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ABSTRACT 

 

Colon cancer is the second most common form of non-skin cancer in Sweden for men and women 

respectively. Up to one fourth of all colon cancer cases are reported to present as emergencies, which 

is associated with a higher postoperative mortality and a lower 5 year survival, and affects the total 

survival in the colon cancer group. The overall aim of this thesis was to explore factors associated with 

emergency presentation of colon cancer.  

 

In a population-based record study (n=604) including all patients from the GDH in Eskilstuna, 1996-

2005 it was found that the rate of emergency cases using a strict definition was 17% . These patients 

had more late-stage cancers and were most frequent during summer (36%), (the corresponding number 

for elective cases was 16%, 7.8; p<0.049) (I). 

 An even larger population-based record study (n=853) was also performed including four different 

counties in the Uppsala-Örebro region, 2006-2008. The symptom profile differed according to mode 

of presentation and 54% in the subacute (reported as emergencies, but operated after >3 days from 

admittance) group had reported ≥2 symptoms associated to colon cancer the last 12 months prior to 

surgery, and 44% had already undergone a recent examination of the large bowel. Postoperative and 

90-days mortality were lower in the acute group (8% and 15%) but more pronounced in the 

subacute group (15% and 28%). Five-year survival was 40% in the acute group and the corresponding 

number in the subacute group was 28% (II).  

 

The association between socioeconomic factors (SES) and mode of presentation was investigated in a 

register study including all patients with colon cancer in the Stockholm and Uppsala-Örebro regions 

1997-2006 (n=12 293). Emergency presentation of colon cancer was most common in patients above 

the age of 80 (27.8%), stage IV (34.6%) and among patients with the lowest income (Q1) (27.7%). In 

a multiple regression model, OR for emergency presentation was 1.24 (95% CI 1.04-1.49) for 

unmarried and 1.22 (95% CI 1.03-1.45) for low income patients (III). 

 

Within the context of this thesis a pilot study concerning gene expression was also performed in which 

differences between emergency and elective colon cancer was found. 

 

 

Keywords: colon cancer, emergency, risk factors, stage, survival, incidence, management, symptoms, 

socioeconomic status 
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1 INTRODUCTION 

1.1 COLON CANCER 

1.1.1 Descriptive Epidemiology 

Colorectal cancer is the third most common cancer in men, the second most common in 

women, and the fourth most common lethal malignancy globally (1).  In Europe, 

colorectal cancer is the second and third most common malignancy in women and men 

respectively, while the second most cancer-related cause of death overall, constituting 

about 14 % of all cancers (1). The numbers have stabilized or decreased, particularly in 

younger age groups (2), and the greatest increase in incidence of colon cancer is 

currently observed in Asia and in Eastern Europe (2). In Sweden, there are about 4,000 

new cases per year (3, 4), of which 90% occur after the age of 50 (5) and with an equal 

distribution across the sexes (3).  

 

1.1.2 Risk Factors 

Family History 

Apart from age, heredity is the strongest risk factor for colon cancer. It is estimated that 

about 5-10% of all patients have a family history of the disease (6), including 

Hereditary Non-Polyposis Colorectal Cancer (HNPCC/Lynch syndrome) and Familial 

Adenomatosis Polyposis (FAP). Other rare genetic diseases associated with an 

increased risk of colon cancer are Gardner syndrome, Juvenile and Peutz-Jeghers 

polyposis, and Hyperplastic Polyposis Syndrome (HPS).  

 

Inflammatory Bowel Disease 

Patients with inflammatory bowel disease, ulcerative colitis, and Mb Crohn are at an 

increased risk of colon cancer. However, corticosteroids, 5-aminosalicylic acids (5-

ASAs) and immunomodulators, as well as more modern drugs such as biological 

therapy in the form of antibodies, have improved the treatment of IBD and decreased 

the risk of colon cancer (7). Endoscopic surveillance and colectomy as prophylactic 

management moderate this risk (8).  

 

Lifestyle Factors 

Diet and nutrition is estimated to be the cause of 30-50% of all colon cancer worldwide 

(9), and is the greatest exogenous factor in the etiology of colon cancer (2). 

Red or processed meat, obesity and an excessive calorie intake (both from fat and 

carbohydrates), as well as high levels of alcohol consumption and tobacco use are 

associated with colon cancer (10). A low grade of physical activity is also associated 

with an increased risk for colon cancer (11). Protection from colon cancer is provided 

by a variety of vegetables, fruits, dairy and egg products, as well as unabsorbable fibers  

(12). In addition, fish oil and phytochemicals are anti-inflammatory and inhibit colon 

cancer development (13), as does vitamin D (14). Folate intake also seems to reduce the 

incidence of colon cancer (15).  
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1.1.3 Carcinogenesis and Molecular Biology 

The molecular biology of colon cancer is thoroughly studied, and has been found to be 

both heterogeneous and complex, with many different genes involved in various steps 

(16). The transformative development from a benign polyp into a malignant tumor, the 

adenoma-carcinoma sequence, was first described in 1990 (17), and has been linked to 

the accumulation of mutations.  

One of the most studied genes is the tumor suppressor gene Adenomatous Polyposis 

Coli (APC), which is hypothesized to be the gate-keeper for further malignant 

transformation, but a number of other tumor suppressor genes and oncogenes 

contribute to the complexity of the tumorigenesis (18, 19).  

 

Three distinct molecular mechanisms of genetic instability resulting in genetic 

aberrations have been identified; Chromosomal Instability (CIN), which stands for 

chromosomal gain or loss and is present in more than 2/3 of colon cancer tumors, 

Micro Satellite Instability (MSI/MIN), which is more common in right-sided tumors, 

and CpG Island Methylator Phenotype (CIMP), which results in an altered gene 

expression (epigenetic changes) without altering the DNA sequence (20, 21). 

 

 

Recent advances in genetics and cellular biology have made it possible to translate 

detailed genetic information into pathways that fulfill distinct cellular functions. Two 

important pathways identified in colon cancer tumorigenesis are the Wnt-/beta-catenin 

and EGFR-Kras pathways (22-25). Both of these regulate cell growth and 

differentiation, and the Wnt pathway is also involved in regulation of apoptosis. The 

APC gene is part of the Wnt signaling pathway in sporadic colon cancer. About 80% of 

the APC is mutated, while the corresponding number in beta-catenin is 10% in sporadic 

colon cancer (24).   

 

Differences in gene expression profiling, validated by immunohistochemical analysis, 

have  been found between primary and metastatic colon cancer, and the proliferation 

rate of the liver metastases of colon cancer has been found to be reduced compared to 

that of primary tumors (26). 

 

 

1.1.4 Symptoms and Investigation 

Colon cancer presents with a wide range of symptoms, including altered bowel habits, 

diarrhea, constipation, weight loss, abdominal pain, and fatigue, the latter associated 

with occult bleeding and anemia. Right-sided colon cancer is more often associated 

with anemia, while left-sided tumors are more often associated with visible blood in 

stools and changes in bowel habits (27). First symptoms may be vague or diffuse.  

In all, most of these symptoms have a low predictive value for colon cancer. For 

instance, only 1% of all patients that contact a doctor for abdominal pain have a 

colorectal malignancy (28). Bleeding and weight loss are estimated to have the highest 

association with colon cancer (29, 30). Abdominal pain has been associated with late-

stage colon cancer (31). In general, iron-deficiency anemia has been considered a 

marker for colorectal cancer, but it is also associated with the longest delay in diagnosis 
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in primary care, as well as the worst prognosis (32). The absolute number of symptoms 

has been suggested as a risk assessment tool for suspected colon cancer (33). Two or 

several symptoms or repeated attendances with the same symptom should alert the 

physicians of the need for investigation (29).  

 

The high sensitivity of colonoscopy has made it the golden standard of investigation for 

patients with symptoms possibly caused by colon cancer. The rate of missed colon 

cancers was between 2-6% in a Canadian register study (34), depending on the location 

of the tumor. Other advantages are the opportunity afforded for biopsies and the fact 

that patients are not exposed to radiation. If a colonoscopy is incomplete, or 

contraindicated for some reason, a CT colonography is performed (33). A population-

based Dutch study including more than 1,800 patients determined that the sensitivity of 

CT colonography is above 94% (35). 

 

 

1.1.5 Stage 

Nowadays, the TNM (Tumor, Node, Metastasis) system is widely used. Clinical 

(c)TNM is the basis for treatment, and pathological (p)TNM is the basis for prognosis. 

According to the latest and 7
th

 edition of TNM, T indicates the extent of spread through 

the layers that form the wall of the colon and rectum. The tumor growth in these layers  

given in order from the innermost to the outermost, are: growth into the mucosa (Tis), 

growth into the submucosa (T1), growth into the muscularis propria (T2), growth into 

the subserosa (T3), growth through the serosa (T4a) and the most advanced stage, 

direct growth to other organs (T4b). N indicates whether or not the cancer has spread to 

nearby lymph nodes and, if so, how many lymph nodes are involved, from 0->7 (N0-

N2b). M indicates whether or not the cancer has spread to other organs (M0-M1b) (36). 

Acurate nodal staging is of crucial importance in determining treatment and prognosis 

(37). The number of evaluated lymph nodes is also considered a quality measure of 

colon cancer surgery and pathology (38), and the required minimum number of them in 

the specimen is twelve (39). This minimum is met to 85% in all operations in recent 

years in Sweden (40). Based on the TNM system the cancer is classified as stage I (T1-

T2, N0, M0), stage II (T3-T4, N0, M0), stage III (any T, N1-2, M0) and stage IV (any 

T, any N, M1). 

In Sweden stage II is most prevalent (30%), followed by stage III (26%) and stage IV 

(20%) cancers (40, 41). 

Different symptoms have also been associated with different TNM stages; visible blood 

in stools is more often associated with a lower TNM stage, whereas abdominal pain is 

more common in patients with cancers with a higher TNM stage (27, 31). 

 

 

 

1.1.6 Treatment 

Primary treatment for colon cancer involves curative resection (R0) of the affected part 

of the bowel with central ligation of supplying arteries and draining of veins and lymph 

vessels, as well as mesenteric resection and a primary anastomosis. Traditionally the 

operation was often done by “blunt” dissection. However the CME (complete 
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mesocolic excision) technique, which emphasizes an extensive mesenteric resection 

along the embryologic planes, has been more frequently used and is analogous to TME, 

which is now a fully accepted method for rectal cancer surgery worldwide (42). There 

are basically three types of operations for elective colon cancer; right-sided 

hemicolectomy, left-sided hemicolectomy and sigmoidectomy. Laparoscopic surgery 

improves short term outcome has no negative impact on long term outcome (43), but is 

only used in about 10% of colon cancer operations in Sweden, although this number 

increases every year (40). However, this is a low figure internationally, and in 

Denmark, for instance, more than 60% of all colon cancer surgery is done 

laparoscopically (44). 

 

Adjuvant chemotherapy in colon cancer is based on 5-fluorouracil in combination with 

Levamisol or folic acid. It is offered during 6 months postoperatively to patients with  

stage III tumors, patients with stage II tumors with vascular and perineural growth, and 

a biological age of less than 75 years. The 5-year disease-free survival has increased 

from 55% to 67%, and overall survival has increased from 64% to 71% (45).   

 

Surgical treatment for generalized colon cancer, mainly to the liver and lungs, has 

become standard treatment during recent years, and is an established practice for 

selected patients. If the intention is curative, preoperative chemotherapy during 6-8 

weeks is given followed by metastasectomy or resection of the primary tumor in a two-

step procedure or sometimes synchronously. Five-year survival after resection with a 

curative intent is 48% with hepatic metastases present and 32% for pulmonary 

metastases, but only 31% when both are present (46).  

 

About 8% of colon cancer patients have synchronous or metachronous peritoneal 

carcinomatosis (47), and, whenever possible, treatment involves cytoreductive 

peritonectomy and intraperitoneal chemotherapy (HIPEC). When left untreated, the 

prognosis for peritoneal carcinomatosis is poor, with a median survival of seven 

months (48).  

 

Chemotherapy based on oxaliplatin and irinotecan is used in palliative cases, increasing 

the median survival by up to 20 months (41). 

This also involves monoclonal antibody drugs such as anti-EGFR (panitumumab, 

cetuximab) and anti-VEGF (bevacizumab), the former provided wild type KRAS (49), 

which occurs in 30%-50% of colorectal cancer cases. 

 

 

1.1.7 Postoperative Mortality and Prognosis 

During the last years in Sweden, thirty-day postoperative mortality rate in elective 

patients is about 2%, and increases with age so that for patients older than 80 years the 

rate is 4,5% (40).  

 

Surgery alone cures approximately 50% of the patients (50). Overall, survival in colon 

cancer has increased, and is now approximately 55%, due to the use of adjuvant 

chemotherapy, resection of the primary tumor and metastasectomy (51). The long term 

survival proportion is given for each stage in Figure 1. 
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Even in the most advanced stage, primary resection is associated with an increased 

survival (52). 

 

 

Figure 1: Relative survival according to cancer stage (53). (Published with 

the permission of the Swedish colon cancer registry). 

 

1.1.8 Prevention 

For primary prevention, NSAID and aspirin in certain doses have been demonstrated to 

give protection from sporadic colon cancers (54, 55) and adenomas (56), but this is not 

yet in clinical use. Life style factors such as diet, physical activity, and alcohol and 

tobacco use are also important for preventing colon cancer (10). 

 

The standard strategy for secondary prevention or screening for colon cancer is initial 

testing by means of fecal occult blood test (FOBT; guaiac-based or immunochemical) 

and endoscopy (sigmoidoscopy/ colonoscopy). A meta-analysis including four 

population-based randomized controlled trials found FOBT screening to reduce 

mortality of colorectal cancer by one sixth among individuals who participated in at 

least one round-up (57).  

 

Flexible sigmoidoscopy inserted up to colon descendens or the splenic flexure, with 

60% of all colorectal neoplasms within reach, is another option for screening. As 

adenomatous polyps are the precursor of colorectal cancer, removing them will prevent 

colorectal cancer (58). Once-only sigmoidoscopy between ages 55 and 64 years was 

found to reduce the incidence of distal colorectal cancers by half (59).  
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1.1.9 Socioeconomic Factors 

The incidence of colon cancer has been found to be associated with socioeconomic 

factors (60, 61), albeit in contradictory ways. Some studies have shown an association 

between higher social class and increased incidence of colon cancer (62, 63) while 

others, predominantly in the USA and Canada, found higher social status to be 

negatively correlated with colon cancer (64-66). Low income patients are more likely 

to recur than average or high income patients (67).  

Stage at diagnosis in colon cancer was not associated with socioeconomic factors in 

colon cancer, as opposed to rectal cancer, in a Danish study (68).  

 

Survival also seems to be consistently less favorable for patients with lower 

socioeconomic status (64, 69). One explanation for this is diagnostic delay, which has 

been shown to be longer in this group (70). Adjuvant treatment is also less often offered 

to patients with low socioeconomic status (69). 

 

The lower participation in screening programs associated with SES, particularly in 

men, unmarried, and divorced patients, may to some extent explain the higher 

incidence and mortality (71). 

 

 

1.2 EMERGENCY PRESENTATION OF COLON CANCER 

 

1.2.1 Descriptive Epidemiology 

The rate of colon cancer presenting as emergencies varies widely in the literature, from 

8% to 34% (72-75). One explanatory factor for this is the variation in the definition of 

emergency colon cancer (Appendix). A distinction between emergency/urgent and 

scheduled/elective colon cancer has been proposed (76, 77).  One classification defines 

emergency as surgery within one hour, while an urgent operation is within 24 hours, a 

scheduled operation within three weeks and an elective when convenient for patient and 

surgeon (78). Other terms used for `emergency´ are `obstructive/perforated´(41), 

`acute´ (79), `complicated´ (67, 74), `advanced´ (80), `strictured´ (80), and `contracted´ 

(81) colon cancer.  

 

In an Italian cohort study comparing two different time periods (1975-1984 vs. 1995-

2004), and in a Norwegian study comparing three different time periods (between1980 

and 2004) the total colon cancer incidence increased, but the rate of emergency cases 

declined over the years (74, 82). On the other hand, in a Canadian register study 

comparing 1996-1998 to 1999-2001 the rate of emergency colon cancer did not drop 

(83). 

 

  

1.2.2 Factors Associated with Emergency Presentation 

Previously recognized risk factors in emergency colon cancer are shown in Table III. A 

few American studies have recognized ethnicity as a risk factor predisposing African 

Americans and Hispanic women for an acute course (84-86). A couple of American 

studies demonstrate that emergency presentation is associated with comorbidity, both 
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when expressed as a high ASA grade (87) and as a Deyo score (a scoring system 

including 22 different diseases) (83). In a British study conducted between 1982 – 

1992, the latter has also been shown in the elective group when specifying national 

diseases such as diabetes, coronary artery and cerebrovascular diseases, as well as 

neurological deficits and pulmonary diseases (88). Furthermore, it has been found that 

emergency patients are more likely to lack a GP (83, 89).  

 

 

Reference(s) Identified factor 

Raine(90), Wong(91), 

McArdle(75), Rabeneck(83) 

High age 

Wong(91) Low age 

Bass(92), Chiarugi(93), Jestin(72) Advanced stage 

Raine(90), Rabeneck(83), 

McArdle(75) 

Female sex 

Raine(90), Diggs(94) Access to health care service 

Bowman(84), Ahuja(85), Irby(86) Ethnicity 

Raine(90) Low income 

Scott(89) Civil status (widows) 

Rabeneck(83) Comorbidity 

Yoo(95) Smoking, corticosteroids 

Scott(89), Rabeneck(83) Lack of GP 

       Table I. Factors associated with emergency presentation of colon cancer in   

       previous studies. 

 

 

1.2.3 Pathogenesis 

Emergency colon cancer has been studied as a separate entity to a very limited extent. 

However, inflammatory response has been shown to differ in the sense that emergency 

patients have higher levels of IL-1β, IL-6 and CRP (96, 97), as well as an increase in 

WBC and hypoalbuminemia preoperatively (98). In a Japanese study, 166 colorectal 

cancers were classified macroscopically as either stricture or nonstricture type. 

Strictured tumors, 47 /166 (28%) were more often associated with an abundance of 

fibrosis, and had a higher recurrence rate and a significantly shorter time to recurrence 

(80). Another Japanese study found “Contracted” tumors to have higher grade of 

lymphatic and venous permeation, as well as lymph node metastasis, due to a high 

interaction between the tumor and the extracellular matrix (ECM) that is probably 

induced by cancer cells (81). A recent Swedish study found that colon cancer 

presenting as emergency cases had a more aggressive histopathologic profile, with 

more multiple tumors, more perineural and vascular infiltration, and more mucinous 

tumors with signet-ring cells than elective cases (99). Two studies report right-sided 

tumors to be more common in the emergency group (83, 95), another found this more 

common in left-sided tumors (72), and a fourth study found no difference (92). 
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1.2.4 Symptoms and Investigation 

The predominant state of an emergency course is obstruction (100, 101), which 

represents 80-90% of all acute colon cancers. In early stages, this is characterized by 

intermittent abdominal pain and constipation, but when left unrecognized will 

eventually lead to a distended abdomen and, in cases of complete obstruction, no 

passage of flatus or stool. In case of an incompetent ileocaecal valve, vomiting occur, 

as well as less distension of the bowel.  

 

Perforation constitutes about 10-20% (40, 74, 91) of all emergencies, either at the site 

of the tumor or proximal to the tumor, typically in the caecum, which is most distended 

according to the law of LaPlace. Perforation will cause peritonitis with movement-

related abdominal pain, nausea, and vomiting. Bleeding from the tumor is another 

possible acute state of colon cancer, although an infrequent one (102). In a Swedish 

population-based study (2007-2011), only 4% of the emergency patients were operated 

upon due to bleeding (40). 

Patients with emergency colon cancer present with abdominal pain more often, while 

electives have rectal bleeding more often (77, 89, 103). Symptom duration is estimated 

to be shorter for emergency patients (approximately 3 months) (31, 104, 105). In a 

Norwegian study, the average symptom duration was as brief as 3 days for emergency 

patients defined as “patients with acute symptoms hospitalized without scheduled 

investigations or treatment” (101).  

 

Patients presenting with suspected emergency colon cancer are investigated by 

abdominal computer tomography (CT), with or without a barium enema. Rectoscopy is 

mandatory to exclude a distal (rectal) cause for obstruction.  

 

1.2.5 Stage 

The stage distribution in emergency colon cancer is more advanced compared to 

elective cases (72, 91, 106), and about 85% are in stage III or IV in emergency colon 

cancer (102). Moreover, the prevalence of synchronous distant metastases is 27% in 

emergency patients, compared to 15% in electives (107). 

The number of lymph nodes removed during emergency surgery has not been shown to 

be lower than for elective colon cancer patients (102, 108). 

 

 

1.2.6 Treatment 

Colon cancer surgery in the emergency state is associated with a number of difficulties. 

It is more technically challenging, it requires access to high or subspecialized 

competence at short notice at all times and the patients are less well prepared, both 

physiologically and mentally (108).   

 

Right-sided hemicolectomy with primary anastomosis is the resection of choice in low 

risk patients with proximal tumors. If there is a risk of anastomotic leakage, ileostomy 

is recommended. Subtotal or total colectomy should be performed when tumors are 

located in transversal or in the proximal left colon and causing a distended right colon 
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(109). In left-sided tumors there are several options (105). Sigmoidal tumors used to be 

treated with segmental resection and colostomy, but this has more and more 

increasingly often been replaced by resection with primary anastomosis in low risk 

patients (48).  

Primary or staged resection is dependent on the condition of the patient and the spread 

of the disease. If the patient suffers from high ASA grade, staged resection is preferred, 

with Hartman´s procedure with primary resection and sigmoidal stoma being the most 

common (110). An up-and-coming alternative strategy is to initially treat the 

emergency state by a diverting stoma to unload the bowel and then optimize the patient 

and resect the tumor under stable conditions. Laparoscopy can be used in the 

emergency setting if obstruction is present (111). Approximately one third of all 

patients with obstruction do not receive an R0 operation due to distant metastases or 

locoregional tumor infiltration (41). 

 

Colonic stenting as a bridge to surgery in colon cancer causing obstruction is possible 

but no consensus concerning this treatment has been reached so far (112). It may 

represent a safe and effective procedure as a bridge to surgery when the required skills 

are available (113), as long as no perforation is present. Stent is also plausible in 

palliative patients who cannot go through surgery (52). There are three main 

complications related to stent; migration which occurs in more than one fifth of the 

patients, obstruction which occurs in less than one fifth of the patients, and perforation 

which occurs in about one tenth of the patients (41). 

 

Adjuvant chemotherapy is recommended in stage III, for both emergency and elective 

patients.  In addition, adjuvant chemotherapy is also recommended to risk groups with 

stage II tumors, as for emergency colon cancer patients (73, 108). 

 

 

1.2.7 Postoperative Mortality and Prognosis 

Postoperative mortality (30 days) in all emergency colon cancer patients in Sweden 

2007-2011 was 9,5%, but >16% in patients older than 80 years (40). In a study from 

Denmark, postoperative mortality was 22%, mostly due to medical complications such 

as infection, thromboembolism, renal failure, and heart-failure (87). A British study on 

colon cancer reported that the risk of 30-day postoperative mortality is increased during 

duty hours; it is doubled if the surgery is performed between 17.00-24.00 (OR=1.99) 

and almost tripled (OR=2.92) if the patient is operated upon between 24.00-08.00 

(114). The differences are possibly associated with the competence of the surgeon. 

Colorectal surgeon specialists decreased the odds ratio for a lethal postoperative 

outcome in a Norwegian study conducted over 25 years (82), and this was also 

observed in a British study comparing unsupervised trainees to consultant surgeons 

(115). 

 

The overall 5-year survival rate for colon cancer presenting as emergency is below 30% 

(75, 77, 116-118), and stage-specific 5-year survival is also lower in emergency than in 

electively presenting colon cancer (73, 98, 119). 
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A lower rate of curative (R0) operations (72, 75, 91, 97), older patients and a more 

advanced stage distribution (92, 93, 120) are possible explanations. Other possible 

explanations include an increased proportion of occult metastases, predominantly in the 

liver, and an excess production of cytokines precipitating cardiovascular events (75). 

However, survival in the emergency group has increased over the years (1975-84 vs. 

1995-2004 in an Italian study (74), 1980-89 vs. 1990-99 vs. 2000-2004 in a Norwegian 

study (82), and between 1991 and -94 in a British study (106). This is most likely due 

to an increased curative intent (74) and an increased attendance of colorectal specialists 

during surgery (82). In Italy, long-term survival in elective patients has increased by 

22% since 1975, while the corresponding number in emergency patients is only 6% 

(74).  

 

The recurrence rate is higher in emergency patients compared to elective patients, 

probably due to a lower rate of curative resections. In a Swedish study from 2005, the 

resection rate was 69% in the emergency and 84% in the elective cases (72). However, 

this has increased, and another Swedish study from 2013 found it to be 81% in the 

emergency and 92% in the elective group (40). The recurrence is predominated by 

distant metastases (120).  

 

 

1.2.8 Prevention  

Screening programs using FOBT have been associated with a reduction of emergency 

presentation (121, 122); by as much as 47% in a British study (123). Fast-track 

flexible sigmoidoscopy service for symptomatic patients has also been shown to 

reduce the rate of emergency cases from 36% to 26% (124). 

Access to health care services has also been recognized as an important factor for 

prevention of emergency presentation (89). A Canadian study found that the 

likelihood of an emergency presentation was reduced in areas with better access to 

colonoscopy (83). 

 

1.2.9 Socioeconomic Factors 

The association between socioeconomic status and mode of presentation of colon 

cancer has, to some extent, been investigated previously. Patients with lower incomes 

or who reside in deprived areas were more likely to present as emergencies according 

to Canadian and British studies (83, 90). An ecological study from the UK reported the 

risk of an emergency presentation to be more than twice as high for patients from 

deprived areas (125), but another British study including over 2,000 patients found no 

variation in the frequency of emergency presentation of colon cancer between deprived 

and affluent patients (126). A recent study from Sweden included emergency 

presentation and educational level, and a trend but no significant association was found 

among patients below the age of 75 (69). Furthermore, widowed colon cancer patients 

were found to present as emergencies more often in a British study from the 1980´s 

(89). 
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2 OBJECTIVES 

The overall aim of this thesis was to investigate possible explanatory factors associated 

with emergency presentation of colon cancer. 

 

 

 

The specific objectives of the different studies were to:  

 

I. Investigate the frequency of emergency colon cancer and search for associated 

clinical factors. 

II. Characterize the population of colon cancer patients reported as emergencies. 

III. Estimate the association between mode of presentation and socioeconomic 

factors. 
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3 MATERIAL AND METHODS 

 

3.1 PAPER I 

Material 

All colon cancer patients treated at the department of surgery at the General District 

hospital in Eskilstuna 1996 - 2005 (n = 604) were eligible. Patients admitted through 

the emergency room, operated on within three days of admission, and with an 

emergency condition (obstruction, perforation or bleeding) confirmed at surgery were 

classified as colon cancer emergencies (ECCs).  

 

Method 

The frequency of emergency presentation using the study definition and the one used at 

ROC (the Regional Oncologic Centre) was compared in terms of patient numbers. 

All clinical records were scrutinized, and information on tumor characteristics, 

comorbidity and social aspects were collected. Data from the ROC was also retrieved, 

including surgical variables such as blood loss and surgical competence. Survival was 

analyzed using Kaplan-Meier estimates and log-rank test. The effect of several risk 

factors on survival was analyzed by means of Cox regression. 

  

3.2 PAPER II 

Material 

All cases of colon cancer  reported as emergencies to the ROC from Dalarna, 

Sörmland, Uppsala, and Värmland counties were included, along with randomly 

selected elective colon cancer controls (1:2) 2006-2008 (n=853).  

 

 Method 

Primary care and surgical records from all patients were scrutinized for symptoms 

associated with colon cancer, investigation, referral and date of surgery related to date 

of admittance. Stage and survival were retrieved from the ROC register. The chi-

square, Student’s t and Mann-Whitney tests were used to test any differences between 

groups. Postoperative mortality and long-term survival was analyzed using Kaplan-

Meier estimates, and the log rank test was used for comparison. A multivariate Cox 

regression model, adjusting for age, sex and stage, was employed, and 5-year hazard 

ratios (HRs) were calculated. 

 

3.3 PAPER III 

Material 

All patients with colon cancer reported to the Regional Oncological Centers in the 

Uppsala-Örebro and Stockholm regions 1997-2006 (n=12,293) were included, 

accounting for more than 40% of the Swedish population. 
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Method 

Information on civil status, education, income, place of birth, and children for the year 

before diagnosis, available from Statistics Sweden, was linked to the quality registry 

and analyzed by means of logistic regression. 
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4 RESULTS 

 

4.1 PAPER I 

Using the study definition the rate of ECC was 97/585 (17%), while it was 27% in the 

register from the Regional Oncologic Centre (ROC). ECC patients were older (median 

77 vs. 74, p = 0.02), had more stage III and IV cancers (65 vs. 47 %; χ
2
= 9.4, p<0.001), 

and had fewer cancers located in the caecum (20 vs. 33 %, χ
2
= 4.3 p = 0.04). 

ECC was most frequent from June to August (36%) whereas elective cases were evenly 

distributed throughout the year (χ
2
= 7.8; p = 0.05). Five year survival was 18% in ECC 

and 38% in the elective group (p<0.001). Hazard ratio for death within five years 

among emergency patients, 30-day mortality excluded, and adjusted for age, stage, and 

sex was 2.25 (95% CI 1.42 - 3.55).  

 

4.2 PAPER II 

Among patients reported as colon cancer emergencies to the ROC (n=263), 158 (60%) 

were operated within three days and categorized as acute, whereas 105 (40%) had 

surgery more than three days after admittance. This group was categorized as subacute 

cases. In this group, 52/105 (50%) were stage IV, compared to 36/158 (23%) in the 

acute and 83/577 (15%) in the elective group (X
2
=82.44; p<0.001). In the subacute 

group, there were more females, 64/105 (61%) compared to the acute71/158 (45%)  

and elective 277/577 (48%) groups (X
2
=7.0; p=0.03). 

Fort four per cent  (46/105) had already had a recent examination of the large bowel, 

and more than half, 51/94 (54%), had reported two or more symptoms associated with 

colon cancer to primary care during the last 12 months prior to surgery.  

 

 

 Elective Acute Subacute Χ
2
; p-value 

30-day mortality 1.9 8.2 15.2 14.6; p<0.001 

90-day mortality 4.3 14.9 35.6 98.5; p<0.001 

     

Survival at 5 

years 

57.8% 40.1% 28.3% 151.8; 

p<0.001 

     

HR  1.00 (ref) 1.88 (1.46-2.44) 2.29 (1.71-3.08)  

Table II. Postoperative mortality and outcome at five years according to mode of 

presentation. 

 

 

4.3 PAPER III 

The overall frequency of emergency cases was 23%. Over one third, 1011/2856 (35%), 

of the emergency group were above the age of 80, and 874/2856 (31%) were between 

70 and 79 years old. In a univariate analysis old, unmarried, widowed, low educated, 

low income and childless patients operated in a GDH were significantly associated with 

an emergency presentation. No significant difference in sex, region or period was 

found. 



 

  15 

The odds ratio (OR) for emergency presentation in low income patients (Q1) was 1.30 

(95% CI 1.00-1.52). This was most pronounced in men, OR 1.46 (95% CI 1.15-1.85), 

for patients <70 years, OR 1.42 (95% CI 1.08-1.88), and for patients >80 years, OR 

1.50 (95% CI 1.08-2.10).  For unmarried patients, OR was 1.23 (95% CI 1.03-1.46), 

increasing to 1.48 (95% CI 1.02-2.14) among patients above the age of 80.  In the 

youngest age group, low education was also associated with an emergency presentation 

(OR 1.25; 95% CI 1.02-1.52). 
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5 DISCUSSION 

 

This thesis explores emergency presentation of colon cancer as a specific entity, from 

different perspectives. The causes, or ultimate etiology, behind emergency presentation 

are not well known, and many factors seem plausible. 

 

 

Patient-related factors 

 

No association between sex and mode of presentation was found in these studies; men 

and women faced an equal risk (study I, II and III). Some previous studies have found a 

higher risk for females, although not adjusted for the higher life expectancy in women 

compared to men (75, 83, 91, 102), as the incidence of colon cancer is associated with 

age (50). Emergency patients were older than their elective counterparts (study I, II, 

III), and this is in accordance with previous studies. In study II (and with a tendency in 

study III) a J-shaped curve was shown, illustrating that patients younger than 59 years 

and older than 85 years were at greater risk of an acute course, and this was also found 

in an Australian study (91). 

 

Unmarried patients and patients with low income were more likely to present as 

emergencies than other colon cancer patients, even in contemporary Sweden. 

Previous studies in the field have pointed out deprivation (83, 90, 125) and civil status 

(widows) (89) as inflicting factors. The mediating factors between a lower 

socioeconomic status and emergency presentation are not well explored. Are patients 

with certain socioeconomic background more reluctant to seek health care, do they 

interpret possible colon cancer symptoms differently, is their access to health care less 

good, or are their symptoms neglected to a larger extent when in contact with health 

care?  Are there predisposing lifestyle factors, such as smoking, which increases the 

risk of an acute course (95), or diet or physical activity, which have still  not been 

studied in terms of mode of presentation? It has been shown that the interaction 

between patient and doctor differs depending on the socioeconomic status of the patient 

(127), which potentially affects further management. Unmarried colon and breast 

cancer patients have a longer delay for referral and diagnosis compared to others (70). 

This could be of crucial importance in a colon cancer that is close to complete 

obstruction. Possibly, a colon cancer can advance and later obstruct in these 

circumstances.  

 

American studies have identified African Americans to be at an increased risk of an 

acute course (84, 86), independent of socioeconomic status (85). Due to the low 

numbers and the heterogeneity of immigrants among colon cancer patients’ ethnicity 

was not included as a covariate in study III.   
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Comorbidity has been found to be more common among emergency colon cancer 

patients (83, 87, 120, 128). On the other hand, another study has seen higher 

comorbidity in electives (88).This is in contrast to our findings that comorbidity did not 

differ between the groups (II). 

 

One difficulty in comparing comorbidity is the multitude of measurements of 

comorbidity used in various studies, e.g. Charlson/Deyo-score for specific diseases 

from ICD-10, or functional status (ASA-stage). 

 

 

 

Health care related factors 

 

Primary care and symptoms 

Emergency and elective colon cancer patient were found to present with different 

profiles of symptoms less than 12 months prior to surgery (study II). Rectal bleeding 

was reported for about 21% of the electives, compared to 5% and 10% in the acute and 

subacute groups respectively, and this is probably the symptom easiest to initiate an 

investigation upon. Some 35% in the elective group had abdominal pain, compared to 

45-44% in the acute and subacute group respectively. Had all patients with at least 2 

symptoms associated with colon cancer been managed promptly, this would include 

54% of both all elective and subacute cases, as well as 46% of all acute cases of colon 

cancer. Acute and subacute patients are associated with abdominal pain (II), as found 

previously with an odds ratio of 2.3 for an emergency course (103). 

The subacute patients also reported anemia/fatigue which also was documented for 

more than half of the electives (II). This has also been reported in a British study in 

50% of the colon cancer patients (30). 

 

Both abdominal pain and anemia/fatigue are diffuse symptoms with low PPV:s, and as 

mentioned above, only 1% of the patients in primary care with colorectal symptoms 

have a cancer (103). The number of different symptoms related to colon cancer is most 

likely also a factor for the selection for further investigation, but this was not the case in 

study II, in which one-third of the subacute patients had ≥3 symptoms, which 

constitutes a failure for the health care services. More than 45% of the acute patients 

reported abdominal pain in study II. Being alert to a deeper characterization of the 

quality of abdominal pain may prevent an acute course.  

 

More than 80% of patients, regardless mode of presentation, had been in contact with 

primary care during 12 months preceding surgery (II), which indicates that primary 

care may be important for avoiding emergency presentation of colon cancer. Patients 

lacking a GP are at an increased risk for emergency presentation of colon cancer (83, 

89).         

 

It has also been shown that an increased primary care physician supply is negatively 

correlated with colorectal incidence (129), especially in late-stage colorectal cancers 

(130). 
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In both the acute and subacute group of colon cancer patients (reported as emergencies) 

more than every fourth or every third (27% and 39%, respectively) had already been 

referred for elective colon examinations (colonoscopy, CT colon) (II). This indicates 

that delay after investigation may also be important in preventing a final presentation of 

colon cancer as emergencies.  

 

Lower access to health care services both geographically (90) and economically (in 

terms of health care insurances) (94) has been shown to increase the emergency rate.  

This might indicate that delay contributes to an emergency presentation. Findings of a 

seasonal variation (study I) may represent the same reduced access to health care, due 

to summer vacations.  

 

A British study has shown that patients who take their symptoms less seriously are 

more than 3 times more likely to have colorectal cancer compared to patients seeking 

health care service for any colon cancer symptom (131).  

The shorter symptom duration in the emergency group (101, 119) would make it 

difficult to suspect, and thus detect, a tumor, but even so, >73% and 82% of the 

emergency and subacute patients respectively had reported some colon cancer-related 

symptom (II).  

Two studies, one Swedish and one Canadian, have found that access to colonoscopy, 

which may prevent acute states, is better outside main cities (Toronto and Uppsala 

respectively) (69, 132). 

 

 

Prevention 

 

This thesis has identified some avenues for further study of possible prevention 

opportunities for emergency presentation of colon cancer. This includes identifying risk 

groups (unmarried, elderly or low income patients), prompt investigation of all patients 

with at least two symptoms associated with colon cancer, and avoiding delay from 

investigation during the surgery and summer periods. 

 

Every year, there are 4000 cases of colon cancer in Sweden, of which 17% are 

emergencies according to study I. This gives a prevention potential of 680 emergency 

patients/year and almost 13 cases/week (680/52=13) nationally. Emergency patients 

stay at the hospital for an average 18 days postoperatively, compared to 10 days in the 

elective group (72). In addition to this, emergency patients often suffer more from 

complications (87) which in turn increase the costs of reoperations, radiological 

examinations and laboratory tests. For every colon cancer patient presenting as an 

emergency, faced with acute surgery, a compulsory pair of questions for health care 

ought to be: could this have been prevented? 

 

Stage and age are important factors for survival in colon cancer, but so is mode of 

presentation (133).  

Most importantly though, thirty-day mortality is higher in the emergency group, at 11% 

compared to 5% in the elective group (study I). Preventing emergency presentation 
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represents an opportunity to reduce mortality related to colon cancer. Reduced long 

term survival may be an effect of an inherent aggressiveness in the emergency tumors. 
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6 CONCLUSIONS 

 

I. Ambiguities in the definition of emergency presentation weaken 

informative comparisons of the rate of colon cancer patients presenting as 

emergencies between populations and time periods. Seasonal factors may 

affect an acute course. 

.  

 

II. Patients reported as colon cancer emergencies are a heterogeneous group. 

Patients classified as emergencies but operated upon after three days have a 

worse stage distribution and outcome. The absolute number of different 

symptoms may be used to prevent emergency presentation.  

 

III. Emergency presentation of colon cancer is associated with marital status 

and low income and it is essential to take this into account in efforts aimed 

at reducing the rate of emergency cases.   

 

 

  

 

 

Overall conclusions 

 

Emergency presentation of colon cancer is multifactorial. In every study included in the 

thesis, distinct differences related to mode of presentation have appeared. 

 

The rate of emergency cases may potentially be looked upon as a quality measure of 

the health care system, including general awareness, information to patients/ public, 

accessibility, selection for further investigation, and waiting time for surgery. 

 

 

. 
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7 FUTURE PERSPECTIVES 

There are several areas for further research into mode of presentation in colon cancer; 

 

The tendency is that obstructed patients are not operated upon until they are medically 

optimized and a colorectal team is available to treat the patient. It would be interesting 

to analyze postoperative mortality and long term survival for patients treated in these 

circumstances, and compare the outcome with patients who have been operated upon 

during duty hours and not by a specific team.   

 

Furthermore, as part of a prevention strategy against emergency presentation it would 

be valuable to initiate a prospective study to analyze the management of colon cancer 

with an emergency presentation and the delay from diagnosis to surgery for emergency 

patients. Another important measure for preventing emergency cases is to ensure that 

vulnerable groups participate in population-based screening programs.  

 

However, another aspect of mode of presentation of colon cancer is the possible 

involvement of inherent, truly biological differences. Within the framework of this 

thesis, a pilot study has therefore been performed with the stated objective of 

comparing gene expression in surgical cases of emergency and elective presentation of 

colon cancer. 

 

All patients included in Paper I were eligible for this pilot study. Three emergency and 

three elective patients were randomly selected for microarray analysis, and another 

seven patients from each group were randomly selected to validate the results. 

  

Formalin fixed, paraffin embedded (FFPE) cancer samples were analyzed by 

microarray analysis (Affymetrix) for gene expression profiling. All the up- or down-

regulated gene expressions that differed more than two-fold between the groups were 

analyzed using Ingenuity Pathway software, and finally verified by qPCR for gene 

expression and Western Blot for protein expression and phosphorylation pattern. 

 

Of 30 000 genes analyzed, it was found that 1047 were significantly up-regulated and 

814 down-regulated in emergency compared to elective cases. The differences were 

mainly found in two signaling pathways; EGFR and Wnt signaling. Both pathways 

regulate cell growth and differentiation, but in particular, the Wnt pathway also 

regulates proliferation and apoptosis. Three important intracellular proteins in the Wnt 

pathway (GSK3β, LEF-1 and TCF) were up-regulated in the emergency tumors. The 

gene expression of Wnt signaling was validated by qPCR. Furthermore, the 

EGFR/STAT1-mediated signaling pathway was also up- regulated and phosphorylated 

in emergency colon cancer, while the EGFR/MEKK/JNK pathway was up-regulated 

and JNK1 were highly phosphorylated in elective patients. 

 

 

The finding of a difference in gene expression between emergency and elective colon 

cancer, related to growth and proliferation, supports the hypothesis of emergency colon 

cancer as inherently more aggressive. This is further underpinned by the more 
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advanced stage (study I, II and III) that has also been shown in previous studies (72, 99) 

and the shorter symptom duration (101). In a recent Swedish article, emergency tumors 

had a more advanced morphology (99) which also was shown in Study I. Grade of 

differentiation did not differ, however (91, 99). 

 

This pilot study may be the starting point for larger studies in the future, where gene 

expressions are compared in relation to mode of presentation. It also raises questions 

about adjuvant chemotherapy and different responses to that in terms of gene 

expression.  

 

Future research could also study if epigenetic alterations are the initiating events 

resulting in an acute course or if epigenetic alterations are secondary to mode of 

presentation. 
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8 SUMMARY IN SWEDISH 

 

Tjocktarmscancer är den tredje vanligaste cancersjukdomen i Sverige, liksom i resten 

av västvärlden. Det är också den cancerform som tar flest liv efter lungcancer. Den 

vanligaste formen av akut koloncancer är tumörorsakad ileus (tarmvred) vilket drabbar 

ca 800/år, men även perforation(hål på tarmen) eller blödning från tumören 

förekommer som orsaker till ett akut insjuknande. Dödligheten i samband med 

operation, och på flera års sikt i den akuta gruppen är påtagligt högre än för patienter 

som inte opereras akut, det vill säga elektiva patienter. Det är oklart varför akuta 

patienter har så pass mycket sämre prognos. Det är ofullständigt studerat varför cirka 

25 % av alla patienter med koloncancer har ett akut förlopp. 

 

Den här avhandlingen bygger på tre delstudier och undersöker dels faktorer associerade 

till ett akut insjuknande, dels faktorer som kan påverka överlevnaden samt möjligheten 

att förebygga ett akut insjuknande. 

 

I Studie I, som inkluderade samtliga koloncancerpatienter på Mälarsjukhuset, 

Eskilstuna (n=604) mellan 1996-2005, var syftet att utifrån en strikt definition 

kvantifiera de akuta patienterna, analysera överlevnaden och söka riskfaktorer. 

Patienterna identifierades med hjälp av ett register från Regionalt Onkologiskt Centrum 

(ROC) och en journalgenomgång genomfördes för att sedermera analyseras statistiskt. 

Studien fann att de akuta patienterna, som utgjorde 17 %, i högre utsträckning 

opererades under sommarmånaderna, samt att patienter som debuterade akut hade mer 

än dubbelt så stor risk att dö inom 5 år från operationen jämfört med deras elektiva 

motsvarigheter. 

 

I Studie II genomfördes åter en större journalgenomgång med patienter från fyra olika 

landsting i Uppsala-Örebroregionen 2006-2008, (n=854) med hjälp av registret i ROC. 

Syftet var att kartlägga i vilken utsträckning akuta och elektiva koloncancerpatienter 

haft kontakt med primärvården och i så fall om det varit möjligt att förhindra ett akut 

förfarande. Patientmaterialet indelades i tre grupper utifrån hur de klassificerats som 

akuta, subakuta och elektiva. Många patienter från alla tre grupper hade haft kontakt 

med primärvården, och det framgick också att de flesta hade påbörjat en utredning. En 

liten andel av patienterna insjuknade akut i väntan på utredning, men en fjärdedel av de 

akuta patienterna insjuknade i väntan på operation. De elektiva patienterna uppgav fler 

symtom som var koloncancerrelaterade. Överlevnadsanalyser visade att de subakuta 

patienterna hade sämst prognos, både på kort och på lång sikt. 

 

Studie III var en registerstudie med patienter från Uppsala-Örebro samt 

Stockholmsregionen, 1997-2006 (n=12 293). Data inhämtades från Statistiska 

Centralbyrån med syfte att undersöka huruvida socioekonomiska faktorer påverkar 

risken att insjukna akut. Patienter med låg inkomst, låg utbildning samt patienter i 

singelhushåll löpte större risk för ett akut insjuknande.  

 

Det gjordes även en pilotstudie på DNA-nivå i syfte att jämföra genuttryck i akuta och 

elektiva tumörer. För detta användes en i sammanhanget väl etablerad teknik kallad 
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microarray. Resultatet av genuttrycket skiljde sig tumörtyperna emellan, vilket 

möjligen talar för att den akuta formen av koloncancer är en mer aggressiv 

cancersjukdom jämfört med koloncancer som opereras elektivt. Den här studien får 

dock fungera som utgångspunkt för större studier i framtiden. 



 

  25 

9 ACKNOWLEDGEMENTS 

I extend my sincerest gratitude and thanks to the following people, who have all 

contributed to this thesis, especially; 

 

Louise Olsson, my chief-advisor, who throughout this whole time has been nothing but 

encouraging, as well as a constant source of new and creative ideas, although the latter 

did not always meet with my pleasure! Thank you for your support whenever I needed 

it, and thank you for taking care of me in the big world of academia. Thank you also for 

personifying the joy of research, and for offering the opportunity to talk about life, 

politics, and other matters than science from time to time. 

 

Torbjörn Holm, Associate Advisor, who has offered guidance and constructive 

comments that revealed his immense experience and surgical skills.  

 

Ali Moshfegh, Associate Advisor, who courageously jumped into this project and 

generously welcomed me into his field of lab science. 

 

Anna Ekholm, Supreme Statistician, and her supreme statistical colleagues Lotta, 

Fredrik and Hasse at the Centre for Clinical Research, Sörmland county council, who 

patiently answered my questions and calculated over and over again. And thanks for 

great inspiration for Vasaloppet, Anna! 

 

Fredrik Sandin, who always responded in a prompt and helpful manner with questions 

about the registries. 

 

Kristina Jennische, Jenny Granström, Stina Forssell, and Pia Jestin, for co-

authoring. 

 

Therese Högfeldt, for co-authoring and providing invaluable help in the lab. 

 

Jan Salomonsson, for excellent proof reading. 

 

Anna Lundström, and all of the administrative staff at the Centre for Clinical 

Research, Sörmland, for helping out with everything from salary to posters. 

 

Christina Larsson, for tireless help regarding registers as well as paper- and 

microfilmed records.  

 

The chiefs of the department of surgery at Nyköpings Lasarett, especially Svante 

Sjöstedt, my mentor, and Maria Flyckt, who kindly allowed me to finish a lot of this 

work despite the need in the clinical work.  

 

Rolf Tryselius, my new boss, who generously helped out with practical matters during 

the thesis work-up. 

 



 

26 

My friends within and outside of the medical world, for providing me with new 

perspectives. 

 

Börje and Christina, my dear parents, for always believing in me. 

 

Hugo, the best brother I ever had. 

 

Nils, the light of my life. Let´s forget about work now, and go to the park! 

 

Magnus, my love and best friend. Thank you for our life together, and thank you for 

lending a patient ear to my intermittent frustrations and helping out in desperate 

situations. I hope I can support you now, the way you´ve always supported me.  

 

 



 

  27 

10 REFERENCES 

 
1. Globocan, WHO. 2008. www-dep.iarc.fr. Accessed 131203. 
2. Labianca R, Beretta GD, Kildani B, Milesi L, Merlin F, Mosconi S, et al. 
Colon cancer. Crit Rev Oncol Hematol. 2010 May;74(2):106-33. 
3. National Board of Health and Welfare. 
2011.www.socialstyrelsen.se/statistik/statistikdatabas/cancer.  Accessed131010. 
4. Sjovall A, Holm T, Singnomklao T, Granath F, Glimelius B, Cedermark 
B. Colon cancer management and outcome in relation to individual hospitals in a 
defined population. Br J Surg. 2007 Apr;94(4):491-9. 
5. Boyle P, Langman JS. ABC of colorectal cancer: Epidemiology. BMJ. 
2000 Sep 30;321(7264):805-8. 
6. Kwak EL, Chung DC. Hereditary colorectal cancer syndromes: an 
overview. Clin Colorectal Cancer. 2007 Jan;6(5):340-4. 
7. Speight RA, Mansfield JC. Drug advances in inflammatory bowel 
disease. Clin Med.2013  Aug;13(4):378-82. 
8. Kiran RP, Khoury W, Church JM, Lavery IC, Fazio VW, Remzi FH. 
Colorectal cancer complicating inflammatory bowel disease: similarities and 
differences between Crohn's and ulcerative colitis based on three decades of 
experience. Ann Surg. 2010 Aug;252(2):330-5. 
9. Vargas AJ, Thompson PA. Diet and Nutrient Factors in Colorectal 
Cancer Risk. Nutr Clin Pract. 2012 Aug 14. 
10. Campos FG, Logullo Waitzberg AG, Kiss DR, Waitzberg DL, Habr-
Gama A, Gama-Rodrigues J. Diet and colorectal cancer: current evidence for etiology 
and prevention. Nutr Hosp. 2005 Jan-Feb;20(1):18-25. 
11. Chung-Faye GA, Kerr DJ. ABC of colorectal cancer: Innovative 
treatment for colon cancer. BMJ. 2000 Dec 2;321(7273):1397-9. 
12. Watson AJ, Collins PD. Colon cancer: a civilization disorder. Dig 2011 
Dis.29(2):222-8. 
13. Lund EK, Belshaw NJ, Elliott GO, Johnson IT. Recent advances in 
understanding the role of diet and obesity in the development of colorectal cancer. Proc 
Nutr Soc. 2011  May;70(2):194-204. 
14. Pereira F, Larriba MJ, Munoz A. Vitamin D and colon cancer. Endocr 
Relat Cancer. 2012 Jun;19(3):R51-71. 
15. Kennedy DA, Stern SJ, Moretti M, Matok I, Sarkar M, Nickel C, et al. 
Folate intake and the risk of colorectal cancer: a systematic review and meta-analysis. 
Cancer Epidemiol. 2012 Feb;35(1):2-10. 
16. Takayama T, Miyanishi K, Hayashi T, Sato Y, Niitsu Y. Colorectal 
cancer: genetics of development and metastasis. J Gastroenterol. 2006 Mar;41(3):185-
92. 
17. Fearon ER, Vogelstein B. A genetic model for colorectal tumorigenesis. 
Cell. 1990 Jun 1;61(5):759-67. 
18. Wood LD, Parsons DW, Jones S, Lin J, Sjoblom T, Leary RJ, et al. The 
genomic landscapes of human breast and colorectal cancers. Science. 2007 Nov 
16;318(5853):1108-13. 
19. Suzuki R, Miyamoto S, Yasui Y, Sugie S, Tanaka T. Global gene 
expression analysis of the mouse colonic mucosa treated with azoxymethane and 
dextran sodium sulfate. BMC Cancer. 2007;7:84. 
20. Al-Sohaily S, Biankin A, Leong R, Kohonen-Corish M, Warusavitarne J. 
Molecular pathways in colorectal cancer. J Gastroenterol Hepatol. 2012 
Sep;27(9):1423-31. 
21. Yamauchi M, Morikawa T, Kuchiba A, Imamura Y, Qian ZR, Nishihara 
R, et al. Assessment of colorectal cancer molecular features along bowel subsites 
challenges the conception of distinct dichotomy of proximal versus distal colorectum. 
Gut. 2012 Jun;61(6):847-54. 
22. Etienne-Manneville S. APC in cell migration. Adv Exp Med Biol. 
2009;656:30-40. 



 

28 

23. Phelps RA, Broadbent TJ, Stafforini DM, Jones DA. New perspectives 
on APC control of cell fate and proliferation in colorectal cancer. Cell Cycle. 2009 Aug 
15;8(16):2549-56. 
24. McDonald SL, Silver A. The opposing roles of Wnt-5a in cancer. Br J 
Cancer. 2009 Jul 21;101(2):209-14. 
25. Segditsas S, Tomlinson I. Colorectal cancer and genetic alterations in the 
Wnt pathway. Oncogene. 2006 Dec 4;25(57):7531-7. 
26. Ganepola GA, Mazziotta RM, Weeresinghe D, Corner GA, Parish CJ, 
Chang DH, et al. Gene expression profiling of primary and metastatic colon cancers 
identifies a reduced proliferative rate in metastatic tumors. Clin Exp Metastasis. 2009 
27(1):1-9. 
27. Alexiusdottir KK, Moller PH, Snaebjornsson P, Jonasson L, Olafsdottir 
EJ, Bjornsson ES, et al. Association of symptoms of colon cancer patients with tumor 
location and TNM tumor stage. Scand J Gastroenterol. [Research Support, Non-U.S. 
Gov't]. 2012 Jul;47(7):795-801. 
28. Hamilton W, Round A, Sharp D, Peters TJ. Clinical features of colorectal 
cancer before diagnosis: a population-based case-control study. Br J Cancer. 2005 Aug 
22;93(4):399-405. 
29. Hamilton W, Green T, Martins T, Elliott K, Rubin G, Macleod U. 
Evaluation of risk assessment tools for suspected cancer in general practice: a cohort 
study. Br J Gen Pract. 2013 Jan;63(606):e30-6. 
30. Adelstein BA, Macaskill P, Chan SF, Katelaris PH, Irwig L. Most bowel 
cancer symptoms do not indicate colorectal cancer and polyps: a systematic review. 
BMC Gastroenterol.2011 11:65. 
31. Olsson L, Bergkvist L, Ekbom A. Symptom duration versus survival in 
non-emergency colorectal cancer. Scand J Gastroenterol. 2004 Mar;39(3):252-8. 
32. Stapley S, Peters TJ, Sharp D, Hamilton W. The mortality of colorectal 
cancer in relation to the initial symptom at presentation to primary care and to the 
duration of symptoms: a cohort study using medical records. Br J Cancer. 2006 Nov 
20;95(10):1321-5. 
33. Hamilton W, Coleman MG, Rubin G. Colorectal cancer. BMJ. 2013 
346:f3172. 
34. Bressler B, Paszat LF, Chen Z, Rothwell DM, Vinden C, Rabeneck L. 
Rates of new or missed colorectal cancers after colonoscopy and their risk factors: a 
population-based analysis. Gastroenterology. 2007 Jan;132(1):96-102. 
35. Simons PC, Van Steenbergen LN, De Witte MT, Janssen-Heijnen ML. 
Miss rate of colorectal cancer at CT colonography in average-risk symptomatic 
patients. Eur Radiol. 2012 Apr;23(4):908-13. 
36. Hashiguchi Y, Hase K, Kotake K, Ueno H, Shinto E, Mochizuki H, et al. 
Evaluation of the seventh edition of the tumour, node, metastasis (TNM) classification 
for colon cancer in two nationwide registries of the United States and Japan. Colorectal 
Dis. 2011 Sep;14(9):1065-74. 
37. Govindarajan A, Baxter NN. Lymph node evaluation in early-stage colon 
cancer. Clin Colorectal Cancer. 2008 Jul;7(4):240-6. 
38. Chang GJ, Rodriguez-Bigas MA, Skibber JM, Moyer VA. Lymph node 
evaluation and survival after curative resection of colon cancer: systematic review. J 
Natl Cancer Inst. 2007 Mar 21;99(6):433-41. 
39. Chen SL, Bilchik AJ. More extensive nodal dissection improves survival 
for stages I to III of colon cancer: a population-based study. Ann Surg. 2006 
Oct;244(4):602-10. 
40. Kodeda K, Nathanaelsson L, Jung B, Olsson H, Jestin P, Sjovall A, et al. 
Population-based data from the Swedish Colon Cancer Registry. Br J Surg. 2013  
Jul;100(8):1100-7. 
41. Schwenter F, Morel P, Gervaz P. Management of obstructive and 
perforated colorectal cancer. Expert Rev Anticancer Ther. 2010 Oct;10(10):1613-9. 
42. Hohenberger W, Weber K, Matzel K, Papadopoulos T, Merkel S. 
Standardized surgery for colonic cancer: complete mesocolic excision and central 
ligation--technical notes and outcome. Colorectal Dis. 2009 May;11(4):354-64; 
discussion 64-5. 



 

  29 

43. Jayne DG, Thorpe HC, Copeland J, Quirke P, Brown JM, Guillou PJ. 
Five-year follow-up of the Medical Research Council CLASICC trial of 
laparoscopically assisted versus open surgery for colorectal cancer. Br J Surg. 2010  
Nov;97(11):1638-45. 
44. database Danish colorectal cancer registry. 
www.selskaberne.dk2012.Accessed 131201. 
45. 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 May 15;22(10):1797-806. 
46. Miller G, Biernacki P, Kemeny NE, Gonen M, Downey R, Jarnagin WR, 
et al. Outcomes after resection of synchronous or metachronous hepatic and pulmonary 
colorectal metastases. J Am Coll Surg. 2007 Aug;205(2):231-8. 
47. Segelman J, Granath F, Holm T, Machado M, Mahteme H, Martling A. 
Incidence, prevalence and risk factors for peritoneal carcinomatosis from colorectal 
cancer. Br J Surg. 2012 May;99(5):699-705. 
48. Hohenberger W, O'Connell R, Iversen LH. [Multimodal surgical 
intervention to improve outcome after colon cancer]. Ugeskr Laeger. 2011 Apr 
4;173(14):1034-7. 
49. Nelson VM, Benson AB, 3rd. Status of targeted therapies in the adjuvant 
treatment of colon cancer. J Gastrointest Oncol. 2013 Sep;4(3):245-52. 
50. National Board of Healthand Welfare, 2011. www.socialstyrelsen.se. 
Accessed 131120.   
51. van Steenbergen LN, Elferink MA, Krijnen P, Lemmens VE, Siesling S, 
Rutten HJ, et al. Improved survival of colon cancer due to improved treatment and 
detection: a nationwide population-based study in The Netherlands 1989-2006. Ann 
Oncol. 2010 May 3. 
52. Vemulapalli R, Lara LF, Sreenarasimhaiah J, Harford WV, Siddiqui AA. 
A comparison of palliative stenting or emergent surgery for obstructing incurable colon 
cancer. Dig Dis Sci. 2009 Jun;55(6):1732-7. 
53. National colon cancer group Swe. The colon cancer register 2012. 
Accessed 131030. 
54. Din FV, Theodoratou E, Farrington SM, Tenesa A, Barnetson RA, 
Cetnarskyj R, et al. Effect of aspirin and NSAIDs on risk and survival from colorectal 
cancer. Gut. 2010 Dec;59(12):1670-9. 
55. Rothwell PM, Wilson M, Elwin CE, Norrving B, Algra A, Warlow CP, et 
al. Long-term effect of aspirin on colorectal cancer incidence and mortality: 20-year 
follow-up of five randomised trials. Lancet. 2010 Nov 20;376(9754):1741-50. 
56. Johnson CC, Hayes RB, Schoen RE, Gunter MJ, Huang WY. Non-
steroidal anti-inflammatory drug use and colorectal polyps in the Prostate, Lung, 
Colorectal, And Ovarian Cancer Screening Trial. Am J Gastroenterol.2010  
Dec;105(12):2646-55. 
57. Hewitson P, Glasziou P, Irwig L, Towler B, Watson E. Screening for 
colorectal cancer using the faecal occult blood test, Hemoccult. Cochrane Database 
Syst Rev. 2007(1):CD001216. 
58. Winawer SJ, Zauber AG, Ho MN, O'Brien MJ, Gottlieb LS, Sternberg 
SS, et al. Prevention of colorectal cancer by colonoscopic polypectomy. The National 
Polyp Study Workgroup. N Engl J Med. 1993 Dec 30;329(27):1977-81. 
59. Atkin WS, Edwards R, Kralj-Hans I, Wooldrage K, Hart AR, Northover 
JM, et al. Once-only flexible sigmoidoscopy screening in prevention of colorectal 
cancer: a multicentre randomised controlled trial. Lancet. 2010 May 8;375(9726):1624-
33. 
60. Kim D, Masyn KE, Kawachi I, Laden F, Colditz GA. Neighborhood 
socioeconomic status and behavioral pathways to risks of colon and rectal cancer in 
women. Cancer. 2010 Sep 1;116(17):4187-96. 
61. Doubeni CA, Laiyemo AO, Major JM, Schootman M, Lian M, Park Y, et 
al. Socioeconomic status and the risk of colorectal cancer: An analysis of more than a 
half million adults in the National Institutes of Health-AARP Diet and Health Study. 
Cancer. 2012 Jul 15;118(14):3636-44. 



 

30 

62. Weiderpass E, Pukkala E. Time trends in socioeconomic differences in 
incidence rates of cancers of gastro-intestinal tract in Finland. BMC Gastroenterol. 
2006;6:41. 
63. Tavani A, Fioretti F, Franceschi S, Gallus S, Negri E, Montella M, et al. 
Education, socioeconomic status and risk of cancer of the colon and rectum. Int J 
Epidemiol. 1999 Jun;28(3):380-5. 
64. Aarts MJ, Lemmens VE, Louwman MW, Kunst AE, Coebergh JW. 
Socioeconomic status and changing inequalities in colorectal cancer? A review of the 
associations with risk, treatment and outcome. Eur J Cancer. 2010 Oct;46(15):2681-95. 
65. Palmer RC, Schneider EC. Social disparities across the continuum of 
colorectal cancer: a systematic review. Cancer Causes Control. 2005 Feb;16(1):55-61. 
66. Egeberg R, Halkjaer J, Rottmann N, Hansen L, Holten I. Social 
inequality and incidence of and survival from cancers of the colon and rectum in a 
population-based study in Denmark, 1994-2003. Eur J Cancer. [Research Support, 
Non-U.S. Gov't]. 2008 Sep;44(14):1978-88. 
67. Bowman KC, Tabrizian P, Telem DA, Boudourakis L, Divino CM. 
Health disparity in complicated colorectal cancer. The American surgeon. 
[Comparative Study]. 2010 Feb;76(2):164-7. 
68. Frederiksen BL, Osler M, Harling H, Jorgensen T. Social inequalities in 
stage at diagnosis of rectal but not in colonic cancer: a nationwide study. Br J Cancer. 
2008 Feb 12;98(3):668-73. 
69. Cavalli-Bjorkman N, Lambe M, Eaker S, Sandin F, Glimelius B. 
Differences according to educational level in the management and survival of 
colorectal cancer in Sweden. Eur J Cancer. 2011 Jan 13. 
70. Neal RD, Allgar VL. Sociodemographic factors and delays in the 
diagnosis of six cancers: analysis of data from the "National Survey of NHS Patients: 
Cancer". Br J Cancer. 2005 Jun 6;92(11):1971-5. 
71. Blom J, Yin L, Liden A, Dolk A, Jeppsson B, Pahlman L, et al. Toward 
understanding nonparticipation in sigmoidoscopy screening for colorectal cancer. Int J 
Cancer. 2008 Apr 1;122(7):1618-23. 
72. Jestin P, Nilsson J, Heurgren M, Pahlman L, Glimelius B, Gunnarsson U. 
Emergency surgery for colonic cancer in a defined population. Br J Surg. 2005 
Jan;92(1):94-100. 
73. Merkel S, Wein A, Gunther K, Papadopoulos T, Hohenberger W, 
Hermanek P. High-risk groups of patients with Stage II colon carcinoma. Cancer. 2001 
Sep 15;92(6):1435-43. 
74. Nascimbeni R, Ngassa H, Di Fabio F, Valloncini E, Di Betta E, Salerni 
B. Emergency surgery for complicated colorectal cancer. A two-decade trend analysis. 
Dig Surg. 2008;25(2):133-9. 
75. McArdle CS, Hole DJ. Emergency presentation of colorectal cancer is 
associated with poor 5-year survival. Br J Surg. 2004 May;91(5):605-9. 
76. Mella J, Biffin A, Radcliffe AG, Stamatakis JD, Steele RJ. Population-
based audit of colorectal cancer management in two UK health regions. Colorectal 
Cancer Working Group, Royal College of Surgeons of England Clinical Epidemiology 
and Audit Unit. Br J Surg. 1997 Dec;84(12):1731-6. 
77. Kingston RD, Walsh SH, Jeacock J. Physical status is the principal 
determinant of outcome after emergency admission of patients with colorectal cancer. 
Ann R Coll Surg Engl. 1993 Sep;75(5):335-8. 
78. Functioning as a team? The 2002 report of the National Confidential 
Enquiry into Peri-Operative Deaths (NCEPOD) L. 
www.ncepod.org.uk/pdf/2002/02full/pdf. Accessed 130709. 
79. Alexiusdottir KK, Snaebjornsson P, Tryggvadottir L, Jonasson L, 
Olafsdottir EJ, Bjornsson ES, et al. Colon cancer: association of histopathological 
parameters and patients' survival with clinical presentation. APMIS. 2013 
Oct;121(10):901-7. 
80. Miyamoto S, Boku N, Fujii T, Ohtsu A, Matsumoto S, Tajiri H, et al. 
Macroscopic typing with wall stricture sign may reflect tumor behaviors of advanced 
colorectal cancers. J Gastroenterol. 2001 Mar;36(3):158-65. 



 

  31 

81. Boku N, Yoshida S, Ohtsu A, Fujii T, Koba I, Oda Y, et al. Expression of 
integrin alpha 3 in gastric and colorectal cancers: its relation to wall contraction and 
mode of invasion. Jpn J Cancer Res. 1995 Oct;86(10):934-40. 
82. Jullumstro E, Wibe A, Lydersen S, Edna TH. Colon cancer incidence, 
presentation, treatment and outcomes over 25 years. Colorectal Dis. 2011 
May;13(5):512-8. 
83. Rabeneck L, Paszat LF, Li C. Risk factors for obstruction, perforation, or 
emergency admission at presentation in patients with colorectal cancer: a population-
based study. Am J Gastroenterol. 2006 May;101(5):1098-103. 
84. Bowman KC, Tabrizian P, Telem DA, Boudourakis L, Divino CM. 
Health disparity in complicated colorectal cancer. Am Surg. 2010 Feb;76(2):164-7. 
85. Ahuja N, Chang D, Gearhart SL. Disparities in colon cancer presentation 
and in-hospital mortality in Maryland: a ten-year review. Ann Surg Oncol. 2007 
Feb;14(2):411-6. 
86. Irby K, Anderson WF, Henson DE, Devesa SS. Emerging and widening 
colorectal carcinoma disparities between Blacks and Whites in the United States (1975-
2002). Cancer Epidemiol Biomarkers Prev. 2006 Apr;15(4):792-7. 
87. Iversen LH, Bulow S, Christensen IJ, Laurberg S, Harling H. 
Postoperative medical complications are the main cause of early death after emergency 
surgery for colonic cancer. Br J Surg. 2008 Aug;95(8):1012-9. 
88. Smothers L, Hynan L, Fleming J, Turnage R, Simmang C, Anthony T. 
Emergency surgery for colon carcinoma. Dis Colon Rectum. 2003 Jan;46(1):24-30. 
89. Scott NA, Jeacock J, Kingston RD. Risk factors in patients presenting as 
an emergency with colorectal cancer. Br J Surg. 1995 Mar;82(3):321-3. 
90. Raine R, Wong W, Scholes S, Ashton C, Obichere A, Ambler G. Social 
variations in access to hospital care for patients with colorectal, breast, and lung cancer 
between 1999 and 2006: retrospective analysis of hospital episode statistics. BMJ.2010 
340:b5479. 
91. Wong SK, Jalaludin BB, Morgan MJ, Berthelsen AS, Morgan A, 
Gatenby AH, et al. Tumor pathology and long-term survival in emergency colorectal 
cancer. Dis Colon Rectum. 2008 Feb;51(2):223-30. 
92. Bass G, Fleming C, Conneely J, Martin Z, Mealy K. Emergency first 
presentation of colorectal cancer predicts significantly poorer outcomes: a review of 
356 consecutive Irish patients. Dis Colon Rectum. 2009 Apr;52(4):678-84. 
93. Chiarugi M, Galatioto C, Panicucci S, Scassa F, Zocco G, Seccia M. 
Oncologic colon cancer resection in emergency: are we doing enough? Surg Oncol. 
2007 Dec;16 Suppl 1:S73-7. 
94. Diggs JC, Xu F, Diaz M, Cooper GS, Koroukian SM. Failure to screen: 
predictors and burden of emergency colorectal cancer resection. Am J Manag Care. 
2007 Mar;13(3):157-64. 
95. Yoo PS, Mulkeen AL, Frattini JC, Longo WE, Cha CH. Assessing risk 
factors for adverse outcomes in emergent colorectal surgery. Surg Oncol. 2006 
Aug;15(2):85-9. 
96. Catena F, Ansaloni L, Avanzolini A, Di Saverio S, D'Alessandro L, 
Maldini Casadei M, et al. Systemic cytokine response after emergency and elective 
surgery for colorectal carcinoma. Int J Colorectal Dis. 2009 Jul;24(7):803-8. 
97. McArdle CS, McMillan DC, Hole DJ. The impact of blood loss, 
obstruction and perforation on survival in patients undergoing curative resection for 
colon cancer. Br J Surg. 2006 Apr;93(4):483-8. 
98. Crozier JE, Leitch EF, McKee RF, Anderson JH, Horgan PG, McMillan 
DC. Relationship between emergency presentation, systemic inflammatory response, 
and cancer-specific survival in patients undergoing potentially curative surgery for 
colon cancer. Am J Surg. 2009 Apr;197(4):544-9. 
99. Ghazi S, Berg E, Lindblom A, Lindforss U. Clinicopathological analysis 
of colorectal cancer: a comparison between emergency and elective surgical cases. 
World J Surg Oncol.2013 11:133. 
100. Alvarez JA, Baldonedo RF, Bear IG, Truan N, Pire G, Alvarez P. 
Presentation, treatment, and multivariate analysis of risk factors for obstructive and 
perforative colorectal carcinoma. Am J Surg. 2005 Sep;190(3):376-82. 



 

32 

101. Sjo OH, Larsen S, Lunde OC, Nesbakken A. Short term outcome after 
emergency and elective surgery for colon cancer. Colorectal Dis. 2009 Sep;11(7):733-
9. 
102. Lewis A, Akopian G, Carillo S, Kaufman HS. Lymph node harvest in 
emergent versus elective colon resections. Am Surg. 2012 Oct;78(10):1049-53. 
103. Cleary J, Peters TJ, Sharp D, Hamilton W. Clinical features of colorectal 
cancer before emergency presentation: a population-based case-control study. Fam 
Pract. 2007 Feb;24(1):3-6. 
104. Waldron RP, Donovan IA, Drumm J, Mottram SN, Tedman S. 
Emergency presentation and mortality from colorectal cancer in the elderly. Br J Surg. 
1986 Mar;73(3):214-6. 
105. Cuffy M, Abir F, Audisio RA, Longo WE. Colorectal cancer presenting 
as surgical emergencies. Surg Oncol. 2004 Aug-Nov;13(2-3):149-57. 
106. McArdle CS, Hole DJ. Outcome following surgery for colorectal cancer. 
Br Med Bull. 2002;64:119-25. 
107. Hohenberger W, Reingruber B, Merkel S. Surgery for colon cancer. 
Scand J Surg. 2003;92(1):45-52. 
108. National colon cancer group Swe. The colon cancer registry 
2012.Accessed 131012. 
109. Ansaloni L, Andersson RE, Bazzoli F, Catena F, Cennamo V, Di Saverio 
S, et al. Guidelenines in the management of obstructing cancer of the left colon: 
consensus conference of the world society of emergency surgery (WSES) and 
peritoneum and surgery (PnS) society. World J Emerg Surg.2010 5:29. 
110. Zorcolo L, Covotta L, Carlomagno N, Bartolo DC. Safety of primary 
anastomosis in emergency colo-rectal surgery. Colorectal Dis. 2003 May;5(3):262-9. 
111. Chen FM, Yin TC, Fan WC, Huang CJ, Hsieh JS. Laparoscopic 
management for acute malignant colonic obstruction. Surg Laparosc Endosc Percutan 
Tech. 2012 Jun;22(3):210-4. 
112. Dionigi G, Villa F, Rovera F, Boni L, Carrafiello G, Annoni M, et al. 
Colonic stenting for malignant disease: review of literature. Surg Oncol. 2007 Dec;16 
Suppl 1:S153-5. 
113. Iversen LH, Kratmann M, Boje M, Laurberg S. Self-expanding metallic 
stents as bridge to surgery in obstructing colorectal cancer. Br J Surg. 2010 
Feb;98(2):275-81. 
114. Heriot AG, Tekkis PP, Smith JJ, Cohen CR, Montgomery A, Audisio 
RA, et al. Prediction of postoperative mortality in elderly patients with colorectal 
cancer. Dis Colon Rectum. 2006 Jun;49(6):816-24. 
115. Borowski DW, Ratcliffe AA, Bharathan B, Gunn A, Bradburn DM, Mills 
SJ, et al. Involvement of surgical trainees in surgery for colorectal cancer and their 
effect on outcome. Colorectal Dis. 2008 Oct;10(8):837-45. 
116. Runkel NS, Hinz U, Lehnert T, Buhr HJ, Herfarth C. Improved outcome 
after emergency surgery for cancer of the large intestine. Br J Surg. 1998 
Sep;85(9):1260-5. 
117. Saliangas K, Economou A, Nikoloudis N, Andreadis E, Prodromou K, 
Chrissidou M, et al. Treatment of complicated colorectal cancer. Evaluation of the 
outcome. Tech Coloproctol. 2004 Nov;8 Suppl 1:s199-201. 
118. Kyllonen LE. Obstruction and perforation complicating colorectal 
carcinoma. An epidemiologic and clinical study with special reference to incidence and 
survival. Acta Chir Scand. 1987 Oct;153(10):607-14. 
119. Olsson L, Loof L, Ekbom A. A population-based audit for diagnosing 
colorectal cancer. Scand J Gastroenterol. 2004 Feb;39(2):158-63. 
120. 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 Apr;189(4):377-83. 
121. Scholefield JH, Robinson MH, Mangham CM, Hardcastle JD. Screening 
for colorectal cancer reduces emergency admissions. Eur J Surg Oncol. 1998 
Feb;24(1):47-50. 
122. Heitman SJ, Hilsden RJ, Au F, Dowden S, Manns BJ. Colorectal cancer 
screening for average-risk North Americans: an economic evaluation. PLoS 2010 
Med.7(11):e1000370. 



 

  33 

123. Goodyear SJ, Leung E, Menon A, Pedamallu S, Williams N, Wong LS. 
The effects of population-based faecal occult blood test screening upon emergency 
colorectal cancer admissions in Coventry and north Warwickshire. Gut. 2008 
Feb;57(2):218-22. 
124. Davies RJ, Collins CD, Vickery CJ, Eyre-Brook I, Welbourn R. 
Reduction in the proportion of patients with colorectal cancer presenting as an 
emergency following the introduction of fast-track flexible sigmoidoscopy: a three-year 
prospective observational study. Colorectal Dis. 2004 Jul;6(4):265-7. 
125. Pollock AM, Vickers N. Deprivation and emergency admissions for 
cancers of colorectum, lung, and breast in south east England: ecological study. BMJ. 
1998 Jul 25;317(7153):245-52. 
126. Hole DJ, McArdle CS. Impact of socioeconomic deprivation on outcome 
after surgery for colorectal cancer. Br J Surg. 2002 May;89(5):586-90. 
127. Willems S, De Maesschalck S, Deveugele M, Derese A, De Maeseneer J. 
Socio-economic status of the patient and doctor-patient communication: does it make a 
difference? Patient Educ Couns. 2005 Feb;56(2):139-46. 
128. Tekkis PP, Kinsman R, Thompson MR, Stamatakis JD. The Association 
of Coloproctology of Great Britain and Ireland study of large bowel obstruction caused 
by colorectal cancer. Ann Surg. 2004 Jul;240(1):76-81. 
129. Roetzheim RG, Gonzalez EC, Ramirez A, Campbell R, van Durme DJ. 
Primary care physician supply and colorectal cancer. J Fam Pract. 2001 
Dec;50(12):1027-31. 
130. Ananthakrishnan AN, Hoffmann RG, Saeian K. Higher physician density 
is associated with lower incidence of late-stage colorectal cancer. J Gen Intern 
Med.2010  Nov;25(11):1164-71. 
131. Adelstein BA, Macaskill P, Turner RM, Irwig L. Patients who take their 
symptoms less seriously are more likely to have colorectal cancer. BMC 
Gastroenterol.2012 12:130. 
132. Singh SM, Paszat LF, Li C, He J, Vinden C, Rabeneck L. Association of 
socioeconomic status and receipt of colorectal cancer investigations: a population-
based retrospective cohort study. CMAJ. 2004 Aug 31;171(5):461-5. 
133. McMillan DC, McArdle CS, Morrison DS. A clinical risk score to predict 
3-, 5- and 10-year survival in patients undergoing surgery for Dukes B colorectal 
cancer. Br J Cancer. 2010 Sep 28;103(7):970-4. 
 

 

 

 

 

 

 

 

 



 

34 

11 APPENDIX 

Reference 

and 

country 

Period Total 

nr. 

Emergency 

cases 

Rate 

emergency 

(%) 

Definition by Postop 

(%) 

5-y 

survival 

(%) 

(100); 

Spain 

2005 936 107 11 Surgery 15 --- 

(87); 

Denmark 

2001-

2005 

15,752 2,157 14 Registry 22 --- 

(92); 

Ireland 

2000-

2006 

278 91 33 Presentation  --- 

(123); UK 1999-

2004 

1,236 290 23 Presentation/Surgery 13 --- 

(83); 

Canada 

1999-

2001 

21,908 3,959 51 Registry  0.87 

(OR) 

(95); USA 1997-

2002 

185 35 19 Surgery 17 40 

(72); 

Sweden 

1997-

2001 

3,259 806 25 Surgery 10 --- 

(91); 

Australia 

1997-

2001 

1,270 209 16 Surgery 16 --- 

(4); Sweden 1996-

2000 

2,775 590 21 Surgery         

11 

1.68 

(HR) 

(120); 

Spain 

1996-

1998 

266 59 22 Presentation + 24-h 

Surgery 

15 61 

(3yrs) 

(83); 

Canada 

1996-

1998 

19,448 3,780 49 Registry  1(OR) 

(74); Italy 1995-

2004 

472 42 9 24-h surgery 5 41 

(88); USA 1995-

2004 

184 29 16 Surgery 34 --- 

(101); 

Norway 

1993-

2007 

1,129 279 25 Presentation/Surgery 10 --- 

(106); UK 1991-

1994 

3,200 986 31 Presentation 8 39 

(116); UK 1988-

1993 

1,024 75              7 24-h surgery 4 29 

(89); UK 1982-

1992 

905 272 30 Presentation 19 29 

(121); UK 1981-

1995 

1,782 468 26 Presentation 10 --- 

(77); UK 1981-

1991 

735 63 9 24-h surgery 16 19 

(74); Italy 1975-

1984 

513 81 16 24-h surgery 14 19 

(104); UK 1972-

1982 

1,033 523 51 Presentation 25 --- 

Table III. Rate of emergency presentation of colon cancer found 1972-2005. 
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Abstract

Aim The frequency of emergency colon cancer (ECC)

was determined using a reproducible definition of

‘emergency’ to analyse the impact of mode of presenta-

tion on long-term prognosis and to search for risk factors

for an emergency presentation.

Method All patients with colon cancer treated at one

Swedish GDH between 1996 and 2005 (N = 604) were

eligible. Patients admitted through the emergency room,

operated on within three days and with an emergency

condition confirmed at surgery were classified as ECC.

Survival was analysed by Kaplan–Meier estimates and risk

of death by Cox regression.

Results The rate of ECC was 97 ⁄ 585 (17%). Patients

with ECC were older (median 77 vs 74, P = 0.02), they

had more stage III and IV cancers (65% vs 47%; v2 = 9.4,

P < 0.001) and had a cancer located in the caecum less

often (20% vs 33%, v2 = 4.3 P = 0.04). ECC were most

frequent between June and August (36%), whereas

elective cases were evenly distributed throughout the

year (v2 = 7.8; P = 0.049), Crude 5-year survival was

18% in ECC and 38% in the elective group (P < 0.001).

The hazard ratio for death within five years in ECC, with

30-day mortality excluded and adjusted for age and sex

was 2.25 (95% CI; 1.42–3.55).

Conclusion Emergency presentation of colon cancer is

an independent and adverse risk factor for long-term

survival. The causes of a seasonal variation need to be

clarified.

Keywords Colon cancer, emergency, stage, population-

based, survival, risk factors

Introduction

In Sweden, colon cancer is the second most common

type of cancer in both sexes, constituting about 7% of all

cancers [1]. The reported rate of colon cancer presenting

as an emergency varies between 9% and 33% [2–4]. The

prognosis of emergency colon cancer (ECC) is known to

be worse [5], since the disease is more advanced at

presentation, but stage-specific survival is also lower in

ECC compared with electively presenting colon cancer

[2,6]. The duration of symptoms in ECC is shorter [7]

and ECC seems to represent a more aggressive subset of

colon cancer.

Previous research on ECC has mainly focused on

surgical management [8,9], and aetiological factors

causing the emergency course have not been thoroughly

explored. It is known that the rate of emergency cases

decreases when a screening programme is operating [10].

Lower socio-economic class has been associated with

ECC [5,8,11–13] and the accessibility to healthcare

services has been recognized as another important factor

[12]. The role of psychological factors such as denial of

symptoms or the ability to recognize and interpret

incipient symptoms of bowel obstruction, is little inves-

tigated. Intrinsic, genetic factors causing variations in

biological aggressiveness, immunological responses or

comorbidity are other possible explanations that may

contribute to an emergency presentation.

Discrepancies and ambiguities in the definition of

‘emergency’ makes it difficult to compare the results

between different studies of ECC. The aims of this study

were to determine the frequency of colon cancer with an

emergency presentation in a population-based setting

using an explicit definition, to analyse survival on the

basis of this definition and to identify possible risk factors

for an emergency presentation of colon cancer.
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Method

The Regional Oncological Centre Registry

In Sweden, in addition to a nationwide compulsory cancer

registry, detailed information concerning all cases of colon

cancer is reported to six Regional Oncological Centres

(ROC). This includes information on patient characteris-

tics, tumour location, tumour stage, surgical treatment

and complications, postoperative morbidity and mortality,

tumour histopathology, information on oncological treat-

ments, and follow-up data on recurrence and survival. All

surgeons treating patients with colon cancer are obliged to

report these data, including details on the nature of the

operation performed. In the report, ‘emergency operation’

is defined as ‘the operation has been performed acutely ⁄
subacutely for medical reasons’. This classification thus

depends on the judgment of the individual surgeon.

Study population and study definition of emergency

All patients admitted with colon cancer to the Depart-

ment of Surgery at the General District Hospital of

Eskilstuna, which serves approximately 180 000 inhabit-

ants, between the years of 1996 and 2005, were identified

by record diagnosis (N = 604). All clinical records were

retrieved and patients were categorized as either emer-

gency or elective. This was done without knowledge of

the classification reported to the ROC. For the purpose

of this study, three criteria were required for the defi-

nition of an emergency presentation: Admission through

the emergency room, laparotomy within 72 hours of

admission and an acute condition such as obstruction,

perforation or bleeding because of colon cancer con-

firmed at surgery.

Information on the mode of presentation, subtype of

emergency condition (obstruction, perforation, bleed-

ing), age and sex of the patient and date of surgery was

retrieved from the records. In addition, surgical details

such as operation time, bleeding volume, competence

level of the surgeon and the pathological report were

retrieved from the ROC registry.

During the study period, 513 patients were reported

to the Regional Oncology Centre in Uppsala. The reason

for the difference in number, compared with primary data

from the Department of Surgery in Eskilstuna, is that

the registry was not fully initiated until 1997 and the

coverage rate has not been complete.

Nested case–control study

Ninety-seven patients were identified as having an emer-

gency presentation. An almost equal number (n = 98) of

patients were randomly chosen from the elective group as

controls. Localization of the tumour, morphology, grade

of differentiation and number of lymph nodes reported

by the pathologist were all recorded. Information on

comorbidity (hypertension, cardiovascular diseases, lung

diseases, diabetes, other malignancies, neurological dis-

eases, renal diseases, psychiatric drugs), marital status and

place of residence (urban vs nonurban) was also retrieved.

Statistics

Student’s t-test, the chi-square test and Mann–Whitney

U test were used to analyse differences between the

groups. Survival was calculated from the date of surgery

until death or the end of follow-up (29th October 2008).

Survival data were analysed by Kaplan–Meier estimates

and the log rank test was used for group comparisons.

Multivariate analysis was performed using Cox’s pro-

portional hazard regression and hazard ratios (HRs) for

5-year survival, and 95% confidence interval (95% CI)

adjusted for age, sex and stage were estimated. The effect

of an increased early postoperative mortality in emergency

cases was avoided, since the first thirty postoperative days

were excluded. All analyses were performed using SPSS

16.0 (SPSS Inc., Chicago, Illinois, USA). P-values were

two-sided.

Results

Frequency

Five of the 604 patients identified with colon cancer were

not operated on and medical records of 14 patients were

missing. Thus, 585 patients were included in the study

(Fig. 1). The number of cases of colon cancer presenting

as an emergency according to the definition used for the

study was 97 ⁄ 585 (17%). Of these 97 patients, three had

been classified as elective cases in the quality registry

(ROC). In contrast, the operating surgeons had reported

137 ⁄ 513 (27%) to be emergency cases to the ROC.

Obstruction was found in 87 ⁄ 97 (90%) of the emergency

patients, 10 had a perforation; seven within the tumour

and three proximal to the tumour. There was no

emergency operation because of bleeding.

Age, sex and seasonal distribution

Patients presenting with ECC were older (median

77 years) than the elective group (median 74 years) but

had a similar sex ratio (Table 1). The frequency of ECC

doubled during the summer period of June to August

(36%) compared with December to February (17%), in

contrast with elective colon cancer surgery that was fairly
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evenly distributed throughout the year (v2 = 7.8;

P = 0.049) (Table 1).

Stage distribution and surgery

In ECC, there was no stage I cancer and two-thirds of all

patients already had either lymph node or distant

metastases at presentation, (65% vs 47%, v2 = 9.4,

P < 0.001) (Table 1). An accredited colorectal surgeon

operated on 53% of the emergency cases and on 65% of

the elective patients (v2 = 4.3; P = 0.04).

Prognosis

The 30-day mortality rate for emergency cases was 10 ⁄ 95

(11%), compared with 26 ⁄ 480 (5%) in the elective group

(P = 0.07). Two-year survival was 42% in the emergency

and 65% in the elective group (P = 0.03); five-year

survival was 18 and 38% (P £ 0.001). Respective median

survivals were 524 days (17 months) and 1955 days

(65 months) (P £ 0.001) (Fig. 2).

Nested case–control study

Cancer of the ascending and sigmoid colon was more

common and those of the caecum less common in the

emergency group (20% vs 33%; v2 = 4.3 P = 0.04)

(Table 2).

Involvement of more than two-thirds of the circum-

ference was more common in emergency cases (73% vs

51%; v2 = 11.5; P = 0.009). There were no statistically

significant differences in the number of examined lymph

nodes, comorbidity or frequency of single households

between the groups.

Cox regression

Patients from the nested case–control study were

included in a multivariate regression model where survival

was adjusted for age and sex in addition to mode of

presentation. The first 30 postoperative days were

Table 1 Baseline characteristics for patients with colon cancer

by mode of presentation, Eskilstuna GDH, 1996–2005

(n = 585).

Emergency

n = 97

Elective

n = 488 P

Age mean 75 72 0.04

Median [range] 77 [40–93] 74 [32–99] 0.02

Sex M:F 48:49 246:242

Seasonal variation n = 97 n = 482

December–

February

16 (17) 115 (24) 0.05*

March–May 22 (23) 140 (29)

June–August 35 (36) 115 (24)

September–

November

24 (25) 112 (23)

Stage n = 87 n = 403

I 0 56 (14) < 0.001*

II 30 (34) 156 (39)

III 36 (41) 115 (28)

IV 21 (24) 76 (19)

Surgeon¢s
competence

n = 89 n = 409

Trainee 11 (12) 32 (8) 0.04*

General

specialist

31 (35) 113 (28)

Colorectal

specialist

47 (53) 264 (65)

Blood loss (ml) n = 85 n = 404

Median (range) 300 [0–3700] 200 [0–2500] < 0.001

*Chi-square test. Percentages in brackets.
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Figure 2 Kaplan–Meier survival curves for patients with emer-

gency (n = 97) and elective presentation of colon cancer
(n = 98).

Colon cancer
n = 604
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n = 19
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Randomly
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Figure 1 Flow chart for the study population.
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excluded to avoid confounding by early deaths because of

emergency surgery. Given these prerequisites, the hazard

ratio for death within five years in the emergency group

was 2.25 (95% CI 1.42–3.55; P < 0.001) (Table 3).

Discussion

Every sixth patient with colon cancer presented as an

emergency in this population-based study. The risk of

death within five years was double that for elective

treatment, 30-day mortality excluded, suggesting that

ECC represents a biologically more aggressive subtype of

colon cancer. ECC had different anatomical and temporal

distributions during the year, conferring bowel width at

the location of a colon tumour, and healthcare logistics

were involved in the development towards an emergency

presentation of colon cancer.

The population-based approach of this study is an

obvious strength. All but a very small number of the

eligible patients were included in the first review of

records, and we believe our finding of a rate of 17%

ECC using the study definition is valid. Within the same

population, a rate of 27% emergency cases were reported

based on the judgment of individual surgeons when

submitting their returns to the Regional database. The

definition they used is obviously more inclusive and could

possibly be taken to mean ‘nonelective’. A distinction

between emergency ⁄ urgent and scheduled ⁄ elective sur-

gery has been proposed [14]. Another classification

defines emergency as surgery within one hour while an

urgent operation is within 24 hours, a scheduled oper-

ation within three weeks and an elective when convenient

for patient and surgeon [15]. In our opinion, these

categories are not optimal for reflecting the clinical course

of bowel obstruction. For this group of patients, a

24-hour limit is too narrow for diagnosis, preparation,

and in many cases waiting for access to the operation

theatre. Comparison of the data presented in this study

with other studies is difficult owing to lack of standardi-

sation of the definition of ECC [2,10]. The rate of ECC

may be declining, with a rate as low as 9% being reported

using the definition of surgery within 24 hours because

of obstruction, perforation or bleeding [4]. A recent

study from Ireland has, however, reported a rate of 33%

of ECC defined as admission to hospital through the

emergency department [16].

Patients classified as elective using the study definition

but reported as emergency cases to the ROC registry had

a survival rate closer to the patients with ECC than to the

Table 2 Clinical variables of emergency presentation of colon

cancer (n = 97) and elective colon cancer controls (n = 98),

Eskilstuna GDH 1996–2005.

Emergency

n = 97

Elective

n = 98

P

Age years mean 75 71 0.03

Median [range] 77 [40–93] 73 [45–97] 0.02

Sex M:F 48:49 47:51 0.9

Localization n = 90 n = 89

Caecum 18 (20) 30 (33) 0.04*

Ascending 17 (19) 11 (13)

Transverse 5 (6) 4 (5)

Descending 8 (9) 7 (8)

Sigmoid 42 (47) 39 (41)

Morphology n = 83 n = 67

Circumferential 20 (24) 14 (21) 0.009*

> 2 ⁄ 3 of the circ 41 (49) 20 (30)

> 1 ⁄ 2 of the circ 20 (24) 24 (36)

< 1 ⁄ 2 of the circ 2 (2) 9 (13)

Lymph nodes n = 75 n = 93

Mean 6.7 7.6 0.5*

Median [range] 6 [0–19] 6 [0–29]

Differentiation n = 88 n = 88

Low 19 (20) 12 (12) 0.4*

Medium 65 (67) 72 (74)

High 4 (4) 4 (4)

Comorbidity n = 87 n = 87

Hypertension 25 (29) 36 (41) 0.1*

Living conditions n = 84 n = 87

Own household 79 (94) 85 (98) 0.3*

Other 5 (6) 2 (2)

Marital status n = 52 n = 46

Single household 20 (38) 13 (28) 0.4*

Cohabiting 32 (62) 33 (72)

Place of residence n = 89 n = 88

Urban 41 (46) 44 (50) 0.6*

Nonurban 48 (54) 44 (50)

*Chi-square test. Percentages in brackets.

Table 3 Hazard ratios (HR) for relation between age, sex, stage

and mode of presentation and overall death within 5 years

among patients with colon cancer, Eskilstuna GDH, 1996–2005

(n = 195).

HR 95% CI P

Age 1.05 1.03–1.08 < 0.001

Sex

Women 1.00

Men 1.52 0.98–2.36 0.06

Stage

I 1.00

II 1.76 0.23–13.51 0.59

III 2.02 0.26–15.47 0.50

IV 8.13 1.07–62.02 0.04

Mode of presentation

Elective 1.00

Emergency 2.25 1.42–3.55 < 0.001
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elective group. The main reason for not being included in

the emergency group was surgery being delayed until the

third day after admission. This indicates that colonic

obstruction is a continuum and that our own or any other

definition of the condition is arbitrary. Obstruction was

the most common diagnosis followed by perforation.

Bleeding was not seen in any of the cases included in the

study, which previously has been reported [17] probably

because of the low number of emergency cases in the

study.

Determining the rate of ECC is also of value from the

perspective of increasing screening efforts for colorectal

cancer. A reduced rate of ECC (from 28% to 24%) was

reported in a screening project using faecal occult blood

testing [10]. In a more recent study reporting patients

treated from 1999 to 2004, the fall in ECC was dramatic

from 29% to 16% [18]. Furthermore, a fast-track flexible

sigmoidoscopy service for symptomatic patients reduced

the rate of ECC from 36% to 26% [19].

The seasonal variation in emergency presentation

found in this study is of unknown origin. Climate is a

possible explanation, but there is at present no logical

hypothesis concerning factors such as higher temperature

and longer days on tumour development. Perhaps the

holiday period might lead the patient or general practi-

tioner to delay referral with a consequently increased

number of emergency admissions. In a British study, 63%

of patients with ECC reported suggestive symptoms to

their GP at least 30 days before surgery [20]. Further

studies in this field and ways to identify and prevent an

emergency presentation are needed.

The competence of surgeons in the emergency group

was somewhat lower compared to surgeons in the elective

patients in this study. Patients with ECC also had a

greater blood loss, indicating that emergency operations

are technically more difficult, especially for surgeons with

less experience. However, half of the patients with ECC

in this study were operated on by a specialist surgeon.

The literature on the impact of the experience of a

surgeon on colon cancer outcome varies, ranging from

evidence of a higher mortality for nonspecialist surgeons

[21] to no difference [22]. A difference in the experience

of surgeons between ECC and elective colon cancer may,

however, have contributed to the differences in survival

rates found in this study, but this factor is unlikely to

explain this fully.

Several studies have reported on the short-term

increased risk of death after ECC surgery [22–24]. In

a recent Danish study, the 30-day mortality rate was

22% in patients having emergency surgery [17]. ECC

presents with a more advanced pathological stage, as

seen in the present population. Even after excluding

30-day mortality, there was a twofold risk of death

within five years when adjusting for, age, sex and stage.

This is similar to a previous finding of an increased risk

of death of 1.8 in emergency vs elective patients with

colon cancer [25].

With regard to the nested case–control part of this

study, it is important to stress that it was initiated to

generate hypotheses on the possible reasons for an

emergency presentation, and we acknowledge that it is

too underpowered to give definite answers. However, the

finding of a differing anatomical distribution in emer-

gency and elective colon cancer is of interest. It is logical

that intestinal diameter is one of the factors that

determines the mode of presentation for colon cancer.

The greater prevalence of hypertension in elective cases

might raise the suspicion of colon cancer in patients

having regular blood pressure checks by the GP may

perhaps prevent some colonic cancers developing into an

emergency presentation. A satisfactory doctor–patient

relationship is clearly important in this respect. The

observation that patients with emergency presentation

more commonly live in single households is interesting

and suggests a future area for research.

This study has demonstrated the multifactorial aetiol-

ogy of ECC, and future research will need to take the

various factors into account. A clear and reproducible

definition of ECC needs to be generally adopted to allow

comparisons between studies. The seasonal variation

needs to be further elucidated.
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Abstract 

Background 

Up to one-fourth of all colon cancer patients are reported as emergencies, and the aim of the 

study was to scrutinize mode of presentation in this group.   

Material and method 

All reported cases of emergency (n=263) and randomly selected elective controls (1:2) of 

colon cancer in four Swedish counties 2006-08 were eligible (n=854). Symptoms and aspects 

of management retrieved from surgery and primary care records; outcomes were compared 

using Kaplan-Meier estimates and Cox regression.   

Results 

Among patients reported as emergencies, 158/263 (60%) were operated within three (acute) 

and 105 (40%) after more than three days (subacute). In the latter group, 20/94 (21%) had 

reported two, and 31/94 (33%) three or more symptoms associated with colon cancer to 

primary care during the last 12 months prior to surgery, 46/105 (44%) had already had an 

examination of the large bowel, and 52/105 (50%) were stage IV, as opposed to 36/158 (23%) 

in the acute and 83/577 (15%) in the elective group (p<0.001).  

Thirty- and 90-day mortality was 15.2% and 35.6% in the subacute, 8.2% and 14.9% in the 

acute (p=0.001) and 1.9% and 4.3% in the elective group (p<0.001); 5-year survival 28.3%, 

40.1% and 57.8% respectively (p<0.001). HR, adjusted for age, sex and stage, was 1.88 (1.5-

2.4) for the acute and 2.29 (95% CI 1.7-3.1) for the subacute group.   

Conclusion 

Colon cancer patients reported as emergencies but operated upon more than three days after 

admittance had the worst outcome. Efforts to decrease the interval between admission and 
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surgery is one important aspect but a wider attention must also be paid to this group of 

patients. 

 Introduction 

Colon cancer is the third most common malignancy in Sweden, as it is in the entire western 

world (1). The frequency of emergency presentation of colon cancer has varied widely within 

the range of 8-34% (2-6). In most recent investigations, though, the rate is estimated to be 20-

25% (4, 7-9). Postoperative mortality rates range from 8-22%, which is considerably higher 

than for elective colon cancer surgery (10, 11). Long-term survival (5-years) is also lower in 

the emergency group, at about 40%, to be compared to 60% in the non-emergency group (12, 

13). The conversion of emergency colon cancer into elective cases could therefore, in theory, 

contribute to a lowering of the overall mortality of colon cancer, in addition to reducing the 

workload of emergency surgical services. 

The introduction of a screening program for colorectal cancer is associated with a reduction of 

colon cancer with an emergency presentation (14, 15), but the opportunities for preventing 

emergency presentation among symptomatic patients are less well studied. Nevertheless, 

more than half, 39/62 (63%) of British patients had reported symptoms associated with 

colorectal cancer to their GP´s at some time between two years and thirty days before their 

emergency presentation (16). Another British study demonstrated that emergency colon 

cancer patients are less likely to have seen their GP on a regular basis (17). A large study from 

Ontario, Canada involving more than 40,000 patients with colorectal cancer found the lack of 

a regular source of primary care to be an independent risk factor for emergency presentation 

with obstruction or perforation (18). Any association between health care services and 

emergency presentation of colon cancer is therefore deserving of further investigation. The 
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aim of this study was to scrutinize mode of presentation of colon cancer in a population-based 

setting and, secondarily, to examine the relation of mortality to mode of presentation. 

 

Method 

The Regional Oncological Centre Registry 

It is mandatory for all cases of colon cancer in Sweden to be reported to a quality registry, 

which is initially managed at six Regional Oncological Centres (ROCs).  In this study, the 

quality registry at the ROC in the Uppsala-Örebro region was used. The registry includes 

detailed information concerning patient characteristics, treatment including date of surgery, 

stage, and survival. Each reported patient has to be classified as either an elective or an 

emergency case. An “emergency patient” is defined as a patient for whom “the operation has 

been performed acutely or subacutely for medical reasons”. This classification is thus 

contingent upon the judgment of each individual surgeon reporting on the patient. The very 

broad definition of emergency presentation used by the registry makes any comparison 

between hospitals and counties even more uncertain. “Emergency presentation” was therefore 

operationalized using three study-specific criteria; 1) admittance through the emergency 

room, 2) surgery within 3 days from admittance, and 3) obstruction, perforation or bleeding 

confirmed during the operation. The three day-limit was arbitrary, but considering the time 

required for diagnosis, resuscitating before surgery, and possible difficulties in getting access 

to the operation theatre for patients with incomplete obstruction or an incompetent ileocaecal 

valve, it was not considered unreasonable based on current clinical practices. Patients 

fulfilling the three criteria are referred to as “acute” in the following sections and those not 
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fulfilling the criteria but still reported to the registry as emergency cases are referred to as 

“subacute”. 

Four counties (Dalecarlia, Sörmland, Uppsala and Värmland) within the Uppsala-Örebro 

region in central Sweden, with different demographic profiles and geographic conditions, 

were chosen. Uppsala, being the fourth largest city in Sweden and a center of higher 

education, is characterized by a younger population (mean age 40 years) compared to 

Dalecarlia, Värmland and Sörmland (mean ages 43, 43,and 42) (19). Uppsala and Sörmland 

are more densely populated (39 and 44 inhabitants/km
2
 ) compared to Dalecarlia and 

Värmland (10 and 16 inhab/km
2 

respectively) (19). The counties also vary considerably in 

terms of physician density, with 478 physicians/10
5 

inhabitants in Uppsala county, compared 

to 287, 303 and 325 in the counties of Värmland, Sörmland and Dalecarlia respectively as of 

2007 (20).  

During the years 2006-08, 1430 patients were reported to the ROC registry as operated for 

colon cancer in the four counties (350 in Dalecarlia, 313 in Sörmland, 347 in Uppsala, and 

420 in Värmland). All cases reported as emergencies to the registry (n=263), as well as twice 

that number of randomly selected controls, with a margin of at least 10% to cover missing 

records, were requested from the ROC registry (n=591). The case-control 1:2 ratio was 

chosen to increase the power of the study. 

The size of the population in 2007 (21) was used to estimate the incidence of emergency 

colon cancer in each county. The total number of patients with colon cancer, including 

operated as well as non-operated cases reported to the ROC registry, was used for comparison 

between counties. 

Surgical and Primary Care Records 
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Surgical records for all patients were scrutinized (HG, KJ, SF, JG) to determine mode of 

presentation according to the study definition. Information on the first investigation 

(endoscopy, radiology) and referring units was also extracted from the surgical records. 

For almost all patients, primary care records were available in the same electronic database as 

the surgical records from each of the four counties. A few patients had been in contact with 

private primary care physicians, and copies of those records were asked for separately.  

Records from all primary care visits during the last 12 months prior to surgery were thus also 

scrutinized. All visits to the GP during this period were noted, regardless of the purpose of the 

visit. A checklist of symptoms associated with colon cancer (abdominal pain, anemia/fatigue, 

constipation, diarrhea, bleeding, and weight loss) was used, and all records documenting any 

of these symptoms were registered for study purposes. Any chronic diseases were also noted 

at this point. 

Study Population 

In total, 854 colon cancer patients were eligible. Mode of presentation could not be 

determined for three patients, due to missing information in the surgical records. Primary care 

records were missing for another four in the ROC emergency group, and one patient was not 

operated. Among patients classified as elective cases in the ROC registry, 8/591 (1.3%) 

fulfilled the study criteria for acute emergency presentation, and were thus included in this 

group. Primary care records were missing for five patients reported as elective cases to the 

ROC, and one patient was not operated. The final number of patients in the study was thus 

840 (Figure 1). 

Statistics 
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In a previous study, a seasonal variation of emergency presentation was observed. With the 

assumption of an equal distribution of emergency cases throughout the year, 80% power and a 

1:2 ratio case-control, it was estimated that 200 emergency patients would be needed to detect 

a seasonal variation in this study as well. Based on a previous study from the region, we 

estimated there would be 18 cases with an acute presentation per county and year reported to 

the registry (4) and that a period of three years would be sufficient.   

The chi-square, Student’s t and Mann-Whitney tests were used to test any differences between 

the groups. Survival was calculated from the date of surgery until death or the end of follow-

up (28
th

 June 2012). Postoperative 30- and 90-day mortality and 5-year survival were 

analyzed with Kaplan-Meier estimates, and the log rank test was used for comparison. A 

multivariate Cox regression model, adjusting for age, sex and stage, was employed, and 

hazard ratios (HRs), including a 95% confidence interval (CI), were calculated to estimate the 

risk of death within five years in relation to the mode of presentation. The first 30 

postoperative days were excluded from this last analysis. 

All p-values reported were two-sided and all analyses were performed using SPSS
®

 version 

19.0 (SPSS, Chicago, Illinois, USA). 

 

Results 

Mode of presentation  

Among patients reported as emergency cases to the ROC registry, 158/263 (60.0%) fulfilled 

the study criteria for acute presentation of colon cancer (Figure 1), whereas 105 (40.0%) did 

not fulfill the criteria and were classified as subacute cases. The most common reasons were 

not being operated within the time limit of three days from admittance (95/105; 90.5 %), 
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and/or not being admitted through the ER (33/105; 31.4 %). Eight patients had been reported 

as elective cases to the ROC, but fulfilled the study criteria for acute presentation, whereas 

577 remained as elective cases.  

The proportion of all cases of colon cancer reported as emergencies using the ROC definition 

varied, from 16.9% in Sörmland to 20.0% in Värmland, and under the study criteria the 

fraction of acute colon cancer varied from 8.6% in Uppsala to 12.8% in Dalecarlia (Table I). 

The fraction of patients reported as emergencies and also fulfilling the study criteria for acute 

colon cancer also varied somewhat between the counties – from Dalecarlia (45/64; 70%), to 

Sörmland (33/53; 62%), Värmland (50/84; 59%), and Uppsala (30/61; 49%) (X
2
=5.8;  p=0.1). 

The estimated incidence of emergency presentation of colon cancer as reported to the ROC 

registry varied from 6.4 to 10.2 /10
5 

inhabitants in the counties of Sörmland and Värmland 

respectively, and under the study criteria it varied from 3.1 to 6.1 /10
5 

in Uppsala and 

Värmland county. 

Clinical Characteristics and Management 

One fifth of all patients in both the acute and subacute groups (according to study criteria) 

were aged 85 and over (19.0% and 21.0% respectively), compared to 13.0% in the elective 

group (X
2
=13.3; p= 0.35) (Table II). The lowest proportion of acute and subacute surgery was 

found in the age group of 65-69 years. 

Male patients presented more often as acute cases according to the study criteria (54.8%) 

whereas subacute surgery was more common in women (61.0%) (X
2
=7.0; p=0.03) (Table III). 

Stage was more advanced in the acute group compared to the elective cases, but even more so 

in the subacute group, with half of all patients (52/105, 49.5%) having a generalized disease at 

surgery (X
2
=82.4; p<0.001).  



9 

  

Most patients had been in contact with primary care at some time during the 12 months 

preceding surgery, but to a somewhat lesser extent (82.3%) in the acute group (X
2
=4.9; 

p=0.08). No more than 347/577 (60.5%) of the elective group had undergone a colonoscopy 

as their first diagnostic investigation. In the acute and subacute group, 43/158 (27.2%) and 

46/105 (39.1%), respectively, had already had either a colonoscopy or a radiological 

examination of the colon performed as a first examination during the last year prior to 

surgery. 

In the acute group, almost 60% of patients went directly to the emergency department without 

referral, whereas in the subacute group this was the case for 40% of patients (X
2
=159.1; p< 

0.001).  

Symptoms Recorded in Primary Care 

Symptoms recorded up to 12 months before presentation differed significantly between the 

three modes of presentation based on study criteria (Table IV). Rectal bleeding and 

anaemia/fatigue was significantly less common prior to an acute presentation, while 

constipation and weight loss was more common in the sub acute group.   

A larger proportion of patients in the acute and subacute group had no symptoms associated 

with colon cancer recorded in primary care compared to the elective group (26.2% and 18.1% 

vs. 12.4%; p=0.004) (Table IV). However, two or more symptoms associated with colon 

cancer were recorded in primary care up to 12 months before surgery for 59/130 (45.4%) 

patients in the acute group, and 51/94 (54.3%) in the subacute group.  

Outcome  

The 30-day mortality rates for patients in the acute, subacute and elective groups (as defined 

by the study criteria) were 8.2%, 15.2%, and 1.9% respectively (X
2
=14.6, p=0.001). The 
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corresponding numbers for 90-day mortality were 14.9%, 35.6%, and 4.3% (X
2
= 98.5, 

p<0.001). Five-year survival rates in these groups were 40.1%, 28.3%, and 57.8% 

respectively (X
2
= 151.8; p=<0.001) (Figure 2). 

In a multivariate Cox regression model (first 30 days excluded), HR was 1.88 (95% CI 1.46-

2.44) for acutely operated patients, and 2.29 (1.71-3.08) for the subacute group (Table V). 

 

Discussion 

This study has identified a group of colon cancer patients reported as emergencies but 

operated upon three days or more after admittance. These patients had a more disadvantaged 

stage distribution and a doubled postoperative mortality compared to those operated upon 

within three days. The heterogeneity thus found among patients reported as emergencies 

highlights the importance of clear and unambiguous definitions of “emergency presentation” 

for future comparative studies of colon cancer populations.   

A retrospective design was adopted, i.e. the quality of data could be no better than what was 

originally documented in the records. In each of the four counties involved, one single 

physician scrutinized the records, and although it was done according to common instructions, 

the work was nevertheless carried out independently. We have not been able to find any other 

study that uses the same time interval of three days from admittance to surgery among colon 

cancer patients reported as emergencies to identify or separate those operated acutely from 

those operated with some delay, and this is obviously a limitation of the study.  In general, 

definitions of emergency presentation of colon cancer are found to vary widely, which 

explains the great disparity, from 9% (surgery within 24 h) (3) to 51% (no definition given) 
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(5). Again, this underlines the potential utility of a clear-cut taxonomy for reporting 

presentation of colon cancer.  

This study did not assess every patient with colon cancer during 2006-2008 in the four 

counties included. A few patients with an acute presentation may be found among those 

patients categorized as electives in the quality registry, and these were not randomly selected 

as controls in our study. However, out of the 591 patients with elective colon cancer selected 

from the ROC quality registry, we only found 8 (1.3%) patients to fit our study criteria, and 

these patients were categorized as acute colon cancer. Hence, the estimated proportion and 

incidence of acute colon cancer might be slightly low, but the important point is the 

considerable variation between closely located counties rather than the absolute figures. 

The large differences observed in the incidence of acute colon cancer (according to study 

criteria) may to some extent be caused by differing age distributions in the populations of the 

various counties, as a larger proportion of acute colon cancer was found in the oldest age 

group. This may in turn be explained by a reported decrease in the overall incidence of colon 

cancer for patients aged 85 and over (22), whereas those developing emergency states, such as 

obstruction, can be expected to present to health care to a larger extent than elderly patients 

with colon cancers that remain undiagnosed. A somewhat larger proportion of younger 

patients (-59 years) was also found in the acute and subacute compared to the elective group, 

and such a J-shaped curve has been reported previously (12). 

These variations also point to opportunities for prevention, in identifying crucial factors 

associated with a lower frequency of emergency presentation. One example of this is a study 

from Ontario, where the likelihood of emergency presentation of colon cancer was found to 

be lower outside Toronto, because access to colonoscopy resources was better in rural areas 

(18).  
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One important finding is the unacceptably high 30- and 90-day postoperative mortality of 

15% and 35% among patients with obstructing colon cancer reported as emergencies but 

operated with a subacute approach. We have not been able to find any similarly defined group 

in the literature to evaluate these figures, and the abundance of different definitions of 

emergency presentation of colon cancer may be one reason for this. The more disadvantaged 

stage distribution is an obvious contributing factor to the higher 30- and 90-day mortality in 

the subacute group, but cardiovascular/respiratory comorbidity or diabetes did not differ 

significantly between the acute, subacute and elective groups. Our study was not designed to 

answer the question of why some patients were operated with a delay of more than three days, 

but this is an urgent task for a prospective study. The degree of obstruction as well as the time 

span until operation after admittance is not known in this group.  

An initiative on Timing of Acute Care Surgery classification (TACS) was published earlier 

this year (23), high-lighting the lack of evidence on proper timing of emergency surgery. The 

authors suggest definitions of Time To Surgery (TTS), Ideal Time To Surgery (iTTS) and 

Actual Time To Surgery (aTTS), and even a ratio aTTS/iTTS to be used for quality 

assessment. Further studies on appropriate timing of emergency surgeries were requested, and 

we suggest colon obstruction to be included in this work.  

The distribution of symptoms among acute, subacute and elective cases of colon cancer was 

found to differ already at the consultation in primary care. One important aspect to keep in 

mind is that many symptoms associated with colon cancer have low predictive values. For 

instance, only 1 % of all patients with abdominal pain are estimated to have a colorectal 

cancer (24). Australian researchers even found that colorectal cancer is associated with rectal 

bleeding and weight loss only, and not with any other large bowel symptoms (e.g. change in 

bowel habits, constipation, diarrhea, or abdominal pain) (25). We have not been able to 
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classify the severity of the symptoms documented. However, the development of algorithms 

for symptoms associated to colorectal cancer has also included the absolute number of 

symptoms as an important factor (26). In both the acute and subacute group, a fairly large 

proportion of patients had reported two or more different symptoms, and yet ended up as 

being operated for colon cancer acutely or subacutely. Paying more attention to the actual 

number of different symptoms may represent a simple but very useful way of improving 

alertness to colorectal cancer in everyday clinical work, and may potentially increase the 

fraction of patients undergoing scheduled or elective operations.   

On the other hand, in the acute and subacute group, 27% and 44% of patients, respectively, 

had already been referred for “elective” examinations, such as colonoscopy and colon CT. For 

the population investigated in this study we therefore suggest first reviewing the management 

and time frames from bowel examination until surgery. 

Finally, one interesting similarity was observed between the acute and subacute group, which 

they did not share with the elective group. When adjusting for differences in age, sex and 

stage, they both had an approximately doubled risk of death within 5 years, in accordance 

with what has been reported previously for the acute group (4). Obstruction as such seems to 

be associated with a worse prognosis.  

In conclusion, our study found that 40 % of colon cancer patients reported as emergencies 

were operated more than three days after admittance. Several reasons are plausible – decision-

making being postponed due to delays in diagnosing obstruction of the colon or the 

obstruction being found to be incomplete, the need for resuscitation, or difficulties in getting 

access to the operation theatre. Notably, 30-day mortality was twice as high among patients 

operated upon three days after admittance compared to for those operated within three days 

(15% vs 8%), which makes Time To Surgery in colon cancer obstruction an important field 
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for research and quality improvement efforts. In addition, cases designated as subacute in this 

study represent a vulnerable subgroup of colon cancer patients that must be further explored.  
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Table I. Frequency and incidence of emergency presentation of colon cancer as reported to 

the Regional Oncology Cancer Centre and according to study criteria in four Swedish 

counties, 2006-08.   

Values in parentheses are percentages of the total number of cases of colon cancer in each 

county. 

 

  Cases reported Incidence ** / 10
5
 

County  

Population 

2007 

All               

colon 

cancer 

2006-

08 

Emergencies 

reported to the  

registry 

Acute 

according to 

study criteria* 

Emergencies 

reported to  

the registry 

Acute 

according to 

study criteria 

Dalecarlia   

275,618 

350 65(18.6) 45 (12.8) 7.7 5.4 

Sörmland    

265,190 

313 53(16.9) 33 (10.5) 6.4 4.1 

Uppsala       

323,270 

347 61(17.6) 30 (8.6) 7.4 3.1 

Värmland    

273,826 

420 84(20.0) 50 (11.9) 10.2 6.1 

Total          

1,137904 

1430 263 (18.4) 158 (11.0) 7.7 4.6 

*Admittance through the emergency room, surgery within 3 days and obstruction,                   

perforation or bleeding confirmed at surgery                                                                                

**Crude annual incidence per 100,000 inhabitants (not age-standardised) 
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Table II. Mode of presentation of colon cancer according to study criteria by age groups 

(n=840). Values in parentheses are percentages.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Age  Acute 

 

Subacute Elective   

-59 yrs 22 (13.9) 13 (12.4) 61 (10.6) 

60-64 16 (10.1) 12 (11.4) 59 (10.2) 

65-69 15 (9.5) 10 (9.5) 76 (13.2) 

70-74 21 (13.3) 17 (16.2) 103 (17.9) 

75-79 28 (17.7) 14 (13.3) 117 (20.3) 

80-84 26 (16.5) 17 (16.2) 86 (14.9) 

85- yrs  30 (19.0) 22 (21.0) 75 (13.0) 

Total 158 (100.0) 105 (100.0) 577(100.0) 
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Table III. Clinical characteristics of colon cancer by mode of presentation using study criteria 

(n=840). Values in parentheses are percentages.  

 Acute  

n=158 

Subacute 

n=105 

Elective  

n=577  

p-value 

Age median  76 (54) 75 (61) 74 (71)     0.35  

Sex      

Male 86 (54.8)  41 (39.0) 298 (51.8) 0.03 

Female 71 (45.2) 64 (61.0) 277 (48.2)  

Comorbidity     

Cardiovascular diseases 70 (48.3) 48 (47.1) 300 (55.4) 0.34 

Diabetes 16 (11.1) 14 (14.1) 97 (17.9) 0.12 

Respiratory diseases 17 (11.9) 11 (11.3) 46 (8.6) 0.39 

Stage (pTNM)    <0.001 

I 7(4.5) 2 (1.9) 75 (12.8)  

II 55 (35.5) 22 (21.2) 236 (41.4)  

III 52 (33.5) 25 (23.9) 169 (29.6)  

IV 36 (23.3) 52 (49.7) 83 (14.6)  

Missing 5(3.2) 3 (2.9) 9 (1.6)  

Any consultation in primary 

care ≤12 months prior to 

surgery  

130 (82.3) 94 (89.5) 508  (88.0) 0.08 

First diagnostic examination 

(from any dept) 

    

Colonoscopy 15 (9.6) 28 (27.5) 347 (60.5) <0.001 

Radiology colon 
1
  28 (17.8) 18 (17.6) 126 (22.0)  

Radiology other 
2
  98 (62.4) 50 (49.9) 85 (14.8)  

Perop  16 (10.2) 6 (5.9) 14 (2.4)  

Missing 1(0.6) 3 (2.9) 5(3.2)  

Referral     

Primary care 39 (24.8) 29 (28.4) 276 (48.3) <0.001 

Internal medicine  8 (5.1) 16 (15.7) 150 (26.2)  

Other 17 (10.8) 15 (14.7) 67 (11.7)  

No referral 93 (59.2) 42 (41.2) 79 (13.8)  

Missing 1(0.6) 3 (2.9) 5(3.2)  
 

1
 Colon CT, single and double contrast barium enema 

2 
Abdominal CT, abdominal plain film 
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Table IV. Symptoms and number of symptoms associated with colon cancer recorded in 

primary care ≤12 months prior to surgery by mode of presentation using study criteria 

(n=732).  

 

 

 

 

 

 

 

 

Symptoms  Acute  

n=130 (%) 

Subacute 

n=94 (%) 

Elective  

n=508 (%) 
p-value 

Rectal bleeding 6 (4.6) 11 (10.5) 107 (21.1) <0.001 

Constipation 40 (25.3) 28 (29.8) 98 (19.3) 0.01 

Abdominal pain 59 (45.4) 41 (43.6) 179 (35.2) 0.05 

Loss of weight 16 (12.3) 24 (25.5) 86 (16.9) 0.03 

Anaemia/Fatigue 37 (28.5) 42 (44.7) 281 (55.3) <0.001 

Diarrea 22 (16.9) 28 (29.8) 123 (24.2) 0.07 

Number of 

different  

symptoms  

         

 

      0.004 

0 34   (26.2)        17 (18.1) 63 (12.4)  

1 37 (28.5)     26 (27.7) 166 (32.7)  

2 31 (23.7) 20 (21.3) 144 (28.3)  

≥3 28 (21.6) 31 (33.0) 135 (26.6)  
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Table V. Estimated 5-year hazard ratios (HR) by mode of presentation in colon cancer using 

study criteria, in four Swedish counties 2006-08 (n= 794).  

 

 HR 95% CI p-value 

Age     

-69 (Ref) 1.00   

70-79 1.69 1.28-2.23 <0.001 

80- 2.52 1.94-3.29 <0.001 

Sex    

Men (Ref) 1.00   

Women 0.98 0.79-1.22 0.86 

Stage    

I (Ref) 1.00   

II 2.37 1.19-4.71 0.01 

III 4.57 2.31-9.02 <0.001 

IV 13.3 6.70-26.40 <0.001 

Mode of presentation    

Elective (Ref) 1.00   

Subacute 2.29 1.71-3.08 <0.001 

Acute 1.88 1.46-2.44 <0.001 
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Figure 1. Study population of colon cancer reclassified according to study criteria (SC) of 

emergency (n=840). 

 

 

 

591 electives  

577 not 

fulfilling SC 

Not operated (1)      

Records missing (5) 

8            

fulfilling SC         

263 emergencies 

Not operated (1)     

Records missing (4)  

Not classified (3) 

150               

fulfilling SC 

105 not       

fulfilling SC 

158 acute  577 electives         105 subacutes 

Reported 

To ROC  

Study 

Criteria 
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Figure 2. Kaplan-Meier survival curves for patients with elective (n=577), subacute (n=105) 

and acute (n=158) presentation. 
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Abstract

Background: Emergency presentation affects up to every fourth patient with colon cancer, and is associated with worse outcomes. The aim
of this study was to investigate any association between socioeconomic status (SES) and mode of presentation in colon cancer.
Materials and methods: Individually attained data on civil status, education and income were linked to quality registries for colon cancer in
two large Swedish regions 1997e2006 (n ¼ 12 293) and analyzed by logistic regression, adjusting for age, sex, stage, region and socio-
economic variables.
Results: The frequency of emergency presentation was 23%; 27.8% among patients above the age of 80, and 20.0% among patients aged
70e79 ( p < 0.001). There was no difference between men and women (22.6% vs. 23.8%; p ¼ 0.1). Among patients with stage IV colon
cancer, 34.6% presented as emergencies.

Odds ratio for an emergency presentation in unmarried patients was 1.24 (96% CI 1.04e1.48), and for unmarried patients above the age
of 80, OR was 1.45 (95% CI 0.98e2.13).

Among patients below the age of 70 with compulsory education only, OR was 1.22 (95% CI 0.98e1.48). For patients within the lowest
income quartile (Q1), OR was 1.24 (95% CI 1.04e1.49). This was most pronounced in men (OR 1.34; 95% CI 1.40e1.72), in patients
below the age of 70 (OR 1.36; 95% CI 1.02e1.82), and above the age of 80 (OR 1.41; 95% CI 1.00e1.98).
Conclusion: Emergency presentation of colon cancer is consistently associated with socioeconomic factors, and this must be considered in
efforts aimed at reducing the overall frequency of emergency cases.
� 2013 Elsevier Ltd. All rights reserved.

Keywords: Colon cancer; Emergency; Civil status; Education; Income

Introduction

Colon cancer is the third most common form of malig-
nancy in both men and women worldwide, with an esti-
mated 1.2 million cases annually, as well as the fourth
most common cause of cancer-related death.1 About
20e25% of all colon cancer is estimated to present as a sur-
gical emergency.2 Such cases being associated with a
considerably higher postoperative mortality of
8.2e22.1%,3e7 and a 5-year survival rate of around 40%,
as opposed to that of elective patients, which is over
60%.8,9 Risk factors for emergency presentation of colon
cancer are not well understood, but the combined effect

of it being a relatively common and severe condition,
makes it an urgent field to explore.

The association between socioeconomic status (SES)
and mode of presentation of colon cancer has, to some
extent, been investigated previously. Patients that had lower
incomes or lived in deprived areas were more likely to pre-
sent as emergencies according to a Canadian and a British
study.10,11 Another British study reported the risk of an
emergency presentation to be more than twice as high for
patients from deprived areas12 but yet another British study
has found no variation in the frequency of emergency pre-
sentation of colon cancer between deprived and affluent pa-
tients.13 A recent study from Sweden focused on
emergency presentation and educational level, and a trend
but no significant association was found among patients
below the age of 75.14 One study from the 1980’s in the
UK found widowed patients to present as emergencies
more often.15
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In all, we hypothesized that several aspects of patients’
socioeconomic position are of importance for mode of pre-
sentation in colon cancer, and set out to explore the associ-
ation to civil status, education and income, in a population-
based setting.

Materials and methods

Regional clinical quality registries on colon cancer

All cases of colon cancer reported to the Regional
Oncology Centre (ROC) in the Uppsala-€Orebro and Stock-
holm regions during 1997e2006 were included. These two
regions were chosen as the Uppsala-€Orebro region contains
both rural and more densely populated areas, while the
Stockholm region represents the population and health
care of a larger city. The ROC registries in the two regions
cover almost 100% of all colon cancer patients since 1997
and 1996, respectively.16 These quality registries provide
information on mode of presentation, likewise surgical
and pathological aspects including stage, and type of
hospital.

The Uppsala-€Orebro registry offers information on mode
of presentation by defining emergency cases as operations
“performed acutely/subacutely for medical reasons”. In
the Stockholm region each surgeon independently classifies
the operation as an emergency or non-emergency, and spe-
cific reasons for the classification are not included in the
registry.

Socioeconomic variables from Statistics Sweden

Statistics Sweden is the governmental agency respon-
sible for reporting national official statistics and has well
elaborated registries including several socioeconomic vari-
ables. The registries are based on the compulsory personal
ten-digit identity number, which is used for almost all
administrative purposes in Sweden. In this study, the Total
Population Register was used for information on civil sta-
tus, number of children, and place of birth. Information
on patients’ highest attained levels of education and annual
income was obtained from a continuously updated longitu-
dinal integrated database on labour market research (LISA).
Data on education was not available for patients >79 years,
as for elderly citizens this information is mainly based on
self-reports whereas for younger generations there is direct
input from educational institutions. Information on income
was received from the national tax office. All socioeco-
nomic variables were retrieved for the year preceding the
patient’s diagnosis.

Civil status was categorized as married, unmarried,
divorced or widowed. Educational levels were categorized
as compulsory, further or university education. Income
comprised family income, and included the total income
of a household, presumably in order to give a more accu-
rate measure of the total economic situation of a patient

than one based only on individual income. Income was
adjusted for inflation using the price basic amount index
and then categorized into quartiles (Q1-Q4). The variable
child/ren was dichotomized into yes or no. Place of birth
was categorized into Sweden, the Nordic countries, the
Rest of Europe and the Rest of the world (except Europe).
Hospitals were denoted as university, general district and
district hospitals, depending on where the operation had
taken place.

Patients

In total, 13 004 patients were reported as being afflicted
with colon cancer to the two ROC quality registries be-
tween 1997 and 2006; 6691 (54%) in the Uppsala-€Orebro
region, and 5694 (46%) in the Stockholm region. Some
583 (4.5%) patients were not operated on and could thus
not be classified as emergency cases or not, and they
were excluded. Another 92 were excluded because they
did not live within the regions in question, but were, for
various reasons, operated on within one of the two regions.
Information on mode of presentation was missing for 36
patients and the resulting total number of patients included
was 12 293.

Statistics

Initially, chi-square tests were performed to compare the
proportions of patients with emergency and elective presen-
tations within the various groups defined by each variable.
If a significant difference ( p < 0.05) was obtained, the var-
iable was included in a multiple logistic regression analysis.
However, no information was available on the pattern of re-
ferrals due to the emergency condition itself. Any differ-
ence associated with the frequency of emergency
presentation by type of hospital would be difficult to inter-
pret, and this variable was therefore not included in the
multivariate analyses.

Separate models were performed for men and women, as
well as for three different age groups (<70, 70e79 and �80
years). Time periods (1997e2001 vs. 2002e2006), and re-
gions (Uppsala-€Orebro vs. Stockholm) were also compared.
The results were expressed as an odds ratio with a 95%
confidence interval. P-values were two-sided. All analyses
were performed using SPSS� version 19.0 (SPSS, Chicago,
Illinois, USA).

Results

Basic characteristics

Overall, 23.2% of all colon cancer patients presented as
an emergency (Table 1). About half of the patients had a
localized (stage I and II) tumor and just above half of all
patients were married when diagnosed with colon cancer.
Educational data was missing for every fourth patient,
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and every other patient was treated at a General District
hospital.

Univariate analyses

Patients aged 80 years and above had a higher occur-
rence of emergency presentation than patients aged
70e79 years (c2 ¼ 126.7, p < 0.001) (Table 2). Among

colon cancer patients presenting as emergencies, more
than every third patient (1011/2856; 35%) was thus above
the age of 80. There was no significant difference in the fre-
quency of emergency presentation between men and
women ( p < 0.1). More than one third of stage IV patients
presented as emergencies (c2 ¼ 467.3, p < 0.001). The fre-
quency of emergency colon cancer was somewhat higher in
the Uppsala-€Orebro than in the Stockholm region
( p ¼ 0.05). A higher proportion of patients with emergency
presentation were unmarried and widowed (c2 ¼ 39.5,
p < 0.001). The frequency of emergency presentation
among patients with compulsory school as final education
was 22.7%, to be compared to 19.5% among university
educated patients (c2 ¼ 8.08, p < 0.02). Among patients
in the lowest income quartile (Q1), 27.7% presented as
emergencies compared with 20.4% in Q4, (c2 ¼ 59.21,
p < 0.001).

Table 1

Basic characteristics of colon cancer patients 1997e2006 (n ¼ 12 293).

Values in parentheses are percentages.

(%)

Mode of presentation

Emergency 2856 (23.2)

Elective 9437 (76.8)

Age

e69 4416 (35.9)

70e79 4248 (34.6)

80e 3629 (29.5)

Sex

Men 5987 (48.7)

Women 6306 (51.3)

Stage

I 1411 (11.5)

II 4670 (38.0)

III 3567 (29.0)

IV 2428 (19.8)

Missing 217 (1.8)

Region

Uppsala-€Orebro 6653 (54.1)

Stockholm 5640 (45.9)

Missing 217 (1.8)

Civil status

Married 6349 (51.6)

Unmarried 1180 (9.6)

Divorced 1704 (13.9)

Widow/widower 3037 (24.7)

Missing 23 (0.2)

Education

Compulsory school 4268 (34.7)

Further 3370 (27.4)

University 1781 (14.5)

Missing 2874 (23.4)

Income

Q1 3042 (24.7)

Q2 3067 (24.9)

Q3 3100 (25.2)

Q4 3061 (25.0)

Missing 23 (0.2)

Children

Yes 10 083 (82.0)

No 2210 (18.0)

Place of birth

Sweden 10 820 (88.0)

Nordic countries 707 (5.8)

Europe except Nordic c:s 504 (4.1)

World except Europe 262 (2.1)

Missing 0

Type of hospital

University 2733 (22.2)

General District 6086 (49.5)

District 2469 (21.9)

Missing 1005 (8.2)

Table 2

Mode of presentation of colon cancer in relation to basic characteristics

(n ¼ 12 293). Values in parentheses are row percentages.

Emergency

n ¼ 2856 (%)

Elective

n ¼ 9437 (%)

p-Value

Age <0.001

e69 971 (22.0) 3445 (78.0)

70e79 874 (20.0) 3374 (80.0)

80e 1011 (27.8) 2618 (72.2)

Sex 0.125

Men 1354 (22.6) 4634 (77.4)

Women 1502 (23.8) 4803 (76.2)

Stage <0.001

I 84 (6.0) 1327 (94.0)

II 934 (20.0) 3736 (80.0)

III 951 (26.7) 2616 (73.3)

IV 839 (34.6) 1589 (65.4)

Region 0.052

Uppsala-€Orebro 1597 (23.9) 5094 (76.1)

Stockholm-Gotland 1275 (22.4) 4419 (77.6)

Period 0.519

1997e2001 1377 (23.5) 4485 (76.5)

2002e2006 1479 (23.0) 4952 (77.0)

Civil status <0.001

Married 1353 (21.3) 4996 (78.7)

Unmarried 311 (26.4) 869 (73.6)

Divorced 379 (22.2) 1325 (77.8)

Widow/Widower 807 (26.6) 2230 (73.4)

Education 0.018

Compulsory school 969 (22.7) 3299 (77.3)

Further 715 (21.2) 2655 (78.8)

University 347 (19.5) 1434 (80.5)

Income <0.001

Q1 842 (27.7) 2200 (72.3)

Q2 739 (24.1) 2328 (75.9)

Q3 646 (20.8) 2454 (79.2)

Q4 623 (20.4) 2438 (79.6)

Children 0.021

Yes 2301 (22.8) 7782 (77.2)

No 555 (25.1) 1655 (74.9)

Type of hospital 0.004

University 688 (25.2) 2045 (74.8)

General District 1580 (26.0) 4506 (74.0)

District 557 (22.6) 1912 (77.4)

3H. Gunnarsson et al. / EJSO xx (2013) 1e6



Multivariate analyses

In the adjusted model, OR for emergency presentation in
unmarried patients was 1.24 (95% CI 1.04e1.49) (Table 3).
For patients with income Q1, OR was 1.22 (95% CI
1.03e1.45). For all practical purposes, the results remained
the same when one covariate (income or civil status) was
removed ( further data not shown). Having children was
not associated with emergency presentation in the multivar-
iate analyses.

The association between income Q1 and mode of pre-
sentation was more pronounced in men, OR 1.34 (95%
CI 1.04e1.72), compared to OR 1.15 (95% CI
0.91e1.48) in women (Table 4).

Patients with the lowest income (Q1) had the highest
likelihood of an emergency presentation through all age
groups (Table 5). For Q1 patients below the age of 70
OR was 1.36 (1.01e1.82) and for those above the age of
80 OR was 1.41 (95% CI 1.00e1.98). The likelihood of
an emergency presentation in colon cancer increased with
age among unmarried patients, to 1.45 (95% CI
0.98e2.13) among those above the age of 80.

Separate models were used for comparing two sub pe-
riods (1997e2001 and 2002e2006), and for comparing
the two regions, but no new information was gained
( further data not shown).

Potential prevention of emergency presentation by age

If the frequency of emergency presentation of colon can-
cer were the same in all patients with colon cancer as for
the group aged 70e79 years, i.e. 20%, this would have

resulted in a reduction from the actual number of 2856
(23%) to a hypothetical number of 2459 (20%) patients.
This difference, 397 patients, equals 397/2856 (14%) of
all emergency cases of colon cancer.

Discussion

This study has revealed a consistent association between
mode of presentation and socioeconomic status in colon
cancer patients. Unmarried and low income patients have
been identified as risk groups but also colon cancer patients
over the age of 80.

Strengths and weaknesses

A population-based approach, based on quality registries
with a near complete coverage was used for this study and
this provides a basis for well generalizable results in our
opinion. Individually obtained data was used for assessing
the socioeconomic position of patients and, in addition,
three different measures of socioeconomic position were
used, which is of importance. Civil status, education and in-
come are known to be associated, but they do not
completely overlap.17 In the search for risk groups for
emergency presentation of colon cancer, it was therefore
important to include several aspects of patients’ socioeco-
nomic position. It is also noteworthy that no screening pro-
gram for colorectal cancer was in use in the two regions
during the period of the study. This is important, as
screening reduces the number of emergency presentation

Table 3

Estimated odds ratio from a multiple regression model to predict emer-

gency presentation of colon cancer (n ¼ 12 053).

OR CI 95%

Age 1.01 1.01e1.02

Stage

I 1.00 (ref)

II 3.89 3.08e4.90

III 5.84 4.63e7.38

IV 8.60 6.79e10.90
Region

Stockholm 1.00 (ref)

Uppsala-€Orebro 1.05 0.96e1.15

Civil status

Married 1.00 (ref)

Unmarried 1.24 1.04e1.49

Divorced 0.97 0.83e1.13
Widow/Widower 1.01 0.96e1.25

Income

Q4 1.00 (ref)

Q1 1.22 1.03e1.45
Q2 1.08 0.94e1.25

Q3 0.95 0.83e1.08

Children

Yes 1.00 (ref)

No 1.02 0.90e1.15

Table 4

Estimated odds ratio from a multiple regression model to predict emer-

gency presentation of colon cancer for men (n ¼ 5852) and women

(n ¼ 6201).

Men 95% CI Women 95% CI

Age 1.01 1.01e1.02 1.01 1.00e1.02

Stage

I 1.00 (ref) 1.00 (ref)

II 4.72 3.28e6.81 3.34 2.47e4.52
III 6.60 4.57e9.53 5.37 3.97e7.27

IV 9.30 6.42e13.48 8.28 6.08e11.27

Region

Stockholm 1.00 (ref) 1.00 (ref)

Uppsala-€Orebro 1.10 0.97e1.28 1.01 0.89e1.14

Civil status

Married 1.00 (ref) 1.00 (ref)

Unmarried 1.24 0.96e1.61 1.25 0.97e1.63

Divorced 0.91 0.73e1.14 1.00 0.81e1.25

Widow/Widower 1.15 0.93e1.41 1.11 0.92e1.33

Income

Q4 1.00 (ref) 1.00 (ref)

Q1 1.34 1.04e1.72 1.15 0.91e1.48

Q2 1.15 0.95e1.39 1.01 0.81e1.25

Q3 0.96 0.75e1.14 0.92 0.75e1.13
Children

Yes 1.00 (ref) 1.00 (ref)

No 0.91 0.75e1.10 1.12 0.94e1.33
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of colon cancer,18 and participation in screening programs
is associated with a more privileged socioeconomic
position.19

One weakness of the study is the definition of “emer-
gency presentation” which was slightly different in the
two regions. The overall frequency and the adjusted odds
ratio were somewhat higher in the Uppsala-€Orebro region
than they were in Stockholm, and we do not know to
what extent this represents a “true” difference. Another
weakness is the official categorization of civil status at Sta-
tistics Sweden, which could fail to accurately reflect the
actual situation for some people. Most obvious is the omis-
sion of “cohabiting without marriage” as an option in the
official statistics, but other sources of misclassification
are also possible. However, for the generations included
in the study, we expect the official categorization of civil
status to offer a useful approximation. Finally, information
on educational level was missing for patients above the age
of 80.

Factors associated with emergency presentation

Several of our findings are in concordance with previous
reports. One study from the UK in 1982e1992 reported
elderly widowed patients to be at an increased risk of emer-
gency presentation,15 and our findings support the previ-
ously demonstrated association between income and
emergency presentation.10,12

What, then, is the actual mechanism that causes un-
married and low-income patients to present as emergency
cases more often than other patients with colon cancer?
There is no reason to expect an altered biology in these
groups. Different associations have been observed to an
emergency presentation. Access to health care services
has been identified as an important factor.20 Uninsured
patients in the USA are reported to be at greater risk for
an acute course.20 If patients lack a regular source of pri-
mary care, the risk of an acute course is increased.10,15

Patients from less privileged social groups have a longer
delay for referral and diagnosis than others.21 Even
though symptom duration in emergency colon cancer is
known to be shorter,22 diagnostic delay may be an impor-
tant etiological factor. Receipt of colorectal investigation
was associated with socioeconomic background in Can-
ada.23 The interaction between doctors and patients
may differ due to the social background of patients,24

which may in turn affect further management. Appar-
ently, various explanations are at hand. Possibly there
are also other causes for an acute course which has not
been thoroughly studied like reluctance to seek health
care services but also the organizations of different health
care systems.

The frequency of emergency presentation was highest
among patients over 80 and under 70 years of age, a pattern
that has been previously demonstrated.9 We found no asso-
ciation between mode of presentation and sex, even though

Table 5

Estimated odds ratio from a multiple regression model to predict emergency presentation of colon cancer in three age categories; e69 years (n ¼ 4296),

70e79 (n ¼ 3903), 80e (n ¼ 3550).

e69 yrs 70e79 yrs 80 yrse

OR 95% CI OR 95% CI OR 95% CI

Stage

I 1.00(ref) (ref) 1.00(ref) 1.00 (ref)

II 4.91 3.08e7.84 4.83 3.06e7.63 2.83 2.01e4.00

III 7.82 4.91e12.44 7.54 4.77e11.93 3.85 2.71e5.46

IV 9.78 6.13e15.60 12.13 7.63e19.28 6.19 4.31e8.89
Region

Stockholm 1.00(ref) 1.00(ref) 1.00(ref)

Uppsala-€Orebro 1.09 0.93e1.26 1.06 0.90e1.25 0.98 0.84e1.14

Civil status

Married 1.00(ref) 1.00(ref) 1.00(ref)

Unmarried 1.07 0.84e1.37 1.18 0.80e1.75 1.45 0.98e2.13

Divorced 0.87 0.69e1.10 0.98 0.73e1.31 1.03 0.75e1.43
Widow/Widower 1.00 0.72e1.38 0.96 0.75e1.24 1.24 1.00e1.53

Education

University 1.00(ref) 1.00(ref) Na

Compulsory 1.20 0.98e1.48 1.09 0.84e1.40 Na

Further 1.15 0.94e1.40 0.98 0.75e1.28 Na

Income

Q4 1.00(ref) 1.00(ref) 1.00(ref)

Q1 1.36 1.02e1.82 1.19 0.85e1.67 1.41 1.00e1.98
Q2 1.16 0.92e1.47 1.15 0.88e1.51 1.24 0.90e1.70

Q3 0.95 0.78e1.15 0.93 0.72e1.19 1.30 0.94e1.41

Children

Yes 1.00 1.00 1.00

No 0.90 0.72e1.14 1.04 0.82e1.33 1.15 0.93e1.41
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previous studies have reported a female predominance in
colon cancer with an acute course.9e11,25 Ethnicity is re-
ported as a risk factor for an emergency presentation in
the USA,26 but due to the heterogeneity among patients
born outside Sweden in this material, we refrained from
further analyses.

Future studies

Reducing emergency presentation is of interest to health
care services globally. In this study, hypothetically, every
seventh patient with an emergency presentation would
have been avoidable if there had been no variation by
age, i.e. there had been no increased risk for emergency
presentation among elderly patients with colon cancer. As
a potential way to reduce the burden of emergency colon
cancer, diagnostic work up for elderly patients with
possible colon cancer ought to be scrutinized.
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