
Sweden. Acta Chir Scand Suppl 1973;438:1-86.

182. Le Voyer TE, Sigurdson ER, Hanlon AL, Mayer RJ, Macdonald JS, Catalano 
PJ, et al. Colon cancer survival is associated with increasing number of lymph 
nodes analyzed: a secondary survey of intergroup trial INT-0089. J Clin Oncol 
2003;21:2912-9.

183. Prandi M, Lionetto R, Bini A, Francioni G, Accarpio G, Anfossi A, et al. 
Prognostic evaluation of stage B colon cancer patients is improved by an 
adequate lymphadenectomy: results of a secondary analysis of a large scale 
adjuvant trial. Ann Surg 2002;235:458-63.

184. Kapiteijn E, van de Velde CJ. Developments and quality assurance in rectal 
cancer surgery. Eur J Cancer 2002;38:919-36.

185. Khuri SF, Daley J, Henderson W, Hur K, Demakis J, Aust JB, et al. The 
Department of Veterans Affairs’ NSQIP: the first national, validated, outcome-
based, risk-adjusted, and peer-controlled program for the measurement and 
enhancement of the quality of surgical care. National VA Surgical Quality 
Improvement Program. Ann Surg 1998;228:491-507.

186. Hyman NH, Ko CY, Cataldo PA, Cohen JL, Roberts PL. The New England 
colorectal cancer quality project: a prospective multi-institutional feasibility 
study. J Am Coll Surg 2006;202:36-44.

187. Gunnarsson U, Seligsohn E, Jestin P, Påhlman L. Registration and validity of 
surgical complications in colorectal cancer surgery. Br J Surg 2003;90:454-9.

188. Torkzad M, Lindholm J, Martling A, Blomqvist L. Retrospective measurement 
of different size parameters of non-radiated rectal cancer on MR images and 
pathology slides and their comparison. Eur Radiol 2003;13:2271-7.

189. Ichikawa T, Erturk SM, Motosugi U, Sou H, Iino H, Araki T, et al. High-B-
value diffusion-weighted MRI in colorectal cancer. AJR Am J Roentgenol 
2006;187:181-4.

190. Enker WE, Laffer UT, Block GE. Enhanced survival of patients with colon and 
rectal cancer is based upon wide anatomic resection. Ann Surg 1979;190:350-60.

191. Hohenberger W, Reingruber B, Merkel S. Surgery for colon cancer. Scand J Surg 
2003;92:45-52.

192. Glimelius B, Dahl O, Cedermark B, Jakobsen A, Bentzen SM, Starkhammar H, 
et al. Adjuvant chemotherapy in colorectal cancer: A joint analysis of randomised 



79

trials by the Nordic Gastrointestinal Tumour Adjuvant Therapy Group. Acta 
Oncol 2005;44:904-12.

193. Sauer R, Becker H, Hohenberger W, Rodel C, Wittekind C, Fietkau R, et al. 
Preoperative versus postoperative chemoradiotherapy for rectal cancer. N Engl J 
Med 2004;351:1731-40.

194. Elmas N, Killi RM, Sever A. Colorectal carcinoma: radiological diagnosis and 
staging. Eur J Radiol 2002;42:206-23.

195. Filippone A, Ambrosini R, Fuschi M, Marinelli T, Genovesi D, Bonomo 
L. Preoperative T and N staging of colorectal cancer: accuracy of contrast-
enhanced multi-detector row CT colonography--initial experience. Radiology 
2004;231:83-90.

196. Veit P, Kuhle C, Beyer T, Kuehl H, Herborn CU, Borsch G, et al. Whole body 
positron emission tomography/computed tomography (PET/CT) tumour staging 
with integrated PET/CT colonography: technical feasibility and first experiences 
in patients with colorectal cancer. Gut 2006;55:68-73.

197. Compton C, Fenoglio-Preiser CM, Pettigrew N, Fielding LP. American Joint 
Committee on Cancer Prognostic Factors Consensus Conference: Colorectal 
Working Group. Cancer 2000;88:1739-57.

198. D’Eredita G, Serio G, Neri V, Polizzi RA, Barberio G, Losacco T. A survival 
regression analysis of prognostic factors in colorectal cancer. Aust N Z J Surg 
1996;66:445-51.

199. Kraemer M, Wiratkapun S, Seow-Choen F, Ho YH, Eu KW, Nyam D. Stratifying 
risk factors for follow-up: a comparison of recurrent and nonrecurrent colorectal 
cancer. Dis Colon Rectum 2001;44:815-21.

200. Willett CG, Tepper JE, Cohen AM, Orlow E, Welch CE. Failure patterns 
following curative resection of colonic carcinoma. Ann Surg 1984;200:685-90.

201. Phillips RK, Hittinger R, Blesovsky L, Fry JS, Fielding LP. Local recurrence 
following ‘curative’ surgery for large bowel cancer: I. The overall picture. Br J 
Surg 1984;71:12-6.

202. Dimick JB, Cowan JA, Jr., Upchurch GR, Jr., Colletti LM. Hospital volume and 
surgical outcomes for elderly patients with colorectal cancer in the United States. 
J Surg Res 2003;114:50-6.

203. Harmon JW, Tang DG, Gordon TA, Bowman HM, Choti MA, Kaufman HS, et 
al. Hospital volume can serve as a surrogate for surgeon volume for achieving 
excellent outcomes in colorectal resection. Ann Surg 1999;230:404-11; discussion 
411-3.

204. Schrag D, Cramer LD, Bach PB, Cohen AM, Warren JL, Begg CB. Influence of 
hospital procedure volume on outcomes following surgery for colon cancer. Jama 
2000;284:3028-35.

205. Carraro PG, Segala M, Cesana BM, Tiberio G. Obstructing colonic cancer: 
failure and survival patterns over a ten-year follow-up after one-stage curative 
surgery. Dis Colon Rectum 2001;44:243-50.

206. Fazio VW, Tekkis PP, Remzi F, Lavery IC. Assessment of operative risk in 
colorectal cancer surgery: the Cleveland Clinic Foundation colorectal cancer 
model. Dis Colon Rectum 2004;47:2015-24.

References 



A. Sjövall

80


